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Abstract

Jatropha curcas is one of the potential biodiesel production plant. However, one serious
problem is that the plant produces phorbol esters (PEs), a cacinogen. Geranylgeranyl diphosphate
synthase (GGPPS) is a key enzyme in the phorbol esters biosynthesis. To study the role of GGPPS
gene, the partial GGPPS gene was cloned by using RT-PCR from total RNA extracted from jatropha
seed cv. Korat and with the primer specific to GGPPS gene. The DNA fragment size of 592 bp was
amplified. The sequence analysis indicated that the obtained cDNA had very high similarity (99 %)
to GGPPS gene of J. curcas. We named this DNA fragment as JcGGPPS. The antisense JcGGPPS gene
was introduced into tobacco by Agrobacterium tumefacients strain EHA-105. The four transgenic
tobacco plants were produced. The analysis of GGPPS gene expression by real-time PCR showed
that the lowest expression level of endogenous GGPPS gene in transformed plants was about 3
folds lower than that of the control plant. The phorbol esters contents of transformed tobacco
plants were determined by high performance liquid chromatography (HPLC). It was found that the
PEs content of the transformed tobacco was also 2.5 folds lower than that of the control. It was
indicated that the antisense JcGGPPS gene was an effective down-regulating in the expression of

endogenous GGPPS gene and reducing the PEs content of tobacco.

Keywords: Jatropha curcas, phorbol ester; geranylgeranyl diphosphate synthase (GGPPS);

Agrobacterium tumefacients; antisense technique
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gunnd 65 esmnwaifoa 1uina 24 $alug
Tnuthdhegiluualdaziden thuataansee
A5 pedn A Soxhlet extractor (Buchi B-811)
fiegar 4 nsu laely methanol ¥ HPLC
orade \Jusavhazans Walunsade ¢ $2lus
Ul ud udeuas a9 rotary evaporator
Pnduihlulessdusinaaswesusaednes
%iin DHPB Tngldia3es high performance liquid
chromatography (HPLC) §u Waters 600 (Photo-
diode Array Detector: 280 nm; Symmetry C18
Column 1A 3.9x 150 mm gaunyil 25 8N
wardea) Usuinsaesansazanadaod 19 149
AT Av 20 lulAsans nTeeRletuuLUTUTTn

luasuruiagnses 0.5 lulasiuns Idaisnesuea

woawes vlia TPA (Sigma) Wuasuimnsgiulunis
4% calibration curve @ oudl Ao axdln
Tulnsa (acetonitrile, HPLC grade) LAz (H,0,
HPLC grade) naulusnsndiu 80 fio 20 InguSung
gnsnsiva 1 faaansaour (mL min™) [13]
2.7 MmAnseideyaneadin
ihdeyaiiliainnismaassuniiases
AULYTUIIUNI9ER A (analysis of variance,
ANOVA) LagiUSaulilgunanuiLanm 19581314
VINUUARULNUNTNARBILU LAY SRS (CRD)
aaglusunsudniagy R-Program version 3.4.3
Wisuisuanuuansmeadfvesnedslngds
Duncan’s new multiple range test (DMRT) i

SEAUANUTDAUNNIEDA 95 %

Table 1 Primers used for amplifying the partial GGPPS and antisense GGPPS, reference gene (actin)

for real-time PCR and for detection of transgenic tobacco (gus and hpt)

Primers Sequences
GGPPS _F 5'-CCGTCCTGAACTCCCATTTA-3'
GGPPS R 5'-AGCCGATCCAAGCTCAGTTA -3’
Actin_F 5'-TCGTGCTGGATTCTGGTGAT-3'
Actin_R 5'-GGAACCACCACTGAGCACAA-3'

GGPPS F Realtime

5'-GCAGTACCCTTGAACCATCC-3'

GGPPS R Realtime

5'-CGCCTACTAACTCACAGGCA-3'

Actin_F Realtime

5'-ATGACATGGAGAAGATCTGGCATCA-3'

Actin_R Realtime

5'-AGCCTGGATGGCAACATACATAGC-3'

Antisense_ GGPPS F

5'-CTAGACTAGTCCGTCCTGAACTCCCATTTA -3

Antisense GGPPS R

5" -CATGCCATGGAGCCGATCCAAGCTCAGTTA-3'

gus F 5'-AAACGGCAAGAAAAAGCAGTC-3'
gus R 5'-CAGGCACAGCACATCAAAGAG-3'
hpt-F 5'-CCTGAACTCACCGCGACG-3'

hpt R 5'-AAGACCAATGCGGAGCATATA-3'
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(a) Total RNA
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Figure 1 Total RNA and PCR products.
(a) total RNA extracted from
the mature seed, (b) 590 bp
of actin gene and (c) 592 bp
of JcGGPPS gene
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2d-2f) maIniaziludueguiildsuuidiuves
g antisense JcGGPPS wasay a1 uagiilausu
grgumaniluvgnlulsuseumizdifaiunse

a a

wigAvladuund wwdeniusiueguitlilasu

n13ae8u (FUN 29) aeandasiu [14] laaedu

a v A

antisense LIM \igemausia liteannisuandoen
vesdu LM uazduduq MAsadostunisaruny
AsdaaszRaniu Inednvazmeillulndie
Funadeandarldnunnuunnd1esendadudi

Tasunisanedusazdunlilasunisanedu

h

Figure 2 Agrobacterium-mediated transformation of tobacco using leaf explants; (a) the explants

were inoculated with Agrobacterium tumefaciens EHA105 suspension, (b) co-cultivation

on MS1 medium supplemented with 100 UM acetosyringone, (c-d) putative transformed

calli and shoots, (e-f) shoot and root proliferation on MS hormone-free medium, (g)

transgenic tobacco plant in a greenhouse (h) positive GUS assay of the transgenic shoot

and (i) non-transgenic shoot with negative GUS staining

N1INTIADUNANITA18TUTDIAUATY
7§ GUS histochemical assay WU TLUATI LT8
pzlnsuuATISuLaeNUg EHA 105 a1unsadeang

= £

8u ous WlUTuRud v siv Inedunalaainnig

a a
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o | = = A a8 a . a

sunsaneduliiinisfndundu (UM 2) wasiile
M51980UN131 08 ¥0IUIdUVRITY antisense
JcGGPPS gus wag hpt Tudlunvesengumeinaila
aa s oA ¥ a a & a

#3015 wuindle1gu 4 du iinuaudduevety

GGPPS aunn 592 fandlelna U ous vu1m 919
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JcGGPPS aunaila real-time PCR lagldsgau
nsuLanIeanvBIdU actin LuA819Bs wuinding
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g1aun1edu (

Y

V838U GGPPS Yasengulesiiaumidouiuadiu

3U7 3a) uansinaruilandlelng

Thedlelndvosdu JcGGPPS WoiAnnszuiunis
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Figure 3 The presence of the transgenes and expression levels of JcGGPPS in transgenic tobacco
plants (a) the PCR product derived from the reaction with specific primers to various
transgenes in transgenic tobacco plants: 592 bp of GGPPS gene fragment; 919 bp of gus
gene fragment and 800 bp of hpt gene fragment (lane M: 1 kb DNA marker, lane 2: non-
transformed plant (negative control, C) and lanes 3-6: transgenic tobacco plants, T1-T4)
and (b) the relative expression levels of JcGGPPS cDNA in transgenic tobacco plants
(T1-T4) and non-transformed control plant. The boxes with different letters indicate

significant differences at p < 0.05 according to DMRT.
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Figure 4 Phorbol esters content and chromatogram of transgenic tobacco plants (a) phorbol esters
content in leaves of transgenic and the control tobacco plants. The boxes with different
letters indicate significant differences at p<0.05 according to DMRT (b) HPLC chromatogram

of phorbol esters of control and (c) transformed tobacco plant line T3.
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