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In Malaysia, severe drought stresses have affected residents and agricultural crops, 

especially rice, in various regions of the country and it is likely to continue and may 

worsen in the future. To mitigate the problems, new tolerant plant varieties to drought 

must be developed. The main objective of the current research was to develop a suitable 

in vitro protocol and elucidate the response of Malaysian rice cultivar MR219 to 

Jasmonate and Ethylene Response Factor 1 (JERF1) gene in drought condition. The 

best recipe of callogenesis for MR219 was MS media added with 2 mg L-1 of 2,4-D and 

root was the prominent explant. The best priming conditions were seen at 18 hours of 

hydropriming and 50 mg L-1 of abscisic acid. For the proliferation phase, the highest 

efficiency was observed at week four in the MS media supplemented with 2 mg L-1 of 

2,4-D, 2 mg L
-1 

of kinetin, 50 mg L
-1 

of L-proline, 100 mg L
-1 

of casein and 30 mg L
-1

of silicon. MS media with 3 mg L
-1 

of KIN, 30 mg L
-1 

of silicon and 2 mg L
-1 

of NAA

was selected as the best media for regeneration. To promote the roots of the regenerated 

explants, 0.4 mg L-1 of IBA was found to be the best activator. TRIzol protocol was 

found to be an appropriate method for isolating high quality RNA from the tomato 

leaves and fruits. Four hours of NaCl and ABA treatments on the tomato prior to 

the nucleic acids extractions produced the highest JERF1 expression and led to the 

successfully isolating the JERF1 gene. The entry and the expression vectors were 

constructed using Gateway® 
Technology. Agrobacterium-mediated transformation 

method was used to transform JERF1 gene to MR219. Transgenicity of the transformed 

plants was evaluated using polymerase chain reaction, q-PCR and High-Performance 

Liquid Chromatography. The result of functional study has shown that the average width 

of the wild type seeds was significantly higher than transgenic seeds. Meanwhile, the 

seeds ratio of wild type was higher in comparison to transgenic in the second 

generation. The morpho- and physiological results of the two-week-old rice seedlings 

had shown that the responses of both wild type and transgenic rice in terms of shoot and 

root length and plumule fresh and dry weight were significantly different (p≤0.01). The 

responses of both wild type and transgenic rice in terms of the shoot and root length, 

© C
OPYRIG

HT U
PM



ii 

leaf proline, root proline, chlorophyll a and b, total chlorophyll and carotenoid and other 

pigments were significantly different (p≤0.01) in three-week-old rice. These results 

have confirmed the significant differences (p≤0.05) between wild type and transgenic 

plants in terms of the ratio of root to shoot proline in three-week-old rice. The 

concentrations of some amino acids such as aspartic acid, serine, glycine, proline and 

cysteine were significantly different between wild type and transgenic plants. Real-time 

PCR confirmed the over-expression of OsLTP1, OsCDPK13, OsP5CS and OsSPDS2 by 

JERF1 genes in transgenic plants. To conclude, the results of this experiment confirmed 

the high efficiently of somatic embryogenesis protocol and potential of JERF1 as a 

prominent gene under drought stress condition. 
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PROTOCOL EMBRIOGENESIS UNTUK ANALISIS TRANSFORMASI 

GENETIk DAN FUNGSI GEN JERF1 DI DALAM PADI MALAYSIA 

KULTIVAR MR219 TERARUH-KEMARAU 

  Oleh 

        RAMBOD ABIRI 

  September 2018 

Pengerusi: Noor Azmi Shaharuddin, PhD  

Fakulti: Bioteknologi dan Sains Biomolekul 

Di Malaysia, kemarau yang teruk telah menjejaskan kehidupan dan tanaman pertanian, 

terutamanya padi, di seluruh negara ini dan ia mungkin akan berterusan dan boleh 

menjadi lebih buruk pada masa akan datang. Untuk mengatasi masalah ini, variati 

tumbuhan toleran yang rintang kemarau mesti dibangunkan. Objektif utama 

penyelidikan ini adalah untuk membangunkan protokol in vitro dan mengkaji tindak 

balas kultivar padi MR219 kepada gen Jasmonate dan Ethylene Response Factor 1 

(JERF1) dalam keadaan kemarau. Resipi yang terbaik untuk proses kallogenesis untuk 

MR219 adalah media MS yang ditambah dengan 2 mg L-1 2,4-D dengan akar sebagai 

explan yang paling sesuai. Kondisi proses pemula yang terbaik ialah pada 18 jam 

pemula-hidro di dalam 50 mg L-1 asid absisik. Untuk fasa proliferasi, keeffisyenan 

tertinggi didapati pada minggu keempat dalam media MS yang ditambah dengan 2 mg 

L-1 2,4-D, 2 mg L-1 kinetin, 50 mg L-1 L-prolin, 100 mg L-1 kasein dan 30 mg L-1 

silikon. Media MS dengan 3 mg L-1 KIN, 30 mg L-1 silikon dan 2 mg L-1 NAA dipilih 

sebagai media terbaik untuk proses percambahan. Untuk menggalakkan pertumbuhan 

akar pada eksplan, 0.4 mg L-1 IBA didapati sebagai pengaktif terbaik. Kaedah TRIzol 

merupakan kaedah yang sesuai untuk memencilkan RNA berkualiti tinggi dari daun dan 

buah tomato. Rawatan NaCl dan ABA pada tomato selama empat jam sebelum 

pengekstrakan asid nukleik, telah menghasilkan ekspresi JERF1 tertinggi dan 

menyumbang kepada kejayaan pemencilan gen JERF1. Vektor ungkapan dibina 

dengan menggunakan teknologi Gateway®. Kaedah transformasi agrobakterium telah 

digunakan untuk memindahkan gen JERF1 kepada MR219. Transgenisiti pada padi 

transgenik dinilai menggunakan tindak balas rantaian polimerase, q-PCR dan 

Kromatografi Cecair Berprestasi Tinggi. Hasil kajian fungsional telah menunjukkan 

bahawa lebar purata biji padi jenis liar adalah jauh lebih tinggi daripada biji transgenik. 

Sementara itu, nisbah benih liar lebih tinggi berbanding dengan transgenik pada 

generasi kedua. Hasil morfologi dan fisiologi dari anak benih padi berusia dua minggu 

telah menunjukkan perbezaan yang sinifikan (p≤0.01) pada tindakbalas padi liar dan 

padi transgenik dari segi pucuk dan panjang akar dan plumul berat segar dan kering. 
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Respons terhadap kedua-dua jenis liar dan padi transgenik dari segi pucuk dan panjang 

akar, proline daun, proline akar, klorofil a dan b, jumlah klorofil dan karotenoid dan 

pigmen lain adalah sangat berbeza (p≤0.01) dalam padi yang berusia tiga minggu. Hasil 

ini telah mengesahkan perbezaan ketara (p≤0.05) antara padi jenis liar dan padi 

transgenik dari segi nisbah prolin pada akar-pucuk dalam padi berusia tiga minggu. 

Kepekatan beberapa asid amino seperti asid aspartik, serin, glisin, prolin dan sistin 

sangat berbeza antara padi liar dan padi transgenik. Analisis qRT-PCR telah 

mengesahkan pengekspresan lampau gen-gen OsLTP1, OsCDPK13, OsP5CS dan 

OsSPDS2 oleh gen JERF1 dalam padi transgenik. Kesimpulannya, hasil eksperimen ini 

telah berjaya menghasilkan protokol embriogenesis somatik yg berkeeffisyenan tinggi 

dan mengesahkan potensi JERF1 sebagai gen yang utama dalam keadaan kemarau. 

© C
OPYRIG

HT U
PM



v 

ACKNOWLEDGEMENTS 

In this very special occasion, I would like to sincerely thank Prof. Dr. Maziah 

Mahmood for all supports and positive energies. Prof. Maziah was the first supervisor 

of the project but due to the retiring, Dr. Azmi accepted the burden of project. I also 

would like to thank all of the lecturers of the faculty who have taught and guided me 

during my study. 

I would like to express my deep appreciation and gratitude to my committee chair Dr. 

Noor Azmi Shaharuddin for his continuous support, advice, patience and 

encouragement throughout my PhD program, being a student of Dr. Noor Azmi 

Shaharuddin is a fortunate experience. 

I would like to express my deep gratitude to Prof. Dr. Mohamed Musa Hanafi and Dr. 

Zetty Norhana Balia Yousof who have given their valuable time, advice, criticism and 

correction to this thesis. 

© C
OPYRIG

HT U
PM



vii 

This thesis was submitted to the Senate of the Universiti Putra Malaysia and has been 

accepted as fulfilment of the requirement for the degree of Doctor of Philosophy. The 

members of the Supervisory Committee were as follows: 

Noor Azmi Shaharuddin, PhD 

Associate Professor 

Faculty of Biotechnology and Biomolecular Sciences 

Universiti Putra Malaysia 

(Chairman) 

Mohamed Musa Hanafi, PhD 

Professor 

Institute of Tropical Agriculture and Food Security 

Universiti Putra Malaysia 

(Member) 

Zetty Norhana Balia Yousof, PhD 

Senior Lecturer 

Faculty of Biotechnology and Biomolecular Sciences 

Universiti Putra Malaysia 

(Member) 

ROBIAH BINTI YUNUS, PhD 

   Professor and Dean 

 School of Graduate Studies  

   Universiti Putra Malaysia 

      Date: 

© C
OPYRIG

HT U
PM



viii 

Declaration by graduate student 

I hereby confirm that: 

 this thesis is my original work;

 quotations, illustrations and citations have been duly referenced;

 this thesis has not been submitted previously or concurrently for any other degree

at any other institutions;

 intellectual property from the thesis and copyright of thesis are fully-owned by

Universiti Putra Malaysia, as according to the Universiti Putra Malaysia

(Research) Rules 2012;

 written permission must be obtained from supervisor and the office of Deputy

Vice-Chancellor (Research and Innovation) before thesis is published (in the form

of written, printed or in electronic form) including books, journals, modules,

proceedings, popular writings, seminar papers, manuscripts, posters, reports,

lecture notes, learning modules or any other materials as stated in the Universiti

Putra Malaysia (Research) Rules 2012;

 there is no plagiarism or data falsification/fabrication in the thesis, and scholarly

integrity is upheld as according to the Universiti Putra Malaysia (Graduate

Studies) Rules 2003 (Revision 2012-2013) and the Universiti Putra Malaysia

(Research) Rules 2012.  The thesis has undergone plagiarism detection software.

Signature: Date: 

Name and Matric No.: Rambod Abiri (GS34197) 

© C
OPYRIG

HT U
PM



ix 

Declaration by Members of Supervisory Committee 

This is to confirm that: 

 the research conducted and the writing of this thesis was under our supervision;

 supervision responsibilities as stated in the Universiti Putra Malaysia (Graduate

Studies) Rules 2003 (Revision 2012-2013) are adhered to.

Signature: 

Name of Chairman of 

Supervisory Committee: 

Associate Prof. Dr.  Noor Azmi Shaharuddin 

Signature: 

Name of Member of Supervisory 

Committee:  Prof. Dr. Mohamed Musa Hanafi 

Signature: 

Name of Member of 

Supervisory Committee:   Dr. Zetty Norhana Balia Yousof 

© C
OPYRIG

HT U
PM



x 

TABLE OF CONTENTS 

Page 

ABSTRACT     i 

ABSTRAK     iii 

ACKNOWLEDGEMENT      v 

APPROVAL      vi 

DECLARATION viii 

LIST OF TABLES      xiv 

LIST OF FIGURES      xvi 

LIST OF ABBREVIATIONS      xx 

CHAPTER 

1 INTRODUCTION 1 

2 LITERATURE REVIEW 

2.1    Rice 3 

    2.1.1   Rice yield in the world 3 

2.2    Climate changes and drought occurrence in Malaysia 5 

  2.2.1   Rice production in Malaysia 6 

  2.2.2   Physiological, morphological and agronomical characteristics 

     of rice cultivar MR219 

10 

2.3    Plants mechanisms under abiotic stress 10 

2.4    Environment effect on rice 11 

2.5    Role of transcription factors in stress signals in plants 13 

2.6    APETALA 2/ethylene-response factor, an influential superfamily in 

    plants 

13 

2.7    Plant improvement by utilizing genetic engineering strategies 15 

  2.7.1   Gene transformation strategies 15 

  2.7.2   Plant transformation platforms 17 

 2.7.2.1   Stable nuclear expression 17 

 2.7.2.2   Transient expression 18 

 2.7.2.3   Plastid expression 18 

 2.7.2.4   Plant cell-suspension cultures 19 

  2.7.3   Factors influencing the gene transformation in Indica rice hosts 19 

     2.7.4   Enhancing somatic embryogenesis and plant regeneration 20 

2.8    Tomato a dicotyledons model plant in responses to abiotic stress 21 

2.9    Gene expression analysis 22 

2.10  Gene recombination simplifies cloning workflow 23 

2.11  Functional study of putative rice 23 

3 MATERIALS AND METHODS 

3.1    Plant materials and culture conditions 24 

3.2    Callus frequency 24 

   3.2.1   Optimization of auxins application on callus frequency 24 

  3.2.2   Optimizations of different hydro- and hormonal-priming factors    24 

© C
OPYRIG

HT U
PM



xi 

 on explants productions 

  3.2.3   Effect of different explants on callus frequency 26 

3.3    Callus growth and proliferation 26 

 3.3.1   Effect of various cytokinin concentrations on callus growth 27 

  3.3.2   Effect of various adjuvant materials and concentrations on 

   callus growth 

27 

 3.3.3   Localization of potassium metasilicate in treated samples 27 

3.4    Plant regeneration 28 

 3.4.1   Effect of various cytokinin concentrations on plant regeneration 28 

 3.4.2   Effect of various auxin concentrations on plant regeneration 28 

 3.4.3 Effect of various adjuvant material concentrations on plant 

regeneration 

28 

3.5    Regenerated plantlets’ protection 28 

3.6    Statistical analysis of in vitro tissue culture 29 

3.7    Optimization of RNA extraction protocols 29 

 3.7.1   RNA extraction with modified TRIzol method 29 

 3.7.2   Cetyltrimethylammonium bromide (RNA extraction buffer 1;  

     CTAB) 

30 

 3.7.3   Phenol Chloroform (RNA extraction buffer 2) 30 

  3.7.4   RNeasy plant mini kit 30 

 3.7.5   NucleoSpin® RNA plant kit 31 

3.8    Purification of total RNA using DNase treatment and removal 

         reagents 

31 

3.9    Isolation of total RNA from leaf of tomato plants by most accurate 

 protocol 

31 

 3.9.1   Nucleic acid integrity analysis 32 

  3.9.2   Statistical analysis of total RNA extraction protocols 32 

3.10  JERF1 quality and integrity 32 

 3.10.1  Real Time-PCR 32 

     3.10.2  Isolation and purification full length of JERF1 33 

3.11  Gene transformation procedure 35 

 3.11.1  Construction of recombinant plasmids 35 

 3.11.2  Identification of recombinant plasmids 35 

  3.11.2.1  Plasmid purification 35 

      3.11.2.2  Digestion of recombinant plasmids 36 

  3.11.3  Expression vector construction 36 

 3.11.3.1  Entry clones construction 36 

 attB-PCR products producing 36 

 BP recombination reaction performing 37 

 Competent cell protocol of E. coli (TOP 10) 38 

 Transforming competent cells 38 

      3.11.3.2  Verification of the recombinant entry vector 38 

 3.11.4  Construction of expression clones 39 

     3.11.4.1  Performing LR recombination reaction 39 

 3.11.4.2  Verifying the recombinant expression clones 39 

  Confirmation recombinant expression clones 

 by colony PCR and sequencing 

39 

 Purification and sequencing of plasmid 40 

 3.11.5  Transferring the construct into Agrobacterium tumefaciens 

       strain 

40 

  3.11.6  Agrobacterium strain LBA 4404 and selectable markers 40 

© C
OPYRIG

HT U
PM



xii 

  3.11.7    Rice calli pre-culture 41 

 3.11.8    Agrobacterium tumefaciens culture 41 

 3.11.9    MR219 calli proliferation 41 

   3.11.10  Selection of transformed calli 41 

3.12  Regeneration of plantlets from transformed calli 42 

3.13  Transfer the MR219 transgenic plants to the soil 42 

3.14  GFP and bar genes monitoring in the transgenic seeds of MR219 42 

3.15  Analysis of transgenic MR219 plants 43 

3.16  Functional analysis of transgenic rice 43 

   3.16.1    Transgenic seed size and shape characteristics 43 

   3.16.2    Effect of drought stress treatment on the plant growth 43 

  3.16.2.1   Effect of drought stress on the morphological 

     parameters of wild type and transgenic rice 

43 

 3.16.2.2   Effect of drought stress on the physiological 

      parameters of wild type and transgenic rice 

44 

  Proline content determination 44 

  Determination of Chlorophyll a, b and 

 carotenoid and other pigments (x+e) 

44 

 3.16.3    High performance liquid chromatographic analysis of 

  Transgenic plants 

45 

 3.16.3.1   Amino acid components analysis of transgenic 

      plants 

45 

 3.16.3.2   Extract preparation 45 

 3.16.4   Analysis of different genes expressions downstream of JERF1 

  under control and drought stress conditions by Real Time- 

       PCR 

46 

3.17  JERF1 protein bioinformatics analysis 47 

4 RESULTS AND DISCUSSIONS 

4.1    Enhancing somatic embryogenesis of Malaysian rice cultivar MR219 

 using adjuvant materials in a high-efficiency protocol 

48 

 4.1.1   Callus induction frequency 48 

 4.1.1.1   Effect of different auxins on callus frequency 48 

 4.1.1.2   Effect of 2,4-D concentrations on callus frequency 50 

     4.1.1.3   Optimizations of different hydro- and hormonal-    

                    priming factors on explants productions 

52 

 Optimization of different hydro-priming factors 

  on explants production 

52 

  Optimization of different hormonal-priming 

  factors on explants production 

54 

 4.1.1.4   Effect of seed, root, shoot and leaves explants on 

       callus frequency 

56 

  4.1.2   Callus growth and proliferation 58 

 4.1.2.1   Effect of cytokinines concentrations on callus growth 58 

 4.1.2.2   Effect of various adjuvant material concentrations on 

      callus growth 

59 

   4.1.3   Plant regeneration 62 

   4.1.3.1   Effect of various cytokinin concentrations on plant 

     regeneration 

62 

 4.1.3.2   Effects of various auxin concentrations on plant 

 regeneration 

64 

© C
OPYRIG

HT U
PM



xiii 

 4.1.3.3   Effects of various adjuvant material concentrations on 

 plant regeneration 

65 

    4.1.4   Regenerated plantlets 68 

4.2    Evaluation of RNA extraction methods in tomato, gene isolation and 

 expression analysis of JERF1 and vector construction 

70 

 4.2.1   Comparison of different total RNA extraction methods for 

     tomato leaves and fruits 

70 

  4.2.2   Total RNA extraction of tomato leaves and fruits using TRIzol 74 

  4.2.3   Gene expression detection of JERF1 gene by real-time PCR 76 

     4.2.4   Isolation of a full-length coding region for JERF1 gene 79 

4.3    Evaluation of the putative transgenic rice plants 81 

   4.3.1   Functional analysis of transgenic rice in T2 generation 86 

 4.3.1.1   Grain characteristics of wild type seeds of MR219 and 

 transferred seeds 

86 

  4.3.1.2   Effect of drought stress treatment on the physiological 

 and morphological plant growth parameters in the 

 seedling phase 

87 

 4.3.1.3    Amino acid evaluation of transgenic rice 93 

 4.3.1.4    Analysis of various genes over-expression by JERF1 

       in transgenic plants by real-time PCR 

95 

   4.3.2  In silico analysis of JERF1 protein 96 

5 SUMMARY, CONCLUSION AND RECOMMENDATIONS FOR 

FUTURE RESEARCH 

REFERENCES 102 

APPENDICES  128 

BIODATA OF STUDENT 140 

LIST OF PUBLICATIONS 141 

© C
OPYRIG

HT U
PM



xiv 

LIST OF TABLES 

Table Page 

2.1 The scientific classification of rice (O. sativa) 3 

2.2 Impact of adverse conditions on rice production in Southeast Asia      5 

2.3 Paddy rice area and yield in Malaysia (2015/2016) 6 

2.4 Different paddy rice cultivars released by MARDI in Malaysia 8 

2.5 Agronomic characteristics, physio-chemical properties, pest and 

diseases tolerant of MR219 

10 

2.6 Drought tolerance genes transformed to rice 15 

3.1 Different concentrations of hormonal priming 26 

3.2 KAPA SYBR® qPCR Master Mix Kit 33 

3.3 The sequences of TUB and EF1 primers references genes and JERF1 33 

3.4 The sequences of JERF1 forward and reverse primers for RT-PCR 34 

3.5 The sequences of forward and reverse adapter primers 37 

3.6 List of primers for JERF1, CamV35S and OsActin used to confirm 

transgenicity of MR219 

43 

3.7 Amino acid concentration of standard for HPLC procedure 46 

3.8 The sequences of OsLTP1, 18S rRNA, OsCDPK13, α-Tubulin, 

OsP5CS and OsSPDS2 primers references genes and JERF1 primers 

for real- time PCR 

47 

4.1 ANOVA of hydro- priming effects on germination and growth of 

MR219 rice cultivar 

53 

4.2 Mean comparison of total germination, 50% of germination, mean 

germination time, germination percentage and germination vigour of 

MR219 under different hydro- priming time condition 

54 

4.3 ANOVA of hormonal-priming effect on germination and growth of 

MR219 rice cultivar 

54 

4.4 Mean comparison of total germination, 50% of germination, mean 

germination time, germination percentage and germination vigour 

index of MR219 under different hormonal- priming conditions 

55 

4.5 The summarised results of tissue culture sections 70 

4.6 ANOVA of purity of concentration of total RNA extracted from 

tomato leaves and fruits using five various protocols 

72 

4.7 The average yield of extracted total RNA from tomato leaves and 

fruits using various extraction protocols 

72 

4.8 ANOVA of purity and concentrations of total RNA extracted from 

tomato leaves and fruits of contaminated samples by SDS and CTAB 

methods 

73 

4.9 ANOVA of purity and concentrations of total RNA extracted from 

tomato leaves and fruits in different ages phases 

75 

4.10 The average of yield and integrity of extracted total RNA from 

tomato leaves and fruits using TRIzol protocols 

76 

4.11 Relative expression patterns and P-value of JERF1, Tubulin and EF1 

reference genes under various treatments and time in tomato leaves 

and fruits 

78 

4.12 ANOVA results of seeds characters evaluation between wild type 

seeds and T2 seeds of MR219 

86 

4.13 Analysis of variance of the seeds shape variables between wild type 87 

© C
OPYRIG

HT U
PM



xv  

seeds and transgenic seeds of MR219 

4.14 Analysis of variance of the shoot and root length, plumule fresh and 

dry weight as well as radical fresh and dry weight of wild type and 

transgenic plants in week two under drought stress condition 

88 

4.15 Analysis of variance of the shoot and root length, leaf proline, root 

proline, ratio of root to shoot proline, chlorophyll a and b, total 

chlorophyll as well as carotenoid and other pigments of wild type and 

transgenic plants in week three under drought stress conditions 

90 

4.16 Analysis of amino acid profile of transgenic and wild-type MR219 93 

© C
OPYRIG

HT U
PM



xvi  

LIST OF FIGURES 

 

Figure  Page 

   

2.1 Global paddy rice area and production (FAO, 2015) 4 

2.2 Paddy rice cultivation fields in Peninsular Malaysia. The eight main 

areas of paddy rice cultivation are presented in yellow boxes (Figure 

is duplicated from DOA, 2014) 

7 

2.3 Schematic figure of plants signal transduction under stress 11 

2.4 AP2/ERF super family members in different plant species 14 

2.5 Different monocotyledon and dicotyledon plants were used in gene 

transformation by Agrobacterium tumefaciens  

16 

3.1 pDrive cloning vector plasmid map (Qiagen, Germany) 35 

3.2 pDONOR/Zeo vector (Invitrogen, CA, USA) plasmid map 37 

3.3 Plasmid map of pFAST-G02 vector 39 

4.1 Effect of different auxins on the seed callus frequency, days to callus 

induction and rooty or shooty callus induction percentage. Highest 

callus frequency were observed in the MS media supplemented with 

2,4-d, whereas other auxins did not induce high percentage callus. 

Means followed by the same letter are not significantly different 

based on analysis of variance at the 0.01 level 

48 

4.2 Callogenesis of MR219 in various auxins treatments, a) control 

(MSO), b) 2,4-D, c) NAA, d) picloram, e) dicamba and f) 2,4,5-T 

after one month. 2,4-D produced calli without shooty or rooty 

organelle. Other auxins produced calli with some organelles 

structures 

49 

4.3 Effect of different 2,4-D concentrations on the seed callus frequency, 

days to callus induction and dead seed or no callus induction 

51 

4.4 Callogenesis of MR219 in MS media supplemented with 2 mg L-1 of 

2,4-D, a) embryogenic callus, b) non-embryogenic callus and c) dead 

callus. Embryogenic callus are nodular and yellowish callus which 

can proliferate and regenerate in the suitable media 

52 

4.5 Effect of various explants on the callus frequency, days to callus 

induction and dead explants or not callus induction. The callus 

frequency in root explants were higher than other explants  

57 

4.6 Effect of various cytokinines on the callus growth, a) fresh and, b) 

dry weight. The highest fresh and dry weight were seen in week 4 for 

KIN 

58 

4.7 Callus proliferation steps in, a) week four and, b) week seven in MS 

media supplemented with 2 mg L-1 of 2,4-D and 2 mg L-1 of KIN 

59 

4.8 Callus fresh and dry weight in week four for different concentrations 

of, a) proline and casein hydrolysate and, b) potassium metasilicate 

(silicon) in MS media supplemented with 2 mg L-1 of 2,4-D and 2 mg 

L-1 of KIN. The highest fresh and dry weight calli were observed in 

the 50 mg L-1 L- proline, 100 mg L-1 Casein hydroysate and 30 mg L-

1 of silicon 

60 

4.9 Scanning electron microscopy image showing the calli in, a) control 

and b) 30 mg L-1 of silicon (white mass). The white layer of silicon 

were seen in the calli treated with potassium metasilicate (B) 

61 

4.10 Effect of different cytokinin concentrations on the plant regeneration. 

The highest regeneration percentage were seen in the 3 mg L-1 of KIN  

62 

© C
OPYRIG

HT U
PM



xvii  

4.11 Various steps in regeneration of rice calli in medium, a) 

embryogenesis calli, b) initial green spot, c) lustrous green spot calli 

with sickle- shaped trichomes, d) regenerated calli, e) shoot induction 

and f) dead calli in the same medium. The initial step of 

micropropagation is embryogenesis callus induction by using relevant 

PGRs. Next, calli should be canalised to the producing green spot and 

sickle shaped trichomes. Then using suitable cytokinin helps to 

regenerate calli, producing shoot and root. During this procedure, 

non- embryogenesis calli is dead due un-specified structure in the 

callus induction 

63 

4.12 Effect of different auxins concentrations on the plant regeneration  64 

4.13 Effect of different, a) L- proline, casamino acids and b) silicon 

concentrations on the plant regeneration. The highest regeneration 

percentage were reported in MS media supplemented with 100 mg L-1 

of L-proline and 30 mg L-1 of silicon 

65 

4.14 Scanning electron microscopy image showing the root, a) control (no 

silicon) and b) 30 mg L-1 of silicon. The microscopy results showed 

the white silicon spot on the root 

67 

4.15 Effect of different IAA, IBA and ABA concentrations (0.1, 0.2, 0.3 

and 0.4 mg L-1) on the plant regeneration. The highest regeneration 

percentage were seen in the MS media added with 0.4 mg L-1 of IBA 

68 

4.16 Isolation of total RNA and gDNA extracted from tomato leaves and 

fruits. The extracted RNA of tomato leaves with A.1) TRIzol, A.2) 

CTAB 1, A.3) SDS, A.4) RNeasy plant mini kit and A.5) 

NucleoSpin® RNA plant kit and RNA of tomato fruits with B.1) 

TRIzol, B.2) CTAB 1, B.3) SDS, B.4) RNeasy plant mini kit and B.5) 

NucleoSpin® RNA plant kit using 1.5% agarose gel and stained with 

ethidium bromide 

71 

4.17 Various steps in regeneration of rice calli in medium, a) 

embryogenesis calli, b) initial green spot, c) lustrous green spot calli 

with sickle- shaped trichomes, d) regenerated calli, e) shoot induction 

and f) dead calli in the same medium. The initial step of 

micropropagation is embryogenesis callus induction by using relevant 

PGRs. Next, calli should be canalised to the producing green spot and 

sickle shaped trichomes. Then using suitable cytokinin helps to 

regenerate calli, producing shoot and root. During this procedure, 

non- embryogenesis calli is dead due un-specified structure in the 

callus induction 

74 

4.18 Total RNA extraction by TRIzol in various phases of tomato. Leaves 

samples including vegetative growth phase (1-month-old plant) (1), 

flowering phase (3-month-old plant) (2) and fruiting phase (4-month-

old plant) (3) as well as breakers- stage 2 (4), light red- stage 5 (5) 

and red- stage 6 (5) (6) using 1.5% agarose gel and stained with 

ethidium bromide 

75 

4.19 Melting curve of Tubulin (A), EF1 (B) and JERF1 (C) for standard 

curve dilutions of cDNA template. The melting temperature of 58 °C 

was obtained 

77 

4.20 Relative abundance of JERF1 gene in tomato fruits under (A) ABA 

and (B) NaCl treatments 

78 

4.21 Relative abundance of JERF1 gene in tomato fruits under (A) ABA 

and (B) NaCl treatments 

78 

© C
OPYRIG

HT U
PM



xviii 

4.22 JERF1 transcript, A) isolated from tomato (Lycopersicon esculentum 

Mill. cv. MT1) in 58 °C of annealing temperature and B) purified 

DNA with 1118 bp with use of 1.5% agarose gel and stained with 

ethidium bromide 

80 

4.23 JERF1 amplified by site-specific primers flanked to the attb 

sequences by gradient PCR 

80 

4.24 The JERF1 gene existence in the BP recombination reaction 

confirmed by colony PCR 

80 

4.25 The JERF1 gene existence in the LR recombination reaction 

confirmed by colony PCR 

81 

4.26 JERF1 gene in the Agrobacterium tumefaciens colonies using colony 

PCR 

81 

4.27 The gene transformation process of MR219 by JERF1 gene. A) The 

seeds of rice were germinated in the B) petri dishes under different 

hydro- and hormonal-priming for 9 days. Then the C) root explants of 

germinated seeds were cultured on the best in vitro media with the 

most effective hormones and adjuvant materials. D) The 

embryogenesis calli which induced from roots E) proliferated in the 

most effective media formulation. Between weeks three and forth 

which the calli had the highest fresh and dry weight, calli were 

inoculated in the Agrobacterium tumefaciens containing the plasmid. 

Then the calli were co-cultured in the selection media containing 

cefotoxime and herbicide phosphinothricin (BASTA). F) Due to the 

lack of bar gen in the non- transferred calli, just G) the transferred 

calli with bar gen which is the prove of JERF1 gen existence can 

continue to H) regenerate. I) After regeneration of rice in the media 

the regenerated plants transferred to different media and some 

abnormality like J) colorless plants were observed then, K) plants in 

the media were acclimatized. The putative rice then L, M) adjusted 

with the green house temperature transferred to Yoshida media in the 

transgenic green house. After adoption to the new condition, the rice 

plants N, O) transferred into the soil and kept in the P) green house 

for future functional experiments 

82 

4.28 Analysis of bar gene (1168 bp) in T0 generation of transgenic rice 83 

4.29 Analysis of JERF1 gene (1118 bp) in T0 generation of transgenic rice  83 

4.30 Analysis of OsActin gene (445 bp) in T0 generation of transgenic rice  83 

4.31 Analysis of CaMV35S gene (1353 bp) in T0 generation of transgenic 

rice. 

83 

4.32 Analysis of bar gene (1168 bp) in T1 generation of transgenic rice  84 

4.33 Analysis of JERF1 gene (1118 bp) in T1 generation of transgenic rice 84 

4.34 Analysis of OsActin gene (445 bp) in T1 generation of transgenic rice 84 

4.35 Analysis of CaMV35S gene (1353 bp) in T1 generation of transgenic 

rice 

84 

4.36 Analysis of JERF1 gene (1118 bp) in T2 generation of transgenic rice 

seed 

85 

4.37 Analysis of bar gene (1168 bp) in T2 generation of transgenic rice 85 

4.38 Analysis of CaMV35S gene (1353 bp) in T2 generation of transgenic 

rice  

85 

4.39 Analysis of OsActin gene (445 bp) in T2 generation of transgenic rice 85 

4.40 The observation of gfp flanked expression to JERF1 gen in the T2 

(Mature rice seeds of MR219) 

85 

© C
OPYRIG

HT U
PM



xix 

4.41 The observation of A) transgenic seeds and B) wild type seeds in T2 

generation. The observation showed that the transgenic seeds were 

shorter than wild type seeds  

87 

4.42 Comparisons of (A) plumule fresh and dry weight as well as radical 

fresh and dry weight and (B) roots and shoots lengths of wild type 

and transgenic rice under normal and drought stress conditions in 

week two. The results of plumule fresh and dry weight showed the 

highest rate in the control treatment of transgenic and wild type 

plants. The amount of plumule fresh and dry weight was higher in 

wild type plants than transgenic plants. In the radical fresh and dry 

weight, the highest and lowest amounts were observed in control 

treatment of transgenic plants and transgenic plants under drought 

treatment. The shoot and root length measurement results showed that 

highest amount of shoot length was seen in wild type plants in 

treatment condition and wild type plants under drought treatment. 

Means followed by the same letter are not significantly different 

based on analysis of variance at the 0.01 level. A) The wild type and 

B) transgenic rice under drought stress condition and C) the wild type

and D) transgenic rice under normal condition 

89 

4.43 Comparisons of shoot and root length, leaf proline, root proline, ratio 

of root to shoot proline, chlorophyll a and b, total proline as well as 

carotenoid and other pigments of wild type and transgenic plants in 

week three under normal and drought stress conditions. The figure 

showed the fluctuation trends of all the characteristics for wild and 

transgenic plants under drought and control condition. Means 

followed by the same letter are not significantly different based on 

analysis of variance at the 0.01 level. A) The wild type and B) 

transgenic rice under normal condition and C) the wild type and D) 

transgenic rice under drought stress condition 

92 

4.44 The analysis of amino acids by HPLC chromatograms of wild- type 

plant 

94 

4.45 The analysis of amino acids by HPLC chromatograms of transgenic 

plant 

94 

4.46 Analysis of OsLTP1, OsCDPK13, OsP5CS and OsSPDS2 genes 

over- expression in wild type and transgenic plants under normal and 

drought stress conditions 

95 

4.47 Analysis of hydrophilicity as well as hydrophobicity for the encoded 

protein by JERF1 

96 

4.48 The amino acids compositions analysis of the protein encoded by 

JERF1 predicted by ProtScale (http://web.expasy.org/protscale/) in 

the tool kit of ExPASy 

97 

4.49 Secondary structure of JERF1 predicted by PsiPred 97 

4.50 Predicted I-TASSER results of normalized B-factor 98 

4.51 The 3D structure of protein encoded by JERF1 gene predicted by 

ITASSER as well as Phyre2 programs 

99 © C
OPYRIG

HT U
PM

http://web.expasy.org/protscale/


xx 

LIST OF ABBREVIATIONS 

A. tumefaciens Agrobacterium tumefaciens 

aa Amino acid 

AA Ascorbic acid 

ABA Abscisic Acid 

Ala Alanine 

AP2/ERF APETALA 2/ethylene-responsive 

Arg Arginine 

Asp Aspartic acid 

B.C. Before Christ 

BAP (benzylamino) purine 

Bp Base Pairs 

Ca2+ Calcium ions 

CaMV35s Cauliflower mosaic virus 

cDNA Complementary DNA 

Ch.a chlorophyll a 

Ch.b chlorophyll b 

CTAB Hexacetyltrimethyl ammonium bromide 

DEPC Diethyl pyrocarbonate 

Dicamba 3,6-dichloro-o-anisic acid 

DNA Deoxyribonucleic acid 

DNase Deoxyribonuclease 

dNTPS deoxynucleotides 

DRE/CRT Dehydration-Responsive Clement/C-Repeat 

Ds Double-stranded 

ER Endoplasmic reticulum 

ERF Ethylene-responsive 

ET Ethylene 

EtBr Ethidium bromide 

FAO Food and Agriculture Organization 

G Gram 

g (rcf) Gravity 

G% The germination percentage 

GA3 Gibberellic acid 

GFP Green fluorescent protein 

GI Gibberellins 

Glu Glutamic acid 

© C
OPYRIG

HT U
PM



xxi  

Gly Glycine 

GM Genetic modification 

GVI       Germination Vigor Index. 

GVI The germination vigor index 

H Hour 

HCl Hydrochloric acid 

His Histidine 

HPLC High performance liquid chromatography 

IAA Indole-3-acetic acid 

IBA Abscisic acid 

Ile Isoleucine 

JA Jasmonic acid 

JERF1 Jasmonate and Ethylene Response Factor 1 

K2SiO3 Potassium metasilicate 

Kb Kilo base-pair 

KIN Kinetin 

L Litre 

LB Luria-bertani 

LB Lysogeny Broth 

Leu Leucine 

LiCl Lithium chloride 

LP Proline of root 

Lys Lysine 

M Molar 

MARDI Malaysian Agricultural Research and 

Development Institute 

Met Methionine 

Mg Milligram 

mg g-1 Milligram per gram 

MGT Mean germination time 

MGT Mean Germination Time, 

Min Minute 

µg Microgram 

µg µL-1 Microgram per microliter 

µL Microliter 

mL Millilitre 

mM Millimolar 

MR219 MARDI 219 

© C
OPYRIG

HT U
PM



xxii  

mRNA Messenger RNA 

MS Murashige and Skoog 

MSO MS media free hormone 

NAA 1-Naphthaleneacetic acid 

NaCl Sodium chloride 

NaCl Sodium chloride 

NCBI National Centre for Biotechnology Information 

Ng Nanogram 

NOA Naphthoxyacetic acid 

ORF Open reading frame 

p-CPA Para-chlorophenoxyacetic acid 

PCR Polymerase chain reactions 

PEG polyethylene glycol 

% Percentage 

PGRs Plant Growth Regulators 

Phe Phenylalanine 

Picloram 4-amino-3, 5,6- tricholoropyridinecarboxylic 

acid 

PR Pathogenesis-related 

Pro Proline 

PVP Polyvinylpyrrolidone 

PVPP Polyvinyl polypyrolidone 

RNA Ribonucleic acid 

RNase Ribonuclease 

ROS             Reactive Oxygen Species 

RP Proline of root 

RP/SP Proline root to shoot ratio 

RT Room Temperature 

RT-PCR Reverse transcriptase polymerase chain 

reaction 

SA Salicylic Acid 

SDS Sodium dodecyl sulphate 

Sec Second 

Ser Serine 

Spp Species 

SS Single-stranded 

T.G Total Germination 

T50 50 Percentage of Germination, 

© C
OPYRIG

HT U
PM



xxiii 

T50 Time to 50% germination 

TAE Tris acetate EDTA 

TBE Tris borate EDTA 

T-DNA Transferred DNA 

TDZ Thidiazuron 

TE Tris-EDTA 

Thr Threonine 

Total chi Total chlorophyll. 

Tyr Tyrosine 

Val Valine 

X-Gal 5-bromo-4-chloro-3-indolyl-β-D- 

galactopyranoside 

zeatin 6-(4-hydroxy-3- methyl but-2-enyl amino)- 

purine)] 

© C
OPYRIG

HT U
PM



1 

CHAPTER 1 

INTRODUCTION 

After wheat, rice (Oryza sativa L.) is the second most important plant in the world (Al-

Amin and Ahmed, 2016). Fluctuation and scarcity of agricultural products lead to spike 

in prices of rice in recent years (Tadasse et al., 2016; Torero, 2016). In this regard, 

environmental stresses have been identified as the top reasons for the price spikes by 

affecting on both food security and livelihoods (De La Fuente et al, 2013). Despite the 

increasing demands for rice products, this plant is exposed to the wide spectrum of 

environmental stresses that negatively effects on its growth, function and productivity 

(Bajaj and Mohanty, 2005). Drought and water deficit have been extensively reported as 

the most hazardous stresses to rice (Wang et al., 2012). 

Drought tolerance mechanism is observed in all crops but its extent varies from one 

species to another species and within species (Jaleel et al., 2009). Tolerance to drought 

is a complex mechanism, due to interactions between different undesirable factors and 

various molecular, biochemical and physiological phenomena affecting plant growth as 

well as development (Razmjoo et al., 2008). Drought defense mechanisms in plants can 

be classified into four types, including drought -recovery, -escape, -tolerance and -

avoidance. Different physiological indicators have been applied to evaluate the 

tolerance of plants under drought conditions such as plant growth regulators contents, 

amino acid level, water potential, cell membrane stability, leaf and root traits as well as 

adjustment capabilities. During t he  years, researches have assessed the molecular and 

genetic mechanisms of drought resistance plants to obtain the drought-related genes 

with regard to drought- tolerance and -avoidance. With increasing knowledge of 

drought resistance mechanisms in model plants, it still a matter of concern to improve 

drought- resistance and water-saving (Fang and Xiong, 2015; Zheng et al., 2009). A 

better conceptual understanding of the plant mechanisms could be used to create or select 

resistance plant varieties, which may obtain a more tolerant plant under drought stress 

(Jaleel et al., 2009). Under drought stress and water deficit, complex signaling networks 

have been elaborated in rice. These networks perceives the stress signals and modulates 

the resistance genes expression (Xiong et al., 2002). Rice reaction to drought differs 

considerably at diverse organ levels depending upon stress duration and intensity as well 

as crop growth stage and species (Jaleel et al., 2009). 

Genetic modification (GM) is a popular method that researchers have been using to 

increase the yield of plant products by improving certain traits, including the responses 

of plants to abiotic and biotic stresses (Ashraf et al., 2008). Success in genetic 

engineering process depends upon selecting the proper method of transformation to 

introduce desirable traits into the host genome while concentrating on preserving the 

individual characteristics of the plant (Abiri et al., 2015). In gene transformation 

processes, the gene(s) of interest of donor plants, bacteria or viruses are transferred to 

host plants using various methods (Rivera et al., 2012). In rice, the engineered cultivars 

were produced through poly ethylene glycol, particle bombardment and electroporation 

during the 1980s- 1990s (Birch and   Franks,   1991). However,   the   advantages   of 
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Agrobacterium-mediated transformation encouraged researchers to use in the rice 

genetic transformation (Hiei et al., 1994). 

 

 

The most important gene family involves in stress responses consists of transcription 

factors (sequence-specific DNA-binding factors) that play vital roles in influencing or 

controlling several biological processes. Among the stress- responsive transcription 

factor-encoding genes, the APETALA 2/ethylene- responsive (AP2/ERF) family genes 

have been described as the main stress- responsive genes in various physiological 

networks in rice. Jasmonate and Ethylene Response Factor 1 (JERF1) is a tomato 

protein containing a conserved ERF DNA- binding motif. The JERF1 overexpression 

enhanced the tobacco resistance to low temperature, salt concentration and osmotic 

stress (Zhang et al., 2004). The general objective of the current research was to develop 

a suitable in vitro protocol as well as to elucidate the response of Malaysian rice cultivar 

MR219 to JERF1 gene in drought-induced condition. Therefore, the specific objectives 

of this study were: 

 

 

1. To investigate the effect of different priming factors in germination and    

establish the most suitable media formulations in vitro condition. 

2. To isolate the drought stress tolerance gene (JERF1) from the most suitable 

explants of Malaysian tomato (Solanum lycopersicum) cultivar MT1 and 

construct the expression vector. 

3. To transfer the JERF1 gene to MR219, determine the function of JERF1 in 

MR219 rice cultivar and evaluate JERF1 by computational analysis. 
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