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NSTNLEUIIENUNA gus WaT mgfp LINgidalEadn lnanisldazinsuuaniiGeas
Agrobacterium-mediated Transformation of gus and mgfp Reporter Genes

into Teak Tissue
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Abstract
Certain factors affecting transformation efficiency of teak was investigated. Two strains of Agrobacterium
tumefaciens, EHA 105 and AGL1 harboring plasmid pCAMBIA 1304 were used. It was found that
A. tumefaciens strain EHA105 with OD600:1 .0, inoculation period of 3 hours and co-cultivation period of 3
days resulted the highest efficiency of transformation and transient expression of gus reporter gene.
The transformation of node explants yielded better result than using leaf base explants. These conditions
were used to transform hygromycin phosphotransferase (hpt) gene and membrane bound green
fluorescence protein (mgfp) reporter gene into in vitro shoot apices, node with developing shoot, and
callus tissue. Two weeks after selection on 50 mg/L hygromycin containing media, the transient expression
of mgfp gene was visualized. The highest percentage of mgfp-positived tissue was found in the shoot
apices (90%) followed by node with developing shoot (73%) and callus (33%) respectively. The expression
of mgfp was found in shoot tip and young leaf. However, only 2 pieces of node explants showed stable

expression of mgfp gene.

Keywords: woody plant, genetic transformation, agrobacterium, green fluorescent protein
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nstgnaiaauthlddnaulunanaszme iy 8uleti@e il A wede Buke a1 Wewsng
WaThud uazlne (Rao, 1997) TWanlulseimalneldFuntsueniuinangnlulanuaziiuniseinissesnain
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Aaauuasdnvinansdudn Iﬁmmmﬁmgﬁﬂﬁmmmm uuauﬁt,?;"almzﬁuﬁﬂ (teak beehole borer: Xyleutes
ceramicus Walker) %m:v‘hmmﬂfaiﬁmﬂmﬂu way ﬂuﬂuﬁé@ﬁﬂuﬁﬂ(teak defoliator: Hyblaea puera
Cramer) %ﬁmﬁmﬁ@lmﬁmﬁqmiﬁﬁuﬁ“nm?aﬂé’lﬁﬁ (@R, 2531) LLm‘WNLLf’ﬂﬁ%Mﬁqﬁﬂmiﬁuﬂgaﬁuﬁ:
Lﬁfaa%\imﬁﬁuﬁﬁnﬁﬁmmm&i@LLm\iLu@'ﬁ:ﬁ win1sU5uLseiuguLLNIREg1U (conventional breeding) Tudn
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et al., 1997; Ho et al., 1998), aspen (Tzfira et al., 1999), Pinus pinea L. (Humara et al., 1999), &INNN191
(Hevea brasiliensis) (Montoro et al., 2000), Populus spp. (Thakur et al., 2005 ) \{lusu ﬂﬁiﬁﬂﬂguﬁ’]zjﬁﬁ
@ﬂ'ﬁ\i:ﬁﬂizam‘%mwLL@:ﬂim‘uw@zﬁﬁL?@ﬁuﬁﬁ@@“ﬁﬁmﬁﬁmﬂm?mmmﬂﬂ@ﬁﬂ dunndenidedeiefionnz
A %Iwzﬁm@ﬁi@mﬁnﬁﬂﬁlﬁmLﬂuﬁusl,mimwﬁamimﬂau(Southerton, 2007) uwaziladusing 9 ARtTeq
nslunszuaunnsanae Ly mwﬁuﬁmmée pnudaduaeTe axﬂm@ﬂumiﬂgm% uazszaizianlu
MNTRENIIL (Yong et al., 2006) ﬁqﬁuslum?wmmﬂ%\iﬁﬁqﬁiﬁ]qﬂsxmﬁﬁ@mmmuﬂﬁﬂﬁmjﬁmmmu
dwsunstnegudngdntaeld deesinsuunaiies

ansaluazignis

managauiladefinnasanisinadiusanuna gus Wilaiiadnlaeldazlnsuuaiiies

nawieailededn Lfﬂ?ﬂuL‘ﬁaLﬁlﬂﬁnimﬂﬁm%umuﬂmluLmz%mnﬁ’l’udaumqﬂa:mm 2 e
L‘W’]ngﬂ\ﬂu@ﬂﬂWﬂ@@mL%@IH@’]M’]?LL%Q@.G]? MS (Murashige and Skoog, 1962) AN BA 2 faaniusiaans
‘Emmﬁ@ﬂ‘lﬁﬁ@@'@mnnﬂmmmﬁu ferieunsdneiuasinunaunaliiuiiedelrensiiledeldluems
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aneiugerinsuuAnEaN naaaulssAnninniscetiuaes Agrobacterium tumefaciens 2 ANEWIE
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mgfp Whiiuseanuns uaztiu hygromycm phosphotransferase (hpt) *N muﬂmﬂwmvmuwmmma‘ﬂgmuv
hygromycin \TuEhurtesnafiedndenTudaniildsunisdne i
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WAPIBBNTRIEL Moo ANNNTEaLAAT e lulaitiai fendesqanssAiwuuainesie (Olympus W SZX12)
nelduasluanin excitation 71 488 whluiums uazuasluann emission 7 510 wiluiums
niuieiaEiannnziaesauuesAnaen 3ldenmnsudegns MS Ak BA dindu 2 iadniu
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Tuilaiavanalsindesqanssmiuuuainests AuRsNIINaIIuAY

Nﬂﬂ']’i‘lﬂﬂﬂ’ﬂﬂuﬂgaqq‘iﬂi

Hadeinadansdnediu gus WiladadnineldazinsuuniGen

lunseneBudngiielagdes tnsuuaf Bosidunuzdy wenwileldanaauanansalunisimm
Hudumsiinuimanlagnanodnluudaazunnsineiu feinsmiufimaneriadmsdendidedesa
fufieailnasesz@nsnmasansinedufiuansreiudanduii lunmeaesiilinasesdetudngdnlae
IerInsuunf Busassaneiug Ao aneWug EHA105 uas AGL1 dnditeitledn 2 wilnfe ifeidedaude uax
douguly FanU9ANIRAETINNTUEAIBNBTY gus anmstneEulnglFesTnu af e 2 AERUG
TuLﬁﬂLﬁlﬂmwﬁﬂlﬁmzgqnfjﬁzﬁ'qugmhmmﬁﬁmﬁqﬁzymmai?l (Table 1)

Table 1 Effect of explants on the efficiency of Agrobacterium-mediated transformation determined by
transient expression of gus gene evaluated by GUS histochemical assay after transformed with

A. tumefaciens harboring plasmid pCAMBIA 1304.

A. tumefaciens Strain Blue stained explant (%)" Blue stained area (%)"
Node 91.71° 58.33°
Leaf base 75.19° 44.45°
F-test * *
V. (%) 22.63 36.801

"Significantly different (p <0.05), ” Means in each column and each parameter followed by the same letter were not

significantly different according to DMRT.

dvsulsraninmaesaneiiug ey Tunsinetudngdnlngdesnsuuafl unaesanawug Ae
aneiug EHA105 uaz AGL1 ﬁﬁluﬂumﬂﬁuﬁfﬁ@mm (hypervirulent strain) anagaulszananmlunisdng
fudngideidedn 2 1iin Padauguly uazdoude TnauFaumoulsrAvEnineeinisaieguainnismsas
AOUNTLAAIRBNTDIE gus LLUU‘HQﬂ?WTmmﬁ GUS histochemical assay ‘W‘Llfnmﬂ"n A tumefaC/ens
anewug EHA105 L'ﬂ‘uW’m‘”NN@V]WELWTJ‘LAL‘LA’@LH@VﬂMN@ﬂ’]ﬁ‘LL@m‘ﬂ’ﬂﬂﬂ'ﬂ\iﬂu gus RAHIINIBIN 2 Tudouite
quih 83.20 wlefidusl uariuiivestudoufinadinduy 55.43 wefidus daganinnisldaneriug AGL 1
(Table 2) uaneingneiug EHA 105 fusz@vsnmluntsdrefudnidededngendnaneiug AGL1

ﬁaﬁmwuﬁmmm@ A tumefaciens Hupnsnafuiinugnansauazauannglunsdstudng

a

ﬁmwi@ymumm@wmummeﬂuu,mmawuqﬂuiml,mnmqﬂu [ 21897UU8Y Jube and Borthakur (2009)
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IiAnwlsz@nsnnaes A. tumefaciens 3 @1eiug Aun EHA 105 LBA 4404 waz C58CT lunnsanatiu
g Leucaena leucocephala wudn anariug C58C1 Husz@ananmnisaneiiugeiige dat Widiyanto
et al. (2004) leAnunsldanesiug LBA 4404 uaz GV3101 “lumiﬁwﬁuﬁﬁ@:ﬁmﬁ'@ﬁﬂ Wuq1 N5l ane
s LBA 4404 vinliinnsuanseanaasiiy gus wuudansnngs

Table 2 Effect of Agrobacterium tumefaciens strain on transient expression of gus gene evaluated by

GUS histochemical assay after transformed with A. tumefaciens harboring plasmid pCAMBIA 1304.

A. tumefaciens Strain Blue stained explant (%)" Blue stained area (%)"
AGL 1 72.89° 46.18°
EHA 105 83.29° 55.43°
F-test * *
V. (%) 21.16 26.74

" Significantly different (p <0.05), " Means in each column and each parameter followed by the same letter were not

significantly different according to DMRT.

HenFeuiieudssRninmnsdietiulaeldisie A tumefaciens anuviug EHA 105 daaaidudu
veaiTaunnanaiu Aeldideiiilen oD, =1.0 wWReuiiausudediia oD, =0.5 wudmslfidia 0D, =1.0

, o 600
aa a o a

mm@hmummmm 2 mummmﬂmmafanmmﬂu gus §agp ﬂ’a umLfmmqmmmmumuwmmmmumn
a2 ﬂnummmmm Aniusasay 85.88 Tmm i@mvmmwu‘mmumm@@mmﬂu gus mm 43.66 d9un13
Raanadefignmdan 11 nudiuiedefiindon Gulenay 72.27 wasiiiuiinAndvnGutenas 56.70
I 1 i Ao ol \ a a A - X Aa v o
(Table 3) ANNENTULRTR A. tumefaciens NITNNARAUIZENTNINNNTANLEY LHBIAINTRNH AN NDY
geazislenaligadiagnizadyngnlininau wiroududuresdenuinifiullazinlinidaldanlu
. 4, v aw i o~ - D oa v o 4 e . o
ANENAY mmm@“lum\ifafﬂﬂﬂﬂ%@ﬂﬁmwmmwwmmimLmnu B9 fnaun (2549) NUINT T D
A. tumefaciens me oD 0—1 0 mﬂiymmﬁmwmimﬂauﬂmﬂmﬂwmm u@nmnuZhang etal. (2003)
F1891UINNNTIE A. tumefaC/enswmwmmumuu anaflanusnfusefaniilssAnsnmnistnsfusn iy
Wlduduuadlfun Feannimaaasinudinistnefiuludniagld A twmefaciens anefug EHA 105

Wnavz Aagidanldanuidiuduaaamanan oD, =10
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Table 3 Effect of Agrobacterium tumefaciens concentration on transient expression of gus gene which
evaluated by GUS histochemical assay after transformed with A. tumefaciens strain EHA 105
harboring plasmid pCAMBIA 1304.

Agrobacterium concentration Blue stained explant (%)" Blue stained area (%)"
oD =1.0 85.88° 43.66°
600
oD, =0.5 72.27° 56.70°
F-test * *
V. (%) 20.29 28.49

" Significantly different (p <0.05), " Means in each column and each parameter followed by the same letter were

not significantly different according to DMRT.

z%wé”umaﬂqm‘%@ (inoculation) £ \Iuduneufidaevinliida A. tumefaciens BainnziuRiaTeE
douitn TedaanuddysiedszAninmnsdiaiu mﬂ%&mmmium@ﬂgﬂL%@‘ﬁlmmmmxmﬂmm?u
dszAnsanlunisonetiy LL&iﬁﬁ’lﬁ’izﬂ:mm"Lumm@“ﬂL%E]mmﬁuvl,ﬂ%zﬁ'qm@ﬁﬂﬁﬁmﬂmﬁ@m%ﬁmLL@:
-mednin WiAesusesitanas delnedaulunjudainenuiniseiulufiesiasig 1 e lfrrezioanig
ﬂ@nmm -3l (Yong et al., 2006) AMNMINARALIZEY el lunsdgnidenuiteidedn wudinslgn
FeTizez 19811 uaz 3 dalue mul,u@Lﬂ@wmmmmmmmﬂu gus $auaz 77.25 uaz 85.53 MNA1AL Tnel
faunzaesituinuanseantesiiu gus 7 47.42 uax 48.99 uAndL Fedleninmsiimeatinudanudn
TdfAMLANFNeAY (Table 3)

atinslafinu szezinanslgnideflnzanuenanazivedfusiauaziudauasitouda deduer
ﬁuawﬁuﬁim‘vmmL%N%’umml,%ﬂﬁﬂﬁqmﬁu naene@ulu Platanus acerifolia wudnnsdgnidelagldinanu
duduresidedl oD ., =081.0 wazlfinanlumnlgnideidluszazioan 8-20 Wil En1suanseanuasiu gus
quiisfenaz 60-70 'lmjmmma‘lmmw oD, feend1 0.4 linumsuaaseantestiu gus lwynq svaziem
ma‘ﬂ@ﬂm@mmmu mnmnumﬂmumLfamsl,umiﬂmﬂm‘wmum 20 W fdena iR siednIN95enTIn
vedtudquiitandag (Li et al, 2007) daumsthafiulufawaes wudnslgnidelaslddeiiilen op =10
hainan 1 FaT uﬂivmmﬁmwm?mmmmmmﬁmﬁ@mmmmLu@LﬂﬂmmTuﬂjmvwmiﬂ@ﬂmmﬂmvav
987 30 117l i§rsNeTesdinvesTudRNTY wiTinsuantaanaasiu gus amas (Zia et al, 2010)

Table 4 Effect of inoculation periods on transient expression of gus gene which evaluated by GUS
histochemical assay after transformed with Agrobacterium tumefaciens strain EHA105
harboring plasmid pCAMBIA 1304.

Parameters Blue stained explant (%) Blue stained area (%)
1 Hours inoculation 77.25 47 .42
3 Hours inoculation 85.53 48.99
F test ns ns
V. (%) 22.32 30.00

ns = non significantly different
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UBNAINT TTULAINITNZIALNTURIUIINTLTR A, tumefaciens %3819 co-cultivation 11
o 3| o ‘ﬂld o o ‘ﬂl i‘/ é‘ a 1 Qy i = 7 I A 1 =ﬂ|
Anwiuiladeniiaouddnyilasanludunauilazinistisiudouaasdudngdalunaesia uazifludom
e @ o o E - A = o A P X |
LInANTFDIN99TEzaaN NM9LFUAY wasuadidesaininisiutiunulandaasdn il nmawmwiziaeasos
luszezinandu enanlinnsaedulianysal widmnzidesdandussazinaruuinllasinliiae
A. tumefaciens w3tyUnaguaiugdau Ml ldunn uaranannliiletiedame ldaunsoimunsialls
(Lietal., 2007) 328LnaINIANNSReiaLdaNtfNiUmawu AN Benuuzan i azainasunnmnariis
TWauegiuanuamnsalunistiufuesadiauaznisasydnliareside (Mannan et al., 2009)
annsAnensinetiudngiletiednaisiinudinisld szezioan co-cultivation M 3 uay 5 4 1
fReaza0aileltauaziouaTIaI N UNNNN1TLAAIRENTB9EY gus IANANNTUNNATA AD 82.0 LAy 84.9
ATNAIAU WAZ 51.26 WAT 51.82 ANNANSL (Table 5) Aatiiszezioanlinng co-cultivation MUNIZTENANUTL
. A o = ol o oy = A X A a PRy ‘
meonaduludnagmsldn 3 i WesanduszaznanlimeuuanFamany luBunaiitdesndiszazioan
5 §u B9depalinsn1anmaanTudauiain lddnendn wanannilsedaganinanluduneunisanetiu vinlinng
UfiRuazaanTuanso

Table 5 Effect of co-cultivation periods on transient expression of gus gene which evaluated by GUS
histochemical assay after transformed with Agrobacterium tumefaciens strain EHA105 harboring
plasmid pCAMBIA 1304.

Co-cultivation period Blue stained explant (%) Blue stained area (%)
3 Days 82.00 51.26
5 Days 84.90 51.82
F test ns ns
V. (%) 22.64 36.80

ns = non significantly different
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Table 6 The results of mgfp transformation as evaluated by the green florescence of tissue by fluorescence

stereo microscope (Olympus/SZX12)

Number Number (and %) of explants ~ Number (and %) of explants
Explant type of with green florescence after  with green florescence after
explants 2 weeks 2 months
Shoot 30 27 (90 %) 0(0 %)
Node with developing
30 22 (73 %) 2 (6.67 %)
shoot
Callus 30 10 (33 %) 0 (0 %)

Shoot

Node with

developing shoot

Callus

Figure 1 Visualization of green fluorescence spots under blue light on explants (indicated by arrows)
after 2 weeks of transformation (B, D and F) compared with the non-transformed teak tissues
(A, C and E).The green fluorescence of mgfp protein detected on whole piece of calli after
2 months cultured on MS selective medium containing 2 mg/L BA and 50 mg/L hygromycin in

figure G and H demonstrated the stable transformation.
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