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ABSTRACT 
 

Pollination-induced senescence in Dendrobium Pompadour flowers was investigated. 

Pollinated flowers were held in distilled water and in treatment solutions containing 

either sucrose, glucose, aminooxyacetic acid (AOA) or silver thiosulphate (STS) while 

unpollinated flowers were held in distilled water. Morphological changes were observed 

visually while physiological parameters investigated included ethylene production, 

colour change, petal thickness, fresh weight, dry weight and water uptake. Biochemical 

changes determined were starch, total sugar and reducing sugar, cell wall hydrolases, 

total protein, soluble and insoluble protein. Furthermore, 1D SDS PAGE was also 

carried out to profile the protein changes in all the flowers. Finally five genes; 1-

aminocyclopropane-1-carboxylate oxidase (ACCO), 1-aminocyclopropane-1-

carboxylate synthase (ACCS), ethylene receptor 1 (ETR1), ethylene response sensor 1 

(ERS1) and ethylene response sensor 2 (ERS2) were isolated and amplified via RT-

PCR. Characterization of the isolated genes was carried out using a number of 

bioinformatic tools. 

 

Pollinated flowers held in distilled water demonstrated accelerated senescence which 

was categorized into five different stages from the point where the flower was fresh and 

open to reaching full closure (termination of vase life) and finally showing the first sign 

of necrosis (advanced stage of senescence). The morphological changes corresponded to 

a climacteric pattern of ethylene production with an ethylene peak detected on the day. 

In contrast ethylene was not detected in unpollinated flowers. Vase life of pollinated 

flowers held in distilled water was terminated on the 2
nd

 day and reached advanced 

stage of senescence on the 7
th

 day. Unpollinated flowers stayed fresh throughout the 

experiment as well as pollinated flowers held in 0.05 mM AOA and 0.6 mM STS. Vase 

life of flowers held in sugars was terminated on the 4
th

 day.  Accelerated physiological 
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changes were also observed in pollinated flowers whereas treated flowers demonstrated 

a delay in the changes. Flowers held in 0.05 mM AOA and 0.6 mM STS showed similar 

trends of physiological changed with that of unpollinated flowers. 

 

Carbohydrate changes in pollinated flowers held in distilled water included a decline in 

starch and non-reducing sugars and an increase in total and reducing sugars. In 

unpollinated flowers and pollinated flowers held in 0.05 mM AOA and 0.6 mM STS, 

starch was retained while little change was observed in the status of sugars. Similar 

trends were observed in pollinated flowers held in 2% sucrose and 4% glucose at the 

initial days of observation but subsequently emulated the trend displayed by pollinated 

flowers held in distilled water. Measurement of cell wall hydrolases on PG, PL, PME 

and cellulose showed a more pronounced role for PG, PL and cellulose during 

pollination-induced senescence. The rate of activity for these hydrolases increased upon 

pollination whereas PME activity was rather low. Membrane deterioration determined 

by measuring electrolyte leakage was also accelerated by pollination and was found to 

be delayed in pollinated flowers held in treatment solutions. 

 

Total protein content in pollinated, unpollinated and treated pollinated D. Pompadour 

flowers exhibited a general trend of decline towards the end of the experiment. 

However, pollinated flowers held in distilled water showed a more rapid decline and 

recorded the lowest amount of total protein at the end of the experiment. Profile analysis 

using 1D SDS PAGE showed that three polypeptides were regulated throughout the 

process, which was identified as PR-like protein, SAM synthase and seed storage 

protein.  Amongst the three proteins, the most abundant protein expressed was the PR-

like protein followed by SAM synthase and the seed storage protein. The PR-like 

protein and SAM synthase significantly increased following pollination. 
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All physiological parameters investigated indicated that pollination induced a series of 

deteriorative processes that ultimately results in the death of the perianth. The 

effectiveness of ethylene inhibitors in circumventing the pollination effects established 

the major role of ethylene in regulating the post-pollination symptoms. The inability of 

sugars to overcome the pollination affects as effective as ethylene inhibitors suggests 

that sugars may play a role secondary to that of ethylene.  

 

Finally, the ACCO and ACCS genes isolated from pollinated flowers were comparable 

to the genes deposited in the GenBank in terms of size and contains the signature 

domains that are pivotal for the genes to function. Partial sequences were obtained for 

ETR1, ERS1 and ERS2. Nevertheless, they contain the signature domain of ethylene 

receptors. All genes isolated showed strong homology to the corresponding gene family 

in the database. Three dimensional (3D) structure of the genes was also predicted and 

phylogenetic trees were constructed to show the relationship of the genes with other 

orchids or flowers. These are the first genes to be isolated in D. Pompadour and will be 

deposited into the GenBank. 
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ABSTRAK 

Kelayuan kelopak bunga yang disebabkan oleh pendebungaan telah dikaji. Bunga yang 

tidak didebungakan diletakkan di dalam air suling manakala yang telah didebungakan 

diletakkan di dalam air suling dan juga larutan rawatan yang mengandungi samada 

glukosa, sukrosa, aminoxyacetic acid (AOA) atau  silver thiosulphate (STS). Perubahan 

morfologi telah direkod secara visual manakala perubahan fisiologi yang dikaji 

termasuk perubahan warna bunga, ketebalan kelopak, berat segar dan kering serta 

penyerapan air. Perubahan biokimia yang dikaji adalah kandungan kanji, jumlah gula, 

gula penurun dan bukan penurun, enzim dinding sel, jumlah protein, protein larut dan 

tak larut. Analisa 1D SDS PAGE turut dijalankan untuk mengenal pasti profil perubahan 

protein dalam kesemua bunga yang dikaji. Lima gen; ACCO, ACCS, ETR1, ERS1 and 

ERS2 telah diasingkan dan ciri-ciri gen tersebut telah dikaji menggunakan program  

bioinformatik.  

 

Bunga yang didebungakan dan diletakkan dalam air suling menunjukkan kelayuan yang 

lebih awal dan boleh dikategorikan kepada lima peringkat, bermula dari bunga yang 

kembang sepenuhnya dan segar kepada bunga yang layu dan nekrotik. Perubahan-

perubahan morfologi adalah selari dengan penghasilan gas etilina yang tertinggi pada 

hari pertama. Sebaliknya, gas etilina tidak dikesan dalam bunga yang tidak 

didebungakan. Jangka  hayat bunga yang didebungakan berakhir pada hari kedua dan 

menunjukkan tahap kelayuan termaju pada hari ketujuh. Bunga yang tidak 

didebungakan serta dirawat dengan larutan 0.05 mM AOA dan 0.6 mM STS kekal segar 

sepanjang eksperimen. Jangka hayat bunga yang diletakkan dalam larutan 2% sukrosa 

dan 4% glukosa pula berakhir pada hari keempat. Perubahan fisiologi yang 

dipercepatkan turut berlaku dalam bunga yang didebungakan manakala bunga yang 

dirawat menunjukkan perubahan yang lebih perlahan. Bunga yang diletakkan dalam 
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larutan 0.05 mM AOA dan 0.6 mM STS menunjukkan simptom yang sama dengan 

bunga yang tidak didebungakan. 

 

Dari segi perubahan karbohidrat, bunga yang didebungakan dan diletakkan dalam air 

suling menunjukkan penurunan dalam jumlah kanji dan gula penurun manakala jumlah 

gula dan gula penurun meningkat. Bunga yang tidak didebungakan dan bunga yang 

didebungakan serta dirawat dengan 0.05 mM AOA dan 0.6 mM STS mengandungi 

kanji yang lebih tinggi selain perubahan yang kecil dalam status gula.  Bagi bunga yang 

dirawat dengan 2% sukrosa dan 4% glukosa, pada akhir pemerhatian perubahan yang 

berlaku menyerupai bunga yang didebungakan dan disimpan dalam air suling. Kajian ke 

atas enzim PG, PL, PME dan cellulase menunjukkan peranan yang lebih besar 

dimainkan oleh PG, PL dan cellulase sewaktu kelayuan disebabkan pendebungaan. 

Kadar aktiviti bagi ketiga-tiga enzim tersebut meningkat selepas pendebungaan 

sementara aktiviti PME adalah rendah sepanjang pemerhatian. Kemerosotan membran 

yang ditentukan dengan mengukur kebocoran elektolit turut dipercepatkan oleh 

pendebungaan manakala larutan rawatan melambatkan  proses kemerosotan membran.  

 

Jumlah protein dalam bunga yang didebungakan, tidak didebungakan dan dirawat 

secara amnya menunjukkan penurunan. Walaubagaimanapun, bunga yang 

didebungakan dan diletakkan di dalam air suling menunjukkan penurunan yang paling 

besar dan jumlah protein yang terendah.  Analysis profil protein menggunakan kaedah 

1D SDS PAGE menunjukkan tiga polipeptida yang dikawalatur sepanjang proses 

tersebut, dan dikenalpasti sebagai PR-like protein, SAM synthase dan seed storage 

protein. Di antara protein-protein tersebut, protein yang mempunyai ekspresi yang 

tertinggi adalah PR-like protein diikuti oleh SAM synthase dan seed storage protein. 
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PR-like protein dan SAM synthase menunjukkan peningkatan yang signifikan selepas 

pendebungaan. 

 

Kesemua parameter fisiologi yang dikaji menunjukkan bahawa pendebungaan 

menyebabkan berlakunya proses-proses kemerosotan yang berakhir dengan kematian 

bunga. Keupayaan antagonis etilina dalam menghalang kesan-kesan pendebungaan 

membuktikan kepentingan etilina dalam mengawalaturkan simptom-simptom lepas 

pendebungaan. Kesan gula yang kurang efektif dalam mengatasi kesan pendebungaan 

menunjukkan bahawa gula berkemungkinan memainkan peranan yang tidak sepenting 

etilina dalam mengawalatur pendebungaan. 

 

Akhir sekali, gen ACCO dan ACCS yang diasingkan daripada bunga yang telah 

didebungakan mempunyai persamaan dengan gen-gen yang terdapat dalam Genbank 

dari segi saiz dan turut mempunyai domain signature yang penting untuk fungsi gen-

gen tersebut. Jujukan separa juga didapati untuk ETR1,ERS1dan ERS2. Jujukan-jujukan 

tersebut turut mengandungi domain signature. Kesemua gen menunjukkan homologi 

yang tinggi dengan gen-gen dalam pangkalan data.  Struktur 3D dan analisa filogenetik 

juga telah dibina untuk menunjukkan perhubungan gen-gen tersebut dengan orkid dan 

bunga yang lain. Gen-gen ini adalah yang pertama kali diasingkan daripada D. 

Pompadour dan akan dimasukkan dalam GenBank.  

 

 

 



viii 

 

Acknowledgement 
  
Alhamdulillah, the completion of this thesis has been an amazing journey 
through which I have met amazing people and made lifelong friendships. 
 
To the love of my life, Dzul- Azrie, who has been nothing but an amazing and 
loving husband throughout this journey. This paragraph could never do justice 
to the appreciation I have towards him for being by my side through the ups 
and downs. His patience, optimism, support and late night snacks are what 
have helped me get through the years of completing this thesis. Thank you for 
being my rock. 
 
To my little miracle, Zara Iman. Though she’s too young to read this, one day 
when she’s old enough, I want her to know that her smile is what puts 
everything in perspective. No matter what I have to go through, a kiss and a 
hug from my little princess mean that everything will be just fine. 
 
I am also grateful to my dad and mom, Dr Razali  Abon and Siti Meriam 
Abdul Rahman; without their love and sacrifice I would not be where I am 
today. My sisters; Zurina, Sabrina and Suhana and their husbands for their 
support and encouragement, and their little ones, Ezam, Mahani, Maryam, 
Iman, Daniel and Humaira for being such joy. Not to forget my family in-law 
for always understanding and supporting me. 
 
I would like to express my utmost appreciation to my supervisor, Dr Chandran 
Somasundram. I could never overstate the great impact that he has on this 
thesis and on me as a researcher and a person. His unwavering support, advice 
and his passion in science are what inspired me throughout my years as a 
postgraduate. Thank you for being the constant. 
 
I have also benefitted greatly from Prof Amru Nasrulhaq Boyce for his 
supervision and support. It is a pleasure to meet up with him after a hard day’s 
work in the lab as his words of encouragement will always raise my spirits. 
This thesis would not have been possible without the feedback and input by Prof 
Helen Nair. Her passion in the field of orchid research and the energy that she 
exudes has helped shaped this thesis. 
 
Working on a PhD thesis is most challenging, to say the least. However, I am 
lucky to have been around colleagues that were always there to give a helping 
hand. The vibrant discussions and the laughter that we share make life in the 
lab something to look forward to. Thank you to Rebecca, Nadiah, Wei Lim, 
Wijen, Punitha, Kit, Arina, Daniel, Loo, Yip and Mr Dorai. 
 
I have been truly blessed.  
 
 
 



ix 

 

LIST OF FIGURES 

 

Fig 2.1  Dendrobium Pompadour orchid flowers used in this study 

 

Fig 2.2 Ethylene biosynthesis pathway as elucidated by Yang and Hoffman, 

(1984) 

 

Fig 2.3  A proposed model for ethylene perception (Guo and Ecker, 2004) 

 

Fig 3.1  Flower appearance observed in pollinated D.  Pompadour 

 

Fig 3.2 Ethylene profile of pollinated D. Pompadour  

 

Fig 3.3 L*a*b values of unpollinated, pollinated and treated D.            

Pompadour flowers 

 

Fig 3.4 Loss in petal thickness of unpollinated, pollinated and treated D.  

Pompadour flowers 

 

Fig 3.5  Water uptake of unpollinated, pollinated and treated D. Pompadour                         

flowers 

 

Fig 3.6  Fresh weight loss in unpollinated, pollinated and treated D. Pompadour 

            flowers  

 

Fig 3.7 Water loss in unpollinated, pollinated and treated D. Pompadour  flowers 

 

Fig 4.1 Starch content in pollinated, unpollinated and treated D. Pompadour                         

flowers 

 

Fig 4.2  Total sugar content in pollinated, unpollinated and treated D. Pompadour 

flowers 

 

Fig 4.3  Reducing sugar content in pollinated, unpollinated and treated D. 

Pompadour flowers  

 

Fig 4.4 Non-reducing sugar content in pollinated, unpollinated and treated D.  

Pompadour flowers  

 

Fig 5.1 Polygalacturonase (PG) activity of unpollinated, pollinated and treated 

D. Pompadour  flowers 

 

 

Fig 5.2 Pectate lyase (PL) activity of unpollinated, pollinated and treated D. 

Pompadour flowers  

 

Fig 5.3 Pectinmethyl esterase (PME) activity of unpollinated, pollinated and 

treated  D. Pompadour flowers  

 

 



x 

 

Fig 5.4  Cellulase activity of unpollinated, pollinated and treated D. Pompadour  

                        flowers  

 

Fig 5.5 Membrane leakage of unpollinated, pollinated and treated D. Pompadour  

flowers  

 

Fig 6.1 Total protein content in unpollinated, pollinated and treated D. 

Pompadour flowers 

 

Fig 6.2 Total soluble protein content in unpollinated, pollinated and treated D.  

Pompadour  flowers 

 

Fig 6.3  Total insoluble protein content in unpollinated, pollinated and treated D.  

Pompadour  flowers 

 

Fig 6.4A  Pattern of protein changes in unpollinated D. Pompadour 

 

Fig 6.4B   Band detection image of unpollinated flowers using the EZQuant 2.2 

software 

 

Fig 6.5A Pattern of protein changes in pollinated  D. Pompadour 

 

Fig 6.5B Band detection image of pollinated flowers using the EZQuant 2.2  

software 

 

Fig 6.6A  Pattern of protein changes in pollinated D. Pompadour held in 4% 

glucose solution. 

 

Fig 6.6B  Band detection image of pollinated flowers held in 4% glucose using the 

EZQuant 2.2 software 

 

Fig 6.7A  Pattern of protein changes in pollinated  D. Pompadour held in 2% 

             sucrose solution 

 

Fig 6.7B Band detection image of pollinated flowers held in 2% sucrose using                         

the EZQuant 2.2 software 

 

Fig 6.8A Pattern of protein changes in pollinated D.Pompadour held in 0.05 mM 

AOA solution 

 

Fig 6.8B  Band detection image of pollinated flowers held in 0.05 mM AOA using 

the EZQuant 2.2 software 

 

Fig 6.9A  Pattern of protein changes in pollinated D.Pompadour held in 0.6 mM 

                STS solution 

 

Fig 6.9B  Band detection image of pollinated flowers held in 0.6 mM STS using 

 the EZQuant 2.2 software 

 

Fig 7.1   RT-PCR results with ACCO primers 

 



xi 

 

Fig 7.2  Nucleotide sequence of ACCO from D. Pompadour and the 

corresponding amino acid as translated using the Translate tool accessed 

via www.expasy.org  

 

Fig 7.3  Results from Pfam analysis show the information on the Fe(2+) and 2-

oxoglutarate  (2OG)-dependent dioxygenase domain 

 

Fig 7.4 Comparison of the deduced amino acid sequence of D. Pompadour 

ACCO protein with sequences encoding ACCO from Doritaenopsis 

(L37103), D. crumenatum (Q9ZQZ1), rose (AF441282), and 

D.caryophyllus (M62380) using ClustalW 

 

Fig 7.5  Phylogenetic tree generated from the CLUSTALW multiple alignment 

programme to show the relationship between D. Pompadour ACCO 

protein and ACCO proteins from Rosa hybrid, Doritaenopsis sp, P.  sp 

and D. caryophylus 

 

Fig 7.6 3D structure of the ACCO genes as generated by Swiss Model and 

Rasmol  Programmes 

 

Fig 7.7  RT-PCR results with ACCS primers. 

 

Fig 7.8 Complete nucleotide sequence of ACCS gene and amino acid sequence 

of its predicted product. 

 

Fig 7.9 Results from Pfam analysis show the information on the two 

Aminotransferases class-I and II pyridoxal-phosphate domains in  

 

Fig 7.10 Comparison of the deduced amino acid sequence of D. Pompadour 

ACCS and sequences encoding ACCS from D. Karen (EF488014), D. 

Anna (GU138671), D. crumenatum (DCU64031),  Dtps. sp (L07882),  

P. True Lady (Z77854), D. caryophyllus (Q43753) and A. thaliana 

(Q06402) 

 

 

Fig 7.11 Phylogenetic tree generated from the CLUSTALW multiple alignment 

programme 

 

Fig 7.12 3D structure of the ACCS genes as generated by Swiss Model and 

Rasmol programmes  

 

Fig 7.13 RT-PCR results with ETR1 primers  

 

Fig 7.14 Nucleotide sequence of ETR1 from D. Pompadour and the corresponding 

amino acid as translated using the Translate tool   accessed via 

www.expasy.org 

 

Fig 7.15 Results from Pfam analysis show the information on the histidine kinase 

domain  

  

Fig 7.16 Comparison of the deduced amino acid sequence of D. Pompadour ETR1 

and sequences encoding ETR1 from P. hybrid (AF055894), D. Sonia 

http://www.expasy.org/


xii 

 

(ABJ91124.1), O. Gower Ramsey (AF276233) and A.  thaliana  

(AY174554) 

 

Fig 7.17 Phylogenetic tree generated from the CLUSTALW multiple alignment 

programme 

 

Fig 7.18 3D structure of the ETR1 genes as generated by Swiss Model and 

Rasmol programmes.  

 

Fig 7.19 RT-PCR results with ERS1 primers 

 

Fig 7.20 Nucleotide sequence of ERS1 from D. Pompadour and the corresponding 

amino acid as translated using the Translate tool accessed via 

www.expasy.org 

 

Fig 7.21 Results from Pfam analysis show the information on the histidine kinase 

domain  

 

Fig 7.22 Comparison of the deduced amino acid sequence of D. Pompadour ERS1 

and sequences encoding ERS1 from D. Khao Sanan (FJ628419.1), P.  

Equestris (AJ563284.1), D. Sonia (AY746972.2) and   

 P.  KCButterfly (AF113541.1) 

 

Fig 7.23  Phylogenetic tree generated from the CLUSTALW multiple alignment 

programme 

 

Fig 7.24 3D structure of the ERS1 genes as generated by Swiss Model and 

Rasmol programmes 

 

Fig 7.25 RT-PCR results with ERS2 primers 

 

Fig 7.26   Nucleotide sequence of ERS2 from D. Pompadour and the corresponding 

amino acid as translated using the Translate tool accessed via 

www.expasy.org 

 

Fig 7.27 Highlighted regions of amino acid show sequence of GAF domain 

detected using Pfam in the deduced ERS2 protein. 

 

Fig 7.28 Comparison of the deduced amino acid sequence of D. Pompadour ERS2 

and sequences encoding ERS2 from D.  Khao Sanan ethylene 

(FJ628419), D. Sonia (AY746972), P. True Lady (AF055894), P. 

KCbutterfly (AF113541) and O. Gower Ramsey ( AF276233).  

 

Fig 7.29  Phylogenetic tree generated from the CLUSTALW multiple alignment 

programme. 

 

Fig 7.30 3D structure of the ERS2 genes as generated by Swiss Model and 

Rasmol programmes 

 

 

http://www.ebi.ac.uk/ena/data/view/ABJ91124
http://www.ebi.ac.uk/ena/data/view/AF276233
http://www.ebi.ac.uk/ena/data/view/AY174554
http://www.expasy.org/
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=238800278&dopt=GenBank&RID=FRE3HE7V011&log$=nucltop&blast_rank=1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=64967420&dopt=GenBank&RID=FRE3HE7V011&log$=nucltop&blast_rank=6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=116257650&dopt=GenBank&RID=FRE3HE7V011&log$=nucltop&blast_rank=3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=4154358&dopt=GenBank&RID=FRE3HE7V011&log$=nucltop&blast_rank=8


xiii 

 

LIST OF TABLES 

 

 

Table 3.1 Stages of senescence and vase life of unpollinated and pollinated D. 

Pompadour  

 

Table 3.2 Vase life of D. Pompadour flowers held in distilled water and different 

treatment solutions 

 

Table 4.1 Total sugar content in perianth, labellum and column of pollinated, 

unpollinated and treated D. Pompadour 

 

Table 6.1  Relative abundance of polypeptides in unpollinated D. Pompadour 

flowers 

 

Table 6.2 Relative abundance of polypeptides in pollinated D. Pompadour flowers 

 

Table 6.3 Relative abundance of polypeptides in pollinated D. Pompadour flowers 

held in 4% glucose solution 

 

Table 6.4  Relative abundance of polypeptides in pollinated D. Pompadour flowers 

held in 2% sucrose solution 

 

Table 6.5 Relative abundance of polypeptides in pollinated D. Pompadour flowers 

held in 0.05 mM AOA solution 

 

Table 6.6 Relative abundance of polypeptides in pollinated D. Pompadour flowers 

held in 0.6 mM STS solution 

 

Table 6.7 Sequence homology between the 30 kDa polypeptide and sequences in 

SWISSPROT  database 

 

Table 6.8 % Identity of the 30 kDa polypeptide to known proteins in the database 

 

Table 6.9 Sequence homology between the 27 kDa polypeptide and sequences in                   

SWISSPROT database 

 

Table 6.10  % Identity of the 27 kDa polypeptide to known proteins in the database 

 

Table 6.11 Sequence homology between the 15 kDa polypeptide and sequences in                   

SWISSPROT database 

 

Table 6.12  % Identity of the 15 kDa polypeptide to known proteins in the database 

 

Table 7.1 Protein sites detected in ACCO using the Prosite tool accessed via   
  www.expasy.org. 

 

Table 7.2 Summary of protein parameters of ACCO protein analysed using 

ProtParam 

 



xiv 

 

Table 7.3 Protein sites detected in ACCS using the Prosite tool accessed via 

www.expasy.org  

 

Table 7.4   Summary of protein parameters of D. Pompadour ACCS protein analysed 

using ProtParam 

 

Table 7.5 Protein sites detected in ETR1 using the Prosite tool accessed via 

www.expasy.org 

 

Table 7.6 Summary of protein parameters of D. Pompadour ETR1 protein analysed 

using ProtParam 

 

Table 7.7   Protein sites detected in ERS1 using the Prosite tool accessed via 

www.expasy.org 

 

Table 7.8 Summary of protein parameters of D. Pompadour ERS1 protein analysed 

using ProtParam 

 

Table 7.9 Protein sites detected in ERS2 using the Prosite tool accessed via 

www.expasy.org 

  

Table 7.10  Summary of protein parameters of D. Pompadour ERS2 protein  analysed 

using ProtParam 

 

 

 

 

 



xv 

 

  

LIST OF ABBREVIATIONS 

 

ACCO   1-aminocyclopropane-1-carboxylate (ACC) oxidase 

 

ACCS    1-aminocyclopropane-1-carboxylate (ACC) synthase 

 

AOA    aminooxyacetic acid 

 

AVG   aminoethoxyvinylglycine 

 

BLAST   basic local alignment search tool 

 

bp    base pairs 

 

CAPS   3-[cyclohexylamino]-1-propanesulfonic acid 

 

CDNA   complementary deoxyribonucleic acid 

 

dH2O    distilled water 

 

DNA    deoxyribonucleic acid 

 

DW   dry weight 

 

EDTA    ethylenediaminetetraacetic acid 

 

EIN    ethylene insensitive 

 

ETR    ethylene receptor  

 

ERS    ethylene response sensor 

 

FW    fresh weight 

 

KAc    potassium acetate                               

kDa    kilo Dalton  

 

LiCl    lithium chloride 

 

1-MCP   1-Methylcyclopropane 

 

NCBI    National Centre for Biotechnology Information 

 

PAGE    polyacrylamide gel electrophoresis 

 

PCD    programmed cell death 

 

PCR    polymerase chain reaction 

 



xvi 

 

PG    polygalacturonase 

 

PIPS    pollination induced petal senescence 

 

PL    pectate lyase 

 

PME    pectin methyl esterase 

 

PVP    polyvinylpyrrolidone 

 

RNA    ribonucleic acid 

 

RT-PCR  reverse transcriptase polymerase chain reaction 

 

SDS    sodium dodecyl sulphate   

 

SDW   sterile distilled water  

 

STS    silver thiosulphate 

 

TEMED   tetramethylethylenediamine 

 

Tris-HCl   tris hydrochloride 



xvii 

 

LIST OF APPENDICES 

 

Appendix A  List of chemicals and reagents 

Appendix B Zuliana R, Yip YK, Nair H, Boyce AN and Chandran S (2010). 

Effect of sugars and aminooxyacetic acid on the longevity of 

pollinated Dendrobium Pompadour flowers. Indian Journal of 

Horticulture 67 (2):230-233  

Appendix C  Zuliana R, Yip YK, Nair H, Boyce AN and Chandran S (2008). 

Physiological changes following pollination of Dendrobium 

Pompadour flowers. Malaysian Journal of Science 27 (2): 67-74  

Appendix D Zuliana R, Chandran S, Lee AL, Boyce AN and Nair H (2007). 

Isolation and characterization of senescence-associated ethylene 

genes from Dendrobium orchids. Xu Z et al., (eds). 

Biotechnology and Sustainable Agriculture 2006 and Beyond, 

327-332. Springer. 978-1-4020-6634-4 (Print) 978-1-4020-6635-

1 (e-book) 

Appendix E Zuliana R, Nair H, Boyce AN and Nair H (2008). Isolation and 

characterization of ethylene related genes from Dendrobium 

Orchids. Book of abstracts in the 13
th

 Biological Sciences 

Graduate Congress, National University of Singapore, p 77 

  

 


