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ABSTRACT 

Carica papaya is a polygamous plant species with male, female and hermaphrodite sexes. 
Genetic studies have shown that sex in papaya is controlled by a major gene SexI with three 
alleles. However, the sex of the plant can not be identified through morphological 
characteristics. Since only the fruits from hermaphrodite plants are in greater demand and the 
female plants can only be rouged out after reaching the flowering stage, development of a 
molecular marker would be usefu'l to papaya growers. The objective of this project is to 
identify any diagnostic bands that are linked to papaya sex determination gene. In this study, 
both female and hermaphrodite leaf samples of Sekaki cultivar were collected for analysis. 
The genomic DNA was successfully isolated from papaya leaves using the modified CT AB 
method. DAMD-PCR technique was used to detect any sex-specific patterns. Limited 
polymorphic banding profiles for female and hermaphrodite samples were generated using 
MI3 universal primer in this study. However, no diagnostic band was detected. 

Keywords: 	 Carica papaya, 'Sekaki' papaya, CTAB extraction method, DAMD-PCR 
technique, sex typing 

ABSTRAK 

Carica papaya merupakan spesis tumbuhan poligamet yang mempunyai jantina jantan, 
betina dan hermafrodit. Penyelidikan dalam bidang genetik telah menurljukkan bahawa 
jantina yang dituruni pada betik dikawal oleh gen SexI yang mempunyai tiga aiel. Walau 
bagaimanapun, jantina bagi suatu pokok betik tidak dapat ditentukan melalui sifat 
moifologinya. Oleh kerana buah betik daripada pokok hermafrodit sahaja yang mempunyai 
permintaan tinggi dan pokok betina hanya dapat dikeluarkan apabila tibanya musim 
berbunga, penghasilan penanda molekular akan menguntungkan para peke bun betik. 
Objektij bagi projek ini adalah untuk menentukan jalur diagnostik yang berhubungkait 
dengan gen penentu jantina. Dalam projek ini, sampel daun daripada pokok betina dan 
hermafrodit variasi Sekaki dikumpul untuk dianalisis. Genomik DNA telah berjaya diekstrak 
daripada daun betik dengan menggunakan kaedah pengekstrakan CTAB yang telah 
diubahsuaikan. Teknik DAMD-PCR telah digunakan untuk mengecam corak tertentu bagi 
sesuatu jantina. Profil corak perljaluran yang terhad di antara sampel betina dan 
hermafrodit telah dijanakan dengan menggunakan pencetus MI3. Walau bagaimanapun, 
tiada ja/ur diagnostik yang dapat dijumpai. 

Kata kunci: Carica papaya, betik 'Sekaki', kaedah pengekstrakan CTAB, teknik DAMD-PCR, 
pencorakan jantina 

vi 
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CHAPTER I 

INTRODUCTION 

Papaya (Carica papaya Linn), also known as pawpaw, is a member of the family Caricaceae. 

It is originated in Central America and is widely grown in tropical and wanner subtropical 

areas worldwide (Anon, 2004; Paranis et al., 1999). Specifically, limiting to the region 

between 32° north and 32° south of the Equator, with a temperature range of 21°C - 33°C 

(Anon 2004). This tropical fruit is commonly found planted as backyard trees but 

increasingly important as a commercial fruit (Urasaki et al., 2002; Paranis et al., 1999; 

Somsri et al., 1997). 

Papaya is a quick-growing plant which usually propagated through seeds (Paranis et 

al., 1999). Under wann and humid conditions, papayas can flower within 6 months of sowing 

and capable of producing fruits 4 - 5 months after flowering (Anon, 2004). It is an evergreen 

plant which bears flowers and fruits for most of the year (Yon, 1994). Ripe papaya has sweet 

and succulent flesh with an aromatic flavor. It contains high Vitamins A and C. 

Drew (2003) has suggested a few reasons for papaya being a major fruit crops in most 

of the tropical countries: (1) It is propagated by seed and easy to grow; (2) The fruits can be 

produced all year round; (3) It is fast growing and bearing high fruit yields and of good 

quality, and (4) The tree is adaptable to a wide range of climates. Besides being eaten fresh, 

papaya can also be used to produce jams, preserves and canned in fruit cocktails, processed 

into papaya puree, papaya nectar and dried papaya (Anon, 2004). Other than that, papaya's 



milky latex which contains proteolytic enzyme, papain, is of great commercial importance 

(Paranis el al., 1999; Urasaki et al., 2002). 

In Malaysia, papaya is mainly grown for fresh consumption. As reported by Anon. 

(2004), Malaysia ranked second as the most important papaya exporter after Mexico in year 

2002 which accounted for 28.5% of the total world exports. Exports were valued at RM 69 

million for that particular year. Papaya is grown commercially in some of the states in 

Malaysia including Sarawak. The popular papaya cultivars planted for exportation are 

Eksotika II and Sekaki. They are both gynodioecious varieties where hennaphrodite and 

female trees are grown. Eksotika II is usually self-pollinated whereas Sekaki trees are cross

pollinated. Besides that, the flesh of both varieties is in red colour (Anon, 2004). 

Carica papaya is a polygamous diploid (2n=18) plant species with three sex types 

namely male, female and hennaphrodite (Urasaki et al. , 2002; Paranis et aI., 1999). However, 

they cannot be distinguished at the seedling and vegetative stages of growth due to their 

identical appearance (Yon, 1994). Given that only the female and hennaphrodite plants are 

grown for fruit, selection of the appropriate sex type of the progeny for commercial planting 

would be beneficial (Magdalita & Mercado, 2003). Since sex detennination prior to 

flowering is virtually impossible, double- or triple-point planting system is usually being 

carried out to assure getting of hennaphrodite trees (Anon, 2004). Basically, the system 

involves in growing of two or three seedlings to a point until flowering to distinguish the sex 

type. This process which usually takes 6 - 12 months shall leads to wastage of resources such 

as space, ferti lizer and is labour intensive. (Paranis et aI., 1999; Urasaki et aI., 2002; Holmes, 

2004). 
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According to Somsri et al. (1997), the sex of papaya plants has important agronomic 

implications, influencing both fruit yield and quality. Generally, hermaphrodite fruits which 

are pyriform in shape are preferred on the market as compared to the spherical fruits from 

female trees (Urasaki et aI., 2002). As explained by Holmes (2004), hermaphrodite trees are 

mostly cultivated by farmers because of their high yield potential and the fruits are sweeter. 

Apart from that, hermaphrodites can be inbred to develop true-to-type varieties (Drew, 2003). 

Moreover, hermaphrodite lines are preferred for commercial production because of their crop 

uniformity over several generations (Magdalita & Mercado, 2003). As reported by Khan et al. 

(2002), the ratio of self pollination of hermaphrodite was 2.34 hermaphrodite plants to 1 

pistillate (female) plant. Compared to the genetic analysis carried out by Storey (1941), 

crossing of female and male plants which resulted in ratio 1: 1 and crossing between female 

and hermaphrodite plants which gave the result of 1: 1, selfing of hermaphrodite gave more 

hermaphrodite offspring. 

As papaya fruit is in high demand in both the global and local market, there is a need 

to develop a rapid and precise technique for papaya sex determination (Urasaki et aI., 2002). 

The development and advances in PCR have generated many ways to develop sex-specific 

markers to determine the papaya sex type. Many DNA markers for specific papaya sex type 

have been established for screening of papaya sex type at seedling stage (Somsri, 1997; 

Paranis et aI., 2000; Urasaki et aI., 2002). As reported by Paranis et af. (1999), DNA 

fragments tightly linked to sex differentiation in papaya have been identified using the 

microsatellite (GAT A)4 as a probe in Southern hybridization study. Besides that, sex-specific 

RAPD markers which were cloned into SCAR markers to allow rapid sex determination in 

papaya also reported by Paranis et af. (2000) and Urasaki et af. (2002). 
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Molecular markers which tightly linked to Sex] gene locus, the gene that determines 

the sex-type of papaya have been developed by Deputy et al. (2002). In their research, three 

RAPD products have been cloned into SCAR markers namely SCAR T12, SCAR W 11 and 

SCAR n. Thus much of their works were referred in attempts to identify molecular markers 

tightly linked to Sex] gene in our local cultivars. 

This project was conducted using the Directed Amplification of Minisatellite DNA 

(DAMD) peR technique to identify the diagnostic bands tightly linked to sex gene locus, 

Sex] in Carica papaya cultivar Sekaki. Attempts were made to detect the differences between 

female and hermaphrodite plants at the molecular level based on the DNA profiles generated 

by using M13 which is a universal primer with the sequence of 5'

TTATGAAACGACGGCCAGT -3'. 

4 
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CHAPTERll 

LITERATURE REVIEW 

2.1 Papaya Plant 

Papaya (Carica papaya L.) is a quick-growing herbaceous tree with single, straight trunk 

which can reach to 8 m high. The leaves are large and deeply lobed. Their long horizontal 

stalks which grow from the top part of the stem are spirally arranged giving the tree a palm

like appearance. If any part of the tree is cut or injured, milky latex which contains the 

proteolytic enzyme, papain will flow out. (Yon, 1994; Drew, 2003; Paranis et ai., 1999) 

The flowers are produced in the axils of the leaves and are cream to yellow in colour. 

The plant may produce male, female and hermaphrodite flowers (Drew, 2003; Anon, 2004). 

The papaya fruits grow attached to the stem and come in various shapes ranging from oval to 

round (Anon, 2004). Its thick, succulent flesh varies in colour from yellow to orange to red 

and measuring from few hundreds gram to 9 kg (Purseglove, 1968). The flesh is sweet and 

juicy with an aromatic flavour. Within the fruit, there are hundreds of black, wrinkled seeds 

which enclosed in gelatinous coating (Anon, 2004). 

Papaya tree grows well in the tropical areas. It thrives best under warm and humid 

conditions. However, the tree is intolerant of strong winds, flooding or water-logging (Anon, 

2004). The plant is generalIy grown from seed and the gelatinous substance is being washed 

away prior to sowing. Germination is accomplished within 2 to 3 weeks. Papaya seedlings 
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can flower within 6 months of sowing and capable of producing fruits 4 - 5 months after 

flowering (Anon, 2004). According to Yon (1994), it is an evergreen plant which bears 

flowers and fruits for most of the year. 

2.2 Cultivated Varieties of papaya 

Papayas are grown commercially in Malaysia for exports and local markets. 'Sekaki' and 

'Eksotika 11' are two popular papaya varieties which grown extensively. Both hermaphrodite 

and female trees are grown. The trees are usually self-pollinated (for 'Eksotika II') or cross

pollinated (as in 'Sekaki'). Besides that, the flesh of both varieties is in red colour. (Anon, 

2004) 

'Eksotika II' which has been released in 1991, is an improved F1 hybrid developed 

from hybridization of Line 19 and 'Eksotika' (Line 20). Compared to 'Eksotika', the hybrid 

possesses more attractive appearance with smoother skin and less freckles. Besides that, it 

produces larger fruit weighing between 600 - 800 g, and therefore improves the yields by 14 

- 33%. Moreover, the flesh is firmer and can be stored about 3 days longer than 'Eksotika'. 

Thus, 'Eksotika II ' is more preferred for export than 'Eksotika' (Anon, 2004). Pictures of the 

'Eksotika II' tree and its fruits are shown in Figure 2.1. 
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(a) (b) 

1.1: (a) Tree of'Eksotika II' with fruits on. (b)' Eksotika II' fruits. (Source: MARDI) 

'Sekaki' which is also known as 'Hong Kong' or 'One foot' is a popular large fruited 

variety cultivated in Malaysia. Although the tree is not tall and the fruits grow low to the 

Jp:'Ound, 'Sekaki' is a productive bearer. Its fruits are of medium sized, about 1.5 - 2 kg. With 

• high tolerance to malformed top disease, this variety is easier to handle in the field . The 

appearance of the fruit is attractive with smooth, even-coloured and freckle-free skin (Anon, 

20(4), Pictures ofthe 'Sekaki' tree and its fruits are shown in Figure 2.2. 

(a) (b) 

.2: (a) Trees of 'Sekaki' with fruits on. (b) 'Sekaki' fruits . (Source: MARDI) 
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1.3 Papaya Sex Inheritance Studies 

Carica papaya L. is a polygamous plant species which comes in three sexes: male, female 

and hermaphrodite (Liu et aJ., 2003; Anon, 2004). Hermaphrodite plant has a flower with 

both stamen and stigma. It is usually self-pollinated in order to maintain the purity of papaya 

cultivars. Female plant can produce fruits after pollinated by pollen from male or 

hermaphrodite flower. In contrast, male papaya tree will produce only staminate flowers but 

no fruits (Yon, 1994). There is no way to determine the sex of a papaya plant from 

morphological characteristics ofthe plant before it reaches sexual maturity and flowers. 

According to Samson (1980), the sex of papaya is determined by a single gene locus, 

Sexl. The Sexl gene has 3 alleles namely M, MH and m in which M is dominant for maleness; 

MH for hermaphroditism and m is recessive for femaleness. Progeny of all the 3 combinations 

of dominant alleles (MM, MHMH and MMH) do not survive while two heterozygous 

combinations of the different dominant alleles shall produce male plants (Mm) and 

hermaphrodite plants (MHm). Female plants are homozygous recessive (mm) at the sex 

determination locus. (Ma et aJ., 2003; Samson, 1980). As a result, when hermaphrodites are 

selfed, plant sex segregates with a 2: 1 ratio instead of 3: 1 ratio usually expected for a 

dominant/recessive gene system (Deputy et aJ., 2002). A table of cross combinations 

involving the three sex genotypes of papaya and the resulting sex segregation ratios of the 

progenies is shown in Table 2.1. 
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Table 2.1: Cross combination involving the three sex genotypes of papaya and the resulting 

sex segregation ratios. 

Cross Genotype Segregation ratio 

combination 

Male Female Hermaphrodite Non-viable 

(Mm) (mm) (MHm) zygotes 

(MM,MHM, 

MHMH) 

1. F x M mmxMm 

2. F x H mmxMHm 

3. M (selfed) 2 

4. MxM MmxMm 2 

5. H (selfed) 2 

6. HxH MHmxMHm 2 

7. HxM MHm x Mm 

Source: Adapted from Storey {l953) 

The unusual segregation ratio and lack of homozygous plants carrying either of the 

dominant alleles led Storey (1953) to hypothesize that a recessive lethality factor is linked to 

the male and hermaphrodite alleles, which in the homozygous state causes seeds to be 

unviable. Besides that, he also hypothesize that sex in papaya is controlled by multiple linked 

genes which regulating the development of stamen and carpel. Also included in his 

hypothesis is a recombination-suppressing factor. 
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According to theories for evolution, sex chromosomes were predicted to have evolved 

from a homologous pair of autosomes in which during this process, one of the homologues 

lost most of its functional genes except for those which are crucial for sex determination 

(Charlesworth, 1991). The process may involve the restriction of recombination between 

genes controlling male and female sex function. As a result, mutational changes in Y

chromosomal genes cannot be corrected by recombination with sequence from the X

chromosome and therefore resulted in a continuation of differentiation of the Y -chromosome 

which cannot be reversed (Muller, 1964; Charlesworth, 1991). Over time, these processes 

may cause the V-chromosome to degenerate and to diverge from the X-chromosome over 

much of its length (Liu et al., 2004). 

Advanced sex chromosomes are morphologically differentiated and their evolution is 

often associated with the accumulation of repetitive DNA sequences (Paranis et al., 1999). 

Guttman and Charlesworth (1998) have reported an X-linked gene with a degenerate Y

linked homologue in Melandrium album. The Y-Hnked homologue has degenerated due to 

nucleotide deletion and the accumulation of repetitive sequences. According to Paranis et af. 

(1999), although the mode of accumulation of repetitive sequences on sex chromosomes is 

rather unclear, it is likely that this is a result of crossover suppression. Plant sex 

chromosomes have evolved more recently and are less distinct than those of animals (Liu et 

al., 2004). Unlike plants, the Y chromosomes of mammals are even more divergent from 

their own X-chromosome and autosomes because they are heteromorphic in nature and also 

carry sex-specific repeated satellite DNA sequences (Eicher et al., 1989; Parker, 1990). 
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Sex chromosomes of papaya are primitive and in their early stages of differentiation 

(Liu et aI., 2004). Recently, the papaya sex locus has been genetically mapped to linkage 

group 1 (LG 1) of the papaya chromosome by Liu et al. (2004). From the findings, LG 1 

contains many markers that co-segregate perfectly with sex locus. This indicates that there is 

an extremely high level of DNA polymorphism in the genomic region immediately 

surrounding the sex locus. By physically mapping the non-recombining region (male

specific), Liu et al. (2004) concluded that the region involved in sex determination in papaya 

was only about 10% of the chromosome with approximately 4.4 Mb. This finding had also 

proved that the sex chromosomes were originated from autosomes. 

In addition, as reported by Paranis et al. (1999), the Y chromosome of papaya is 

morphologically homologous to the X chromosome and autosomes, and therefore belongs to 

the class where sex chromosomes are primitive and in their initial stages of differentiation. 

However, by observing the molecular differences in the male and female papaya plants by 

using multilocus repeat probes, (GA T A )4, they suggested that the genetic material of X and Y 

chromosomes of papaya is diverging in a sex-specific manner. 

1.4 Sex Typing using Molecular Marker 

Molecular markers have now become an important tool in plant genome analysis. Molecular 

markers include biochemical markers which reveal polymorph isms at the protein level and 

DNA markers which reveal polymorph isms at the DNA level (Joshi et aI., 1999; Kumar, 

2000). Compared to biochemical marker which is restricted to certain plants, DNA markers 
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offer more advantages by providing DNA genotypes data that can be analyzed objectively 

(Joshi el al., 1999). DNA marker technology has now been consistently applied in genetic 

analysis such as taxonomy, phylogenetics and diagnostics and improvement of plant (Joshi et 

al. 1999; Kumar, 2000). 

Many attempts have been made so far to determine the sex type of papaya at the 

seedling stage by the construction of morphological tags, cytological evidences and isozyme 

markers but with no desirable results except through analysis of the DNA (Magdalita & 

Mercado, 2003). Somsri (1999) studied 3 different approaches, namely morphological 

characters, isozymes technique and molecular markers in their ability to predict the sex-type 

of papaya He found tbat stem colour, stem pigmentation and petiole colour in the cultivar 

Khaeg Dum (Thailand), were useful in identifying female and hermaphrodite seedlings. 

As for the isozyme studies, five from fifteen isozyme systems studied gave variation 

in banding patterns among ten cultivars of papaya. However, none of the 21 isozyme systems 

studied can be used to distinguish between sex-type amongst FI hybrid plants. Two 

techniques, RAPD and OAF were used for development of molecular markers. OAF 

reactions had been shown to permit more efficient screening by producing at least five times 

more bands than equivalent RAPD reactions. He concluded that molecular markers have been 

proved to show more promise than morphological characters or isozyme systems for the 

prediction ofsex type in papaya seedlings. 

There are basically two categories of molecular markers depending upon how the 

D A polymorphism is revealed, that is hybridization-based marker and PeR-based marker. 

12 




Polymerase Chain Reaction (PCR) is a versatile technique invented by Kary B. Mullis in 

1985 (Magdalita & Mercado, 2003). It is an extremely sensitive and highly specific technique 

used to amplify particular sequences. By using a thermostable DNA polymerase enzyme and 

specifically or arbitrarily chosen primers, PCR-based markers can be developed through in 

vitro amplification of particular DNA sequences. The amplified fragments can then be 

separated electrophorelically and banding patterns can be detected by either staining or 

autoradiography. (Joshi, et al., 1999) 

According to Paranis et al. (2000), sex-specific molecular markers have been 

identified in a few dioecious species such as kiwi fruits, pistachio and papaya. Sex typing of 

papaya plant at the seedling stage using molecular markers has been reported by many 

researchers recently. A male-specific RAPD fragment was successfully cloned to develop a 

maJe-specific SCAR marker by Paranis and co-workers (2000). By using the SCAR marker, a 

simplified and highly accurate sex diagnostic assay termed Seedling Sex Diagnostic Assay 

( SOA) was designed. This PCR-based diagnostic approach requires only single step DNA 

~tion procedures and with its optimized PCR conditions, the SSDA protocol facilitates 

mass screening of seedlings papaya plants. 

Urasaki et al. (2002) had also reported a 450 bp marker fragment, named as Papaya 

Detennination Marker (PSDM) by using RAPD technique. A SCAR marker was 

developed from the PSDM which had been shown to be specific for male and hermaphrodite 

in papaya seedlings. By using the PSDM as a probe in a Southern hybridization analysis, 

Urasaki and his colleagues suggested that the marker may be located in the chromosome 

region that is specific to the male and hermaphrodite. In a Southern hybridization study, 
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Paranis et al. (1999) had also identified sex-specific DNA fragment using highly infonnative 

microsatellite (GATA)4 as a probe. 

Three RAPD products have been cloned into SCAR markers by Deputy and his co

workers (2002), namely SCAR T 12, SCAR W II and SCAR T I. Two of these, T I and T 12 

were previously mapped near the Sex} locus (Sondur et aI., 1996). Based on their statement, 

I I was a new RAPD product and it has been shown to be closer to Sex} than either T 12 or 

T1. However, SCAR TI has been shown to amplify DNA from both hennaphrodites and 

fanales. Thus, it was used as a positive control. Both SCAR TI2 and SCAR WII produced 

products almost exclusively in male and hennaphrodite plants. They revealed that by using 

CAR Tl2 as the sexing primers in PCR reaction and Tl as a positive control, they have 

correctly predict hennaphrodite plants in a population of papaya seedlings with overall 

accuracy of99.2%. 

2.5 DNA Fingerprinting by DAMD 

Dirc:cted Amplification of minisatellite-region DNA (DAMD) was introduced by Heath et af. 

in 1993. It directs the amplification of regions rich in minisatellite repeats by using 

minisatellite core or VNTR (variable number of tandem repeats) sequences which occur in 

many diverse species of plants and animals as effective PCR primers (Heath et af. 1993). 

inee the minisatellite core sequences are conserved across species and are larger than RAPD 

primers, DAMD-PCR can be carried out at relatively high stringencies. (Heath et al., 1993; 

Ranade & Farooqui 2002). M13 sequence which derived from protein gene 111 of M13 
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bacteriophage have frequently been employed to reveal fingerprint profiles in human and 

animal species (Vassart el al., 1987; Ranade & Farooqui, 2002). Later the M13 universal 

primer has been constantly used in generating individual-specific banding pattern in plant 

species. 

As reported by Zhou et al. (1997), who work on rice, DAMD-PCR is potentially 

useful for species differentiation and cultivar identification. According to them, by using the 

core sequence of minisatellites as primer, the DAMD-PCR is capable of producing RAPD-

like results for the identification of species. In their research, DAMD-PCR yielded highly 

reproducible results and also capable of detecting multiple DNA fragments thus yielding 

individual-specific banding patterns. 

A research analyzing the genetic diversity of mulberries using RAPD and DAMD has 

been reported by Bhattacharya and Ranade (2001). Through the use of 23 arbitrary sequence 

dec:amer primers for RAPD and 3 minisatellite core sequence primers for DAMD, they 

revealed that 85% of the RAPD bands and 91 % of the DAMD bands were polymorphic. 
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CHAPTER III 

MATERIALS AND METHODS 

Plant Materials 

samples of the papaya cultivar, 'Sekaki' (One foot) was obtained from Agricultural 

Centre, Semongok, Kuching. Five samples each of the youngest leaves were 

from the female and hermaphrodite trees respectively. The leaf samples were 

Dle8nea by first dipping in 75% ethanol for 30 seconds and then washed with distilled water. 

clean samples were then packed in separate plastic bags. They were labelled and stored 

-20°C in order to preserve the quality of the DNA. 

3.1: Trees of'Sekaki' with fruits on. (Source: MARDI) 
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