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Efficiency of Agrobacterium transformation of pinene synthase gene isolated from kaffir lime in Arabidopsis thaliana
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ABSTRACT

B-pinene, a monoterpene, was found as a
major component of an essential oil extracted from fruit
peel of kaffir lime (Citrus hystrix) known as Makrut. In
this study, the pinene synthase gene (PNS) previously
cloned from kaffir lime was constructed into a plant
expression vector, pPCAMBIA1305.1, and transformed
into Arabidopsis thaliana. The kaffir lime PNS was
replaced uidA (GUS) gene which was driven by
CaMV35S promoter in the pCAMBIA1305.1 vector
containing hygromycin resistance gene. After testing
for appropriate hygromycin concentration, the PNS
transgenic Arabidopsis mediated by Agrobacterium
fumefaciens EHA105 were selected on 1/2MS
containing 20 mg/l hygromycin for 10 days. The
Arabidopsis seeds were collected from each
transgenic lines of the 154" generation (T0-T3)
selected for hygromycin resistant. After selection, the
percentage of seed survival of TO, T1, T2 and T3

transgenic Arabidopsis gradually increased at rate of
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0.27, 4517, 70.65 and 78.88, respectively. In addition,
the kaffir lime PNS transgene was successfully
integrated into the genome of all transgenic lines when
detected by PCR. The obtained transgenic lines will be
subjected to further study on the effects of this gene

product to Arabidopsis essential oil components.
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Figure 1 Effects of 0-40 mg/l hygromycin B (Hyg) on the growth of A. thaliana seedlings.



M2996% WAALNS LazAnE Thai J. Genet. 2011, 4(2) : 85-93 89

Table 1 Variation of hygromycin B (Hyg) concentration affecting A. thaliana seedling survival.

% Survival
Hyg mg/l
0 day 3 days 7 days 10 days 15 days

0 100 100 100 100 100

20 100 66.5 50.25 34.25 0

30 100 63.25 45.25 26.25 0

40 100 52.25 27.25 0 0
masinfaiu PNS 1iaAmaSs pCAMBIA1305.1 uaz 0.5 Alawud atnegniies e lumansuiianale
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\waj 187 CaMV35S uay 188 NOS udatnananiians antsihnanafiaadhgesTnsuuafiaen

v v L a <
mmmmmfauhu BamH! wulauALduaruIalssunnd

1.6 4az 0.4 NTALLA LAY FcoRl WULDLABUAIUIA 1.5

Table 2 Percentage of nucleotide and amino acid identities between kaffir lime pinene synthase gene and other

related genes.

size % nucleotide % amino acid
Accession #  Plant species
(bp) Identity Identity
HQ636424 Citrus hystrix 888 99 91
AF514288 Citrus limon 888 96 85
AB266585 Citrus jambhiri 889 96 93
AB110641 Citrus unshiu 889 96 85
AB110640 Citrus unshiu 889 96 82
% :n;gg 58 T = o~ E - E
S BEESZ 2E T 3Elg e ¥ 3%
=_EESET _Sp S8 4 Ez0 EE = £:i3
b =BETST o =z =Ig e Zom
£523835838) || EEd 5 B
Xhol Xhal BstXl W T
(BT34) (10028) (10815)
2x CaMV LacZ cmv\cm Pi Synth N
=1 1B Hygro 3x5$l::m al:ha 35§ pro ii:nr:;u:E In??;usyhp:ase PI:;A 1 :R& —

Figure 2 Pinene synthase gene construction of pPink26 for Agrobacterium transformation from backbone of

pCAMBIA1305.1.
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Figure 3 Detection of pinene synthase gene in
Agrobacterium clones 23-26 by PCR. (A) 1.8 kb DNA
fragment was amplified using 400 PNS-Spel and 401
PNS-Pmll primers and (B) 2.3 kb DNA fragment

amplified using 87 CaMV35S and 188 NOS primers.
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WT (control)

GUS

Figure 4 Growth of transgenic Arabidopsis plants
transformed with either pCAMBIA1305.1 (GUS) or
PPINK26 (PNS) in comparison with wild type plant. See

color figure on the journal website.
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Table 3 Transformation efficiency of TO-T3 Arabidopsis

explants on 1/2MS medium containing 20 mg/l

hygromycin.
Test/Total #Tested
% Survival
clones seeds
TO 2/2 750 0.27
T1 5/402 890 4517
T2 10/1242 1758 70.65
T3 25/2558 3243 78.88

T0
T1

T2
T3

MWT1 2 3 4 5 6

Figure 5 PCR detection of PNS gene to identify each of
transgenic  Arabidopsis lines (lane 1-5) in 4
generations (T0-T3) and wild type (WT) using pPink26

as positive control (lane 6).

AANSUNANITNARDY
n3aF1ananalnananand uiunisana i
e pPink26 szneudaeBuifiuduma  Augnainin
nngn (AnAgn, 2553) Mlaetindiu PNS 1e9uzngaNn
Feadinfunanes pCAMBIA1305.1 laennuualiigiu
PNS unsiiEhu uidA (GUS) feriudiu PNS Hazgnaauns

nnsdaAszansieuedaallsluimes CaMvass way

Thai J. Genet. 2011, 4(2) : 85-93 91

neAN19AILATIEianflawanat NOS terminator LAY
. a dylo/ $% = o = dISJ 1
WARASIUANEIUsTNaLARE BUAALABNNATUNILARANT
dfgauslalnededu adnelsfinan dnwaiznieiugnesu
YRINTRANTNAADILLUNITARNLADN AIHUNITNAFDL
Bunapndinduaealalnsdadu san1spneaedazs
a a K o A o o 3 dy
finatdaaiiindaudnAny anuanimasasluaieil
1 v v v a o/ = a s 1

WU AN NTureslalnsdadussiu 20 Haaniuse
ans a1nnndnavIdnaddalaniale 10 u Iaw
Hongying and Xiaosheng (2007) 1#sneanuanlalngsie
Fullnasaniaasyae9an wazluidastesazninelia
nelalnsdeguazlddusanisdamnseillsiu Nlnase
n1stasryresanlunaalsnanasuas luinsaauissy
(Hongying et al., 2011)

= P a a ] = o °

Daudilss@nsninaesnisanatuluaietiazmn
e 0.27% ludnsnisddinsanaasiudnlugy T0
(Table 3) WALHALANFILEY §731N1THTIRTRAVDUNAR 11
gniu T1-T3  iinTuet9seilesauiassiy 78.88%

1 = a da/

wanaINnITEnsneast Ul ulasiu oA nIuwLLn19T Tne
fugunaaInn1InIadauiy PNS Needniullsiumes
CaMV35S #aen1auind3unaumduia luidnasanand
Fnedandens whraunsuiuezsndneddanlulasunis

1 S a

= s fdlil 1 v a
nneleu W‘]_Iﬂﬁ,"é"i‘]_lﬁﬂﬂsﬂ@LLﬂ@\‘iWLLh;‘V]ﬁ]ﬂu%?um@iﬂtﬂﬁ‘ﬂﬂsﬁ

1
a g

WNNAUNgNNIMAREY HEW PNS 299uzn3A (Figure 5)

= =3

yananimanalunisoeiiuAldouddudsz@nsnn
1 = aal 1 al dl v dald
189071381881 3an13aeEui I lunnmaasaliliaqny
A9AARBIILITNEaNUUDY Xiuren et al. (2006) TuAnu
Burasdeazinsuuanzaunld wenainidiulszney
¥ das
218981970A181AaT1ATA WAy Tween20 NldTuany
dnaguilsr@ansninln&Asaiuseanuaag Steven and
Andrew (1998) Nl Silwet-77 @1 lignsn1s0TInI0A

wauuanAniluesar 0.3 svaziaan lunisdnatiuiding

v
a o A

panayidnetdaluanudsaiae 10 Ui aenmdasiy
71891UUBN Logeman et al. (2006) was Xiuren et al.

(2006)$whqmﬂmmm°nm Steven and Andrew

' o
'

(1998) Nfanqunanasluideas InsuuafiFauie 3-5

q

v
o 1o

a = A g P <
AUIN mumu@ﬂnuﬂ?mmm’mLsﬂmummma@zim

U

a al
BLANLTEN



M2996% WAALNS LazAnE

namaaesluaieiiilszaunanndniialunis
a5 1ananadnganande pPink26  Taud wiAAaS
pCAMBIA1305.1 tHunuman it pPink26 tnedinay
sineddalaanisdesitudusosezinsuuai Banany
Wug EHA105 wUN3unsnsazesduiuuniag nedudii

-

TlaglulasTulanaasarninalFaulasiugynsiu uas

99
v

arnnsnoneman lidsgugnls Asiunaralnaranay
PPink26 Na31918 winnzd1mnsunistinld M lunnsdnadu

Y A4 Ao o a '
InwandrAnyniaiasegnaselyl

—

naenssulsznA
uddadldsunuanuuulay dszinn

HudinAne Uszanl 2553 411ineruauznssnnisias
WASTNR LATYUINE An1T UL ULATHAIUI LY

NWNINYNRLLNHFTAVARNT

LANAIFDN9DY
ARREN WANA919. 2553, N17lAAuE e STuT a7

\Aradeeriunisa¥enauyesnsininen uax

NENZA. Anentdnufldynain.
NMINEAUNEATANGRT, NPUNNC

AnFa Ule way Naau NzAqaIInd. 2546, NBNTUNE...
AARFWINNI7LR. tinuiesuniadidu
WD NTIUNN

fad3 (5o9A3 waz weaen AURImI. 2532 Waayulng.
TR NA U EIAINIINUANENRE. NPINNE

annfuinenAan’ uazmalulaguisdszmelne . 2548.
insunesszie ng. AninRudddagndu.
NN, . 55-69.

&ranwal nnanilen. 2545, ane.477. 41UNUNIATIIU
HARADUTIORAIUNITN NTUNHCL. U. 2.

Logeman, E., Rainer, P.B., Bekir, U. and Imre, E.S.
2006. An improved method for preparing
Agrobacterium  cells that simplifies the
Arabidopsis transformation protocol. Plant

Methods. 2: 16.

Thai J. Genet. 2011, 4(2) : 85-93 92

Lucker, J., Schwab, W., Franssen, M.C.R., Van Der
Plas, LHW.  Bouwmeester, H.J. and

Verhoeven, H.A. 2004. Metabolic engineering

of monoterpene  biosynthesis:  two-step
production of (+)-trans-isopiperitenol by
tobacco. Plant J. 39: 135-145.

Hongying, D. and Xiaosheng, D. 2007. Effect of
hygromycin on growth and development of
Arabidopsis seedling roots. Pak. J. Bot. 39:
2167-2173.

Hongying, D., Xiaosheng, D., Zhiging, W., Chune, Z.
and Yanging, Z. 2011. The influences of
hygromycin B on growth of Arabidopsis
thaliana cotyledon and leaf. Afr. J. Biotechnol.
10: 17742-17747.

Murashige, T. and Skoog, F. 1962. A revised medium
for rapid growth and bioassays with tobacco
tissue cultures. Physiol Plantarum 15: 473-
497.

Sambrook, J., Fritsch, E.D. and Maniatis, T., 1989.
Molecular Cloning: A Laboratory Manual, 2"
ed. Cold Spring Harbor Laboratory Press.
New York.

Steven, J.C. and Andrew, F.B. 1998. Floral dip: a
simplified  method  for  Agrobacterium-
mediated transformation of Arabidopsis
thaliana. Plant J. 16:735-743.

Xiuren Z., Rossana H., Shih-S. L., Qi-W.N. and Nam-
H.C. 2006. Agrobacterium-mediated

transformation of Arabidopsis thaliana using

the floral dip method. Nat. Protoc. 1: 641-646.



