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Abstract 

Volatile components have been identified in hundreds of orchids including species and hybrids, but the 

biochemical and molecular biological knowledge on the biosynthesis of scent compounds in orchids is still 

limited. To date, a strategy combining chemical analysis, genomics and bioinformatics is adopted to unravel the 

scent biosynthetic pathways that are involved in floral scent biosynthesis in orchids. In this study, cDNA-RDA 

was used to identify fragrance-related transcripts in three selected fragrant-orchids includingVanda Mimi 

Palmer, Vanda Small Boy Leong and Vandachostylis Sri-Siamin comparison to Vanda Tan Chay Yan, a non-

fragrant orchid. This cDNA-RDA approach allows us toisolate cDNA fragments that are presentin selected 

fragrant orchids but absent in non-fragrant orchid. Double-stranded cDNA of each fragrant orchid was 

hybridized separately with double-stranded cDNA of the selected non-fragrant orchid and followed by 

amplification of subtracted fragments. Three rounds of cDNA-RDAwere carried out to enrich difference cDNA 

fragments.A number of 21 clones of difference products were sequenced and sequence analysis has shown the 

presence of three different putative fragrance-related transcripts including methionine synthase, S-adenosyl-L-

methionine synthase, and phenylalanine ammonia lyase. All of the identified transcripts might be involved in 

fragrance biosynthesis of those fragrant orchids. 
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Introduction 

 

Orchidaceae flowers display various shapes, sizes, colours, and also emission of different fragrances 1. Limited 

information is available for the corresponding fragrance-related genes that are involved in fragrance production 

in orchids. Studies on fragrance-related genes have been reported in other scented plants previously including 

Petunia hybrida, Antirrhinum majus,Nicotianatabacum and Rosa hybrida2. In a well-known scented orchid, 

Vanda Mimi Palmer, a few fragrant-related transcripts have been isolated through suppression subtractive 

hybridization (SSH) approach including alcohol acyltransferase (VMPAAT) and sesquiterpene 

synthase(VMPSTS)3. Besides that, some other fragrance-related transcripts in monoterpene biosynthetic 

pathway have been identified in another scented orchid, Phalaenopsisbellina through EST library including 
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geranyl diphosphate synthase (GDPS), farnesyl diphosphate synthase (FDPS) and geranylgeranyl diphosphate 

synthase (GGDPS)4,5. 

 

Representational difference analysis (RDA), a PCR based subtractive cloning method is a sensitive and 

powerful PCR mediated subtraction approach for identification of DNA fragments that are the most different 

between two samples. Although the method was first developed by Lisitsynet al. (1993)6 for identifying the 

differences between two complex genomes, Hubanket al.(1994)7 later adapted the method for use with cDNA to 

identify differentially expressed genes.cDNA-RDA is a notable method to detect differentially expressed genes 

in plants 8,9. For example, a common bean, Phaseolus vulgaris was studied to identify drought-stress induced 

genes using cDNA-RDA prior to transcriptome analysis of contrasting genotypes 10.Besides that, there are 

numerous positive results reported on cDNA-RDA method that are applied in different plants including 

Oryzasativa11, Hordeumvulgare12 and Solanumlycopersicum13. 

 

In this study, we report the isolation of putative fragrance-related transcripts through cDNA-RDA. This method 

was applied to cDNAs from floral tissues of three selected fragrant-orchids includingVanda Mimi Palmer, 

Vanda Small Boy Leong and Vandachostylis Sri-Siam in comparison to Vanda Tan Chay Yan, a non-fragrant 

orchid. In this cDNA-RDA analysis, transcripts that are either differentially expressed or divergent in their 

sequences are enriched by PCR after successive rounds of subtractive hybridization, whereas non-differentially 

expressed or non-divergent sequences (which are of no interest) are suppressed and effectively removed. For 

vandaceous orchid, cDNA-RDA is the first attempt to be used for identifying fragrance-related transcripts that 

would provide better understanding of the molecular biology of fragrance in vandaceous orchids 

includingVanda Mimi Palmer, Vanda Small Boy Leong and Vandachostylis Sri-Siam.  

 

Materials and Methods 

 

Plant materials 

Orchid plants (VandaMimi Palmer,Vanda Small Boy Leong, Vandachostylis Sri-Siam andVandaTan Chay Yan) 

used in this study were purchased from the United Malaysian Orchids Sdn. Bhd., a nursery located in Rawang, 

Selangor. Fully open flowers were detached from their mother plants, frozen in liquid nitrogen and stored at -

80°C prior to total RNA extraction.  

 

Double-stranded cDNA preparation  

Total RNA was extracted from fully open flower of Vanda Mimi Palmer, Vanda Tan Chay Yan, Vanda Small 

Boy Leong and Vandachostylis Sri-Siam separately, following the method described by Chan et al. 

(2009)14.PolyA+ mRNA was then isolated from each sample using the PolyATract® mRNA Isolation Systems 

III (Promega, USA). PolyA+ mRNA of each sample was subjected to double-stranded cDNA synthesis using the 

Universal Riboclone® cDNA synthesis system (Promega, USA), following the manufacturer’s instructions.  

Representational difference analysis (RDA) 



International Journal of Interdisciplinary and Multidisciplinary Studies (IJIMS), 2015, Vol 2, No.4, 198-207. 200 
 

In this study, cDNA Representational Difference Analysis (cDNA-RDA) was carried out in forward way. The 

cDNA ofVanda Mimi Palmer,Vandachostylis Sri-Siamand Vanda Small Boy Leong (fragrant-orchids) were 

designated as testers (the source of the sequences of interest to be isolated) while Vanda Tan Chay Yan (non-

fragrant orchid) was chosen as a driver DNA (the source of the sequences to be eliminated) in this cDNA-RDA 

experiment (Table 1). 

An amount of 2µg of each tester and a driver was digested at 37°C for 3 hours using three restriction enzymes 

(BglII,BamHI and HindIII), separately.The digested testers and driver were then purified with phenol: 

chloroform: isoamyl alcohol (25:24:1) extraction before precipitating with 0.1 volume of 3M sodium acetate 

(pH 5.2) and 2.5volume of absolute ethanol at -20°C for 30 minutes. The precipitated testers and driver were 

then centrifuged at 4°C at 16,099xg for 20 minutes. After that, supernatants were discarded and a washing step 

was carried out by applying 200µl of 70%(w/v) ethanol on each cDNA pellet. All of the cDNA pellets were then 

air dried before dissolved in 30µl of TE buffer.  

cDNA-RDA was carried out as described by Hubank and Schatz (1994)7 with minor  modifications. The major 

steps were: (1) generation of representations; (2) hybridization and selective PCR amplification; (3) cloning and 

sequencing of difference products. The modifications were made mainly in the tester:driver ratios that wereused 

in three rounds of cDNA-RDA to increase the detection of rare transcripts. An amount of 50ng of each digested 

testers and driver was ligated with 250µM of R adaptor pairs (Table 2) at 16°C for 20 hours in the presence of 

400U of T4 DNA ligase (New England Biolabs, UK). The ligated products were bulked up by PCR 

amplification using the same 24-mer adaptors (R Bgl24, R Hind24 and R Bam24) as specific primers. The 

amplified PCR products were purified byphenol:chloroform:isoamylalcohol (25:24:1) extraction and 

precipitated with 0.1 volume of 3M sodium acetate (pH 5.2) and 2.5 volume of absolute ethanol. The purified 

PCR products were then digested with the respective enzyme to remove the respective R adaptor. 

In the first round of cDNA-RDA, the digested PCR products were ligated with the respective J adaptors. An 

amount of 30ng of each tester was mixed with 3,000ng of each driver, resulting for a ratio of 1:100 

(tester:driver). The mixtures were denatured at 95°C for 5 minutes and hybridized at 67°C for 20 hours in a 

thermocycler (Biorad, USA). The hybridized products were adjusted to a final volume of 200µl by adding TE 

buffer. Then, 10µl of the diluted hybridized products were selectively PCR amplified  in a 100µl reaction 

containing 1X PCR buffer, 0.2mM dNTPs, 2.5U of TaqDNA polymerase (GeneAll, Korea) and 24-mer J 

primers (J BgI24, J Hind24 and JBam24). The PCR mixtures were then incubated at 72°C for 5 minutes to fill in 

the ends of the re-annealed fragments. After that, a PCR cycle was performed using the following parameter: 

94ºC for 3 minutes; 35 cycles at (94ºC for 1 minute; 72ºC for 2 minutes) and 72ºC for 5 minutes. The PCR 

products were then purified with phenol: chloroform: isoamyl alcohol (25:24:1) extraction and precipitated with 

0.1 volume of 3M sodium acetate (pH5.2) and 2.5 volume of absolute ethanol. The precipitated pellets were 

dissolved in 40µl of TE buffer.  

A volume of 20µl of the purified amplified hybridization products were then subjected to mung bean nuclease 

digestion. The digestion mixture was carried out in a total volume of 40µl containing 1X mung bean nuclease 

buffer and 2U of mung bean nuclease enzyme (New England Biolabs, UK). The digestion reaction was carried 

out at 30°C for 30 minutes and followed by addition of 160µl of 50mM Tris-Cl (pH 8.9). The mung bean 
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nuclease activity of the mixture was then terminated at 99°C for 5 minutes. The first round RDA products were 

used as drivers for second round of RDA. Second round of RDA was carried out by digesting the RDA products 

with the respective restriction enzymes (BglII, BamHI and HindIII). Then, the digested products were ligated 

with N adaptors at the ratio of tester:driver (1:1000). The next steps were carried out in the same manner until 

mung bean nuclease digestion step. Subsequently, third round of RDA was carried out using J adaptors with the 

ratio of tester:driver (1:100,000). Products of each round of RDA were electrophoresed on 1.2%(w/v) agarose 

gel containing 1X TAE buffer and 0.2X gel-red solution (Biotium, USA) and viewed under a UV gel 

documentation system (Figure 1). 

Cloning, sequencing and sequence analysis of cDNA-RDA products 

Each difference productin third round of cDNA-RDA was excised from 1.2%(w/v) agarose gel and purified 

using GeneAllExpin Combo GP kit (GeneAll, Korea) following the manufacturer’s instructions. The purified 

RDA products were cloned into pGEM-T easy vector (Promega, USA) and transformed into DH5αEscherichia 

coli competent cells using heat-shock method as described bySambrook and Russell (2001) 15. Positive clone of 

each RDA products were cultured overnight in 5ml LB broth containing 20mg/ml ampicillin. The bacterial 

culture of each clone was subjected to plasmid mini preparation using DNA spin plasmid DNA purification kit 

(GeneAll, Korea) following the manufacturer’s instructions. The purified plasmid of each clone was sent for 

sequencing using universal T7 and SP6 primers (Macrogen, Korea).Sequencing result of each clone was 

subjected to vector sequence removalusing Vecscreen tool in NCBIGenBank database 16. Then, all the 

nucleotide sequences were compared to thecloselyrelatedsequencesavailableat NCBI GenBank database using 

the BLASTX tool17. 

Results and discussion 

 

cDNA Representational Difference Analysis (cDNA-RDA) of selected fragrant-orchids including Vanda Mimi 

Palmer, Vanda Small Boy Leong and Vandachostylis Sri-Siam in comparison to Vanda Tan Chay Yan, a non-

fragrant orchid has shown the presence of a total number of 21 cDNA bands (Figure 1c) with the size range of 

250 to 600bp.BLASTX analysis of all the 21 cloneshas shown the presence of three fragrance-related transcripts 

including phenylalanine ammonia-lyase (VMP/BamHI_1), s-adenosyl methionine synthase (VSBL/BglII_1) and 

methionine synthase (VSBL/BglII_3 and VSSS/BglII_3) (Table 3).  

 

Sequence analysis on VMP/BamHI_1 clone, using BLASTX tool in the NCBI GenBank database shows that it 

might resemble nucleotide sequence of phenylalanine ammonia-lyase (PAL; EC 4.3.1.5). Phenylalanine 

ammonia lyase (PAL) has been reported to be involved in benzenoid and phenylpropanoid pathway in plants 

including Cistanchedeserticola18, Musa acuminata19, Rhuschinensis20 andDendrobiumcandidum21.PAL is the 

first and the key enzyme in the regulationof overall carbon flux in thebenzenoid andphenylpropanoid pathway 

22,23. This enzyme catalyzes the deamination of L-phenylalanine to produce cinnamic acid (trans-cinnamate) and 

ammonia 23. It is very important as flower pigments, antibiotics, protection against ultraviolet radiation, insect 

repellent,molecular signals in the microbe–plant interaction, and precursors of suberin, lignin and other 
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components of cell wall 24,25. Besides that, phenylpropanoid resulted from the catalysis of PAL can be indirectly 

or directly produce many secondary metabolic products including plant hormones26,27. 

 

BLASTX analysis on VSBL/BglII_1 clone has shown the transcript encodes for s-adenosyl-L-methionine 

synthase (SAMS; EC 2.5.1.6) with the highest score of 97.1 and E-value of   2e-22(Table 3). S-adenosyl-L-

methionine synthase (SAMS) enzyme has been reported to be involved as the key enzyme in S-adenosyl-L-

methionine (SAM) biosynthesis. SAMS is known to be a crucial key enzyme in SAM cycle,catalyzing SAM 

biosynthesis withthe adenylation of methionine (Met) and ATP 28,29. The gene encoding SAMS has been studied 

from several plants includingOryzasativa (rice) andBrassica rapa (chinese cabbage) 30,31,32. 

 

Besides that, two partial sequences of methionine synthase transcripts have been identified in clones 

VSSS/BglII_3 and VSBL/BglII_3. Methionine synthase (MS; EC 2.1.1.14) functions in metabolic regeneration 

of SAM through the SAM cycle by performing the methylation of homocysteine to methionine and 

tetrahydrofolate33. The resulted methionine derived from the previous catalysis of methionine synthase after 

converting homocysteine in metabolic process of SAM cycle 34. Besides that, methionine synthase has been 

studied in several plants including Orobanche ramose andNicotianasuaveolens33,35. 

 

Both S-adenosyl-L-methionine synthase (SAMS) and methionine synthase (MS) are similarly involved in the 

same SAM cycle with different function of catalysis. The SAM cycle is a fundamental metabolic pathway 

providing cells and tissues with SAM, methionine and related metabolites 36. To date, a few studies have been 

done for identifying the SAM cycle genesthat are expressed in leaves, while there is no information available on 

floral tissues 37. In addition, SAMS, which produces S-adenosyl-L- methionine, the methyl donor of enzymes 

involved in the production ofvolatile methylated benzenoids including methylbenzoate38. The SAM cycle 

contributes to benzenoidsbiosynthesis by providing methyl groups from the methyl donor SAM, which is 

regenerated in several steps.Regulation of volatile benzenoid production is at the level of precursor production 

from the shikimate pathway via chorismate and phenylalanine 39. In addition, S-adenosyl-L-methionine (SAM) 

is an important biological methyl donor that is involved in the methylation of many cellular compounds, 

volatiles and a precursor for the synthesis of metabolites, such as ethylene, polyamine, nicotianamine and biotin 

30. 

 

However, ten sequences (≠) belong to RNA-dependent RNA polymerase from Cymbidium mosaic virus 

(CymMV) have been identified from the three sets of cDNA-RDA (Table 3). CymMV infection is dominant and 

extremely stable in Orchidaceae, and it was found to be prevalent in Vanda Mimi Palmer. Previous screening on 

Vanda Mimi Palmer floral cDNA library revealed a 1.6% contamination rate with CymMV genes 40. More than 

50 orchids infecting viruses have been detected worldwide, with cymbidium mosaic virus (CymMV) and 

odontoglossum ringspot tobamovirus (ORSV) infection being the most prevalent 41.  

 

Benzenoids production in fragrant orchids might be regulated by the transcriptional control of shikimate 

pathway with the production of chorismate which is then converted to phenylalanine (Phe) and further 

metabolized to benzenoids and related products. The role of PAL becomes important when it also converts Phe 
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to trans- cinnamic acid which is a precursor for downstream production of benzoic acid. The indirect 

relationship between PAL and S-adenosyl-L-methionine (SAM) cycle genes (SAMS and MS) might happen 

when SAM cycle contributes to volatile benzenoid synthesis by providing methyl groups from the methyl donor 

SAM to resulted benzoic acid. After the methylation of benzoic acid with the catalytic activity of benzoic acid 

salicylic acid methyltransferase (BSMT) enzyme, methylbenzoate (MeBA) is produced. MeBA is also 

benzenoid products besides phenylethyl alcohol and phenylacetaldehyde that are also synthesized from 

phenylalanine. Thus, in fragrant-orchids, it is suggested that the theory onbenzenoids production is based on the 

previous study on Petunia hybrida ‘Mitchell’42. From this study, we prefer to suggest further studies need to be 

done in order to enable further elucidation on the regulation of benzenoid biosynthesis such as full-length 

isolation and molecular characterization of SAM cycle-regulated biosynthetic genesas well as PAL genein 

vandaceous orchids.  

 

Conclusion 

In this study, cDNA Representational Difference Analysis (cDNA-RDA) is one of the molecular approaches 

that usecDNA in identifying putative fragrance-related transcripts after performing three rounds of hybridization 

between cDNA of fragrant and non-fragrant orchids. Sequence analysis of all the difference products has shown 

the presence of three putative fragrance-related transcripts that are predicted to be involved in benzenoid and 

phenylpropanoid pathway in fragrant orchids including putative methionine synthase (MS), S-adenosyl-L-

methionine synthase (SAMS) and phenylalanine ammonia-lyase (PAL). In future, full-length sequences of all 

the three fragrance-related transcripts need to be isolated for further molecular characterization of the transcripts 

that might contribute for fragrance biosynthesis in vandaceous orchids.  
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35) Gonza ĺez-Verdejo CI, Die JV, Nadal S, et al. Isolation and expression analysis of a cobalamin-independent 
methionine synthase gene from the parasitic plant Orobancheramosa. ScientiaHorticulturae. 2008; 116:337–341. 

36) Ravanel S, Block MA, Rippert P, et al. Methionine metabolism in plant: Chloroplasts are autonomous for de novo 
methionine synthesis and can import S-adenosyl-methionine from the cytosol. J Biol Chem. 2004; 279: 22548–
22557.  

37) Kim SB, Yu JG, Lee GH, et al. Characterization of Brassica rapa S-adenosyl-L-methionine synthetase gene 
including its roles in biosynthesis pathway. Hort. Environ. Biotechnol. 2012; 53: 57-65. 

38) Boerjan W, Bauw G, Van Montagu M, et al. Distinct phenotypes generate by over-expression and suppression of 
S-adenosyl- L-methionine synthetase reveal developmental patterns of gene silencing in tobacco. The Plant Cell. 
1994; 6: 1401–1414. 

39) Roje S. S-Adenosyl-L-methionine: Beyond the universal methyl group donor. Phytochemistry. 2006; 67: 1686-
1698. 

40) Teh SL, Chan WS, Abdullah JO, et al. Development of expressed sequence tag resources for Vanda Mimi Palmer 
and data mining for EST-SSR. Molecular Biology Reports. 2011; 38: 3903-3909. 

http://www.ncbi.nlm.nih.gov/
http://blast.ncbi.nlm.nih.gov/blast/Blast.cgi?PROGRAM=blastx


International Journal of Interdisciplinary and Multidisciplinary Studies (IJIMS), 2015, Vol 2, No.4, 198-207. 205 
 

41) Sherpa A, Hallan V, Pathak P, et al. Complete nucleotide sequence analysis of cymbidium mosaic virus Indian 
isolate: further evidence for natural recombination among potexviruses. Journal of Bioscience. 2007; 32: 663-669. 

42) Schuurink RC, Haring MA and Clark DG. Regulation of volatile benzenoid biosynthesis in petunia flowers. 
Trends in Plant Science. 2006; 11:20–25. 

 

Table 1: Three sets of RDA for identifying fragrance-related transcripts 

RDA set 

RE 

digestion Tester Driver 

A 

BglII 

cDNA of Vanda Mimi Palmer 
cDNA of Vanda Tan Chay 

Yan 
BamHI 

HindIII 

B 

BglII 

cDNA of Vanda Small Boy Leong 
cDNA of Vanda Tan Chay 

Yan 
BamHI 

HindIII 

C 

BglII 

cDNA of Vandachostylis Sri-Siam 
cDNA of Vanda Tan Chay 

Yan 
BamHI 

HindIII 

 

 

Table 2: Oligonucleotide adaptor sequences used in three rounds of cDNA-RDA 

RE Adaptors Name Sequences 5’-3’ 

BglII R oligonucleotide 

pair 

R Bgl24 AGCACTCTCCAGCCTCTCACCGAG 

 
R Bgl12 GATCCTCGGTGA 

 
J oligonucleotide 

pair  

J Bgl24 ACCGACGTCGACTATCCATGAACG 

 
J Bgl12 GATCCTCCCTCG 

 
N oligonucleotide 

pair  

N Bgl24 AGGCAACTGTGCTATCCGAGGGAG 

  N Bgl12 GATCCTCCCTCG 

BamHI 
R oligonucleotide 

pair 

R 

Bam24 
ACCGACGTCGACTATCCATGAACG 

 

R 

Bam12 
GATCCGTTCATG 

 
J oligonucleotide 

pair  

J Bam24 AGGCAACTGTGCTATCCGAGGGAG 

 
J Bam12 GATCCTCCCTCG 

 
N oligonucleotide 

pair 

NBam24 AGCACTCTCCAGCCTCTCACCGAG 

  NBam12 GATCCTCGGTGA 

HindIII R oligonucleotide 

pair 

RHind24 AGCACTCTCTCCAGCCTCTCACCGCA 

 
RHind12 AGCTTGCGGTGA 

 
J oligonucleotide J Hind24 ACCGACGTCGACTATCCATGAACA 
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pair JHind12 AGCTTGTTCATG 

 
N oligonucleotide 

pair 

NHind24 AGGCAGCTGTGGTATCGAGGGAGA 

  NHind12 AGCTTCTCCCTC 

 

Table 3: The BLASTX analysis of 6 difference products of three RDA sets. 

Set A [Vanda Mimi Palmer (Tester) vs Vanda Tan Chay Yan (Driver)] 

No  Clone name Sequence homology Putative identity Score E value 
Genbankacession 

number 

1 VMP/BglII_1 Sorexaraneus  Cobalamin biosynthesis protein 38.1  0.92  JZ480886 

2 VMP/BamHI_1 Dendrobiumcandidum  Phenylalanine ammonia- lyase*          167  5e
-46

  JZ480887 

3 VMP/BamHI_2 Glycine max  Uncharacterized protein 90.5  8e
-19

  JZ480888 

4 VMP/HindIII_1 Cymbidummosaic virus  RNA-dependent RNA polymerase
#
 100 1e

-22
  - 

5 VMP/HindIII_2  Ophyrsqarqanica Stearoyl-acyl carrier protein desaturase 123  4e
-32

  JZ480889 

6 VMP/HindIII_3 Cymbidummosaic virus  RNA-dependent RNA polymerase
#
 119  3e

-29
  - 

 

Set B [Vanda Small Boy Leong (Tester) vs Vanda Tan Chay Yan (Driver)] 

No  Clone name Sequence homology Putative identity Score 
E 

value 

Genbankacession 

number 

1 VSBL/BglII_1 Hostaventricosa  s-adenosyl methionine synthase*  97.1 2e
-22

  JZ480893 

2 VSBL/BglII_2 Pisumsativum  Gag-pol polyprotein 71.6  2e
-12

  JZ480894 

3 VSBL/BglII_3 Camellia sinensis  Methionine synthase* 273  3e
-84

  JZ480895 

4 VSBL/BamHI_1 Oryzasativa  Clathrin assembly protein 80.9  2e
-15

  JZ480896 

5 VSBL/HindIII_2 Cymbidium mosaic virus  RNA-dependent RNA polymerase
#
 183 7e

-51
  - 

6 VSBL/HindIII_3   Cymbidium mosaic virus              RNA-dependent RNA polymerase
#
 115  9e

-28
  - 

 

Set C [Vandachostylis Sri-Siam (Tester) vs Vanda Tan Chay Yan (Driver)] 

No  Clone name Sequence homology Putative identity Score 
E 

value 

Genbankacession 

number 

1 VSSS/BglII_1 Oryzasativa  Auxin-repressed protein 51.2  2e
-06

  JZ480890 

2 VSSS/BglII_2 -  No significant similarity found -  -  JZ480891 

3 VSSS/BglII_3 Orobancheramosa  Methionine synthase* 271  1e
-83

  JZ480892 

4 VSSS/BamHI_1 Cymbidium mosaic virus RNA-dependent RNA polymerase
#
 145  7e

-38
  - 

5 VSSS/BamHI_2 Cymbidium mosaic virus RNA-dependent RNA polymerase
#
 106  2e

-24
  - 

6 VSSS/HindIII_1 Cymbidium mosaic virus  RNA-dependent RNA polymerase
#
 119  3e

-29
  - 

7 VSSS/HindIII_2 Cymbidium mosaic virus  RNA-dependent RNA polymerase
#
 184  5e

-50
  - 

8 VSSS/HindIII_3 Cymbidium mosaic virus  RNA-dependent RNA polymerase
#
 183  7e-

51
  - 

9 VSSS/HindIII_4 Cymbidium mosaic virus RNA-dependent RNA polymerase
#
 179  8e

-50
  - 
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Note: Putative fragrance-related sequences were denoted in asterisk form (*). Putative sequence of RNA-

dependent RNA polymerase of Cymbidium mosaic virus denoted as (≠). The abbreviation for Cymbidium mosaic 

virus is CyMV.  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1 Difference products in three different rounds of cDNA-RDA: (a) first round cDNA-RDA; (b) second 

round cDNA-RDA; (c) third round cDNA-RDA. Each sample was electrophoresed on 1.2% (w/v) agarose gel. 

Lane M: 100 bp DNA marker (Vivantis, Malaysia); lane 1: Set ABglII; lane 2: Set A BamHI; Lane 3: Set A 

HindIII; Lane 4: Set B BglII; Lane 5: Set B BamHI; Lane 6: Set B HindIII; Lane 7: Set C BglII; Lane 8: Set C 

BamHI; Lane 9: Set C HindIII.  

 

(a) 

(b) 

(c) 

 

 

 


