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ABSTRACT

Genes differentially expressed in glyphosate-resistant goosegrass (Eleusine indica) have been analyzed using
the Reverse Transcriptase Polymerase Chain Reaction (RTPCR) technique. Total RNA from E. indica biotypes
resistant and susceptible to glyphosate were extracted and the RNAs converted to their complementary DNA
(cDNA) using the reverse transcriptase enzyme and oligo-dT primer (HT11M) where M represents three
nucleotide bases guanine, cytosine and adenine. The cDNA templates from each biotype were then amplified
by polymerase chain reaction (PCR) in the presence of eight arbitrary primers (HAP1-8) and the oligo-dT
primer (HT11M). The amplified cDNA fragments were then resolved on polyacrylamide sequencing gels. A
total of 10 cDNA fragments found in the resistant but not in the susceptible biotype were reamplified using
similar primer combinations. Only four fragments with sizes of 200bp, 230bp, 250bp and 300 bp were
recovered. 
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Introduction 

Eleusine indica, a tufted annual grass, is ranked as one of the five most troublesome weeds in the world
(Holm, L.G., 1977). In Malaysia, it is predominantly found in vegetable areas, orchards, nurseries and young
oil palm plantations (Teng, Y.T. 1998; Teng,  Y.T. and K.C. Teo, 1999), posing a threat to cash crops and
causing loss of food quality and quantity in farms and plantations. The use of herbicides has generally provided
farmers with a very reliable and cheap method of weed control. Glyphosate,  a post-emergence herbicide which
has been used throughout the world for over 20 years (Grossbard, E and D. Atkinson, 1985) is used
extensively  to  control  this  weed  in  plantation  crops  such as oil palm, rubber and cocoa in Malaysia
(Ho, N.K. 1998).

In recent years there have been increased reports of herbicide-resistant weeds worldwide. Heap (4) has
documented  a total of 275 herbicide-resistant biotypes from 165 species of plants. The existence of
glyphosate-resistant  weeds  has  been documented in Australia, the USA, Chile and South Africa (Heap, I.
M. 2003). The first report of a biotype of E. indica resistant to glyphosate in Malaysia was made in 1997
(Lim, J.L. and J. Ngim, 2000). The development of herbicide resistance in weeds is an evolutionary process
occurring generally in response to selection pressure imposed by frequent use of one or more herbicides
(Lorraine-Golwill, D.F., et al., 2003; Powles, S.B., et al., 1998). Under these conditions, weed populations
change  in  genetic  composition,  increasing the frequency of resistant alleles in resistant individuals
(Jasieniuk, M.A. 1996). 
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Glyphosate kills plants by targeting the enzyme 5-enolpyruvylshikimate-3-phosphate synthase (EPSPS).
Over-expression of this enzyme is believed to cause resistance in carrots (Hyang Suh, A.G., 1993) and tobacco
(Steinrucken, H.C. and N. Armhein, 1984). Treatment with glyphosate has also been reported to cause
increased glutathione S-transferase levels in plants (Uotila, M., et al., 1995; Yuan, C.I.2002).

In order to determine if other metabolic processes could be important in the metabolism of glyphosate in
plants and could contribute to resistance to glyphosate, we used  differential display techniques to compare
genes expressed in Eleusine indica resistant and susceptible to glyphosate. 

Materials and methods

Source of E. indica seeds

Seeds of susceptible biotype of E. indica were obtained from CCM Bioscience, Malacca and the resistant
biotype from a guava farm in Bidor, Perak, Malaysia. All seeds were kept air-tight in clean and dry universal
bottles and stored at room temperature.

Plant materials

Scarified susceptible and resistant E. indica seeds were soaked for two days in 0.2% KNO3 prior to
germination to break seed dormancy and promote germination (Meng, F., et al., 2005). Seeds were left to
germinate for a week in 9 cm diameter petri dishes overlaid with Whatman No. 1 filter paper, prewetted with
5 mL of distilled water. The seeds were maintained in an incubator at alternating temperatures of 30/20°C, a
12 h photoperiod and supplemental lighting (50 µE/m2/s). After a week, each seedling was transplanted into
a pot (3.9 cm diameter x 5 cm depth) filled with potting soil (Right Grow®, Krosas Profil Sdn. Bhd.).
Seedlings were watered daily and were grown under greenhouse conditions with temperatures ranging from
28-35°C and light intensity of 800 ± 200 µE/m2/s. E. indica leaves from resistant and susceptible  biotypes
were collected 8 weeks after planting. Total RNA was extracted from 1.5 g weight (leaves) using the procedure
of Lopez-Gomez and Gomez-Lim (Lopez-Gomez, R. and M.A. Gomez-Lim, 1992). 

First strand cDNA synthesis

First strand cDNA synthesis used reagents from GenHunter Kit (GenHunter, USA). For each RNA sample,
three reverse transcription reactions were set up. Each reaction  in the three PCR tubes contained one of the
three different one-base-anchored HT11M primers [where M may be G, A or C]. The reaction mixtures
contained:  9.4  μL  dH2O,  4.0  μL 5X RT-Buffer, 1.6 μL dNTP (250μM), 2 μg (1 μg/ μL ) total RNA
(DNA-free), 2.0 μL (2 μM) HT11M oligonucleotide primers and 1 μL MMLV reverse transcriptase. Synthesis
of the first strand was done at 37°C for 60 min according to manufacturer recomendation. 

PCR amplification

To a 0.5 mL microcentrifuge tube, 2 μL of the cDNA mixture, 10 μL dH2O, 2 μL 10X PCR buffer, 1.6
μL (25 μM) dNTP, 2.0 μL (2 μM) random primer HAP (1-8), 2 μL (2 μM) HT11M, 0.2 μL α-[33P] dATP
(2000Ci/mmole) and 0.2 μL Taq DNA polymerase were added. The PCR amplification was done as follows:
94°C for 30 sec, 40°C for 2 min, and 72°C for 30 sec for 40 cycles and finally 72°C for 5 min. A total of
24 reaction mixtures were prepared from the combinations of the 3 HT11M and 8 HAP primers.

Polyacrilamide gel electrophoresis

A 6% denaturing polyacrilamide gel was prepared according to Sambrook et al. (1989). Pre-electrophoresis
was performed at 180V for 20 min before DNA samples were loaded and the electrophoresis done at 180V
for 3 hr. After electrophoresis, the gel was oven-dried at 80°C for 2 hr and then exposed to x-ray film (Kodak)
overnight in the dark.

Recovery, reamplification and cloning of cDNA fragments.

The developed film was aligned with the gel, and each differentially-displayed band identified was cut from
the dried gel with a clean razor blade into an eppendorf tube individually. One hundred μL of distilled water
was added, and the mixture was left at room temperature for 30 min to aid elution. The tube was then boiled



3Adv. in Nat. Appl. Sci., 2(1): 1-5, 2008

for 10 min and then centrifuged 5 min at 10,000 rpm. The supernatant was transferred to a fresh tube, the
cDNA reamplified using the same primers and similar PCR conditions except radio-labeled dATP was not used
and the dNTP concentrations were increased to 250 μM. 10 μL of the reamplified PCR product were removed
and run on 1.5% agarose gel in 1X TAE  buffer. 

Results and discussion 

RNA extraction and purification of E. indica

The extraction of E. indica was performed according to the modified phenol-chloroform-isoamyl alcohol
extraction  described  by  Lopez-Gomez  and Gomez-Lim (Lopez-Gomez, R. and M.A. Gomez-Lim, 1992).
The  quantity  and  quality of RNA were determined spectrophotometrically. The quantity of RNA
concentration is based on the absorbance A 260/280 and A 260/230 ratio (Chomczynski, P and N. Sacchi,  1987).
Table 1 shows the ratio of absorbance of RNA extraction at A 260/280 and A 260/230 ratio for susceptible and
resistant E. indica biotypes. 

Table 1: The quality and quantity of RNA for susceptible and resistant E. indica biotype
Resistant biotype Susceptible biotype

Ratio A 260/280 1.6 1.8
Ratio A 260/230 2.0 2.2
Quality RNA (µg/g ) 626.6 587.0

Fig. 1: Differential display patterns of E. indica. Lanes 1,3,5,7: resistant biotypes Lane 2,4,6,8: susceptible
biotypes

(a) Lane 1 & 2 : (HT11G+
Lane 3 & 4 : (HT11G
Lane 5 & 6 : (HT11G
Lane 7 & 8 : (HT11G

(b) Lane 1 & 2 : (HT11A+
Lane 3 & 4 : (HT11A
Lane 5 & 6 : (HT11A

Identification of differentially expressed genes in  E. indica resistant biotypes 

Using the differential display technique, differentially expressed cDNAs between the resistant and
susceptible biotypes of E. indica were observed. The bands were compared side by side in a 6% denaturing
polyacrilamide sequencing gel. Three one-base-anchored oligonucleotide primers, HT11A, HT11C and HT11G,
were used in the reverse transcription step along with eight 5’ arbitary 13-mers (HAP1-8) primers in PCR
technique. Selection of three one-base anchored oligonucleotide primers allowed the synthesis of the maximum
pool of cDNAs by anchoring on the poly(A) tail that is present on most eukaryotic mRNAs. Pairs of primers
were also selected in PCR so that each would amplify cDNAs from both biotypes. Theoretically, any reverse
transcribed cDNA species would be amplified if the distance at which a second primers annealling position
is within 500 bp because cDNAs up to 500 bp can be resolved by size on a DNA sequencing gel (Liang, P.
and A.B. Pardee, 1992). For a 5’ primer of arbitrary base sequence, the annealing position to cDNAs should
be randomly distributed in distance from the poly(A) tail. Therefore the amplified products from various
mRNAs  will differ in size. After these PCR products have been labeled with α-[33P] dATP, they would be
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Fig. 2: Product reamplified (PCR) resolved on agarose 1.5% gel
(a) Lane 1 DNA ladder 100bp (Promega)

Lane 2 Fragment H (HT11A + HAP3)
Lane 3 Fragment G (HT11A + HAP3)
Lane 4 Fragment I  (HT11A + HAP3)

(b) Lane 1 Fragment C (HT11G + HAP2)
Lane 2 DNA ladder 100bp (Promega)

(c) Lane 1 DNA ladder 100bp (Promega)
Lane 2 Fragment J (HT11A + HAP2)

displayed by autoradiography as a ladder on a sequencing gel. Genes differentially expressed as pattern in both
biotypes would then be succesfully displayed. A total of 10 specific bands (Fig. 1), which were only present
in  the resistant biotypes, were excised and reamplified. All reamplified cDNAs ranged from 200 bp to 300
bp in size.

Differential display technique is a useful research technique for the study and identification of  the genes
expressed in some tissues or organs and not in others. Bochu et al. (2005) have succesfully identified 6 cDNAs
specificly expressed in Arabidopsis exposed to sound stress. Tanaka et al. (2005) have identified the genes
involved in storage root formation of sweet potato (Ipomoea batatas). In maize, differentially expressed genes
between maize cross-fertilized and self-fertilized kernels have been identified (Meng, F., et al., 2005). 

During the course of the experiment, only five primer combinations gave significant results:
(HT11G+HAP2), (HT11G+HAP4), (HT11G+HAP5), (HT11A+HAP3) and (HT11A+HAP2). Fig. 1 (a) shows
fragment A, C and E (lane 1) as a cDNA sample amplified with HT11G; 5’-AAGCTTTTTTTTTTTG-3’
oligonucleotide primer and HAP4; AAGCTTGACCTTT-3’ arbitrary primer. Fragments D and F (lane 7) were
amplified with HT11G; 5’-AAGCTTTTTTTTTTTG-3’ oligonucleotide primer and arbitrary primer HAP5; 5’-
AAGCTTCCTCTAT-3’.

Fig. 1(b) shows G, H and I amplified with HT11A; 5’-AAGCTTTTTTTTTTTA-3’ oligonucleotide primer
and arbitrary primer HAP3; 5’-AAGCTTCGAAATG-3’. Fragment J was amplified with HT11A; 5’-
AAGCTTCGAAATA-3’ oligonucleotide primer and HAP2; 5’-AAGCTTTGAGACT-3’ arbitrary primer.

All of 10 differentially expressed fragments were cut and reamplified using the same primer as before and
were resolved on a 1.5% agarose gel. Four different fragments were successfully recovered. Fragments C, G,
J and I were of 200 bp, 230 bp, 250 bp and 300 bp in size, respectively (Fig. 2). Six other bands could not
be recovered, perhaps as a result of loss of the cDNA in the supernatant while transferring. These cDNA
fragments will be useful for further analysis in order to verify them as a probe to be used in expression study
such as in the northern blot analysis before cloning or efficiently by reverse northern after the probe has been
cloned. Sequencing the cloned cDNA will reveal whether it is homologous with any specific genes or if they
are novel genes that are important for glyphosate resistance mechanism in the E. indica. 
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