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Soil salinity and attack by pathogen are the major abiotic stresses in
plant agriculture worldwide. Past efforts to improve plant tolerance to osmotic
stress and pathogen attack through breeding and genetic engineering have

shown limited success owing to the genetic complexity of stress responses.

Large-scale partial sequencing of expressed sequence tags (ESTs)
towards cataloging and categorizing genetically abiotic stress responses can
assist a means for the rapid discovery of stress-specific genes. A combination
of two types of abiotic stresses (200mM of NaCl and 14 min of 254nm UV-
irradiation) were applied to muskmelon seedlings prior to the isolation of RNA
for cDNA library construction. Cold plaque hybridisation using non-induced
cDNA as probe to screen the stress-induced cDNA library for stress and
disease-related genes was performed. A total of 550 ESTs were generated
from a stress-induced cDNA library with a cDNA insert size ranging between

500-2500bp.



Classification of the ESTs based on their designated functions showed
that the majority of isolated genes were involved in salt tolerance and disease
resistance. The results showed that the generation of stress-induced ESTs by
partial sequencing of random cDNA clones along with expression analysis are
efficient approach to identify isolated genes that are responsible for salt
tolerance and disease resistance on a large scale. We believe our dbEST
and the associated DNA materials would be a useful resource to scientists

engaged in studies on stress-tolerance and disease resistance.

MYB proteins are known to regulate different branches of flavonoid
metabolism in plants in response to wounding, UV irradiation and ethephon
treatment. Their role as transcriptional regulators in response to stress
treatment and pathogen attack also has been reported (Urao et al., 1993; Abe
etal., 1997). A 279bp partial MYB-related protein was also isolated by an RT-
PCR method using the degenerate primers. At the same time, the double
induced stress-related muskmelon cDNA library of salt and UV irradiation
provide a good source to study the gene expression and regulatory of MYB
gene in relation to the stress and UV treatment. Due to the high similarity of
the partial MYB sequence to the cloning vector, pBluescript SK(+), screening

of the full length MYB gene was unsuccessful.
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Kemasinan tanah dan serangan penyakit merupakan tekanan abiotik
tumbuhan yang utama dalam pertanian sedunia. Usaha-usaha untuk
mempertingkatkan toleransi tumbuhan terhadap tekanan osmotik dan
serangan penyakit melalui teknik pembiak-bakaan dan kejuruteraan genetik
sebelum ini hanya menghasilkan sedikit kejayaan kerana ia melibatkan

genetik yang kompleks dalam tindak balas terhadap tekanan.

Penjujukan bahagian daripada teg jujukan ekspresi (ESTs) secara
bersaiz besar ke arah mengkatalog dan mengkategorikan tindak balas
genetik terhadap tekanan abiotik menghasilkan penemuan gen-gen yang
spesifik terhadap rangsangan tekanan yang pantas. Kombinasi dua jenis
tekanan abiotik (200mM NaCl dan 254nm UV radiasi selama 14 min) telah
diaplikasikan terhadap anak benih tembakai wangi sebelum pengasingan
RNA untuk proses penghasilan perpustakaan cDNA. Penghibridan plak sejuk
dilakukan dengan menggunakan cDNA normal sebagai penyiasat untuk

menskrin gen-gen yang bertanggungjawab dalam rangsangan tekanan dan



serangan penyakit dengan lebih ketara daripada perpustakaan cDNA
rangsangan tekanan ini. Sejumlah 550 ESTs telah dihasilkan daripada
perpustakaan cDNA rangsangan tekanan ini dengan saiz cDNA yang berjulat

di antara 500-2500bp.

Klasifikasi ESTs berpandukan fungsi-fungsi mereka jelas menunjukkan
bahawa majoriti daripada gen-gen ini terlibat dalam kawalan kemasiiian dan
mekanisme pertahanan tumbuhan dalam translasi mRNA. Hasilnya jelas
menunjukkan bahawa penjanaan rangsangan tekanan ESTs daripada klon
penjujukan bahagian secara rawak dan analisa ekspresi merupakan
pendekatan yang berkesan untuk mengasingkan gen-gen yang
bertanggungjawab dalam toleransi terhadap garam dan serangan penyakit
secara bersaiz besar. Kami berpercaya bahawa dbEST dan bahan DNA kami
akan membekalkan sumber yang berguna kepada para saintis yang terlibat

dalam kajian toleransi terhadap tekanan dan penyakit.

Protein MYB dipercayai berupaya mengawal pelbagai cabang
metabolisme flavonoid dalam tumbuhan di bawah rangsangan luka, radiasi
UV dan rawatan ethephon. Di samping itu, peranan mereka sebagai kawalan
transkripsi terhadap rangsangan tekanan and serangan penyakit turut
dilaporkan. 279bp daripada faktor transkripsi MYB berjaya diasingkan
daripada RT-PCR dengan menggunakan primer degenerasi. Pada masa
yang sama, perpustakaan cDNA yang dijana merupakan sumber yang baik
untuk mengkaji ekspresi dan kawalan gen terhadap rangsangan tekanan and

rawatan UV. Pengskrinan gen MYB sepenuhnya tidak berjaya disebabkan



oleh persamaan jujukan yang tinggi di antara bahagian MYB yang diasingkan

dengan vektor pengklonan iaitu pBluescript SK(+).



ACKNOWLEDGEMENTS

Firstly and foremost, | would like to dedicate my heartfelt thanks and
sincere appreciation to Dr. Tan Siang Hee for his constant guidance, untiring
assistance, understanding, encouragement, valuable advice and remarkable
patience throughcut the period of study. My whole-hearted gratitude is also
dedicated to Assoc. Prof. Dr. K. Harikrishna, especially for his intellectual
advice and stimulating discussion. In particular, | am indebted to Dr. Ho Chai
Ling for her critical reading, criticism and constructive suggestions of the

manuscripts.

My sincere appreciation also dedicated to all the members in Genetic
Lab especially Yun Shin and Wai Har for their stimulating assistance and
suggestions. Warmest thanks to Dr. Faridah Qamaruz Zaman, Mr. Ong
Choon Hoe, Chieh Wean, Nancy, Wan Chin, Pick Kuen, Mei Chooi, Pau
Theen, Yang Ping, Chee How, Chee Wei, Musyliana, Seddon and Ida for their
support and constructive discussion and companionship throughout the
project. | also would like to acknowledge my dearest housemates, especially
Yun Shin, Chew Ling, Nelson and Kheen Kuan for their understanding,
kindness and encouragement. Not forgetting my beloved junior Kok Heng,

Sze Pheng, Yvonne and Helen for their support and friendship.



Last but not least, my heartiest gratitude and appreciation to my
beloved family for their inspiration, sacrifices, understanding, encouragement
and forbearance saw the fruition of this study. Their unrelenting love keeps

my spirit alive and brings me strength to face with whatever challenges in life.



| certify that an Examination Committee met on 25" January 2002 to conduct
the final examination of Lee Weng Wah on his Master of Science thesis
entitled “Isolation and Characterization of Disease and Stress Related Genes
from Muskmelon (Cucumis melo L.)’ in accordance with Universiti Pertanian
Malaysia (Higher Degree) Act 1980 and Universiti Pertanian Malaysia (Higher
Degree) Regulations 1981. The Committee recommended that the candidate
be awarded the relevant degree. Members of the Examination Committee are
as follows:

Jenni Harikrishna, Ph.D.

Faculty of Food Science and Biotechnology
Universiti Putra Malaysia

(Chairman)

Tan Siang Hee, Ph.D.

Faculty of Food Science and Biotechnology
Universiti Putra Malaysia

(Member)

Harikrishna a/l Kulavesingam, Ph.D.
Faculty of Food Science and Biotechnology
Universiti Putra Malaysia

(Member)

Ho Chai Ling, Ph.D.
Faculty of Food Science and Biotechnology

Universiti Putra Malaysia
(Member)

—_—

SHAMSHER MOHAMAD RAMADILI, Ph.D,
Professor/Deputy Dean

School of Graduate Studies,

Universiti Putra Malaysia

Date: 23 MAIC Lvv-

10



This thesis submitted to the Senate of Universiti Putra Malaysia has been
accepted as fulfiiment of the requirement for the Master of Science.

2_9,

AINI IDERIS, Ph.D.
Professor/Dean

School of Graduate Studies
Universiti Putra Malaysia

1



DECLARATION

| hereby declare that the thesis is based on my original work except for
equations and citations which have been duly acknowledged. | also declare
that it has not been previously or concurrently submitted for any other degree

at UPM or other institutions.

— v
(LEE WENG WAH)

Date: 9. Modh 2003 —

12



TABLE OF CONTENTS

Page
DEDICATION.......cootiiimriiisnniissnniissnsisssnsissssnsisssnssssssnssssssnssssssnssssssnssssssnssssss 2
ABSTRAGCT ....ceetiieiiininntiissnenisssnsiisssssiisssssiesssssssssssssssssssssssssssssssssessssssssssssssses 3
ABSTRAK ....oeeeiiieetineeiissnneiissssiisssssisssssssssssssssssssssessssssssssssssssssssssssnssssssasssss 5
ACKNOWLEDGEMENT ........ccccevimriinnnnninssnniissnsisssnssssssssssssnssssssnssssssnsssssnnnes 8
APPROVAL ......cceettcecticsnenicsnesissssssicssssssesssnssssssnsssssssssssssnssssssassesssnsssns 10
DECLARATION.....ccccciimtiinnntinsnnnisssnniisssnsnssssnsissssnssssssnssssssnssssssnsassssnnes . csnnns 12
LIST OF TABLES..........cooeretirrnniinsnniissnnicssnsissssnsissssssssssssssssssssssssnssssssnsssses 16
LIST OF FIGURES ........ccoccetiirnniissnnisssnnisssensisssnnsisssnssesssnssssssnssssssnsssssanssssss 17
CHAPTER
1 INTRODUCTION .....ccoiiiimmriiineniissnnnisssnnsisssssnssssssssssssssssssnssssssssssssssssssssnns 19
Il LITERATURE REVIEW.........ccoccetiiinniiisnniissnnnissnsissssnsnsssnssssssnssssssnsseses 22

The Botany of Muskmelon (Cucumis melo L.)...........cccceevrreenenennne. 22

Economical Value of Muskmelon .............cccoiieiiiciiiiieiiccceeee e, 23

Diseases in MUSKMEION ............ccooiiiiiiiiiiiiiieenccereec e 24

Transcription Factors............cooieiieciieceececceeee e 24

MYB Protein.........ooeeeeieeeccceeee et eere e e e anae e e 25

The RoOIe Of MYB @ENE......cooceeereeeceeeeeeceee et 26

The Evolution of the MYB Domain..........ccccceeeureeennieeenncieennnns 30

Stress ReSIStaNCe .......coccuviiiiiiiiiteccce e 33

Type of Resistance...........ccooecieeiccciiieiecceeee e, 34

Stress AvOIdancCe..........cooccueiiiiccieieeecccere e 34

Stress Tolerance...........ccooevvieiiecveieiicceeeee e 35

Salt TOIEraNCe .......ccoocreieiieeeeee e 37

RadI@tion ........uveiiiiiiieeee e 38

LOW Temperature ... e e e e 38

Water DefiCit.........cuviiiiiiiiiiecteecee e 39

Pathogen-Induced Gene EXpression ...........cccccceviivreeiieeeeiieieeeccccnnnnne 39

Plant Defense RESPONSE..........ccceeeeeeieeeeeeieeecireeeeeeeeeeeeeeeeeenens 40

PhytoaleXins ..........cooiiiiiiiiiiiieccrceeece e ee e aaae e e 42

Pathogen-Related Proteins............coooviiiiniiieiiiiiniciieecceees 43

Pathogen-Related Protein Group 1.........ccccceeveeveeennnneen. 44

Pathogen-Related Protein Group 2 - -1,3-glucanases .44

Pathogen-Related Protein Group 3 - Chitinase.............. 45

Pathogen-Related Protein Group 4.............cccceevvernnnneen. 46
Pathogen-Related Protein Group 5 — Thaumatin like

[9100] (=Y o ¥ J SRR 47

Induction and Possible Function of PR Proteins....................... 49

Salt Tolerance Gene EXPression...........ccoccveereeeeeencveeennseeeesseeesssnnees 49

Acquired Halotolerance.............cccceeieieiecieieeinies e scieeeeans 51

Cellular Basis in Selection for Salt Tolerance..............c..c........ 52

Genes for Osmoprotectant Synthesis............ccccovvveeeeieeceeennn.. 52



(D121 (o) (11107= | ([0 o [P 54

HOMEOSEASIS .......ceeeiiiiiieiececccetre e 54
Growth Regulation............ccocveeeeieeiieiieniiennceeeeeeceeeee, 55
Expressed Sequence Tags .......ccccveeeeerreeeeerneieeeereeeeeeeeeee s eeeee s 55
Strategies of large-scale cDNA analysis............ccceceeevuvveveeennnn. 57
Similarity Analysis of CDNA Clones...........ccccceeeecveveeereneeenennnne. 58
Il MATERIALS AND METHODS ........ccccceevenmrisnnissnnissanssssanssssanssssanssssnnsens 59
Plant Materials ...........ccooeeeeriiiirneeecceee e e 59
Total RNA EXtraction...........ccceeiiiiiiiniiini e, 60
Poly-(A") RNA ISOItiON ........ccveverereererieereecreereereereeeeeneeenees 62
Construction of Muskmelon Stress-Induced and Normal cDNA Library
............................................................................................................ 62
Synthesis of Double-stranded cDNA .............oovviieeeeiiiiicinne 62
Blunting the cDNA termini ..........cccevveeieeiieeereee e 64
Ligation of ECORI-adaptor............ccccvvuevieeeeecieiieeeeecceeereeeeeee 64
Phosphorylation of ECORI ends ............ccccoevveiireineenncieeeneeen. 64
Size fractionation ...........ccoeirieciiiiie e 65
2= Tod €= T 11 To [P STPR 65
Titering the Unamplified Library.........cccccoveerieviininniieennccieeen. 65
Library Amplification ............ccoocvueiinenienneeeeceee e 66
Isolation of Total Genomic DNA .............ooorieiiiiieeeree e 67
PCR Cloning of Partial cDNA for MYB-Related Gene.......................... 68
First-strand cDNA Synthesis and RT-PCR..........cccceceuvveeennnnn. 68
PCR Amplification With Gene Specific Primers........................ 69
Purification of the Band of Interest from Agarose Geil............... 70
Analysis of Cloned PCR Fragment..............ccccoeeiieeniinniveeesneee e 70
Isolation of Plasmid DNA..........ccoorieeirccrreee e 70
Screening of Plasmid DNA for Insert...........ccccceveeveeeincnneennnns 71
Automated DNA SeqQUENCING ......cccceeecurereeiieccreeeeeeeecreeee e e e eeenneeeee e 72
Sample Preparation and Cycle Sequencing..........cccccceveeuneeennn. 72
Screening of Muskmelon Stress Induced cDNA Library...................... 73
Preparation of Bacterial Culture for Infection........................... 73
Plaque Lift Hybridization.............ccccooviiiiiiiiieeeee 74
Labeling of Probes..........ccoooeeiiiiiiniiiierceeeeecceeee e 75
Pre-hybridization and Hybridization of Plaque Membranes...... 76
Secondary and Tertiary Screening ........c.cccceeveeeveeeveeeneseeennne 77
Single Clone In-vivo EXCISION ...........ccccoeevieereciieeiiceeeneceeeeeen. 78
PCR Screening of CDNA Library ..........cooeeeececeieeeeeeecceeeeeee e 79
Amplification of CDNA ... e 79
Pooling Of Phage ..........coooiiieeeeeeeeeee e 79
PCR ANAIYSIS.....coieeeiiieceecreeeecieeereere et e s nre s ennee s e 80
Southern BIot ANalYISIS ..........cooieeveiiiiiieccieeeee e 80
Northern Blot ANalysis..........ccceereveirieiiiiircteecee s e s 81
Cold Plaque Hybridization for Small-Scale Expressed Sequence Tags
............................................................................................................ 82
Homology Comparisons and Sequence Analysis..........cccceceeereeunnnnenn. 82

14



IV RESULTS AND DISCUSSION..........cccccvvuminnnsnnsnnsnnssanssnsssnssnnssasssnsssassnnes 83

Selection of NaCl Tolerance Muskmelon Seedlings............cccccceeeueen. 83
Construction of normal and double-induced cDNA library................... 85
Design of Primer for Reverse Transcriptase-PCR...........cccccoccvvenneenn. 88
Cloning of Partial MYB cDNA by RT-PCR........ccccccvvviiriienrieenieeeee, 89
PCR-based Screening of Muskmelon cDNA Libraries ........................ 91
Plaque Lift Hybridization............cccccvveeeieieee e, 93
SeqUENCES ANAIYSES.......cc.uveeeeeeerieeeieeeeeeeeareeeeessree e e e eessrreeseeeesanns 97
Northern Blot AnalySes.............coovviiiiciieniiiieeetee e e 100
Southern BIot ANalySes..........cueeiiiieiiieieiceeciee e 101
Characterization of Expressed Sequence Tags...........ccccceeevveervenenne 103
Genes of interest from the expressed sequence tags....................... 113
V' CONCLUSION .....cccocriimriinnissennsssnnsssnnsssnnsssansssssssssssssssssssassssssssssnssssas 117
Strategies for future studies ...........ccccovevrriiiniini e, 119
Final ConCIUSION........coccuiiiiiiiecerreeece s 121
BIBLOGRAPHY ......coiiiiiiinniisninsnissnisssnnsssnnsssnnsssssissssssssssssssssssssssssssnsnssssss 123
APPENDICES..........cccctiimriinnisnnisnnissnnisssnisssnisssnissssssssnsssssssssssssssssssssssassas 141
APPENDIX © ..ottt 141
APPENDIX 1 ...oiiiiteeeeeteecttesttes st e s s e s s srae e ae e e 144
APPENDIX Hl..cociniieieeetteectes ettt ssee s s aae e e s e e 145
BIODATA OF AUTHOR ....cccoiiiiiiininnitinsnnniissninisssnsnisssnsnssssssssssssssssssssnss 146

15



LIST OF TABLES

Page
The survival rate of the muskmelon seedlings after the one week of salt
induction under different concentrations of NaCl treatment.......................... 84
The primary titer of the muskmelon normal young leaves and stress
induced ( 200mM NaCl and UV-treated ) muskmelon cDNA library.............. 86
The summaries of the muskmelon ESTs with significant similarity to
known gene when compared to the database............cccvvveeeeeiiiiininniinnnnnn. 105
Genes that were prostulated to be responsible for salt tolerance and
disease resistance in the stress induced muskmelon cDNA library............. 111

16



Figure

10

11

LIST OF FIGURES

Page

Birdie Melon, one of the most popular variety of cultivated muskmelon. ....... 23

A neighbour-joining phylogeny of the conserved DNA-binding domain
Ofthe MYB Proteins. ........oveiieeieeeeeee et e 31

The different type of environmental stresses to which an organism may
DE SUDJECTIEA . ... 36

Structure of osmoprectectant found in plants (Current Opinion in Plant
[2]70] (=Te1 13 To] (0] |V P 53

Flowchart of cDNA library construction ...............cccoeeveeeieieeeccceeeeee e, 63

DIG-labelling of two different probes (lane 3 and 8) showing an
increase in molecular weight after the PCR. A and C are the control of
(31 TR UPPRPUPPPRN 75

A good representation of the cDNA electrophoresed on the 0.8%
agarose gel before the gel fractionation. cDNA were found to be
abundantly available from 500 bp and above. 1 kb marker indicated by
lane 1 and 3...... .o e 87

Poor cDNA samples electrophoresed on the 0.8% agarose gel before
the gel fractionation. cDNA seems to be truncated and or formed a
hairpin secondary structure below 250 bp. 1 kb marker indicated by
JANE M. ..ot e e e as 88

Total RNA (lane 1-4) extracted from muskmelon young leaves
electrophoresed in a 1% (w/v) formaldehyde denaturing gels in 1 x
MOPS buffer with 6% (v/v) formaldehyde. The total RNA is considered
intact as the 28S more intense thanthe 18S.............ccccooviiriiiiiieneee, 90

The RT-PCR products of partial MYB cDNA separated on 1.0% (w/v)
agarose gel. Lane 1: 100 bp DNA ladder; lanes 1-6: RT-PCR products
showing fragment size of approximately 280 and lanes 7-12 RT-PCR
Products 0f 550DP......ccooeviiiiiiiee 01

Gel showing the primary screening of the cDNA library using MYB
specific primers at 60 °C. Positive control (lane X) indicates the PCR of
the partial MYB gene isolated from RT-PCR; negative control (lane Y)
is the reaction mix without any template and the pBluescript SK+ vector
(F= 1 T= 74 S SRUPRTRNE 92

17



12

13

14

15

16

17

18

19

20

The 279 bp partial muskmelon MYB probe was digested with EcoRI
electrophoresed on 1.2% agarose gel before the excision of the

fragment, purification and the labeling process. ........ccccccvvveeeeeeieeeccceneenn.

X-ray film showing the uniformity of the plaque lift screening using two
different stringency washes. A =0.5x SSC, 0.1% SDS, B = 0.1x SSC,

0.1% SDS. Extra strong signal was hardly detected. ..............cccceeuueneen..

Nucleotide sequence and deduced amino acid sequence of clone

CMMYBO001 at the third frame translation. ..........c.oeeeeeeeeeeieieereeeeeeee e

Nucleotide @ sequence  alignment of the partial MYB
sequence,CMMYB001 and the cloning vector, pBluescript SK+.
Alignment result showed that there is 41.8% (117/280) of identity

between both the sequences in the region showed above........................

Comparison of MYB domain amino acid sequences of the MYB
domain. Each block represents one MYB repeat as indicated by the
position of the sequences. Arabidopsis thaliana ( AF189212 and
189784), P.patens (AF189785 and AF189786), Antirrthinum raddianum
(AF190303 and AF190304), A. thaliana GL1(M79448), Hordeum
vulgare (AF189787), D. discoideum (P34127), Gallus gallus (P01103),
Mus musculus (X02774) and the partially isolated muskmelon MYB

geNE CMMYBOOD. ...t ee e eerre e e ere e e e e e e e e sae e ae s s sananeeeenes

RNA gel stained with ethidium bromide prior to blotting. Total RNA of
A: Young leaves, B: stem, C: root, D: non-embryogenic callus, E: non-

induced seedlings, F: stress induced seedlings total RNA. .......................

A total of 20 pg of muskmelon DNA digested with different restriction
enzymes, namely with Alul, BamHI, EcoRl, Hindlll and Hinfi. Digested

DNA was electrophosed in 1% (w/v) agarose gel..........cccccceevevrierrceeenennn.

A sample of the gel used to check the insert size of the EST clones by
using the T3 and T7 primer in PCR amplification. Only the insert that

were more than 500 bp was chosen for sequencing. ...........cccceevieveeenennnes

Pie chart showing the classification of the expressed sequence tags of
stress induced muskmelon cDNA library based on their putative

FUNI G IONS. e e et et et eeteeeeeeaneseennssennessasnsssensssnnsssnnsssnnsssnnssensssnnnssnnns

... 94

... 96

... 98

.. 100

.. 101

.. 104

. 110

18



CHAPTERI|

INTRODUCTION

Today, about 20% of the worlds-cultivated land and nearly half of all
irrigated lands are affected by abictic stresses e.g. high salinity (Rhoades and
Lovedays, 1990). Environmental factors that impose water-deficit stresses,
such as drought, high salinity and extreme temperature, place major limits on
plant productivity. Numerous diseases caused by various sources of pathogen
have been reported in various crops. Some of the infections may occur
sporadically but may cause economic losses, especially in new regions where
precautions are neglected (Turner, 1989). Two maijor strategies for controlling
diseases currently employed are the use of chemical protection and breeding
for resistant crops (Ou, 1972) leading to an increased usage of chemicals for
pest management at an unprecedented rate (Mew, 1988) in crops plants e.g.

muskmelon.

The discovery of novel genes has traditionally been a laborious task.
Furthermore, the conventional breeding techniques to produce disease
resistant and stress tolerant lines are limited, time consuming and laborious.
Consequently, the development of disease resistant rice cultivars has
received greater attention in the international food research programs since
1962 (Ou, 1972). The discovery of novel genes and gene expression
patterns, and improved understanding of their roles in stress adaptation in

response to abiotic stress has provided the basis for effective engineering
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strategies, leading to enhanced stress tolerance. However, only a few new
plants with improved stress resistance have been introduced for trial. No
studies have been reported on defense or stress responsive gene expression

in muskmelon.

Genomic approaches have revolutionized our understanding of plant
tolerance to drought, diseases, high salinity and low temperature in recent
years (Zhu, 2001). Progress is now anticipated through comparative
genomics studies of an evolutionarily diverse set of model organisms, and
through the use of techniques such as high-throughput analysis of expressed
sequence tags, large-scale parallel analysis of gene expression, targeted or

random mutagenesis and gain-of-function or mutant complementation.

Muskmelon (Cucumis melo L.) is an important vegetable crop in the
temperate zone (Jelaska, 1986) but also grows very well especially in country
like Malaysia. For the year 1986, the estimated cultivation area was 160 ha
and the demand for this crop has increased over the past few years to serve
the dessert and canned food industries (Norlia, 1986). Cucumber Mosaic
Virus (CMV), Watermelon Mosaic Virus (WMV), Fusarium oxysporum and
Mycospherella melonis are the pathogens that evoke tremendous crop losses
in term of yield and quality (Whitaker and Davis, 1962). Thus, the isolation
and characterization of disease resistance or stress responsive genes through
genetic engineering are the initial steps in the commencement of a molecular
biology study of muskmelon towards the understanding of defense and stress

response mechanisms.
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Therefore, it is important that effective techniques and strategies are
developed in order to have a better control over diseases and to overcome
any potential environmental stresses on the plants. A more suitable strategy
of controlling plant diseases and environmental stresses is the use of resistant
cultivars. Large-scale single-pass sequencing of randomly selected cDNA
clones, gives rise to a large number of expressed sequence tags and provides
a cost-effective and rapid alternative route towards the isolation of high
salinity tolerance and disease resistant related genes (Ohlrogge and Benning,

2000).

The objectives of this study are to isolate and characterise disease
resistant and stress related genes from stress-induced cDNA library of
muskmelon using the strategy of expressed sequence tags. Northern blot
analyses were carried out to study the gene expression of the isolated genes
in response to stresses. Southern blot were also carried out to determine the
copy number of the isolated genes in the muskmelon genome. The sequence
and clones resulting from this study may provide useful information for
researchers to further study the molecular mechanisms of plant salinity

tolerance and disease resistance.
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CHAPTERIII

LITERATURE REVIEW

The Botany of Muskmelon (Cucumis melo L.)

The muskmelon (Cucumis melo L.) belongs to the Cucurbitaceae
family which encompasses more than 130 genera and over 900 species
(Jeffrey, 1980). The muskmelon originated from the tropics and subtropics of
Africa (Leppik, 1966) and was first introduced to Malaysia in the late 70’s or
early 80’s (Norlia, 1986). The cultivated varieties are tendril-climbling or

prostrate annual (Purseglove, 1968).

Muskmelon has a diploid chromosome number of 2n=24 (Whitaker,
1930; Whitaker and Bohn, 1954; Ramachandran and Seshadri, 1986) and
most of them are andromonoecious producing both male flower and perfect

flowers (hermaphrodite) (Munger, 1942).

The shape of the fruits varies among the varieties, they are found in
spherical, oval and elongated shape. Jade Dew, Emerald Sweet, Hami
Melon, Sun Lady and Milky Way are the most popular varieties in Malaysia
(Norlia, 1986; Syed Mohd, 1992). These varieties are F1 hybrids that are
imported from Japan and Taiwan. The other cucurbits include cucumber
(Cucumis sativus), watermelon (Citrullus vulgaris), pumpkin (Cucurbita

maxima) and gourds (Cucurbita pepo).

22



Economical Value of Muskmelon

Muskmelon is cultivated in Malacca, Pahang and Johore (Norlia, 1986)
and the cultivated area was estimated to be 160ha in year 1990 (Radziah
and Ahmad, 1990). The muskmelon fruits with sweet flesh and nice aroma
are economically important and are high in demand in comparison to cereals
or vegetable crops and are fast becoming an export commodity (Alang et al.,
1990) for South East Asia, Central China and East Africa (Norlia, 1986;
Jelaska, 1986; Dong et al., 1990). The market demand for this crop increased
tremendously over the last few years due to its higher yield, short maturity and
superior fruit quality. It is exported to Singapore, Hong Kong, Brunei and a

few other countries (FAMA, 1992).

Figure 1 : Birdie melon, one of the most popular variety of cultivated
muskmelon in Malaysia.
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Diseases in Muskmelon

The diseases that normally attack cucurbits are numerous and
widespread causing tremendous crop losses in terms of yield and quality
(Known-you, 1992). Commonly known diseases are Cucumber Mosaic Virus
(CMV), Watermelon Mosaic Virus (WMV), fusaricm wilt (Fusarium
oxysporum), downy mildew (Pseudopernospora cubensis) and stem rot
(Mycospherella melonis). The infections are extremely difficult to handle
though control measures have been properly sought (Whitaker and Davis,
1962). In addition to the pathogens mentioned above, crops losses have also
been compounded by the mono-culture of muskmelon as well as the
excessive application of agricultural pesticides and improper cultivation

practices.

Transcription Factors

Gene regulation in eukaryotes occurs at different levels and has been
intensively studied in the area of transcription. Essential proteins involved in
this process are transcription activators which influence and regulate the
expression of specific target genes (Katagiri and Chua, 1992). Different plants
species can vary in their responses to environmental changes, depending on
the habitat in which they have evolved. The elucidation of the mechanisms
through which various stresses can be managed by different plant species is
very valuable. Among the different mechanisms that can affect gene

expression, transcriptional regulation is presently the best characterised in
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