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Carica papaya L. (2n = 18), a native of the tropicadl Americas, beongs to the
gmdl dicotyledonous family Caricaceae. It is an important fruit crop grown in tropica
and subtropica countries of the world. This fruit crop is of mgor economic importance to
India, which is one of the leading papaya producing countries of the world. Peapaya is
susceptible to a number of diseases. Among these, the gphid transmitted, Papaya Ring
goot Virus (PRSV) is the most devadating. This disease severdy dffects papaya
productivity. Recently, mgor efforts have been directed towards the introduction of new
agricultural  traits into papaya through genetic enginering to solve this problem.
However, mgority of the published reports on papaya pertains to exotic cultivars, which
are not grown in India Since, India is one of the mgor papaya producers, concerted
efforts are being made to develop transgenic papaya varieties of locd Indian cultivars. A
high frequency, efficient plant regeneration syssem isamgor prerequisitein this regard.

The present work entitled “Tissue culture and transformation studies in
Indian cultivars of papaya (Carica papaya L.)” was undertaken with an objective to
develop an efficient and reproducible in vitro plant regeneration protocol for papaya to
fulfill the prerequiste of gendic trandformaion for the commonly grown Indian
cultivars.  Another objective of the work was to geneticaly transform papaya usng
Agrobacterium tumefaciens.

The present research endeavor has been divided into six chapters, followed by a
summary, and alist of references and author’ s publications.

CHAPTER 1. GENERAL INTRODUCTION

This chapter covers the introduction of the genus papaya (Carica papaya L) and a
thorough literature survey on in vitro regeneration and genetic trandformation studies in
papaya. In addition, papaya production in different states in India, area under cultivaion
has dso been mentioned in this chapter. Objectives and aims of the present work are dso
outlined in this chapter.

CHAPTER 2. MATERIALSAND METHODS

Different methodologies employed in entire tissue culture work, histology and

Agrobacterium tumefaciens mediated genetic transformation are described in this chapter.



Experiments towards isolation and cloning of the coat protein (Cp) gene during the study
have a so been partly described in this chapter.
CHAPTER 3: COMPARATIVE STUDIESON IN VITRO AND IN VIVO

SEED GERMINATION OF PAPAYA

A Comparative anadyss between in vitro and in vivo seed germination has been
described in this chapter. This chapter aso describes the influence of various pre-sowing
treatments, growth regulators, temperature and antibiotics on high frequency papaya seed
germination.

CHAPTER 4. INDUCTION OF SOMATIC EMBRYOGENESIS AND PLANT
REGENERATION IN PAPAYA.

The effect of different phytohormones ether done or in combination on induction
of somatic embryos from immature and mature embryo axis explants of three different
cultivars has been described in this chapter. A protocol of plant regeneration via somatic
embryogenesis has been described here. Maturation, germination and acclimatization of
the plants in soil have dso been discussed. Studies on histology and SEM (Scanning
Electron Microscopy) of somatic embryos are aso described in this chapter.

CHAPTER 5. IN VITRO INDUCTION OF MULTIPLE SHOOTS AND PLANT
REGENERATION FROM EMBRYO AXIS AND SHOOT TIP
EXPLANT OF PAPAYA

Egtablishment of a plat regeneration protocol via multiple shoot induction from
immature zygotic embryo and shoot tip explant of papaya has been described in this
chepter. The influence of phytohormones and other culture conditions in induction and
proliferation of multiple shoots from immature zygotic embryo and shoot tip explants are
aso described. In addition, the conditions for €ongeation, in vitro rooting and hardening
of plantlets are dso mentioned in this chapter.

CHAPTER 6: TRANSFORMATION STUDIESIN PAPAYA:
A: Agrobacterium tumefaciens mediated transformation in embryo axis explants

Conditions of Agrobacterium tumefaciens experiment affecting GUS gene
expresson have been described in this chapter. The integration of GUS (-glucuronidase)
genein calustissue has been confirmed by histochemica assay and histologica study.



B: Isolation and cloning of the papaya ring spot virus coat protein gene:

Isolation of the papaya ring spot virus lesons from the fruit rind and its
enrichment by infection of Cucurbita as the secondary host is described. Further isolation
and purification of total and poly (A) rich RNA from the infected leaves of the Cucurbita
plant is described. RT-PCR performed with the template RNA for the amplification of the
PRSV coat protein gene and its cloning are described.

SUMMARY:
This pat of the thess summarizes the man findings of the entire work and its

future gpplications.
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GENERAL INTRODUCTION
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1.Crop

Papaya Carica papaya L.) is an important and a very popular fruit crop of the
tropicd and subtropica countries of the world. The crop has a high food vdue and is
sought by dl classes of people for its medicind properties. Demand of the crop among
consumers is high because of its early bearing habit and as it produces fruit throughout
the year. It is a member of smdl dicotyledonous family Caricaceae. The Caricaceae
condsts of four genera Carica, Cylicomorpha, Jacaratia and Jarilla, dl of which are
native of tropicd America except for the Cylicomorpha, which is indigenous to Africa
(Badillo 1967, 1971). The genus Carica contains about 21 species of which C. papaya
(2n=18) has got the mgor economic importance (Litz 19864) followed by C. monoica, C.
cauliflora, C. stipulata, C. pubescence etc. However, C. candamarcencis Hook.f. C.
monoica Dedf., C. erythrocarpa Heilborn., babaco, pentagona Helborn, C. quercifolia
Benth and Hook and C. goudotiana Solms-Lauback are aso edible but are mainly used as
preserves (Purseglove 1968; Jordan et al.1982; Litz 1984). Papaya is grown al over
tropics and subtropics regions. However, mgor papaya producing countries are Brazl,
Nigeria, Congo, Indonesia, Maaysia and India. The totd area under papaya cultivation in
Indiais 57,000 Ha (FAO 2000).
1.1 Origin and Distribution

Though the exact area of origin is unknown, the papaya is believed to be
originated from tropicd America, perhaps in southern Mexico and Coda Rica
(Purseglove 1968). The plant is closdy related to C. petlata, which occurs in this area and
may have arisen, by hybridization. It was taken by Spanish to Manila in the mid 16"
century and reached to Maacca shortly and India by 1596 (Knight 1980). Papaya has
now spread to dl tropica and subtropica countries.
1.2 Ecology

Papaya is a tropica evergreen plant and is grown in laitudes of 32 °N and S. It
requires warm and humid climate and can be cultivated up to a height of 1000 meters
above sea level. Papaya cultivation is restricted by frost. The temperature below 10 °C
affects adversdy on the growth and developments on fruits, which ultimately delays fruit
maturity and ripening. At lower temperature the fruits cannot develop flavour and dso
causes poor taste. Dry climate characterized by a little rainfal tends to add to the



sweetness of fruit whereas wet climate with heavy rainfdl tends to reduce sweetness. The
optimum range of temperature for proper growth of papaya is between 22 % to 26 °C
(Muthukrishnan and Irulgppan 1987). Annud rainfal should range between 1500 and
1800 mm and should be suitably didributed. The plant needs protection against winds.
For successful cultivation, papaya requires moderate temperature coupled with low
humidity and adequate soil moisture. Being a shalow rooted crop, the plant can be grown
in soils about 45 cm deep. Papaya thrives best in wel drained fertile soil with pH of 6
6.5. It cannot withstand water logged condition and results in rotting of sem and
ydlowing and dropping of lower leaves. A wdl-drained sandy loam soil, rich in food is
the best for papaya cultivation (Sngh and Dahiya 1982). Pgpaya growing aress in the
world, production and area under cultivation have been given in Table 1.1.

Table 1.1 Country wise production of papaya in the year 2000

Country Area(Ha) Production (Mt)

Brazil 40000 3300000
Nigeria 90000 748000
India 57000 644000
Mexico 23163 636119
Indonesia 34890 450009
Dem republic of Congo 13000 213000

China 5600 179443
Peru 13819 165000
Thailand 9800 119000
Venezuda 5709 89522
Equador 5700 88920
Philippines 6436 74713
Y emen 4131 67945
Colombia 2500 65000
Mdaysa 56000 56000
Bangladesh 5665 40000
Cuba 1919 36519
CostaRica 754 36290
Maozambique 3400 31000
Dominican Republic 5892 28268

Table 1.1 Continued....
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Table1.1 (Contd)

Country Area (Ha) Production (Mt)
South Africa 2600 26000
Bdlivia 2140 22700
United States of America 770 19500
Guatemda 400 16000
Jamaica 640 13700
Paraguay 1000 12000
Samoa 640 10000
Pakistan 1000 8600
Audrdia 300 7000
Chile 370 6500
Elsavador 300 3300
Oman 350 2900
Argentina 150 2100
Puerto Rico 114 1905
Guinear Bissau 200 1600
Cook idands 50 908
Hiji 1Idands 25 800
Honduras 40 650
Reunion 35 420
French Guiana 60 314
Idamic Republic of Iran 19 100
Israel 5 50

Source: FAO 2000
1.3 Status of Papaya production in India

Fruits and vegetables are grown only on 6 - 7% of gross cropped area but
contribute more than 18.8% of the gross vaue of agricultura output and 52% export
eanings from totad agriculturd produce. During the last few years, consderable
emphass has been given to this sector. Accordingly, areas under fruit production has
increased by 172% from 1961 - 1993 and productivity per hectare was nearly doubled,
leading to an increase in production to the tune of 320% (Anonymous 2000).

At present, the tota production of papaya in India is about 64,4000 Mt from a
cultivated area of 57,000 hectares (FAO 2000). The crop is gown al over the country and
is avalable round the year. Karnataka is the leading contributor in Indias tota output of
papaya production. However, Orissa, Assam, West Bengd and Gujarat also provide ided
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cdimatic conditions for its growth and thus contribute sgnificant share in totd papaya
production in India The scenario of area under cultivation and papaya production, state
wise for the year of 1998-1999 has been presented in Table 1.2, the last ten years scenery
has been presented in Table 1.3 and Indias country-wise papaya export has aso been
presented in Table 1.4.

Table 1.2 State wise papaya production in India (1998 -1999).

State Areaunder Production
cultivation (Tones)
(Ha)

Andhra Pradesh 14 105.8
Arunachd pradesh 0.6 2.6
Assam 7.3 108.5
Gujarat 3.9 161.4
Hayana 0.5 25.0
Himachal pradesh 0.2 1.0
Karnataka 5.7 496.8
Kerda 12.7 56.1
Madhya Pradesh 0.9 43.0
Maharashtra 5.8 46.6
Manipur 19 10.3
Meghdaya 0.5 4.0
Mizoram 0.3 3.2
Nagadand 0.3 2.6
Orissa 17.9 285.0
Rgasthan 0.5 15.9
Tripura 0.5 2.7
Uttar Pradesh (plain) 04 9.5
West Bengal 6.0 199.2
Andaman & Nicober idands 0.2 1.8
L akshadweep 0.1 04
Pondicherry 0.1 1.0

Source: Nationa Horticultural Board, Ministry of Agriculture, Govt. of India.
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Table 1.3 Area and production of papaya in India

Y ear Area (Ha) Production
(Metrictones)
1990 36518 451497
1991 36579 389908
1992 37543 424123
1993 40000 450000
1994 42000 470000
1995 45000 505079
1996 44000 422495
1997 50000 550000
1998 67700 1582000
1999 57000 644000
2000 57000 644000

Source: FAO 2001

Table 1.4 India's country-wise exports of fresh papaya in 1997-1998

Source: Indid s Directorate Generd of Commercid Intelligence and Statistics, DGCIS,

2001

Country Quantity Value (Rs. Lakhs)
(Metric tones)
Baharain 55.40 7.29
Bdgium 56.86 8.18
Kuwait 152.74 17.57
Mdaysa - -
Qatar 56.38 6.62
Saudi Arabia 204.93 21.21
South Africa 34.00 9.81
UAE 226.94 25.95
UK 6.46 2.39
USA 1.60 0.16
Tota* 826.65 104.02
*|ncluding others
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Fig. 1.1
A. Hedlthy papayatree (cv. Co-2) in bearing. Arrow indicates leaf scars

B. Top (crown) of the papaya tree (cv. Washington) showing the position of its fruits and leaves



Maharashtra, with a total area of 1763 Ha land under papaya cultivation and
production of 25930 tons aso contributes a good share in Indian papaya scenario. Didtrict
Beed and Nanded ranks first in papaya production in the state with ayield of 50 tong’ha
(Anonymous 2000).

1.4 Plant Habit

Commonly and erroneoudy referred to as a "treg", papayas are one of the fastest
growing fruit crop. Flowers can be produced as early as 4 months after germination of
seed (Fitch 1995). The papaya is a rapidly growing plant (sometimes referred as herb)
with gngle straight hollow green or deep-purple stem becoming 30-40 cm or more thick
a the base and roughened by leaf scars (Fig.1.1A). The leaves emerge directly from the
upper pat of the ssem in a spird on nearly horizonta petioles 30-105 cm long, hollow,
succulent, green or more or less dark purple. The blade is deeply divided into 5 to 9 main
segments, each again is irregularly subdivided which varies from 1 to 2 ft (30-60 cm) in
width and has prominent yellowish ribs and veins (Fig. 1.1B). Leaf morphology changes
during development from single lobed juvenile leaves to pdmate leaves of mature plants
(Litz 1986). The life of a leaf is about 4 to 6 months. Ldicifers occur in dl glands
through out the plant (Purseglove 1968).

1.4.1 Flowers

In nature, these plants are dioecious or hermaphrodite. Mde flowers are
morphologicdly diginct from femde flowers Made inflorescence is borne in many-
flowered panicles of cymes on horizontd or pendent stalks to 1 meter long (Fig.1.2 A).
The flowers are yelowish, 2-4 cm long. The petds are fused into a long tube, have 10
fertile stamens, and a rudimentary, non-functiond ovary. Femde inflorescence is much
shorter only 3-4 cm long and has fewer flowers. Femde flowers are larger, usudly white
or cream in colour, with five free petads. There are no stamens, but a large ovary with 5
fan-shaped sigmas (Fig. 1.2B) is present. The flowers of femde plants are usudly single
whereas the inflorescence of the mae plantsis cymose (Litz 1986).

In cultivation, there are many intermediate forms, including bisexud flowers. At
least 15 different flower forms have been named (e.g. Pentandria 5 samensand a

functiond ovay) and, because they ae corrdated with different  fruit
characterigtics, some forms have been sdected by breeders. Environmentd factors may



dso influence sexud expresson and the sexudity of a plant may change seasondly or
over the course of itslifetime. Female plants do not undergo sex reversdl; it isonly the

Fig. 1.2
A. A mae plant (cv. Co-2) in flowering
B. A female plant (cv. Co-2) showing the position of flowers

hermaphrodite and mae trees, which undergo this reversa. The dioecious condition has
developed from the hermaphrodite condition (Litz 1986). Thus, the sexudity of any one
plant in cultivation depends on a complex mixture of genetic, developmenta and
environmenta factors.

1.4.2 Fruit
Generdly, the fruit is a fleshy berry, meonlike, ovd to nearly round, somewhat
pyriform, or eongated club-shaped, 6 to 20 inches (15-50 cm) long and 4 to 8 inches (10-



20 cm) thick; weighing up to 20 Ibs (9 kg). Semi-wild (naturdized) plants bear miniaure
fruits 1 to 6 inches (2.5-15 cm) long. Fruits from bissxud plants are usudly cylindricd or
pyriform with smal seed cavity and thick wdl of firm flesh, which sands handling and
shipping wdl. In contradt, fruits from femde flowers are nearly round or ova and thin-
wadled. The kin is waxy and thin but fairly tough. When the fruit is green and had, it is
rich in white latex (Fig. 1.3A). As it ripens, it becomes light or deep ydlow externdly
and the thick wal of succulent flesh becomes aromatic, yelow, orange or various shades
of sdmon or red (Fig. 1.3B). It is then juicy, sweetish and somewhat like a cantaoupe in
flavour. Attached lightly to the wal by soft, white, fibrous tissue, are usudly numerous
smdl, black, ovoid, corrugated, peppery seeds about 3/16 inches (5 mm) long, each
coated with a transparent, gelatinous aril.
1.5 Importance and Uses
1.5.1 Domestic use

The papaya has become an important fruit in the diet because of its chegp price
and nutritious value (Table 1.5). It is regarded as a fair source of iron and calcium, a good
source of vitamins A, B and G and an excelent source of vitamin C (ascorbic acid). Ripe
papaya is a favourite breskfast and dessert fruit which is available year-round. It can be
used to make fruit sdads, refreshing drinks, jam, jely, mamdade candies and
crysdlized fruits.



Fig.1.3

Fig. 1.3
A. Animmature papaya fruit cut open

B. A mature papaya fruit cut open



Table 1.5 Food value per 100 g of edible portion

Component Per 100 g edible portion
Food energy 59.0 KCal
Moisture 84.4%
Protein 10g
Fat 01g
Carbohydrate 135¢g
Ash 059
Cddum 31.0mg
Phosphorous 17.0mg
Iron 10mg
Sodium 2.0 mg
Potassum 337.0 mg
Beta-carotene 2431 ny
Vitamin B2 0.15mg
Niacin 0.1mg
Vitamin C 69.3 mg
Vitamin B1 0.08 mg
Magnesum 0.8mg
Fibre 0.5g

Source: Ministry of Agriculture Madaysia, 2001

Ripe papayas are most commonly eaten as fresh, merely pedled, seeded, cut in
wedges and served with an haf or quarter of lime or lemon. Sometimes a few seeds are
left attached for those who enjoy their peppery flavour. The flesh is often cubed or
shaped into bdls and served in fruit sdlad or fruit cup. Firm-ripe papaya may be seasoned
and baked for consumption as a vegetable. Ripe flesh is commonly made into sauce for
shortcake or ice cream sundaes or is added to ice cream just before freezing or is cooked
in pie, pickled, or preserved as marmaade or jam. Papaya and pineapple cubes, covered
with sugar syrup and may be quick-frozen for later serving as dessert. Haf-ripe fruits are
diced and crystdlized as a sweetmedt.

Unripe papaya is never eaten raw because of its latex content. Even for use in
salads, it must first be pedled, seeded and boiled until tender then chilled. Green papaya is
frequently boiled and served as a vegetable. Cubed green papaya is cooked in mixed
vegetable soup. Extract of papaya is a good source of Vit A, C and others (Table 15).
Vitamin A is present in high concentrations in red fleshed fruits (Arriola et al. 1980).
Young leaves are cooked and eaten like spinach in the East Indies and even used to



tenderize meat. Papaya leaves contain the bitter akaoids, carpaine and pseudocarpaine,
which act on the heart and respiration like digitalis, but are destroyed by hest.

Papaya seeds are used in some countries as a vermifuge, counter-irritant and
abortifacient. Amino acids (18) identified in papaya seeds are principaly, in descending
order of abundance, glutamic acid, arginine, proline, and aspartic acid in the endosperm
and proline, tyrosne, lysine, aspartic acid and glutamic acid in the sarcoteta Flath and
Forrey (1977) identified 106 volatile components in papaya.

15.2 Industrial uses

The laex of the papaya plant contans two proteolytic enzymes, papan and
chymopapain. It has varied uses in the beverage, food and pharmaceutica indudtries, in
chill-proofing beer, tenderizing meet, drug preparaions for digestive alments and
trestment of gangrenous wounds. It is dso used in bething hides, degumming slk and
softening wool. Because of its papain content, a piece of green papaya can be rubbed on a
portion of tough meet to tenderize it. Sometimes a chunk of green papaya is cooked with
meet for the same purpose. One of the best known uses of papan is in commercid
products marketed as meat tenderizers, especidly for home use. A modern development
is the injection of papain into beef cattle a haf-hour before daughtering to enderize more
of the meat than would normdly be tender. Pgpain-treated meat should never be eaten
rawv but should be cooked sufficiently to inactivate the enzyme. Pgpain has many other
practica applications. It is used to clarify beer, dso to treat wool and slk before dyeing,
to de-har hides before tanning, and it serves as an adjunct in rubber manufacturing
(Morton 1977, Duke 1984). It is gpplied on tuna liver before extraction of the oil, which
is thereby made richer in vitamins A and D. It dso finds its use into toothpastes,
cosmetics and detergents, as well as pharmaceutica preparations to aid digestion. Papain
has been employed to treat ulcers, dissolve membranes in diphtheria, and reduce
swelling, fever and adhesions after surgery. Papayas are used in fruit processng industry
for making pickles, jam, jdly etc.

1.5.3 Medicinal uses

In tropicd folk medicine, the fresh latex is smeared on boils, warts and freckles
and given as a vemifuge. The unripe fruit is sometimes hazardoudy ingested to achieve
abortion. Seeds, too, may bring on abortion. The root is ground to a paste with sdt,
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diluted with water and given as an enema to induce abortion. Crushed leaves wrapped
around tough meeat will tenderize it overnight. The leaf dso functions as a vermifuge and
as a primitive sogp subdtitute in laundering. Dried leaves have been smoked to relieve
ashma or as a tobacco subgtitute. Papaya latex is used as anthemintic (dewormer) in
livestock (Satrija et al. 1994) and aso to cure dyspepsia and is externaly goplied in
treatments of burns and scads (Reed 1976). Apart from dl these papaya a<o finds its use
in treetment of cancer, condipation, kidney problems, intestind disorders, ulcers and
urology trestments to name a few in different countries dl over the world. The fruits are
adso beneficid in piles, dyspepsia of liver, soleen and digedtive disorders. Papaya has a
number of anti microbid uses. Laex (with a minimum protein concentration of 138
nm/ml) and root extracts inhibit Candida albicans. However, aqueous exiracts are not
active. Extracts of pulp and seeds showed bacteriogtatic properties when tested against
Saphylococcus aureua, Escherichia coli, Salmonella typhi, Bacillus subtilis, and other
bacteriain vitro.
1.5.4 Papaya allergy

It has been reported that the action of fresh papaya latex causes skin irritation
during handling of the papayas while the pollen of papaya flowers causes asthma and
rhinitisin sengtive individuas (Anonymous 2001).
1.6 Factor s affecting papaya production
1.6.1 Abictic factors
Papaya is very much susceptible to frost damage. Papaya plantations need to be protected
agang strong winds by providing effective windbresks. As it is shalow rooted crop, it is
highly sendtive to wet fet. Water dagnation even for a short time affects the yidd
wheress in extreme cases the plant may even die. Low temperature adversdly affects the
growth and yidd of the crop resulting in ddayed maturity and ripening. Growth is dso
hampered by dry climate. Dry spells causes abortion of flord and fruit structures leading
to derile phases of fruiting (Muthukrishnan and Irulappan 1987). However, dry climate
characterized by little or meager rainfal tends to add to the sweetness of fruit wheress
wet dimate with heavy rainfdl tends to reduce the sweetness.
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1.6.2 Biotic factors
1.6.2.1 Pests

Following are some of the important pests attacking papaya.
Fruit fly- Among the various pests that cause damage to papaya production, a mgor
hazard to papayas is the wasp-like papaya fruit fly, Toxotrypana curvicauda Gerstaecker.
The femae depost eggs in the fruit, which will later be found, infested with the larvee.
Only thick-fleshed fruits are safe from this enemy.
Papaya web worm- An important and widespread pest is the papaya webworm, or fruit
cluser worm, Homolapalpia dalera, harbored between the main sem and the fruit and
adso between the fruits. It eats into the fruit and the ssem and makes way for the entrance
of anthracnose. Damage can be prevented if gpraying of insecticides begun a the
beginning of fruit set, or at least a the first sign of webs.
Aphids- Aphids (Aphis gossypii Glover and Myzus persicae Sulzer) are aso becoming an
important pest of papaya. Nymphs and adults inject their sdiva and suck the plant sap.
They are known to trangmit mosaic and ringspot virus. The early symptoms of the disease
are presence of necrotic spots on the leaves, which turn later on to blistered patches on
green tissues. Destroying weeds and virus infected plant can check thelr infestations.
White fly- The tiny papaya whitefly, Trialeuroides variabilis, is a sucking insect and it
coats the leaves with honeydew, which forms the bads for sooty mold development.
Shaking young leaves will often reved the presence of whiteflies Spraying or dusting of
insecticides should begin when many adults are noticed.
Red spider mite- Other pests requiring control measures the red spider mite,
Tetranychus seximaculatus Riley, which sucks the juice from the leaves. In India, plant
and fruit infestation by red spider has been a mgor problem. This pest dong with the
cucumber fly and fruit-gpotting bugs feed on the very young fruits and cause them to
drop. The broad mite damages young plants especidly during cool weether.
Root-knot nematodess Meloidogyne incognita acrita Chitwood and reniforin
nematodes, Rotylenchulus reniformis Linford and Olivera are detrimental to the growth
and productivity of papaya plants and should be combated by pre-planting soil
fumigation if the nematode population is high.
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Apat from al these insects, birds, rats and bats are adso found to cause damage to
the papaya fruit production. Mgor insect pests and thelr scientific names are given in
Table 1.6.

Table 1.6 Major insect pest of papaya

No I nsect pest Scientific names
1 | Fuitfly Toxotrypana curvicauda
Gerstaecker
2 | Papayaweb-worm Homolapalpia dalera
3 | Aphids Aphis gossypii Glover and Myzus
persicae Sulzer
4 | Whitefly Trialeuroides variabilis
5 | Red spider mite Tetranychus seximaculatus Riley
6 | Root-knot nematodes Meloidogyne incognita acrita
and Reniforin Chitwood and Rotylenchulus
nematodes reniformis Linford and Oliveira
7 mmature earthworms Megascolex insignis

1.6.2.2 Diseases of papaya

Dissases ae the most important limiting production problems of papaya
Although the plant is classfied botanicaly as perennid, virus diseases have reduced the
effective crop life to 1-2 years (Pernezny and Litz 1993). Following are some of the
major diseases observed in papaya.
Papaya Ringspot Virus- Papaya Ringspot Virus (PRSV) occurs in most of the papaya
producing countries and is the most harmful one (Purcifull et al. 1985). The virus is
probably the single threat in commercidization of papaya cultivation (Fig. 14A). The
disease has been named because of driking symptoms that appear on the fruit (Fig. 1.4B).
These consst of circles and Gshaped markings that are darker green than the background
fruit color. Later these markings become gray and crudy in texture. Earliest symptoms
gopear as ydlowing and vein dearing of younger leaves. A prominent ydlow mottling of
the leaves follows. One or more lobes of infected leaves may become severdly distorted
and narrow (Fig. 1.5). Infected plants exhibit growth reduction. There is reduced fruit set
and qudity especidly flavour is adversdy affected. Papaya Ringspot Virus can be
trangmitted mechanicdly and by grafting. However, it is thought that gphid transmisson
is the mogt important mechanism for disease spread in the fied. Attempts to reduce
discase levels by applying aphicides have not been successful. Recently two transgenic



papaya lines showed resigance in the fidd trid in Hawaii agang the disease (APS net
feature 1998).

Fig.l.4

PR Y e ey e

Fig. 1.4
A. A PRSV (Papaya Ringspot Virus) infected plant (cv. Washington) in field

B. Aninfected fruit (cv. Co-2) showing the characteristic ring spot in the fruit



Fig. 1.5
A. Papaya leaf infected with PRSV (Papaya Ringspot Virus)

Stem Rot (Fungus - Pythium aphanidermatum (Edson) Fitzp and P. ultimum Trow) -This
disease was seen on young transplants. The initid symptom is a water soaking of the
lower sem followed by its disntegration. Plants eventudly wilt. Often, the white,
cottony growth of the fungus is visble Transplants should be planted in soil with good
drainage. Stems should not be banked with soil.

Anthracnose (Fungus - Colletotrichum gloeosporioides Perz)- The initid symptoms are
water soaked, sunken spots one-quarter to one inch in diameter on fruit. The centers of
these gpot later turns black and then pink when the fungus produces spores. The flesh
beneath the spots becomes soft and watery, which spreads to the entire fruit. Small,
irregular-shaped water soaked spots on leaves may aso be seen. These spots eventudly
turn brown. Measures include removing the fruit as soon as it matures, removing al dead
leaves and fruit from the vicinity of the plants, and removing infected fruits from the

trees. Under conditions of severe disease pressure that would be found in more rainy,



humid climates, fungicides may be used. Allan (1976) indicated that the dioecious South
African cultivar Honey Gold has some resistance to anthracnose.

Black Spot (Fungus - Asperisporium caricae (speg.) Maubl)- The initid symptoms are
water-soaked spots on the upper leaf surface. Later, small, black spots are visible on the
underside of the leaf. Black spots may dso be found on the fruit. The tissue benesth them
becomes corky, but the fruit does not rot. If there is a high incidence of infection of
young leaves, afungicide may be used.

Root rot (Fungus-Pyhtium aphanidermatum Maum Fitzp, P. palmivora E.J. Butler)-
Because of the disease, young leaves wilt and mature leaf turn yellow and drop. It dso
causes root rot, collar rot and fruit rot. In case of severe infection, spraying with
insecticides can be undertaken

Bunchy top (MLO- Mycoplasma like organiam)- Leaves and petioles show reduced
growth, and become rigid. Internodes become progressvely shortened, and petioles tend
to assume a more horizontal postion. Oily appearing spots are often present in the upper
pats of gems and in petioles Apicd growth ultimately ceases, which, with the
shortening of internodes, imparts a "bunchy top" appearance to affected plants. Bunchy
top can be digtinguished from boron deficiency by the fact that the tops of affected plants
do not ooze latex when pricked.

Die-back- Papaya plants are subjected to die-back, a mdady of unknown origin, which
begins with shortening of the petioles and bunching of inner crown leaves Then the
larger crown leaves quickly turn ydlow. Affected plants can be cut back at the first sgn
of the disease and if the cut stem is covered to avoid rotting, the top will be replaced by
hedthy sde branches. The problem occurs mainly in the hot dry soring after a season of
heavy rains.

Phytophthora blight (Fungus- Phytophthora parasitica Dastur)- A mgor disease in wet
wegther is phytophthora blight. Phytophthora parasitica attacks and rots the stem and
roots of the plant and infects and spails the fruit surface and the stem-end, inducing fruit
fdl and mummification. Fungicidd sprays and removd of diseased plants and fruits will
reduce the incidence.

Powdery mildew (Fungus-Oidium caricae F. Noack)- This fungus often affects papaya
plants. Sulfur, judicioudy applied, is an effective control.
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Damping-Off (Fungus - Rhizoctonia solani Kuhn)- This is a disease of young seedlings.
Lesons are seen on the stem at or just above soil level. The stem becomes watery and
ghrinks, followed by desth of the seedling. The diseases can be controlled usng wel
drained soil and by avoiding over weatering.
Other diseases
Cercospora leaf spot, or brown leaf spot, greasy spot or "papaya decling’ (spotting of
leaves and petioles and defoliation is caused by Cercospora papayae Hand, which is
controllable with fungicides. Names and type of the diseases and their causal organisms
aegveninTable1.7

Papayas are frequently blemished by a condition cdled "freckles', of unknown
origin; and myserious hard lumps of varying Sze and form may be found in ripe fruits
Star spot (greyishrwhite, sar-shaped superficid markings) appears on immature fruits
after exposure to cold winter winds. In Uttar Pradesh (India), an aga Cephaleuros
mycoidea, often disfigures the fruit surface.

Table 1.7 Some common diseases affecting papaya

No Disease Type of organism Name of causal organism
Damping- Off Fungus Rhizoctonia solani Kuhn
Papaya Ringspot Virus -
Virus-
3 Stem Rot Fungus Pythium aphanider matum (Edson)
Fitzp and P. ultimum Trow
Anthracnose Fungus Colletotrichum gloeosporioides Perz
5 Black Spot Fungus Asperisporium caricae (speg.)
Maubl
6 Root rot Fungus Pyhtium aphanider matum Matum
Fitzp, P. palmivora E.J. Butler
Bunchy top MLO Mycoplasmallike organism
Phytophthora blight Fungus Phytophthora parasitica Dastur
Powdery mildew Fungus Oidium caricae F. Noack
10 Cercospora leaf spot Fungus Cercospora papayae Hansf
11 Die-back Virus -

1.7 Papaya | mprovement
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The improvement of papaya is hindered by its heterozygosty, dioecious habit and
susceptibility to viruses. Clondly propagated selected genotypes would be of great vaue
in breeding prograns and in commercid propagation. Conventional grafting or
multiplication by cutting is not possble in papaya Tissue culture techniques may provide
the only method to clondly propagate selected genotypes on a large scale (Bhasksran and
Prabhudesai 1988).

1.7.1 Conventional propagation and Breeding

Papayas have been seed propagated despite the facts that uncontrolled pollinations
can cause condderable and rapid genetic drift particulaly in dioecious papaya cultivars
(Litz 1986). Rouging unwanted mde plants from dioecious papaya plantings and dl
femde plants from planting of hermaphrodite papaya cultivars is necessary. Allan (1964)
and Sookmark and Tai (1975) have described pocedures for the asexual propagetion of
papaya by stem cuttings. However, this procedure is dow and inadequate for propagation
of new or improved cultivars. The hermaphrodite varieties produce true to type seeds if
pollingions ae controlled, dthough segregation of sex types does occur (2
hermaphrodite: 1 femae). The dioecious papaya cultivars are maintained by means of
controlled pollination (b mating), poly crossng and recurrent sdection.  Although
papaya can be propagated by seed, if pollinations and seed productions are carefully
controlled, it is inevitable tha there will be continuos genetic drift among dioecious
cultivars unless the parentd lines are maintained indefinitdly or if the cultivar itsdf can
be cloned.

1.7.2 Need for non conventional methodsfor breeding and propagation

Dissases and environmental stresses are usudly much more important factors
limiting the food production in the tropics and subtropics than in temperate zones. The
most serious threat to papaya production is the acurrence of Papaya Ringspot disease dl
over the world which hinders plant development, fruit yiedd and papain production.
Resgtance to these diseases is low or nonexistent. Monogenic resstance to Papaya
Ringspot Virus occurs in three related species C. pubescens ,C. stipulata and C.
cauliflora dl of which are sexudly incompatible to papaya (Jmenez and Horovitz 1958,
Horovitz and Jmenez 1967). Papayas cannot tolerate frost and a temperature near or

below freezing point (Sngh and Dahiya 1982), which effect sugar levels and qudity of
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papaya fruits. Carica pubescens are more cold tolerant than papaya and C.
candamarcensis and C. pentagona are resstant to frost (Singh 1964). A need exids for an
efficient method for embryo rescue following wide interspecific hybridization and
possbly for controlled interspecific protoplast fuson to affect these crosses. This would
extend the geographica range for papaya production and should aso improve the qudity
of papayafruitsin areas with cool winter temperatures.
1.7.3 In vitro approaches

Severa micropropagation systems have been developed for the papayas (Table
1.8). Unlike most tropica and subtropica fruit trees, papaya is a herbaceous plant, which
probably has facilitated the development of in vitro approaches. Several organogenesis
and somatic embryogeness procedures have been developed. Among the in vitro
approaches  reported, plant regeneration via micro-propagation and  somatic
embryogeness method have been developed in few exotic varieties which are not well
adopted in Indian cimatic condition. Techniques of anther culture, embryo rescue,
protoplast culture have been developed which should have considerable effect on papaya
improvement programs.
1.7.3.1 Embryo Culture

One of the gods of papaya improving scheme is to hybridize the papaya with the
sexudly incompatible Carica species paticularly C. cauliflora Jacg. which is resgant to
infection by papaya Ringspot Virus. In compatibility between papaya and C. cauliflora is
caused by falure of endosperm formation. Phadnis et al. (1970) successfully cultured
mature papaya embryos on Whites medium containing 0.24 nmM KIN, 0.3 mnM GA3 and
0.6 nM IAA. De Bruijne et al. (1974) was successful in culturing mature papaya embryos
on MS medium without meso inostol, casein hydrolysate or vitamins, but containing
584mM sucrose. Khuspe et al. (1980) demondrated the practicdity of usng embryo
culture to rescue immature embryos that resulted from C. papaya L. X C.cauliflora Jacq.
crosses. Solid White's medium without vitamins but supplemented with 58.4mM  sucrose,
2.0 MM cupric chloride and 1.2 nM sodium molybdate was used to germinae excised
immature hybrid embryos in the dark. Subsequently the young plantlets were subcultured
in liquid Whitéds medium (1963) with vitamins and glycine where they were able to grow
to trangplantable S ze.



1.7.3.2 Shoot tip culture

Mehdi and Hogan (1976) established papaya seedling shoot tips on MS medium
containing 4.7 MM KIN and rooted them on medium with 4.7 nM KIN and 24.5 niM IBA.
They did not observe multiple shoot formation. Later Yie and Liaw (1977) could
edtablish papaya seedling shoot tips in vitro and obtained proliferated growth on MS
medium containing 0.3 nM IAA and ether 23 nM KIN or 2.2-4.4 nM BA. Also Litz and
Conover (1977, 1978 a) developed a procedure for establishment and culture of excised
shoot tips from fiedld grown mature papayas. They found that establishment time and rate
of proliferation were both dependent on age of the stock plant, time of year, sex types and
presence of bacteria contaminants (Litz and Conover 1981b). Staminate plants
responded more rapidly than pitillate ones and had greater proliferation potentid.
1.7.3.3 Organogenesis

There are severa reports on organogenesis. Yie and liaw (1977) first observed
adventitious shoots from cdlus in a culture medium contaning MS basd media
supplemented with 0.3 nM 1AA and 4.7 miM KIN or with 9.4 miM KIN aone. Later, Arora
and Singh (1978c) reported that transfer of papaya callus was necessary from a cdlus
induction medium to a shoot induction medium where they could achieve roots from the
cdlus, cultured in media supplemented with KIN and NAA. Formation of adventitious
roots from midrib calus of papaya cotyledons was adso achieved (Litz et a.1983) on MS
medium with NAA and BAP. Also in the same media combingtion, adventitious
meristems were formed from both laminaand midrib calus.

Table 1.8 Studies on micropropagation of papaya

No Explant source Reference
1 Seedling apices Micropropagation. Drew and Smith (1986)
Few roots

2 Stem section and Shoot Micropropagation. Mehdi and Hogan (1976)
tips Few roots

3 Sx month old axillary Micropropagation Drew (1988)
rooted cuttings or buds rooted plantsto fied

4 Six month old shoots Micropropagation Miller and Drew (1990)
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rooted plantsto fied

5 Latera shoot or Micro propagation | Reuveni et al.(1990)
maingem bud

6 Shoot apices Micropropagation Litz and Conover (1977)

7 Shoot apices mature Micropropagation Litz and Conover (1978a)
field grown

8 Shoot apices Micropropagation Litz and Conover (1978b)

9 Shoot apices, field Micropropagation Winnar (1988)
nursery plants

10 | Seedling stem petiole Micropropagation Rajeevan and Pandey
shoot (1983)

11 | Fddgrown laerd Micropropaggation Rajeevan and Pandey
shoots (1986)

12 | Shoot buds Micropropagation Mondd et al. (1990)

13 Petioles Micropropagation Yang and Ye (1992)

14 | Petioles Micropropagation Hossain et al. (1993)

15 Petioles Micropropagation La et al. (1998)

1.7.3.4 Somatic embryogenesis

Protocols for somatic embryo induction in papaya have been developed for a
vaiety of reasons ranging from interest in methods for mass propagation Yie and Liaw
(1977), Mehdi and Hogan (1979), Chen et al. (1987), Chen (1988 a, b) to a requirement
for recipient tissues for gene transfer technology (Fitch and Mansherdt 1990; Fitch 1993).
Ironicaly, somatic embryos were produced in cultures of papaya hybrid embryos, which
resulted from crosses between PRSV resstant wild species and commercia papaya
cultivars. These hybrid embryos were recovered by ovule or ovary cultures or embryo
rescue (Khuspe et al. 1980; Litz and Conover 1981a, 1982, 1983; Moore and Litz 1984;
Chen and Kuo 1988; Chen 1988a; Mansherdt and Wendaff 1989 a, b and Chen et
al.1991) techniques. Cultures of other Carica explants C. stipulata peduncles (Litz and
Conover 1980), C. pubescens hypocotyl (Jordan et al. 1982), and C. x heilbornii nm.
Pentagona ovules (Vega de Rojas and Kitto 1991) were aso highly embryogenic. The
earliest report of successful somatic embryogenesis in papaya was that of De Bruijne et
al. (1974) who induced somatic embryos from petiole sections cultured on Murashige
and Skoog (MS) (1962) and White (1963) media in a multistep protocol. They obtained
somatic anbryos but were not able to regenerate plants. Yie and Liaw (1977), Mehdi and
Hogan (1979), Chen et al. (1987), Chen (1988 a, b) Yamamoto and Tabata (1989) used
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seedlings grown in vitro as their source of explant for somatic embryo induction.
However, green house grown seedlings were adso used (Jordan et al. 1982). Using the
somatic embryogenesis protocols of Litz and Conover (1981 b, 1982, 1983) and
Mansherdt and Wendaff (1989 a, b) as guiddines, Fitch and Mansherdt (1990) produced
somatic embryos for transformation sudies. All these reports have been summarized in
Table 1.9.

Table 1.9 Studies on somatic embryogenesis of Carica papaya

No Explant source Result Reference
1 Pdiole EC DeBruijne et al. (1974)
2 Seedling stem internodes SE, P Yieand Liaw (1977)
3 Seedling shoot tips, mature shoots, SE, P Mehdi and Hogan
internodes, seedling internodes (1976)
4 Seedling stem, cotyledon, root |esf SE, P from root Chenet al. (1987);
shoot tip cdlus Chen (1988)
5 Seedling pieces C Y amamoto et al.(1986)
6 Seedling pieces SE Y amamoto and Tabata
(1989)
7 Immature zygotic embryos SE, P Fitch and Mansherdt
(1990).

C-Cdlus, EC-Embryogenic cdlus, SE= Somatic embryos, P-Plants
1.7.3.5 Anther culture

Litz and Conover (1978a) first used the technique of anther culture in papaya
Interesting results were obtained by culturing anthers from 16 to 20 mm flower buds in
liqguid MS medium supplemented with 87.6 mM sucrose 88 nmM BA, 2.7 mm NAA, ad
10 g/l charcod following a pretrestment of 40 °C for 3 to 4 days. Orly a smdl number of
haploid plantlets have been recovered usng these techniques. Chromosome counts
verified that the regenerated plants have the haploid number (n=9). However, successful
regeneration of plants by anther culture was aso reported (Tsay 1985).
1.7.3.6 Protoplast I solation and culture

Litz and Conover (1979) first reported the large scde isolation of papaya
protoplasts. Limited cdlus induction but with a low plating efficiency has been achieved
(Litz 1986a). However, plant regeneration from Carica protoplast was successfully
obtained by Chen and Chen (1992).

1.8 Genetic transfor mation studies
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Genetic transformation study in papaya was firg reported by Pang and Sanford
(1988) by Agrobacterium medisted gene transfer. However, they could not regenerate
plants from the transformed tissues. Following their success, Fitch et al. (1990) showed
that particle bombardment resulted in dtable expresson of chimeric genes coding for
NPTII and GUS in papaya.

With further continuation of dudies, they produced virus resstant papaya plants
derived from tissues bombarded with CP gene of papaya Ring spot Virus (Fitch 1992).
Many authors (Ye et al. 1991, Fitch et al. 1993, Yang et al.1996, Cabrera ponce et al.
1996) have adso reported the development of transgenic papaya through Agrobacterium
mediated trandformation (Table 1.10). Also techniques for particle bombardment
mediated transformation of papaya were carried out (Cabrera ponce et al. 1995; Mahon et
al. 1996; Ca et al. 1999). Recently success in replicase mediated resstance againgt
PRSV in papaya has a so been reported (Chen et al. 2001).

Table 1.10 Studies on genetic transformation of Carica papaya L. by Agrobacterium
and particle bombardment methods

No Explant used Method used Reference
1 | Ledf gemand petiole Agrobacterium Pang and Sanford (1988)
2 | Immature zygotic embryo, Particle Fitch et al. (1990)

hypocotyl, embryogenic calli bombardment
method
3 | Somatic embryos Agrobacterium | Yeetal. (1991),
4 | Immature zygotic embryo, Paticle Fitch et al. (1992).)
hypocotyl, embryogenic cdli bombardment
method
5 | Hypocotyl Agrobacterium | Fitch et al. (1993),
6 | Immature zygotic embryos Particle Cabreraponce et al.
bombardment (1995)
method
7 | Ledf Agrobacterium | CabreraPonce et al.
(1996)
8 | Petioles Agrobacterium | Yang et al.(1996),
9 | Immature zygotic embryo Agrobacterium | Cheng et al. (1996)
10 | Immature zygotic embryo Particle Mahon et al. (1996)
bombardment
method
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11 | Immature zygotic embryo, Particle Ca et al. (1999).
bombardment
method

12 | Roots and hypocotyls Agrobacterium | Chenet al. (2001)

1.9 Aimsof thesis

At the time of initigtion of this sudy, there were very few reports of plant
regeneration with cultivars generdly grown in India and mgority of the work was done
with Audrdian or Hawaian vaieties Introduction of foreign varieties may not yied
well here in our country because of lack of adgptability to new climate. Therefore, any
improvement in Indian cultivars of papaya for ther use under different climaic
conditions in India needs extrgpolation of work aready done with Hawaian or Audrdian
vaieties which is a mgor prerequiste. During the initigtion of the present sudy, as the
three cultivars namedy Honey Dew, Co-2 and Washington were very popular, we sdected
these cultivars for our mgority of the experiments.

The objectives of the thess are, therefore, amed a fulfilling these prerequistes so
that Indian cultivals of papaya with agronomicaly desrable traits through
biotechnologica methods could be evolved.

1) To study aseptic in vitro seed germination of papaya and compare it with in vivo
germination.

2) Tosudy in vitro regeneration of papaya via sométic embryogenesis.

3) Todevelop in vitro papaya plant regeneration system via organogenesis.

4) To sdudy Agrobacterium mediated genetic transformation in papaya and sudies
relating to isolation and cloning of PRSV gene.



CHAPTER 2

MATERIALS AND METHODS
(General)
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This chapter describes the techniques routindly followed in plat tissue culture
work. The materiad and methods, which are specific to the paticular experiment, have
been dedt in detals in the respective chapters. Techniques of genetic transformation by
Agrobacterium method used in the present study have been described in chapter 6 of the
thess. In addition, the procedures followed for isolation of MRNA, PCR amplification,
purifying the PCR product, transformation to E.coli and confirmation of the
transformants have aso been described in detall in chapter 6.

2.1 Glassware

Glassware used in dl the experiments was procured from “Borosl”, India Test
tubes (25 mm x 150 mm), glass bottles (70 mm x 125 mm), petri dishes (85 mm x 15
mm), conical flasks (100, 250, 500 and 1000 ml capacity) and pipettes (1, 2, 5, 10 and 25
ml capacity) were used during the course of study.

2.1.1 Preparation of Glassware

All the glasswares were cleaned by boiling in a saurated solution of Sodium
bicarbonate for 1h followed by repeated washing in tap water. Theredfter, these were
immersed in 30% nitric acid solution for 30 min and followed by repeated wash in tgp
water. Washed glassware was further rinsed with didtilled water and then dried & room
temperature (ambient temperature) or in an oven a 200 °C. Test tubes and flasks were
plugged with absorbent cotton (Seasons Hedthcare Ltd, Andhra Pradesh, India). Pipettes
and petri dishes were wrapped in brown paper and then derilized in autoclavable
polypropylene bag. Autoclaving of the glassware and above items was carried out at
121°C, 151b. ps for 1 h.

2.2 Plagticware

Plagticwares such as sterile disposable filter derilization units and petri dishes
(35 mm, 55 mm and 85 mm diameter) were procured from “Laxbro”, India Eppendorf
tubes (1.5 ml and 2 ml capacity), microtips (0-200 m and 200-1000 m capacity) were
aso obtained from “Laxbro” and “Tarsons’, India Wide bore microtips (0-200 m) were
procured from “Sigma’, USA.
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2.3 Chemicals

Chemicas usad in dl the experiments of tissue culture dudy were of andytica
grade and were obtained from “ Qudigens’, “SD fine chemicds’ or “Hi-medid’, India
Molecular biology chemicals were obtained from “Sigma Chemicad Co.,” USA. Growth
regulators, antibiotics (except cefotaxime) were dso obtained from “Sigma Chemicd
Co.”, USA. Cefotaxime was procured from Russd India Ltd. Bombay, India Sucrose,
glucose, gdling agent and agar-agar were obtained from “Qudigens’ and “Hi-Media’'.
Bacto-Agar for microbid work was obtained from “DIFCO?” laboratories, USA.
Coconut milk (Liquid endosperm) was collected from tender coconuts, obtained from
local market and stored a -20° C as diquots of 100 ml in 250 ml Erlenmeyer flasks after
filtering through Whatman No. 1 filter paper and autoclaving for 20 mints.

2.4 Preparation of culture media

Double digtilled water was used for preparation of al the culture media. After
addition of dl macro- and micro-nutrients, vitamins, growth regulators and other
necessary carbohydrate source like sucrose or glucose, the pH of the media was adjusted
to 5.8 before autoclaving usng 0.IN NaOH or HCI. Volume was made and gelling agent
was added as per requirement. The medium was steamed to melt the gelling agent.

Melted medium was then dispensed into test tubes, flasks and theresfter Sterilized
by attodaving a 121 °C a 15 Ib ps for 20 min. Thermolabile growth regulators and
antibiotics were filter gterilized through a Millipore membrane (0.22mm or 0.45nm pore
gze). These were added to autoclaved medium before dispensing. Compositions of
severd basd media including Murashige and Skoog's (MS) and Gamborg's (B5) macro,
micro elements and vitamins used in the present sudy are given in Table 2.1, 22 and 2.3

repectively.
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Table 2.1 Compostion of macro-dement salts (mg/l) in five tissue culture basal

media
Macro-element | MS? LSP SH © WH ¢ B5°
KNO; 1900 1900 2500 80 2500
NH4NO3 1650 1650 - - -
CaCl.2H,0 440 440 200 - 150
MgS04.7H20 370 370 400 737 250
K H2PO,4 170 170 - - -
NaH,PO,.H,O - - - 16.5 150
(NHg)2 SO4 - - - - 134

Table 2.2 Compostion of micro element salts (mg/l) in five tissue culture basal

media

Micro-element MS?2 LSP SH ¢ WH ¢ B5°
MnSO,. 4H,0 22.3 22.3 - 6.65 -
MnSOy. H,O - - 10 - 10
ZnS04.7H,0O 8.6 8.6 1.0 2.67 2.0
H3BO3 6.2 6.2 50 15 3.0
Kl 0.83 50 1.0 0.75 0.75
CuS04.5H,0 0.025 0.025 0.2 0.001 0.025
NaM00,4.2H,0 0.25 0.25 0.1 - 0.25
CoCl, 6H,O 0.025 0.025 - 2.5 0.025
FeS0,4.7H,O 27.8 27.8 15 - 27.8
NaEDTA.2H,O 37.3 - 20 - 37.2
MoO3 - - - 0.0001 -
Fe (S0s) ] ] i 25 -
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Table 2.3 Compostion of organics (mg/l) in five tissue culture basal media

Organics MS? LSP SH ¢ WH ¢ B5°¢
Thiamine. HCI 0.1 0.4 5.0 0.1 10
Pyridoxine HC| 0.5 - 0.5 0.1 1.0
Nicotinic acid 0.5 - 5.0 0.5 1.0
Myo-inasitiol 100 100 1000 - 100
Glydne 2.0 - - 3.0 -

2 Murashige and Skoog (1962); ° Linsmaier and Skoog (1965); © Schenk and
Hilderbrandt (1972); ¢White (1963); © Gamborg et al. (1968)

2.5 Collection of Plant material

Seeds (Fig.2.1) of papaya cultivars Pusa Maesty, Pusa Ddlicious, Pinky Flesh,
Ex-15, Disco, Hybrid 781, Hybrid 786, Honey Dew, Washington and Pant papaya were
obtained from Regionad Fruit Research Station, Ganeshkhind, Pune Maharashtra, India
The cultivar Honey Dew was obtained from D. J Damani & Sons, Shivginagar, Pune.
Seeds were procured in the month of Juy-August and planted in our campus fidd for
using the mature and immeature fruits throughout the yesar.

2.6 Preparation of plant material
2.6.1 Surface sterilization of fruitsand seeds

Mature seeds were surface Serilized usng liquid detergent, ethyl acohol sodium
hypochlorite as a surface derilizing agent. The process of surface derilization has been
described in details in Chapter 3. Fruits after collecting from field were washed under
running water and then cleared in mild liquid detergent solution for 10 min. Fruits were
then taken indde the laminar flow and treated with 70 % ethyl dcohol for 30 sec
followed by dipping in 4% sodium hypochlorite solution (NaOCl) for 10 min. When
dried fruits were cut and immature seeds (Fig.2.2) were taken out to excise the embryo.

The surface dHerilization procedure is dmost same for seeds and fruits, only
difference being the time given for ethyl dcohol and sodium hypochlorite treatment is 10
min instead of 10 sec for seeds.

2.6.2 In vitro germination of seeds
Different conditions like basa media, presosking trestment of derilized seeds,

incubation on moistened condition in petridishes, illumination conditions were evauated
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for high frequency in vitro germination of seeds. Details of this have been described in
chapter 3. The 20-day-old seedlings were used for preparation of various explants like
leaf, cotyledon, hypocotyl, roots etc.

2.7 Inoculation
Aseptic explants derived from surface dterilized fruits or seeds were inoculated in
the mediain a Laminar ar-flow cabinet (Microfilt, India). Excision of the explants was

Fig. 2.1
A. Mature seeds of five cultivars, aPusa Mgesty, b-Pusa Ddlicious, c-Pinky Flesh, d-Ex-15 and
e-Disco
B. Mature seeds of five cultivars, a-Hybrid 781, b-Hybrid 786, c-Honey Dew, d-Washington and
e-Pant papaya

xlvi



caried out on derile filter papers with the hep of derile scapels and forceps. Scalpds
and forceps were flame derilized prior to inoculation and dso in between the work by
dipping in 70% rectified pirit. Surgicd blades (No. 11) (Kehr Surgicals and dlied
products Pvt. Ltd, Kanpur, India) were used for excison of the explants. Sterile filter
paper bridges (Whatman No.1) were used as supports for explants cultured in liquid

Fg22

Fig. 2.2
A. Immature seeds of three cultivars, & Pusa Majesty, b-Pusa Delicious, c-Pinky Flesh
B. Immature seeds of seven cultivars, a-Hybrid 781, b-Hybrid 786, c-
Ex-15, d-Disco, e-Honey Dew, f-Washington and g-Pant papaya

media under datic conditions. All the experiments were repeated thrice or otherwise

mentioned. The number of explants and replicates used in each experiment has been
mentioned in materiad and methods of the respective chapters.
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2.8 Statistical analysis
The data were andyzed usng ANOVA techniques and trestment means were

compared (Chandel 1993).
2.9 Culture conditions

The cultures were incubated in culture room a 25+2 °C in dak or light
(16 nE m? s1) and dso in 24 h light condition a a light intensity of (27 nE m? st). The
incubation conditions have also been mentioned in each section separately.
2.10 Histological studies

Higologicd andyss was caried out by fixing the plant specimens (somatic
embryos and immature embryo with shoot buds) in 510 ml (so as to dip the explant) of
FAA (Formdin: acetic acid: 70% ethanol by volume) (5. 5. 90) in 15 ml capacity screw
capped vids (Borosil® India) for 48 hours a room temperature. Theresfter, the
gpecimens were washed for 3-4 times with glass didilled water. Dehydration of the
explants was carried out by passng them through t-butanol series (Sharma and Sharma
1980). This was followed by embedding in paraffin wax (meting point 58-60 °C)
(Merck, E. Merck India Ltd., Bombay, India). Sections of 10 mm thickness were cut
usng a rotary microtome (Reichert-Jung 2050 Supercut, Germany) and specimens were
fixed on dides by mild heating. The sections were then passed through the xylene -
adcohol series (Sharma and Sharma 1980) and dained with 1% Heidenhein's hematoxylin
(wtival. in digtilled water, matured for one month in light) (Hi-Media Laboratories Pvt.
Limited, Bombay) for one minute. The dides were counterstained with 1% eosin for two
minute and mounted in DPX mountant. Higtologicd sections mounted on dides were
observed and photographed under a microscope (Docuvd, Carl Zeiss, Germany).

Higologicd analyss procedure of the GUS sained sample was described in
detailsin chapter 6.
2.11 Hardening of the plantlets

In vitro rooted shoots were carefully taken out from the agar medium of the test
tubes and gently washed under tap water so as to remove the traces of agar and medium
gticking to it. These rooted shoots were dipped in 1% agueous solution of bavigtin®, a
gysemic fungicide (BASF, India) for 10-15 min and then washed with tap water.
Theredfter, the treated shoots were trandferred in 8 cm earthen pots containing a mixture
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of autoclaved soil and sand (1:1) or soil: sand: compost (1:1:1). The pots were covered
with polypropylene bags and kept in green house. The plants were watered once in a
week. The top corners of polypropylene bags were cut after two weeks to gradualy
expose the plants to the outsde environment. After 3-4 weeks, the polypropylene bags
were completely removed.
2.12 Scanning Electron microscopy

Samples were prefixed in 2% gluterd dehyde (Sigma) in 0.1 M cacodylate buffer
(pH 7.2) (Sigma) for 48 h a room temperature, then washed with the same buffer 3 times
and post fixed with 1% osmium tetroxide (O304) (Sigma) in 0.1 M cacodylate buffer for
160 h a 4 °C. The samples were passed through distilled water, dehydrated in a graded
acetone series (kept for 15 min each in 30%, 50%, 70%, 90% and 100% acetone). The
samples were then placed on boats teking care not to dlow drying by keeping them
submerged in the transfer liquid (100% acetone) and loaded on the critica point dryer
(Polaroid England), which was maintaned a 20 °C. The chamber was filled with
subdtitution fluid (liguid Copy) and dlowed to stand for 1 h for impregnation. The
substitution fluid was alowed to evaporate by sowly hedting the chamber to 36-38 °C.
The Co, gas was caefully rdeased and samples were removed and mounted on
duminum dubs usng double gicky tapes (Bio-Rad, USA) or high conductivity paint
(Acheson Colloids Company, England) sputter coated with gold-paladium (50-100 A%)
(Polar on coating unit E 5000, England). Scanning electron microscope was operated a
an accelerating voltage of 10 or 20 kV.
2.13 Genetic Transformation and PRSV coat protein geneisolation studies

Detalls of materids and methods used for Agrobacterium tumefaciens mediated
trandformation and sudies regarding isolation and cloning of PRSV gene have been
described in the chapter 6.

xlix



CHAPTER 3

COMPARATIVE STUDIES ON IN VITRO AND




IN VIVO SEED GERMINATION OF PAPAYA



3.1 Introduction

Micropropagation of plants in vitro ams a large scae production of true to type
progeny. For this purpose explants from mature dite plants are preferred. However, the
mature materid is usudly associated with heavy microbia contamination and exudation
of phenolics that hampers the very induction of cultures. Moreover, mature explants are
often recacitrant and difficult to regenerate. Since the cdls of mature explants are less
plastic and fully differentiated, it is difficult to reprogram these and regain morphogenetic
competence. It has been observed in severd tree species that micropropagation from
mature explants is not possble. For such species use of juvenile or rguvenated materid
is necessary (Pierik 1987; Brar and Khush 1994; Ahuja 1994).

In vegetatively propagated plants, the culture of seed derived juvenile explants
offers added advantage of introducing genetic combinations different from exiging one.
Continuos vegetative propagation of any plant results in loss of naturd genetic variation
and thereby narrowing the genetic base. This could create problems in crop improvement
programs especidly those involving quantitative trait loc (QTLs) such as high yidd and
disease resstance. New genetic combinations may have some useful traits that could
prove vduable in crop improvement, as the avalability of genetic vaiaion is the
prerequisite for any crop improvement program. In vitro seed germination is an important
method in this regard as it facilitates establishment of aseptic culture explants for further
culture.

Germination of seeds can be accomplished ether by direct seed culture or by
embryo culture,

Direct seed culture

Aseptic germindtion of seeds is an important method for obtaning juvenile
materias of plants having seeds tha are difficult to germinate (forest trees), having low
or short viability (banana, plantains, black pepper); or require specid mediaors for seed
germination (orchids, sandalwood).

Embryo culture
Embryo culture may be achieved ether by culture of immature embryos or by

culture of mature embryos. Immature embryos are mainly cultured from unripe or hybrid



seeds which fall to germinate, whereas maure embryo culture is mainly done to avoid
inhibition in seed germination.
3.1.1 Relevance of in vitro seed germination and cultur e establishment in Papaya
Carica papaya L. is susceptible to a wide range of pathogens (Conover 1964), the
biggest threat being the Pgpaya Ringspot Virus. The prevaence of the disease is world
wide. Conventiondly, papaya is propagated by seeds. Poor germination is a common
phenomenon in papaya and it could be due to absence of embryos in 20% of seeds
(Furutani and Nagao 1986). Breeders are under continuous pressure to produce disease
resdant cultivars. Breeding programs are complicated by limited and varidble seed
germination of papaya (Chacko and Singh 1966; Lange 1961). This problem becomes
serious when seeds of hybrids are to be used where the seed yidd is very low. To ensure
seed surviva and viability, a high germinaion percentage of these seeds are necessary. In
other way, the productivity of the crop can be increesed by growing €ite cultivars
produced by in vitro clonad propagation. Need for in vitro explants arose because the
edablishment of cultures from explants grown outdoors is difficult due to severe
contamination problems. A mgor condraint to the establishment of shoot bud cultures of
papaya has been high associated bacterid contamination (Litz and Conover 1962,
Monda et al. 1990). Pseudomonas species and Bacillus species are the most commonly
occurring contaminants in pagpaya shoot tip culture (Sharma et al. 1999). To avoid
contamination, in vitro grown tissues are preferred over fiddd grown materials (Mondal et
al. 1994). Aseptic plant materiadls can be obtained via somatic embryogenesis, or direct
germination of seeds and embryos. Although somatic embryogenesis has been reported in
papaya (Fitch and Mansherdt 1990; Monmerson et al. 1995; Cheng et al. 1987; Cabrera
Ponce et al. 1996), the whole process of developing a new plantlet takes amost 2-3
month, whereas germination of seeds or embryos takes mere 7-10 days (Bhattacharya
and Khuspe 2001). The process of seed germination could be exploited to preserve
intringc genetic variability and to induce new combinaion by mutagenesis (Ravindran et
al. 1985). It could dso prove useful in obtaining contamination free source plants and
juvenile explants that have better regenerability in tissue cultures. This aspects are vitd
for Carica papaya L. where cloning of adult, true to type fidd grown papaya plants is



difficult due to occurrence of large scale bacteria contaminations at stage | or stage 11 of
micropropagation (Sharmaet al. 1999).

In this chepter, we discuss in vitro and in vivo seed germindion and the
establishment of aseptic cultures of papaya.
3.2 Materialsand Methods
3.2.1 Material used

Seeds of ten cultivars of papaya viz. Honey Dew, Pusa Maesty, Hybrid-781,
Hybrid 786, Washington, Pusa Delicious, Disco, Pinky Hesh, Ex-15 and Pant Papaya,
were collected from the Regiond Fruit Research Station, Pune, India Seed germination
was sudied in both in vivo and in vitro condition.

3.2.2 In vivo seed germination

In this study, different pre-sowing trestments and variaion in temperatures were
evauated on in vivo germination of seeds.
3.2.2.1 Pre-sowing treatment

Prior to use, the pre-sowing trestments of the papaya seeds were soaking in water
for 24 and 48 hour, acid scarification with 0.IN HCI (1 and 2 min), 0.IN HNOs (2 and 5
min), concentrated sulphuric acid HxSO4 (30 and 60 sec) soaking in gibberdlic acid
(GA3) (100 and 200 ppm), naphthalene acetic acid (NAA) (100 and 200 ppm) and 0.1%
potassum nitrate (KNOs). Treatment of GA3, NAA and KNO3; was given for 24 hs. All
experiments were carried out a room temperature. The seeds were not surface Sterilized
before using.

The seeds were washed with tap water to remove traces of any chemicals and
were sown directly in soil filled tray at a depth of 3 cm. (Heresfter, direct sowing of seeds
in soil will be referred asin vivo condition). Watering was done at five days intervas.
3.2.2.2 Temperaturetreatment

Germination of the seeds was tested at 15, 20, 25, 30, 35 and 40 °C. Seeds of dl
the varieties were sown in three replications. Each replication contained 100 seeds.
Radicd emergence was used as the criterion for germination. The observations on
germination were recorded a weekly interva by taking out the seeds from the soil. Once
germinated, the seedlings were removed and placed in the tray containing mixture of soil:
sand: FYM (1:1:1).
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3.2.3In vitro seed germination

The effect of explant type, basd media, growth regulators, light conditions,
gdling agents, support materids, antibiotics and genotypes on seed germination of
papaya were studied in this chapter.

The seeds were kept under running water at room temperature for 1 h and then
washed in liquid sogp for 10 min. These seeds were then surface derilized using ethyl
acohol (70%) for 30 secs followed by treatment with 4% sodium hypochlorite (NaOCl)
for 10 second indde a laminar ar flow cabinet. To remove traces of chlorine, the seeds
were washed three times with Sterile ditilled water and then soaked in water for about an
hour. These seeds were then placed on MS basd medium (Murashige and Skoog 1962)
supplemented with 3% sucrose and a range of growth regulators. The medium was
solidified with 0.8% agar. The pH of the medium was adjusted to 5.8 by HCl or NaOH
prior to autocdlaving a 15 psi for 20 min a 121 °C. The medium was dispensed into 85
mm petridish. All the dishes were sedled with "Parafilm" and kept at 25+2 °C.
3.2.3.1 Effect of type of seed explant on papaya seed ger mination

Four different types of explants were used. These were intact and halved seed and
intact and hadved embryos. Seeds were cut longitudindly and the white embryo was
taken out aseptically and cultured on MS basal medium to assess these for germination.
3.2.3.2 Effect of basal media on papaya seed ger mination

Seeds of ten papaya varieties were cultured on both agar solidified and liquid MS,
Whites and B5 basd mediato evauate their effect on germination.
3.2.3.3 Effect of growth regulators on papaya seed ger mination

Effect of different concentrations of BAP, NAA, 2,4-D, 2,45-T, TDZ (0.1- 5.0
mg/l each) incorporated into the MS basd medium was evaduated on the germination of
whole seeds and isolated embryos of papaya
3.2.3.4 Effect of light conditions on papaya seed ger mination

Seeds and embryos of papaya were kept in both light (16 h photoperiod under
cool white fluorescent tubes at 25 mmol m? s) and dark conditions to assess the effect of

light on germination.



3.2.3.5 Effect of gelling agents on papaya seed ger mination

Papaya seeds were kept in MS basd medium solidified with agar agar (0.75%)
and phytagd (0.2% Sigma) and incubated in 16 h light and 8 h dark photoperiod
condition.
3.2.3.6 Effect of support materials on papaya seed germination

Three different support materids i.e. filter paper, soil and cotton Serilized by
autoclaving and soaked with MS basd medium, were placed in dispossble derile
petridishes under gerile conditions and use for seed and embryo culture.
3.2.3.7 Effect of antibiotics on papaya seed ger mination

Effect of some commonly wused antibiotics (cefotaxime, chloramphenicol,
greptomycin and carbenicillin) was sudied on seed germination of three papaya
cultivars, Honey Dew, Pusa Delicious and Washington.
3.2.3.8 Effect of genotypes on papaya seed ger mination

The effect of genotype was dudied by culturing dl the ten varieties on MS
medium in gerile digposable petridishes.

Germination event was marked by swelling of seeds or embryos, but seeds were
designated to be germinated when radicd or plumule emerged. The experiment was lad
out with 3 replications in a randomised block design. Each plate contained 10 explants
and each replication contained 30 explants. The progress of the germination was recorded
for a period of 40 days a 7day intervals under a safe light condition. Statidticd analyss
of the data was done usng ANOVA and treatment means were compared a 0.05
probability.

3.3 Results and Discussion

In this section, the result of in vivo seed germination have been described fird,
which is followed by the results of in vitro seed germination. The effect of each trestment
has been described separately as written in the materids and methods sections.
3.3.1In vivo seed germination

The seeds of dl the varieties imbibed water and swdled within 5-6 days. When
sown in soil, the commencement of seed germination (i.e. radicad protruson) was
observed after 16-20 days, depending upon the papaya cultivar (Fig. 3.1). Emergence of
radicals continued intermittently for about 40 days. Over that time 3 to 71% germination

Ivi



Fig.3.1
A. Stages of papaya seed germination cv. Washington.

(average 40.2%) was observed, depending upon the cultivar (Table 3.1). All the in vivo
germinated seedlings developed into hedthy plantlets.

Table 3.1 Start of germination and percentage ger mination after 40 days of in vitro
and in vivo papaya seed germination.

Cultivar Daysfor Mean | % germination after | Mean
used commencement of 40 days from sowing
germination
Invivo Invitro In vivo Invitro

Pusa 18.30+150 | 5.30+0.60 1720 | 41.30+4.70 | 74.00+3.00 | 56.30
Majesty
Pinky flesh 20.70+4.00 | 6.00+ 1.00 1580 | 48.70+3.50 |  74.00+4.60 61.30
Puss 19.30+1.50 | 8.00+1.00 1850 | 44.00+7.00 | 73.30+450 | 51.80
Ddidous
Ex-15 17.70+2.50 | 6.00+1.00 18.00 16.30+2.10 | 74.00+3.60 | 42.70
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Disco 16.70+1.50 9.30 +3.20 22.50 3.30+ 4.20 71.30£3.00 | 28.70
Hybrid 781 1870+1.10 | 870+2.90 21.70 | 39.30+4.20 | 71.70+550 | 48.30
Hybrid 786 18.00+1.00 | 6.00+1.70 2020 | 4570+1.10 | 73.30+4.20 | 47.00
Honey Dew 16.70+ 1.50 7.30 + 0.60 18.80 70.70 £4.90 | 77.00+1.70 69.80
Washington 17.70+250 | 7.00 +0.00 1880 | 49.00+520 | 70.30+0.60 | 52.00
Pant Papaya 19.70+ 150 | 6.70+3.00 22.00 43.00+6.00 | 71.00+3.00 54.0

Mean 18.33 7.03 40.16 59.48

CD for genotype 45 CD for genotype 15.38
CD for conditions 35.5 CD for conditions 38.64
CD for genotype x condition 2.0 CD for genotype x condition 21.76
CD for trestment 5.8 CD for trestment 20.13

3.3.1.1 Effect of pre sowing treatment

Among dl the presowing treatments given to enhance the papaya seed
germination, soaking of seeds in 200 ppm GA3 for 24 hs was found to be the best for dl
the cultivars except Ex-15, where the best result was obtained with GA3 100 ppm (Table-
3.2). Sen and Ghunti (1977) dso reported that GA3z was the best pre-sowing trestment to
be given to non-chilled seeds. Pogtive effect of GA3 for improving the papaya seed
germination was aso obtained earlier (Furutani and Nagao 1987; Tseng 1991). GAs is
dso found to affect pogdtively the seed germination of other crops (Zarad et al.1997;
Kuwahara et al. 1999). GA3 generdly acts through bresking of dormancy by inhibiting
the action of ABA. It is posshle that papaya seeds were dormant and therefore

germinaesin presence of GAs,

Table 3.2 Percentages in vivo papaya seed germination after various pre- sowing

treatments
Cultivar || Control |[ Water soaking HCI HNO3 H2SO 4 24 h GA3dipping
used scarification scarification scarification
24 h 48 h 1 2min || 2min || 5min || 30 sec || 60 sec || 100 ppm 200
min ppm
Pusa 41.30 45.00 | 48.00 | 17.30 | 18.70 | 60.00 11.70 7.00 6.00 50.00 70.30

Majesty +470 | £600 | + 200 [ +150 | £1.10| £2.00 | £290 | £1.70 | £260 | *0.00 +4.00

Pinky 48.70 55.70 | 58.00 | 18.00 | 14.30 | 58.70 11.30 5.30 3.30 56.00 61.30
flesh +350 | £400 | +260 [ +460 | £320| £2.10 | £3.20 | £0.60 | £150 | *3.60 +2.10
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Pusa 44.00 67.00 | 47.70 | 30.00 | 53.00 [ 66.70 16.70 7.70 6.30 48.00 67.30
Delicious +700 | £100 | +4.60 [ +3.00 | £+200| £3.20 | £1.50 | £2.50 | £300| *3.60 +4.50

Ex-15 16.30 17.70 | 19.30 2.70 2.60 9.70 10.00 4.30 3.00 21.70 21.00
+210 | £250( +810 [ +250 | £+210| £250 | £2.00 | £1.10 | £100 | *3.00 +5.30

Disco 330 = | 4.30 5.00 1.30 2.00 6.00 9.30 6.30 3.00 8.30 12.30
4.20 +490| +430 [ +150| £100 | +260 | +1.10 | £1.10 | £260 | +2.80 +1.50

Hybrid 39.30 | 42.70 | 39.60 | 31.70 | 27.70 | 38.70 6.70 4.70 1.70 45.00 54.30
781 4.20 +250| £ 660 [ +420 | £210 | +350 | £1.50 | £0.60 | £150 | +1.00 +5.80

Hybrid 45.70 + | 49.00 | 51.00 | 32.70 | 51.00 | 54.00 11.70 5.00 4.00 52.70 62.70
786 1.10 +6.00| £350 [ +200| £400 | +4.60 | £290 | £0.00 | £1.00 | +2.50 +2.50

Honey 70.70 + | 70.00 | 73.30 | 32.30 | 36.70 | 65.70 10.00 6.70 3.00 70.70 79.00
Dew 4.90 +000| + 150 | +400 | £500 | +5.10 [ £0.00 [ + 290 | £000 | *2.50 +4.60

Washingt 49.00 51.70 | 53.70 | 36.30 | 42.30 | 56.70 13.70 9.30 5.30 56.70 69.30
on +520 | £290 | +6.00 [ +3.00 | £500 | £5.70 | £1.50 | £4.90 | £420 | *2.10 +4.00

Pant 43.00 45.00 | 47.00 | 35.70 | 34.70 | 49.00 11.70 7.70 2.30 48.30 67.30
Papaya +6.00 | +500 | +530 [ +420| £150| +3.60 | +150 | +250 | +060 [ +5.80 +2.50

CD for Genotype = 5.3, Treatment=3.7,Time =2.3,Genotype treatment interaction,
Genotypetime interaction =Non sgnificant, Treatment time interaction =5.3,
Genotype trestment and time interaction = Non sgnificant.

The next best pre-sowing treatment in papaya was found to be acid scarification
with 0.IN HNOs for 2 min (Table 3.2). Among the three acid tested, scarification with
HNO;3 gave better result compared to control except Ex-15, Hybrid 781 and Honey Dew.
Generd obsarvation was that acid trested seeds germinated more uniformly than
untreated ones (control). The use of acid treatment for enhancing seed germination was
exemplified earlier (Purseglove 1974).

In our sudy, nitric acid trestment for 2 min was bes while dl other acid
trestments gave less germination percentage. This may result from damage of the embryo
because of acid trestment. The increase in germination percentage by acid trestment may
be due to softening of hard testa which resulted in better water absorption and aso helped
in better gaseous exchange. Acid trestments also cause removd of inhibitory substances
(Nagaveni and Srimathi 1980) which hdps in germination of a seed. Use of nitric acid
was adso proved to be a superior acid treatment in seed germination studies of severd
crops (Naidu et al. 1999; Seeber and Agpaoa 1976). KNO3s and NAA were both found to
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be inhibitory to pepaya seed germination. A smilar negative effect with KNOs was
observed in lime (Leond and Rodrigues 1999) and with NAA in Phadaenopsis hybrid
when used as pre germination treatment (Bhattacharjee et al. 1999).
3.3.1.2 Effect of temperature

Temperature was found to strongly influence the papaya seed germination. None
of the cultivars germinated a a temperature of 15 °C and above 40 °C. Germination
percentage was low a 20 °C and increased with incressing temperature to a maximum of
about 80% a 30 °C. Above 30 °C, in dl the varieties percentage germination decreased
with temperature and was very low a 40 °C (Table 3.3). These findings confirm the
findings of Yahiro and Yoshitaka (1982). For most of the cultivars, temperature of 25 °C
was found to be nore suitable than 35°C for seed germination. However, this finding is in
contrast with the findings of Furutani and Nagao (1987) who reported that hesting up to
35 °C gave a higher percentage of seedling emergence of papaya seeds than heating up to
25 °C in in vivo condition. The percentage of any seed to germinate was maximum & the
optima temperature for that species. As the temperature declines or advances from the
optima temperature, two things may happen a the same time. While the percentage of
seeds to germinate decreases, the number of days to germination increases. For every
goecies of seed, there is an optimd soil temperaiure for germination, and a that
temperature, the maximum number of seeds will germinate and in less time than a any
other temperature.

Table 3.3 Effect of temperature (°C) on papaya seed ger mination

Varieties 20° 25° 30° 35° 40°
Pusa 25.00+1.00° | 52.33+058% | 8L.00+1.00* | 28.00+1.00% | 4.66+0.58.°
Majesty

Pinky flesh | 18.00+2.00° | 35.33+0.58°° | 73.66+0.58™ | 23.66+1.15° | 0.33+0.58°
Pusa 14.66+058" | 40.33+058° | 76.33+1.53% | 18.33+0.50" | 8.00+1.00°
Ddicious

Ex-15 24.33+1.15% | 33.00+1.00° | 71.33+0589 | 27.66+058."° | 4.33+1.15°
Disco 8.33+058" | 23.66+0.58" | 80.00+1.00.° | 25.66+0.58° | 3.33+0.58.°°
Hybrid 781 0.66+0.58" | 25.66+1.159 | 73.33+1.52% | 23.33+0.58° | 4.33+0.58.°
Hybrid 786 | 12.33+0.58° | 33.66+1.52° | 76.00+1.00° | 25.66+1.52°° | 533+1.15 "
Honey Dew | 14.33+0.58% | 27.66+0.58" | 77.66+1.15° | 18.33+0.58" | 5.00+1.00.°




Washington

17.66+0.58

22.00+0.00'

74.66+1.15%

24.66+0.58

3.33:058.°

Pant Papaya

19.33+0.58.°

28.00+1.00

77.00£1.00°

21.66+1.15°

4.00£0.00."

Vaues with same letter (a-f) in acolumn are not gatigticaly different a P= 0.05

This is the lowest temperaiure at which germination will occur for that crop, but
the length of time for germination will be much longer than & optimum temperatures
(Relf 1997).
3.3.2In vitro seed germination

Germination of seeds kept in in vitro darted within 5-9 days (Table 3.1). The
maximum in vitro germination percentage (77%) was observed with Honey Dew cultivar,
whereas cultivar Pant papaya responded least (71.0%) in in vitro germination (Table 3.1).
This observation was recorded after 40 days.
3.3.2.1 Effect of explant type on seed ger mination

Of the four types of seed materia (intact and halved seed and embryo separately)
(Fig. 32), intact embryo yidded the highest germination percentages (Table-3.4). All
these seedlings arose directly from the zygotic embryos. No somatic embryogenesis was
observed. Intact embryos showed highest germination percentage may be because of the
remova of the hard seed coat. Hard seed coat prevents seed germination by interference
with water uptake, gaseous exchange. Also seed coat supplies inhibitors to the embryo or
prevent the exhibit of the inhibitors (Bewley and Black 1994). This dso may be the
reason behind less germinaion percent of intact seed. It is observed that when haved
seeds are used, germination percent was increased over the intact ones. It appears that
physica action of cutting the seeds in hdf did not impede development rather improves it
by removing a part of hard seed coat. Some germination inhibiting substances are present
in the cotyledons whose affect is reduced when the seeds are halved (Bewley and Black
1994). The lowest percentage of seedlings was produced by halved embryo.



Fig32

Fig.3.2
A. Intact and halved papaya seeds (cv. Washington)
B. Halved and whole embryos of papaya seeds (cv. Washington)
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Table 3.4 Percentage in vitro germination of different papaya seed material in light
and in darkness.

Cultivar % germination of % germination of % germination of % germination of
used intact seed halved seed naked embryo halved embryo
Light Dark Light Dark Light Dark Light Dark
Pusa 7400 70.70 £ 84.70+ 8130+ 9700+ | 9530+ 69.70 £ 65.00+
M ajesty 3.00 2.10 250 2.30 2.60 2.50 5.00 5.00
Pinky 7400+ 7370+ 89.00 + 86.00 £ 9570+ | 9170+ 7170+ 66.70 +
flesh 4.60 110 5.60 4.00 3.00 150 5.80 5.70
Pusa 7330+ 63.00 £ 7730+ 74.70+ 9770+ | 96.00+ 67.33+ 66.00 +
Delicious 4.50 4.00 3.80 2.50 2.10 1.00 2.50 3.60
Ex-15 7400+ 7130+ 8370+ 83.00+ 9400+ | 89.70+ 7370+ 7030+
3.60 3.20 5.00 3.60 1.70 350 3.20 250
Disco 7130+ 56.30 £ 7200+ 68.00 £ 9200+ | 8530+ 65.00 £ 6100+
3.00 4.00 170 3.00 5.60 350 5.00 3.60
Hybrid 7170+ 61.00+ 7000+ 7530+ 9530+ [ 9270+ 6230 5770+
781 5.50 5.30 2.00 3.50 150 2.50 3.00 2.50
Hybrid 7330+ 56.70 + 6530+ 70.70 96.30+ | 95.00+ 63.70+ 59.00
786 4.20 4.70 250 4.10 2.10 1.00 4.00 5.30
Honey 7700+ 64.30+ 7500+ 75.70 £ 10000 | 99.00+ 66.30 + 6170+
Dew 170 4.00 0.00 4.50 +0.00 1.00 3.20 2.90
Washingt 7030+ 55.70 + 70.70+ 65.00+ 9400+ | 9130+ 63.00 £ 5430+
on 0.60 4.00 3.80 5.00 5.30 3.20 200 5.10
Pant 7100+ 60.00+ 69.30 + 67.30+ 9330+ | 90.00% 62.70 £ 53.70+
Papaya 3.00 5.00 6.00 250 290 4.30 250 2.90

CD for Genotype = 6.6, Treatment = 4.2, Treatment and condition interaction =3.0,
Genotype trestment interaction =13.3 Genotype condition interaction-Non ggnificant,
Treatment condition interaction =6.0,Genotype, treatment and condition interaction=Non
sgnificant.

This may be because, while dissecting, damage may be caused in the merigematic
region of the embryos. Smilar pattern of growth of haved embryos was dso observed in
Rubus seed germination (Ke et al. 1985).
3.3.2.2 Effect of basal media

Out of the three basd media formulation for seed germination of papaya MS
medium was found to be the best followed by B5 and Whites in dl he ten cultivars after
10 days of incubation (Table 3.5). Although a wide range of basd medium can be used in
tissue culture studies 70% of the successful cases were ether MS sdts or its derivatives
These media contain high levels of sdts and both NH;" and NOs’, the importance being
recognized snce 1965 (Thorpe 1988). Among the three media tested maximum
germination was observed with MS medium, followed by B5 and Whité's media. The rate
of root growth was higher in MS medium as compared to Whites or B5 medium.
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Table 3.5 Effect of basal media on papaya seed ger mination

Varieties MS Whites B5
Pusa Majesty 74.0 0+ 3.002 47.00+2.00% | 57.00+2.00b?
Pinky flesh 74.00 + 4.60° 46.66+1.53 2 | 56.33+2.082P
Pusa Ddlicious 73.30+ 4502 46.33+3.78% | 59.66+2.08°2
Ex-15 74.00+ 3.602 45.00+3.00% | 55.00£3.00%
Disco 71.30+ 3.002 4533+4.04% | 57.33+1.522
Hybrid 781 71.70+ 550 2 47.00+0.00% | 57.33+0.58°
Hybrid 786 73.30+4.202 4533+351% | 58.66+3.51°
Honey Dew 77.00+ 1.702 45.66+4.50% | 54.66+4.16%
Washington 70.30 + 0.602P 44.00+1.00% | 62.33+3.78°
Pant Papaya 71.00 + 3.002 44.66+2.082 | 55.00£2.00%®

Vaues with same letter (a-b) in acolumn are not atigticaly different at P=0.05

Effectiveness of MS basd medium was dso reported earlier in other crops
(Chengalrayan 1997; Banerjee 2001).
3.3.2.3 Effect of growth regulator

Germination of the seed is known to be prevented by naturdly occurring abscisic
acid (ABA) blocking the dimulaion of germingtion by gibberdlin. It has been
demondrated that in some plants the exogenous application of cytokinin overcome the
inhibitory action of ABA in seed germinaion (Khan et al. 1971). Among the hormones
tested for in vitro germination of papaya seeds (BAP, NAA, TDZ, 24-D and 2,4,5-T)
each a 0.1-5.0 mg/l, TDZ showed the best response (Fig. 3.3 A) in lowest concentration
in dl the cultivars. Highest germination percentage was obtained in EX-15 cultivar (95%)
and lowest being Hybrid 786 (89.66%) (Table 3.6). When highest concentration of TDZ
(5mg/l) was used, the embryos did not germinate a dl. Granular white calus formed
which covered the whole embryo gradudly.
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Table 3.6 Effect of TDZ on papaya seed ger mination

Varieties Germination percent in presence of TDZ (mg/l)
0.1 0.2 0.5 1.0 2.0 4.0

Pusa 40.66+1.52% | 93.66+0.58" | 88.00+1.00"* | 74.66+0.58" | 64.33+1.52° | 14.66+0.58°
Maesty
Pinky flesh 41.00£1.00® | 92.00£1.00° | 90.00£1.00* | 73.00+1.00" | 63.66+1.15" | 16.66+1.52"
Pusa 40.33t1.15% | 97.33:0.58* | 87.66:0.58° | 74.00+1.00° | 63.66+1.52° | 9.00+1.00°
Ddidious
Ex-15 40.66£1.52% | 95.00+1.00° | 90.00£1.00* | 81.00+1.00° | 66.00+1.00° | 11.33+0.58°
Disco 39.00£1.00* | 93.33t1.53"° | 90.00+1.52% | 75.66+1.15" | 66.33t1.52% | 11.66+1.52°
Hybrid 781 30.33t152% | 92.33+0.58° | 89.66:1.52° | 70.66+1.00° | 61.66+0.58° | 20.66+2.08°
Hybrid 786 40.33:0.58° | 89.6620.58 ¢ | 89.66:0.58® | 72.00£0.58° | 65.33t1.15° | 08.33+1.15°
Honey Dew 39.00£0.00* | 90.33:+1.15% | 91.66:0.58° | 74.33+1.15" | 62.00£1.00" | 07.33+0.58°
Washington 40.00£1.00® | 90.66:+0.58" | 90.33:+0.58% | 73.66+1.15" | 66.00+1.00° | 21.00+1.00%
Pant Papaya | 39.66:208° | 90.33:0.58° | 87.00:1.00% | 71.33:1.15° | 64.00£1.00° | 18.33:0.58"
Vaueswith same letter (a-€) in acolumn are not datistically different a P = 0.05
Table 3.7 Effect of NAA on papaya seed ger mination

Varieties Germination percent in presenceof NAA (mg/l)

0.1 0.2 0.5 1.0 2.0 4.0

Pusa 31.00+1.00% | 75.00£1.00° | 77.00+1.00° | 84.00+1.00° | 56.00+1.00" | 35.66+1.15°
Maesty
Pinky flesh 32.00+3.0° 72.00+1.00° | 77.33+0.58° | 81.66+1.58° | 59.33+1.52° | 47.00+1.00°
Pusa 30.66£3.05° | 72.66:0.58° | 69.33+1.52° | 79.33t1.52" | 62.00:2.00" | 52.33+0.58"
Ddidous
Ex-15 31.00£1.0° 75.66£2.08° | 74.33t+1.15° | 85.66+0.58° | 72.33:1.52® | 34.33+1.15°
Disco 30.66+2.51° 77.00£1.0° 80.66£0.58" | 83.66x0.58 | 73.66+1.15* | 29.33:0.58"
Hybrid 781 32.00+£.0.00° | 78.66+1.15* | 74.33+1.15° | 90.33+1.52° | 69.00£1.00° | 19.00+1.00°
Hybrid 786 31.33+1.52° | 76.33:0.58" | 72.66+1.15° | 86.00+1.00° | 68.66+1.52° | 17.66+1.15"
Honey Dew 31.00£1.00° | 71.33t+1.52° | 75.00£0.00" | 87.66x+1.15° | 74.66x1.52* | 18.001.73°
Washington 32.00£1.00° | 74.66+1.15"° | 74.66x1.15° | 84.33+1.15° 72.00£1.00° | 32.33%1.52°
Pant Papaya | 3200:1.73° 75.33:0.58° | 76.00+1.73° | 86.66+1.52° | 74.66+0.58* | 31.00+1.73°

Vaues with same |etter (a-f) in acolumn are not Satisticaly different at P = 0.05




Table 3.8 Effect of BAP on papaya seed ger mination

Varieties Germination percent in presenceof BAP (mg/l)
0.1 0.2 0.5 1.0 2.0 4.0

Pusa 33.66+1.52° | 87.66+0.58° | 77.66x0.58° | 71.33%x1.52° | 42.66+2.08° | 28.00+1.00%
Majesty

Pinky flesh 38.00£1.73* | 82.00+0.00% | 73.33+0.58" | 62.00+1.00" | 51.66+1.52°° | 29.00+1.00%
Pusa 36.00+1.73% | 86.33+1.52° | 75.00£1.00° | 68.00+1.00° | 53.66+2.08° | 16.33+1.15%
Ddidious

Ex-15 37.33+1.52° | 84.33+1.52° | 74.66+1.15° | 73.00+1.00° | 46.33+1.52' | 23.66+1.52°
Disco 35.33+3.00° | 86.66+0.58° | 75.33+1.15° | 75.66+0.58" | 53.33x1.52° | 17.33+0.58°
Hybrid 781 36.33+2.08" | 83.00£1.73° 74.00.00 73.00+1.00° | 54.33+0.58" | 18.33+1.15"
Hybrid 786 37.66+2.30° | 87.66x1.15° | 74.66+1.52° | 70.66+0.58° | 55.00£1.00 | 24.66+0.58"
Honey Dew 36.33:0.58" | 84.00£1.73° | 74.66+1.52° | 68.00+2.00° | 46.66+1.52" | 22.33+0.58"°
Washington 37.33+2.08° | 85.66x1.52° | 72.33+1.00° | 74.33+1.52° | 45.00+2.00° | 21.33+1.52°
Pant Papaya 37.00+1.0° 82.66+0.58° 78.0+1.00% 63.66+1.52° | 57.00+2.64* | 18.33+0.58"

Vadueswith same letter (a-€) in acolumn are not satisticaly different at P=0.05

This was followed by NAA (Table 3.7) and BAP (Table 3.8) supplemented in MS
basd medium. Hormones play an important role in seed germination process (Chee
1994). BAP a lowest concentration showed the maximum germindion percentage
whereas with NAA 5 mg/ll gave the highes germination in dl cultivars. Treatment with
the higher concentrations of BAP and NAA and dl concentrations of 24-D and 2,45-T
in our sudy favored calus growth. Auxins in generd were found to show a negdive
effect on seed germination of severd crops (Bhattacharjee et al. 1999) while BAP is
reported to hep in germination by acting as an inhibitor of ABA (Bewley and Black
1994). The presence of TDZ in the medium was found to have a pogtive effect on
germination of various crops (Murthy and Saxena 1998). The highest germination
percentage was observed when low TDZ concentration (0.2 mg/l) was used. Not al the
germinated seeds developed into whole plants. me (7-8%) produced roots with stunted
shoots when high concentration of TDZ (4.0mg/l) was used. A dmilar trend was dso




observed by Massmo et al. (1995) in geranium, where an increase in concentration of
TDZ increased the number of stunted seedlings.
3.3.2.4 Effect of light conditions

In our study, seeds germinated faster in the 16 h photoperiod than in darkness,
thus confirming the importance of light in papaya seed germindion. In cotton, Tort
(1996) conduded thet illumination dgnificantly increesed the germination percentage.
Compared to darkened conditions 16 h photoperiod was found to increase germination
percent (Table 34) and the root growth. Podtive effect of light governing seed
germination was observed earlier in other crops (Hand et al. 1992; Van der Sman et al.
1992). The importance of light as a factor in seed germinaion has long been recognized.
Light sengtivity of seed was suggested as having some redions to seed germination in
their natura habitat (Mayer and Polijakoff- Mayber 1979).
3.3.2.5 Effect of gelling agent

Use of different geling agents used to <olidify MS medium affected the
germination percentage. Agar (0.75%) was found to be better suited than phytagd (0.2%)
a a gdling agent for germinaion medium snce it supported higher germination
percentage (Table 3.9) (Fig. 3.3B) in dl the varieties tested.

Table 3.9 Effect of gelling agent on papaya seed ger mination

Varieties Gelling agent
Agar Phytagel
Pusa Mgjesty 74.00+ 3.002 57.66 + 1.522
Pinky flesh 74.00 + 4.60% 56.00 + 2.002
Pusa Ddlicious 73.30 + 4.50% 57.33+ 4.16%
Ex-15 74.00 + 3.60% 57.00 + 1.00%
Disco 71.30 + 3.00% 55.66 + 1.52%
Hybrid 781 71.70 + 5.50% 55.33+ 1.52%
Hybrid 786 73.30 + 4.207 58.33 + 0.58%
Honey Dew 77.00 + 1.70% 54.66 + 2.30®
Washington 70.30 + 0.60° 53.66 + 0.58°
Pant Papaya 71.00 + 3.00% 55.66 + 0.58%

Vaues with same letter (a-b) in acolumn are not satisticaly at P = 0.05
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Different gdling agent acts differently. The gdlan type of gdling agents such as Gerite
and Phytagd (Sgma) ae known to induce hyperhydricity (Podwyszynska and
Olszeweski 1995). Though respongble for higher water avalability and hyperhydricity in
tissue cultures, phytagd was found to be inferior to agar as gdling agent in seed
germination. The pogtive effect of agar on seed germination may be due to impurities in
agar that acted as medium supplements (Podwysznska and Olszeweski 1995).
3.3.2.6 Effect of support material

Different support materids used for seed germindion affected the germination
percent consderably. Soil which is generally used to support seed germinaion ex vitro,
showed lowest germination percentage in our in vitro seed germination experiment. Use
of cotton and filter paper gave satidfactory germindion percentage. Filter paper was
found to be the best support materiad for papaya seed germination (Table 3.10)
(Fig. 34 A).
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Fig. 3.3
A. Germination of papaya embryosin presence of TDZ in the MS basa medium
B. Germination of papaya embryosin presence of agar as gelling agent in MS basal medium

Table 3.10 Effect of substrate on papaya seed ger mination

Varieties Substrate

Soil Filter paper Cotton
Pusa Maesty 29.66+2.30% | 79.00+3.00° 53.00+4.35°
Pinky flesh 30.66+2.30% | 75.66+1.15° 53.66+4.72 ¢
Pusa Ddlicious 32.33+1.15% | 77.66+2.512 53.33+3.21°
Ex-15 10.33+3.21° | 80.00+1.732 53.66+3.78%
Disco 0.33+0.58 78.33£3.51° 54.66+3.78 7
Hybrid 781 33.33+2.30¢% | 78.00+2.00? 53.66+3.78°
Hybrid 786 33.33+2.08°% | 80.00+3.46° 53.00+3.46°
Honey Dew 31.00+2.00% | 79.66+2.082 55.66+2.88 2
Washington 31.33+0.58% | 80.33+4.50° 55.00+3.00°
Pant Papaya 31.66+3.51°% | 81.33+4.50% 54.00+2.64°
Vaues with same letter (a-b) in acolumn are not gatisticaly different
a P=0.05

However, soil supported the best root growth followed by filter paper and cotton.
Filter paper was effective in papaya seed germination may be because it could provide
agppropriate  moisture necessary  for the seeds to germinate as observed in seed
germination of other crops (Prasad et al. 1996). Cotton holds excessve moisture, which
may result in fungd contamination. Proper humidity can be maintaned with filter paper
as media can be replenished as and when needed. Sterilized soil used for in vitro
gemination was found to be less suitable than non autoclaved soil used in ex vitro
germindion. This suggests the postive effect of different biologicd and physco-
chemica factors in non derile soil used ex vitro. However, sterilized soil supported root
growth better than cotton or filter paper.
3.3.2.7 Effect of antibiotics

Antibiotics dso affect the papaya seed germination (Fig. 3.4 B). Four antibiotics
were tested cefotaxime (100-1000 mg/l), carbenicillin (100-1000 mg/l), cholramphenicol
(1-40mg/l), and dtreptomycin (100-1000 mg/l) on three cultivars, Honey Dew, Pusa
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Déicious and Washington (Table 3.11). Among them, cefotaxime and carbenicillin were

found to affect the germination in a pogtive way.

Table 3.11 Effect of antibiotics on papaya seed ger mination

Antibiotic | Concentration || Honey Dew % | Washington % | Pusa Delicious
(mgll) germination germination % germination

Cefotaxime 100 78.66+0.58° 72.00+2.00° 74.66+2.51°

250 82.33+1.53" 86.00+1.007 76.66+2.08"

500 88.00+ 1.00° 58.00+1.00° 85.66 + 1.15%

750 61.00+1.00° 47.00+2.00¢ 46.33+1.52°

1000 42.66+3.05° 32.33+2.51° 27.00+1.00°

Carbenidillin 100 79.33+1.52° 70.33+2.08° 70.66+1.52°

250 83.66 +2.307 74.33+2.08" 80.00+1.00%

500 84.00+1.00? 81.33+2.08° 80.66+1.52%

750 44.00+2.64° 54.33+4.04° 47.00£1.00°

1000 23.00+2.00° 32.33+2.51° 26.33+1.52°

Control 77.00+1.70° 70.30+0.60° 73.30+£4.50"

Vaues with same letter (a-€) in acolumn are not satisticaly different a P = 0.05

CD vdue for Cefotaxime on Honeydew is 2.86, Washington-3.24 and on Pusa
Délicious is 3.14. Agan for Carbenicillin on Honey Dew is 3.56, Washington 4.79 and
on Pusa Ddlicious 2.66

Maximum germination percent in the two cultivars Honey Dew (88%) and Pusa
Délicious (85.66%) was observed a 500 mg/l cefotaxime whereas in Washington highest
percent germination was achieved with cefotaxime 250mg/l. Higher concentration
decreased the germination percentage. Carbenicillin a 500 mg/l showed increased
germination percentage of Honey Dew (84%) and Washington (81.33%) and Pusa
Delicious (80.66%). Above 500mg/l a negative effect was obtained ether by inhibiting
the germination or by abnorma germination.

Ealier in another dudy, cabenicillin (375-500mg/l) was found to have an
inhibitory effect on somaic embryogeness but promoted cdlus growth in papaya
cultures (Yu et al. 2001). Also, a higher concentration carbenicillin was found to reduce
shoot growth in other crops (Agrawd et al. 1998). The use of other two antibiotics,
dreptomycin and chloramphenicol was found to be completely inhibitory to papaya seed
germination. In both the cases only initid swelling of the seeds were there but later on no
observed.  Similar
chloramphenicol was also observed in other crops earlier (Bastian et al. 1983; Pollock et

germindion  was inhibitory  action of dreptomycin and



al. 1983). The dimulatory effect of cefotaxime was dso observed earlier in papaya (Yu et
al. 2001) and other crops (Prediery et al. 1989). Growth regulatory activity of cefotaxime
may be due to active molecule of cefotaxime that mimics a growth regulaior (Mahias
and Mukasa 1987) or due to the degradation of cefotaxime by plant estarases which
might generate metabolites which account for growth regulator like activity (Mathias and
Byod 1986). Smilar to our sudy, both cefotaxime and carbenicillin belonging to b-
lactam group have reported to cause minima toxicity on most plant tissues (Mathias and
Boyd 1986).

3.3.2.8 Effect of genotype

Besdes environmentd factors and its corrdative effects the dormancy of a seed
also depends on genetic control (Bewley and Black 1994). Germination behavior of
papaya seeds was found to be genotype dependent. The lowest germinability in in vivo
condition was obsarved in the cultivars Disco (3.3%) and highest in Honey Dew (70.7%).
However, in in vitro condition lowest germination percent was observed in Pant papaya
(71.0%) and highest in Honey Dew (77%) (Table 3.1). The rate of root elongation was
found to be amilar in dmog dl the cultivars. The cultivar specific germination observed
in papaya could be due to genetic or environmentd factors. Difference in germination
may be due to underdeveloped embryo or absence of embryos characteristic to papaya
(Furutani and Nagapl986). Similarly the cultivars may require optimum germination
conditions and the conditions used in present study could be sub optima for some of
them.

Seed germination is consdered to begin with imbibition of water by seed and end
with dongation of embryo axis, usudly the radicd and rady plumule (Bewley and
Black 1994). According to this definition 90% of the seeds of papaya showed ability to
germinate because they imbibed water. But about 20% of seeds, which have imbibed
water, could not complete the process of germination because radical emergence was not
observed from them. The embryos from such seeds could not €ongate into seedlings but
became brownish in colour and died. This may be due to presence of some germination
inhibitors in papaya seeds (Nagao and Furutani 1986). Presence of embryoless papaya
seeds has been reported in papaya earlier (Furutani and Nagao 1986). Besides
environmenta factors and its corrdative effects the dormancy of a seed aso depends on



genetic control (Bewley and Black 1994). Some post germinaion anomdies were
observed in this germination sudy (Fig.3.5A). Root less seedlings (4%), unequa
cotyledonary leaves (9%) and production of 2-3 seedlings from a single seed were
observed but those abnormadities did not affect the growth of seedlings (Fig. 35 B and
C). The norma seedlings produced by seeds under different treatments appeared smilar

Fig.3.4




Fig. 3.4
A. Papaya seed germination with filter paper as support materia
B. Papaya seed germination (cv. Honey Dew) as affected by presence of antibiotic in the
germination medium, acarbenicillin (1000 mg/l), b control, ¢ cefotaxime (1000 mg/l), d
cefotaxime (500mg/l), e- carbenicillin (750mg/l)
Fig. 3.5
Fig 35

A. Abnormalities observed during papaya embryo germination, anormally germinated seedling,
b to f-abnormal seedlings

B. Norma papaya seedling (cv. Honey Dew) obtained from abnormally germinated embryos
C. Normad growth of papaya cv. Co-2 obtained from abnormally germinated embryos
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Fig.3.6
A. Exvitro grown papaya seedling of cv Co-2.
B. Invitro germinated seedling of papaya cv. Washington after transplanting in fidd



Fig.3.7
A. Three month old papaya seedling cv. Pusa Delicious growing in 85 mm petridish
B. Six month old papaya seedling cv. Co-2 in 250ml conica flask



3.4.Conclusion

Results presented here for n vitro conditions were found to quicken the process
of seed germindion over in-vivo conditions by about one week. Not only that, in vitro
seed germination was more uniform compared to in vivo germination process. Also, no
phenotypica difference was observed in in vitro and ex vitro grown seedlings (Fig 3.6).
Germination of papaya seeds depends considerably on the pre treatment of seeds and the
temperature a which the seeds are kept for germination. Effect of hormones, basa media,
gdling agent, culture conditions, subdrate, antibiotics and genotypes etc were aso found
to influence the in vitro rate of germination of papaya seeds. Present study reveds that
TDZ can be suitably used to enhance the papaya seed germination rate in vitro. Thus the
parameters optimized here would hdp in achieving successful germination and thereby
production of deile seedlings, which could be used in tissue culture for
micropropagetion and transformation dudies The seedlings dso find application in
preservation of inherent genetic diverdty and aso in production of novd genetic
combinations by distant hybridizaetion with other cultivated and wild gspecies through
protoplast technology or mutation breeding especidly when a smdl amount of seed is
avaladle.

Part of the work is published as a paper entitled "In vivo and in vitro germination

of papaya seeds' in Scientia Horticulturae (2001). 91(1-2): 39-49.
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CHAPTER 4

INDUCTION OF SOMATIC EMBRYOGENESIS
AND PLANT REGENERATION IN PAPAYA
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4.1 Introduction

Somatic embryogenesis is a process through which embryos develop from
somatic cels, without the fuson of gametes and later differentiates into plants through
characteristic developmenta pattern, a phenomenon, which is not observed in zygotic
embryogeness (Tisserat et al. 1979; Williams and Maheshwaran 1986; Rangaswamy
1986; Zimmerman 1993; Mekle et a. 1995). It is a pahway of de novo regeneration
from in vitro cultured tissues ether from cdlus (indirect somatic embryogeness) or from
cdls of an organized dructure such as stem, leaf, hypocotyl or zygotic embryo (direct
somatic embryogenesis) (Williams and Maheshwaran 1986). The somatic cels within a
plant contain the genetic information necessary to form a complete and functiond plant
(Merkle et d. 1995). The somatic embryos are bipolar structures, lacking a vascular
connection with the mother tissue and resemble the zygotic embryo in giving rise to a
new plant (Raghavan 1976). They consst of complete propagules (contains both the root
and shoot pole requiring ally a sngle step for the formation of an entire plant (Stuart and
Redenbaugh 1987; Parott et d. 1995). The initiation of somatic embryogeness occurs
with the termination of the exising gene expression paitern in the explant tissue and its
replacement with an embryogenic gene expresson program in those cells of the explant,
from which somatic embryos arises (Merkle et d. 1995). Embryogenic cdls which form
after many divisons in culture and require growth regulators not only for ther entry in
mitogs again but dso for the determination of the embryogenic state which are termed as
IEDC's (induced embryogenic determined cells). Formation of IEDC's hgppen in case of
indirect embryogenesis (Shap e d. 1980; William's and Maheshwaran 1986).
Conversdy, direct embryogeness in culture, proceeds from cdls which ae pre
determined for embryogenic devedlopment, i.e. they are PEDC's (pre embryogenic
determined cdls). They require an extend dimulus, ether in the form of growth
regulators or favourable conditions for the induction and development of embryos (Shap
et d.1980; William's and Maheshwaran 1986; Carman 1990). The formation of sométic
embryos is dependent on the epigenetic date of the explant (Merkle et d. 1990; Litz and
Gray 1995) as embryogenic and juvenile tissues of plants can be easly coaxed to form
embryos in comparison to differentiated vegetative cells (Thorpe 1994).
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The expresson of somatic embryogenesis depends on a number of factors.
Developmentd stage, type of tissue explant and particular cell types affects the somatic
embryogeness. After the induction of embryogenic determined cdls, there is no
difference between direct and indirect somatic embryogeness (Williams and
Maheshwaran 1986). The embryogenic cdls closdly resemble the repidly dividing
merigematic cels of apicd merigems, i.e. they are smdl cdled and having a large nude
with prominent nucleoli (Tisserat et d. 1979; Williams and Maheshwaran 1986).

The question of sngle or multiple cdl origin of somaic embryos is directly
related to the coordinated behavior of the neighboring cells as morphogenic groups
(Williams and Maheshwaran 1986). Determined cdlls may operate singly or in groups to
form embryos. In case of indirect somatic embryogeness, ether through cdlus or
suspension culture, the origin of the embryos was found to from a clump of embryogenic
cdls cdled the proembryond mass (PEM), from which embroids develop (Williams and
Maheshwaran 1986). Direct somatic embryogeness may adso be multicdlular (Haccius
1978) or may arise from a single superficia cdl (Konar and Natargia 1965) or by both of
these pathways (Williams and Maheshwaran 1986). The direct somatic embryogeness is
advantageous over indirect pathway because embryos produced via cdlus phase may not
produce true to type plants. However, useful variants could be isolated through indirect
embryogeness due to somaclond variation (Rangaswamy 1986).

Auxin and auxin like subditutes are manly used for the in vitro induction of
somatic embryogeness in various crops (Litz and Gray 1995). Although Picloram,
Dicamba, NAA, 24,5 T are being used to induce embryogenesis, it is 24-D which is the
most commonly used auxin that has been exploited for various crops (Fitch 1990,
Durham and Parrott 1992). Cytokinin induced somatic embryogeness is rare but has dso
been achieved (Maheshwaran and Williams 1986; Gill and Saxena 1992). Recently, TDZ
has dso been found to induce somatic embryogeness (Murty et a. 1996). Remarkable
progress has been made in the commercidization of somatic embryogeness since its
discovery in carrot by Steward et d. 1958. Following are some of the important uses and
gpplication of somatic embryogenesisin plant tissue culture.

1) Formulation of plant cdlsin fewer seps
2) Potensid for production of large number of plant.



3)

4)

5)

6)

7)

8)

9)

Morphologica and cytologicd uniformity of the plantlets (Vasil and Vasl 1986) and
the promise of synthetic seed technology (Ammirato and Styer 1985).

Helps in crop improvement like sdections for sdt tolerance and disease resistance has
proved efficient in embryologicaly competent cdlus tissues of citrus (Litz e 4.
1985).

Embryo rescue technique helps to rescue embryos that normaly abort in wide crosses
and as a means of obtaining plants from intergeneric hybrid embryos (McGranahan et
al. 1988; Ozias-Akins et d. 1992)

As more number of regenerants can be obtained originating from few or sngle cdls
through somatic embryogenesis, it thereby increases the likelihood of achieving more
transformed cdls.

Can be used to synthesze desirable metabolites through cell or organ culture like
lipid synthess, has been reported in embryo cultures in a number of species including
cocoa, jojoba, borage, rape seed, carrot (Jannick 1991; Weber et a. 1992) and peanut
(Mhaske and Hazra 1994).

Somatic embryo derived plants are free of pathogens including viruses (Janick 1993)
because of ther absence of vascular connections between the nucleus and other
materndl tissues.

Large scde production of somatic embryos of aronomic crop and their packaging in
artificid seeds to reduce the dependence on unpredictable seed set and seed viability
(Gupta and Durzan 1987).

10) Last but not the least, somatic embryogeness has become an important tool for basic

plant biologica dudies as it can be used for molecular and biochemicd events that

occur during induction and maturation period of somatic embryo development.

4.1.2 Somatic embryogenesis studies in papaya: Current status

The earliest report of successful somatic embryogeness in papaya was by De

Bruijne et al. (1974). They were successful in induction of somatic embryos from petiole
sections cultured on Murashige and Skoog (1962) and White's (1963) media in a
multistep protocol. They obtained somatic embryos but were not able to regenerate
plants. Later, many other authors (Yie and Liaw (1977), Mehdi and Hogan (1979), Chen
et al. (1987), Chen (1988ab) Yamamoto and Tabata (1989)) have used in vitro grown



seedlings as ther source of explant for somatic embryo induction. Green house grown
seedlings were aso used as source of explant for inducing somatic embryos (Jordan et al.
1982). Fitch and Mansherdt (1990) have followed the protocol published by Litz and
Conover (1981b, 1982, 1983) and dso of Mansherdt and Wendaff (1989 g b) and could
produce somatic embryos for their transformation studies. Somatic embryos were dso
induced from hypocotyl tissues by Yang (1988) and dso by Fitch (1993). Although
different explants were found to produce somatic embryos, immature embryos il
remains the most preferred explant (Ca et al. 1999; Bhattacharya et al. 2002). Reports on
papaya somatic embryogeness has been summarized in chapter 1.

Literatures on somatic embryogenesis of Indian cv. of papaya are rather meager.
Mgority of the work published on somatic embryogenesis of papaya is on cultivars,
which are not commonly cultivated in India Hence, the present investigation is carried
out with the am of developing an efficient pgpaya plant regeneration sysem via sométic
embryogeness from immaure and mature explants of the most commonly cultivated
varieties of India The developed protocol could be useful for synthetic seed technology
and dso for genetic transformation studiesin Indian cultivars of papaya.

4.2 Materialsand Methods
4.2.1 Plant material

Explants (immaure and maure embryo) (Fig. 4.1) from two different sources
were tested for somatic embryogenesis induction. Sterile immature seeds of Honey Dew,
Washington and Co-2 were used for excison of embryos after cutting the fruits. These
embryos were used directly for somatic embryo induction or were germinated on MS
basa medium supplemented with 20mg/l of GAz (parts of the germinated seedling were
used as source of other explants for somatic embryo induction).

Mature seeds of Honey Dew and Co-2 were surface serilized as described in
chapter 2. The surface Serilized mature seeds were soaked in derile didtill water for 18 h
in the dark at 25+2 °C and kept on gyratory shaker at 200 rpm.

4.2.2 Explant preparation

For isolation of embryo, seed coa was removed ingde the laminar flow by
making a longitudind cut with the derile surgicd blade and the embryo was taken out
aseptically from seeds.
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Fig. 4.1
A. Immature papaya embryo (90s day old) of cv. Honey dew.
B. Mature papaya embryo of cv. Honey dew
C. Norma size of the excised immature papaya embryo (110 days old) of cv. Honey dew
4.2.3 Induction of somatic embryogenesis

Induction of somatic embryogeness has been tested in both immature and mature
zygotic embryo explants.
4.2.3.1 From immature embryo

The effect of vaious auxins and cytokinins on induction of somdic
embryogenesis from embryo axis of cultivars Honey Dew, Washington and Co-2 was
evduaed. MS basd medium dong with vitamins supplemented with 30g/l sucrose and
various concentrations of growth regulators (2,4-D, 2,4,5-T, Picloram, Dicamba) was
used as the embryogeness induction medium. The pH of the medium was adjusted to 5.8
before autoclaving. The medium was <olidified with 0.7% agar (HiMedia, Indi@). Thirty
ml medium was poured in each pre derilized 85 mm diameter petridish and alowed to
solidify. Immature zygotic embryos excised from the papaya seeds were cultured on the
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induction medium. The cultures were incubated a 25+2 °C for 4 weeks with a 16 h
photoperiod under cool white fluorescent light (25 mmol mi? s'). The experiment was
repested thrice. Depending on the development of globular stage embryo response on
various hormones, a humber of parameters were further studied keeping the concentration
of growth regulator and the cultivar as congtant.
4.2.3.2 From mature embryo

Mature embryo of cultivars Honey Dew and Co-2 were tested for somatic embryo
induction. In our earlier report (Bhattacharya et al. 2002), we have mentioned the
induction of somatic embryogeness from immature embryo axes. Since procuring
immature explants may be difficult through out the year, mature embryos of the two
cultivars were dso evauated for their somatic embryo induction potentid. The explants
were cultured on MS liquid media supplemented with 24-D, 2,4,5-T, Picloran and
Dicamba. The pH of the medium was adjusted to 5.8 before autoclaving. Twenty ml
medium was poured in each pre derilized test tube with filter paper bridge. Two explants
per test tube were inoculated. The cultures were incubated at 25+2 °C for 4 weeks under
dark condition.
4.2.3.3 Effect of growth regulatorson induction of somatic embryogenesis

In a preiminary experiment, different phytohormones were tested to assess the
morphogenetic response of the explant. Immature and mature embryos were cultured in
petridishes and test tubes with 30 ml and 20 ml medium respectively. Auxins like 24-D
(1-25 mgll), 245T (1-20mg/l), Picloram (0.510mg/l), Dicamba (1-15mg/l) and
combination of 24-D (1-5 mg/l) and 24,5-T (1 and 2 mg/l) were tested in immature
embryos whereas 24-D, 2,4,5-T, Picloram and Dicamba (1-10 mg/l) were tested with
mature embryos. In case of solid media, 30 explants and in case of liquid media, 20
explants (2 embryositest tube) per treatment were sudied and the experiment was
repeeted thrice. All the cultures were incubated as mentioned above for a period of 4
weeks. After 4 weeks, the nature of explants response in terms of globular embryos
formed was recorded.
4.2.4 Development of cotyledonary structuresand their maturation

Two hundred globular embryos were transferred for cotyledonary dage
development in case of immaure embryo axes explant and fifty globular embryos were
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transferred in case of maure embryo axes. For further development and maturation,
regenerated globular embryos were dso transferred back to the same induction medium
or in MS medium with 3% sucrose, 0.75% agar and ABA (0.1mg/l for 5 days).
4.2.5 Germination and conver sion of the cotyledonary stage embryos

For germination, mature cotyledonary dsage embryos were transferred to
phytohormone free MS basa medium supplemented with 3% sucrose and 0.75% agar or
into MS basd medium with 3% sucrose and 0.75% agar, supplemented with ether
abscic acid (0.1 mg/l) or GA3z (1 mg/l) or Zedtin (Img/l) or BAP (1.0 mg/l). The embryos
were cultured at 25+2° C under cool white fluorescent light & 25 mol. m 2 s " with 16 h
photoperiod for 2-3 weeks for the development of root and shoot. The cultures were
incubated under the conditions described as above for 2 weeks. Twenty embryos were
cultured per trestment and the experiment was repeated thrice.
4.2.6 Developments of plantlets

Fully germinated embryos with well defined root and shoot were transferred to
hormone free MS basd medium supplemented with 3% sucrose, 0.75% agar or 0.2%
phytagel for dongation and development of whole plantlets. The cultures were incubated
under the conditions described above for a period of 15 days.
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4.2.7 Transfer of plantletsto soil

Plantlets (4-5 cm high) were taken out from the culture vessds, washed with de-
ionized water gently and then is dipped in 0.1% (w/iv) Bavigin (BASF India Limited,
Mumbai, India), a broad-gpectrum fungicide, for 1 min. The plantletls were then
transferred to a pot (8 cm) with a potting mixture of sand, soil and fam yard manure
(1:1:1 wiw). Pantlets were hardened under green house condition for 34 weeks and then
planted out in field.
4.2.8 Statistical analysis

The data was andyzed usng Andyss of Vaiance technique for completdy
randomized design and the treatment means were compared.
4.2.9 Histology and Scanning Electron Microscopy

For higologicd and SEM (scanning eectron microscope) studies, the various
developmenta stages of somatic embryos were fixed and further studies were conducted
as per the procedure described in chapter 2.
4.2.10 Parameter studies on immature embryo explant

Various parameters such as basd medium, explant source, carbohydrate source,
light /dark incubetion, gelling agents were tested for immature explants to optimize the
conditions for induction of somatic embryogeness of papaya Each expeiment is
described separately.
4.2.10.1 Effect of different basal media

Five different basal medias such as MS, B5, %2 MS, Whites and MS basd media
+B5 vitamin supplemented with 2 mg/l glycin (hereafter this will be referred to as MBG)
with 3% sucrose, 0.75% agar were used to test the induction of somatic embryogenesis.
The cultures were incubated at 25+2 °C for 4 weeks with a 16 h photoperiod under cool
white fluorescent light (25 mmol mi2 s'%).
4.2.10.2 Effect of explant source

Immature seeds of the cv. Honey Dew were germinated aseptically as described
earlier in Chapter 3. Hypocotyl (1-2 mm), cotyledons (detached at the point of joining to
the embryo axis), roots and shoot tip (with 1-2 leaves) from 10-day-old seedlings and
lesflets from 15-day-old seedling were screened for their embryogenic potential. The leaf
explants were separated from the seedling and the explants were prepared by discarding



the petiole and leaf apex. The leaf was cut dong the midrib and the portion with midrib
was made into pieces of 23 mn? and cultured. The explants were cultured on MBG basa
medium supplemented with 3.0 mg/l 245 T. Cultures were incubated as above and
induction of embryos was recorded after 4 weeks.

4.2.10.3 Effect of carbohydrate source

Five carbohydrate sources, like sucrose, glucose, mdtose, glycerol and fructose
were used to evauae induction of somatic embryos from immature explant in cv. Honey
Dew. The cultures were incubated as above for 4 weeks.
4.2.10.4 Effect of culture condition (light v/sdark incubation)

The immature embryos of cv. Honey Dew were inoculated on MBG basd
medium supplemented with 3.0 mg/l 24,5 T. The cultures were incubated under different
culture conditions like 16 h photoperiod light, 24 h photoperiod light and under dark
incubation for 4 weeks.
4.2.10.5 Effect of gelling agent for immatur e explant

Different types of solidifying agents like agar 0.75% (Qudigens), phytagd 0.2%
(Sigma), Gdlrite 0.2% (Kelco) and agarose 0.75% (SRL) were tested to see their effect on
somdic embryo induction in MBG basad medium supplemented with 3.0 mg/l 245 T
and 3% sucrose. Influence of gelling agent was recorded after 4 weeks of incubation.

4.2.11 Parameter s sudied on mature embryo explant

Various parameters like basd medium, pH of the medium, AgNQO3, temperature
and physcd date of the medium (solidliquid) were evduated to enhance the frequency
of induction of somatic embryos. The cv. Co-2 has been used in al this case.
4.2.11.1 Effect of different basal medium

Five different basd medias such as MS, B5, 1/2 MS, Whites and MS basd media
+B5 vitamin supplemented with 2 mg/l glycin (hereafter will be referred to as MBG) with
3% sucrose and 0.75% agar were used to test the induction of somatic embryogenesis in
the cv. Co-2. The cultures were incubated at 25+2 °C for 4 weeks with a 16 h photoperiod
under cool white fluorescent light (25 mmol mi? s%).
4.2.11.2 Effect of pH of the medium

Different pH (5.5,5.8,6.0,6.5,7.0,7.5,8.0) value of the medium was tested to see
ther effect in inducing somatic embryo of mature embryo explant of papaya All the
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explants were inoculated in MBG medium supplemented with 3.0 mg/l 24,5 T with filter
paper support and incubated as above for 4 weeks.
4.2.11.3 Effect of temperature

Explants were inoculated in MBG medium supplemented with 3.0 mg/l 245 T
with filter paper bridge and incubated as above for 4 weeks in three different temperature
conditions @5+2 °C, 27 °C, 30 °C with a 16 h photoperiod under cool white fluorescent
light (25 mmol m2s'?).
4.2.11.4 Effect of Silver nitrate (AgNOs)

Siver nitrate (AgNOg3) in three different concentrations (1,3 and 5 mg/l) were
used to supplement the MBG basd medium containing 30 mg/l 245T and 3.0%
sucrose to see the effect of AgNOs on induction of globular stage somatic embryos from
mature embryo axes explant.
4.2.11.5 Effect of physical state of medium

Solid and liquid medium was aso tested for ther effect to induce somatic
embryos from mature embryo axis of papaya. Number of globular somatic embryos per
explant in both the types of media was aso counted.
4.3 Results and Discussion
4.3.1 Immature embryo explant

Immature embryos of many plant species can be induced to undergo somatic
embryogenesis and the auxin 24-D plays a dgnificant role in the process (Ammirato
1983). This view was further documented with the report of Williams and Maheshwaran
(1986) when they could induce somatic embryogeness in immaure embryos of 20
dicotyledonous species. In papaya, ovular tissues are consdered to be the best source of
regenerable cultures (Fitch 1990). Regeneration of papaya from immature ovular tissues
are reported earlier (Fitch 1990; Cadtillo et al. 19983) in exotic varieties. Here, we have
gudied the induction of somatic embryos in some commonly grown cultivars in India and
various factors affecting its frequency.
4.3.1.1 Effect of growth regulatorson induction of somatic embryogenesis
Basd medium spplemented with various auxins was reported to induce somatic
embryogenesis in various crops (Sagare et al.1993; Hazra et al. 1989; Kysdly & Jacobsen

1990). In papaya dso, somatic embryos were induced from immature embryos with the
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use of auxin (Fitch 1990; Monmerson et al. 1995; Cadtillo et al. 1998b). In the present
invedigation, various auxins a different concentrations, 24-D (1-25 mg/l), 24,5-T (0.5
20 mg/l), Picdloram (0.5-10.0 mg/l), Dicamba (1.0-15.0 mg/l) and combination of 2,4-D
(1-5mg/l) and 2,45 T (1 and 2mg/l) were supplemented in MS basal medium for the
induction of somatic embryogenesis on three cultivars Honey Dew, Co-2 and Washington
(Table 4.1). Among the auxins tested, 2,4-D and 2,4,5-T could induce somatic embryos
in dl the three cultivars tested while the response of Picloram and Dicamba was restricted
to Honey Dew and Co-2 cv.. Non embryogenic frigble cdlus has been observed in cv.
Washington. When 24-D was used as hormond supplement, best result in terms of
explant response and globular embryos per explant was obtained & 2.0 mg/l, in dl the
cultivars. The explant response was observed to be 86% and 28 embryos per explant in
cv. Honey Dew, 93% and 21 embryos / explant in Washington and 76% and 23 embryos /
explantincv. Co-2 (Table 4.2).

Table 4.1 Effect of different growth regulators on somatic embryogenesis of 3

cultivars of papaya

Auxin (mg/l) Responsein cultivars
Honey Dew Washington Co-2
2,4-D(1.0) SE SE SE
2,4-D(2.0) SE SE SE
2,4-D(5.0) SE SE SE
2,4-D(10.0) SE SE SE
2,4-D(15.0) SE SE SE
2,4-D(25.0) C SE SE
2,4-D(30.0) C NR NR
2,45-T(0.5) SE SE SE
2,45-T(L0) SE SE SE
2,45-T(2.0) SE SE SE
2,45-T(3.0) SE SE SE
2,45-T(5.0) SE SE SE
2,45-T(8.0) SE SE SE
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2,4,5-T(10.0) C SE C

2,4,5-T(20.0) NR NR NR
Fidoram (0.5) SE C SE
Picloram (1.0) SE C SE
Picloram (2.0) SE C SE

Table4.1 Continued..
Table4.1 (Contd..)

Auxin (mg/l) Responsein cultivars

Honey Dew Washington Co-2
Picloram (3.0) SE C SE
Picloram (5.0) SE C SE
Picloram (10.0) SE NR SE
Picloram (15.0) NR NR NR
Dicamba (0.5) NR NR NR
Dicamba (1.0) NR SE SE
Dicamba (2.0) NR SE SE
Dicamba (5.0) NR SE SE
Dicamba (7.0) NR SE SE
Dicamba (1.0) NR SE SE
Dicamba (15.0) NR SE SE
Dicamba (20.0) NR NR NR
2.4-D(1.0)+2,4,5T(10) C C C
2,4-D(2.0)+2,4,5-T(1.0) C C C
2.4-D(5.0)+2,4,5T(1.0) C C C
2.4-D(10)+2,45-T(2.0) C C C
2,4-D(2.0)+2,4,5-T(2.0) C C C
2.4-D(5.0)+2,4,5-T(2.0) NR NR NR

SE-Somatic embryos; C-Callus, NR-Not responded

Table 4.2 Effect of 2,4-D on induction of somatic embryogenesis.
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2,4-D % explant responded Globular embryos per
concent explant
ration Co-2 HD WA Co-2 HD WA
Control G G G G G G
2 76.22+1.3 | 8636+ 03.61+ 23.62+ 28.33t 21.66+
42 6.94° 4.04° 1.25° 3.30° 5.50°
5 5851+4.7 | 66.47+ 69.09+ 16.33+ 20.33t 14.00+
9° 7.782 4.00° 0.88°" 3.68° 1.00°
10 27.70+3.8 | 3275t 3654 + 15.56+ 20.33t 21.00+
4° 3.26° 3.05¢ 1.84° 4.92° 1.00?
15 15.0+ 30.68 + 4858 12.33+1.52 14.33+ 14.33+
1.00¢ 1.63¢ +1.52°¢ ¢ 2492 3.78°
25 07.0t 00.00+ 17.36+ 07. 0£1.0 00.00+ 11.33+
2.00¢ 0.00° 1.52¢ 0° 0.00° 351°

MS medium without 24-D, served as control. Vaues with same letter (a-€) in a
column are not datidicdly different a P = 0.05. G Germination
HD-cv. Honey Dew, Co-2-cv. Co-2 and WA-cv. Washington

However, cv. Honey Dew did not respond a the highest 2,4-D concentration (25
mg/l), like the other two cultivars. The three cultivars were found to vary in ther
embryogenic responses to the different concentrations of 24-D applied to the media
Smilaly, when media was supplemented with 24,5 T a higher concentration (10 and 20
mg/l), no response was observed in Honey Dew and Co-2. The lowest response was
obsarved in cv. Washington (1.46%) with 10mg/l of 24,5 T.The maximum response of
in terms of percent induction of embryos was obtained with 3.0 mg/l of 245 T indl 3
cultivars being 79% in Honey Dew, 71% in Co-2 and 76% in Washington. Among dl the
concentrations tested, 3 mg/l of 24,5 T was found to be the optimum for maximum
number of globular embryos per explant (Table 4.3). When Picloram was tested for
somatic embryogeness, maximum response was obtained in media supplemented with
10 mg/l Picdoram (Table 4.4) in both Honey Dew and Co-2 cultivars. The overdl
explant response was found to be 58% and 26 embryos per explant in case of Honey Dew
and 56% and 24 embryos per explant in case of Co-2. Our result does not exactly match
with the earlier observation found in papaya (Fitch 1990). This variation might be due to
the cultivar difference.

Table 4.3 Effect of 2,4,5T on induction of somatic embryogenesis




2,45T % explant responded Globular embryos
concentration per explant
HD Co-2 WA HD Co-2 WA

Control G G G G G G
0.5 08.33x1.52% | 03.66+1.53% | 04.93+0.40" | 10.66+2.30° | 11.00+1.00° | 14.00+1.00¢
1.0 51.00+3.60" | 39.66+3.05° | 41.20+1.15°| 16.66+2.51° | 22.66+3.00° 16.4+0.56°
2.0 66.66x 5.68° | 53.33+4.72" | 56.96+0.94 | 25.33+4.50% | 23.66+3.51% | 27.3+2.08°"
3.0 79.33+5.03% | 71.00+3.60% | 76.73+1.10° | 29.33+3.21% | 27.66+4.04% | 33.00+4.35°
5.0 40.66 +2.51° | 41.00+2.64° | 36.60+1.16% | 13.66+3.05° | 15.00+1.73° | 7.20+1.70°
8.0 03.66 +2.08° | 08.66 + 153" | 05.48+0.61°| 04.33+4.04° | 04.66+2.08° | 6.73+1.10°
10.0 0¢ 0® 1.46+0.64°¢ 0P 0° 1.90+0.96°
20.0 0¢ 0® o" 0P 0° 0f

MS medium without 24,5-T, served as control. Vaues with same letter (a-h) in a column
are not datidticaly different & P = 0.05. G Germination
HD-cv. Honey Dew, Co-2-cv. Co-2 and WA-cv. Washington

Table 4.4 Effect of Picloram on induction of somatic embryogenessin papaya

Picloram % explant responded Globular embryos
concentr per explant
ation

HD Co-2 HD Co-2
Control G G G G
05 42.18+1.91" | 40.62+2.13" | 15.83+1.04° | 14.73+2.33°
1.0 58.29+2.06% | 56.66+3.05% | 26.73+2.54° | 24.05+0.78°
2.0 32.33+1.85° | 30.55+1.50° | 21.44+1.70" | 19.33+2.08"
5.0 14.11+1.16° | 13.10+0.84° | 12.03+1.78° | 10.66+0.57°
10.0 03.44+0.76° | 02.66+0.58° | 1.55+0.38° | 1.22+0.19°

MS medium without Picloram sarved as control. Vaues with same

letter (ar€) in a column are not datidicdly different & P = 0.05. G
Geminaion. HD-cv. Honey Dew, Co-2-cv. Co-2 and WA-cv.
Washington
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We have ds0 tested the effect of Dicamba for inductinon of somatic
embryogeness in our sudy. MS basd medium supplemented with 50 mg/l Dicamba
resulted maximum response (Table 4.5).

Table 4.5 Effect of Dicamba on induction of somatic embryogenesisin papaya

Dicamba % explant responded Globular embryos
concentr per explant
ation
WA Co-2 WA Co-2
Control G G G G
1.0 13.62+1.33° | 13.11+1.64° | 06.58+0.54' | 07.30+0.16°
2.0 14.77+1.07° | 15.77+1.67° | 07.91+0.79° | 08.90+0.95"
5.0 32.77+2.55% | 34.83+1.68% | 15.00+1.73% | 16.07+1.11°
7.0 21.74+1.09° | 23.0+2.00° | 04.6+0.43% | 04.96+0.61°
10.0 07.23+0.60¢ | 7.72+0.25° | 2.23+1.73° | 2.90+1.11"
15.0 03.21+1.13° | 03.4+1.44" | 1.10+0.43" | 3.73+0.61°

MS medium without Dicamba served as control. Vaues with same
letter (a-f) in a column are not datidicdly diffeeent & P = 0.05. G
Geminaion. HD-cv. Honey Dew, Co-2-cv. Co-2 and WA-cv.
Washington
However, in dl cases indirect embryogeness was observed. Cultivar Washington
responded with overal 32% induction and 15 embryos per explant while 34% induction
of globular somatic embryos was observed in Co-2 with an average number of 16
embryos per explant. Plat genotype can be a criticd factor for induction of somatic
embryogeness from tissues (Thorpe 1988; Parrott et al. 1995). Therefore, screening of
genotypes is a prerequiste for intensve sudies in somatic embryogenesis (Rangaswamy
1986). Consdering this view, due to the avalability and being popular cv., we have
sdlected Honey Dew cv. for our further experiments on different parameters that affect
somatic embryogeness from immeature embryo axes.
4.3.1.2 Induction of somatic embryos and their development to cotyledonary stage
Immature embryo of the cultivars Honey dew, Co-2 and Washington when
cultured on different concentrations of auxins showed varied response. After 5 days of
incubation the explant became swollen and cotyledons expanded. Within 3-4 weeks of
culture on MS medium supplemented with the auxins (24-D, 2,4,5-T, Ficoram and
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Dicamba), globular somatic embryos were observed from the shoot pole region of the
embryo axis explants. Somatic embryos first appeared as round and globular masses and
were loosely attached to the shoot pole region (Fig. 4.2).

Fig 4.2

Fig. 4.2

A. Globular somatic embryos originating from shoot pole region of the immature embryos.
Arrow indicates a single globular embryo, c-cotyledon. Bar=21.5 nm

B. Bunches of globular somatic embryos originating directly from the embryo explant after 3
weeks of incubation, c- cotyledon, g-globular embryo. Bar= 19mm

However, cotyledons or root pole of the explants were dso able to produce
embryos directly (Fig. 4.3). The devedopmentd pattern of the somatic embryos was
continuos and essentidly asynchronous passng through various developmentd dages
such as heart, torpedo and cotyledonary structures (Fig. 4.4).

An edablished culture usudly conssts of somatic embryos having various
developmental stages. Pde greenish or whitish embryos upon transfer to the induction
medium produced mature or secondary somatic embryos from the hypocotyl or radical
pole region of the primary embryos (Fig. 4.5A). While shoot tip region of the explant
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Fig. 4.3

A. Globular somatic embryos origination from root pole of the embryo explant, r-root.
Bar=410mm

B. Somatic embryos originating from cotyledons of the embryo explant, ¢
-cotyledons ~ Bar=250mm

formed somatic embryos, the root pole region turned into brown cdlus or became
swollen in appearance (Fig. 4.5B). Explants that did not initiste somatic embryos
commonly developed unorganized friable callus and sometimes with adventitious roots.

With 24-D in the basad medium, direct somatic embryogeness was observed
(Fig. 42 B). Incubation of zygotic embryos on MS basd medium did not favour sométic
embryogenesis rather resulted in their germination or remain quiescent. With 24,5-T and
Picloram in the basd medium, somatic embryos originated both directly and dso via an
intermediary calus phase from the explant (Fig 4.6) .The type of regeneration response
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Fig. 4.4
Bunch of somatic embryos in various developmental stage, a-globular stage, b-torpedo stage,
c- cotyledonary stage. Bar=2.14mm
B. Various stages of papaya somatic embryogenesis, alate cotyledonary stage with root pole, b-
torpedo staged embryo, c-single globular staged embryo.Bar=160mm

Fig.4.5

Fig. 4.5
A. Secondary embryo originating from the root pole of primary embryo, pprimary embryo.

Arrow indicates secondary embryo. Bar=375 nm
B. Root poles of the embryo explant forming brown callus while shoot pole formed embryos
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was found to be dependent on the concentration of the auxin used. Origin of the
developed somatic embryos was confirmed by histologicd and scanning  dectron
microscope sudies (Fig. 4.7-4.9). Secondary somatic embryogenesis was aso found to
be a common occurrence. Genera observation was that lower concentration up to 3.0

mg/l of both 24,5T and 2,4-D and dso in Picloram (2.0 mg/l), explant favoured
direct somatic embryogeness whereas higher concentration tested lead to the formation
of somatic embryos accompanied by calus proliferation (Fig. 4.10A).

Fig. 4.6
A. Direct origin of the somatic embryos from the immature embryo explant. Bar=372 nm
B. Indirect and asynchronous development of the somatic embryos form

immature embryo explant Bar=500 mm
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However, with Dicamba in the basd medium, indirect somatic embryogenesis of
the explant was observed at al concentration tested (Fig. 4.10 B).

Two hundred globular staged somatic embryos derived from the medium
containing 24-D (20 mg/l) and two hundred embryos from medium with 24,5 T (3.0
mg/l) were sub cultured on the same medium in petridishes for thar further development
into cotyledonary stage somatic embryos (Fig. 4.11). After another 4-5 weeks, globular
sage embryos passed through various stages of embryo development, such as torpedo
and cotyledonary structures. In generd, it took about 810 weeks to obtain cotyledonary
sructures garting from the initition of the culture of explants in the induction medium.
A large number of cotyledonary dsructures formed were found to be morphologicaly
aonormd. Typicad anormdities incdlude missng of cotyledons, extra or fused
cotyledons, or fuson of severd embryos a ther hypocotyl or overdl grosdy misshapen
embryo morphology (Fig. 4.12). Many a times such dructures faled to germinate with
proper shoot apex, they produced only root. Smilar type of abnorma embryo
morphology was dso observed earlier (Ozias- Akins 1989; Suhasini et al. 1996).

Table 4.6 Conversion of 24-D induced globular embryos into cotyledonary staged

embryos
2,4-D % conversion of globular to cotyledonary
concentr stage somatic embryo
ation
Co-2 HD WA

23.66i 1.52° 42117 4.49° 415071 5.132
5 41.4410.762 43581 3.742 38.7811.15%
10 32.11i 1.16° 35.8471 2.49° 22657 2.00°
15 22.07i1.00¢ 17.157 1.63¢ 17.147 3.78°
25 3.5110.50°¢ 00.001 0.00° 14.2871 1.00°¢

Vdues with same letter (a-€) in acolumn are not satiticaly different at
P =0.05. HD-cv. Honey Dew, Co-2-cv. Co-2 and WA-cv. Washington

Xevii




Fig. 4.7

Fig. 4.7

A.

Longitudinal section (LS) section of the immature embryo axis of cv. Honey Dew, passing
through the shoot pole region after 5 weeks showing the origin of the somatic embryos at
various developmental stages. a-globular embryo, b-cotyledonary staged embryo, c-
cotyledons of the embryo explant. Bar=384mm

A single globular embryo originating directly from the embryo explant, c-cotyledon.
Bar=125mm

Magnified view of a single heart shaped somatic embryo Bar=200nm
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Fig. 4.8

A.

Single cotyledonary staged papaya somatic embryo showing prominent vascular structure.
Bar=485mm

Longitudina section of immature embryo cotyledons showing the origin of both primary and
secondary embryo, p-primary embryo, pl-seconadry embryo. Bar=190 nm

rigoE

Fig. 4.9
Scanning electron micrograph study showing direct origin of the somatic embryos from the
shoot pole region of the immature papaya embryo, e-embryos, c-cotyledons, r- roct pole
Scanning eectron micrograph study showing a single globular and an early heart shaped
papaya somatic embryo. g-globular embryo, h-heart shaped embryo
Scanning electron micrograph study of a single cotyledonary staged somatic embryo, having
multiple cotyledons
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Fig. 4.10
A. Development of papaya somatic embryos accompanied by callus proliferation in presence of
higher concentration of hormones (2,4,5-T,8.0 mg/l). Bar=200 mm
B. Indirect somatic embryogenesis obtained in presence of hormone Dicamba (2.0mg/l).
Bar=960mm

Fig. 4.11
A. Direct formation of cotyledonary staged papaya somatic embryos from immature embryo
explant.Bar=263 nm

B. A number of loosaly arranged late cotyledonary staged papaya somatic embryos.Bar=250mm



Fig. 4.12

A. Fused papaya somatic embryos obtained in cv. Honey Dew when cultured in 8.0mg/l 2,4,5

T.Bar=133 mm

B. Abnormaly developed papaya somatic embryo generated seedling with improper shoot

meristem development.Bar=120nm

Table. 4.7 Converson of 245T induced globular embryos into cotyledonary

stage embryos
2,45-T % conversion of globular to
concentration cotyledonary stage somatic embryo
HD Co-2 WA
0.5 23.33+1.53°¢ | 12.00+2.00¢ | 15.88+0.83°
1.0 42.33+4.50" | 17.66+1.15° | 23.53+1.50°
2.0 52.33+1.532 | 31.66+4.16° | 42.66+2.082
3.0 53.33+1.532 | 45.66+3.21% | 36.00+1.00°
5.0 38.33+3.51° | 33.00+4.59° | 22.07+0.89°
8.0 07.66+4.04% | 15.66+5.03¢ | 02.89+0.30"
10.0 0° 0¢ 01.06+1.009
20.0 0° 0¢ 09
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Vadues with same leter (ag) in a column are not datidicaly
different & P = 0.05. HD-cv. Honey Dew, Co-2-cv. Co-2 and
WA-cv. Washington

When 24-D was used in the medium, maximum converson of globular to
cotyledonary stage embryos was achieved in cv. Co-2 (41.44%) and in Honey Dew
(43.58%) with 24-D concentration at 5mg/l, whereas 41.50% converson rate was
obsarved in cv. Washington with 2 mg/l of 24-D in the media (Table 4.6). Smilarly,
with 24,5 T in the basd medium maximum converson was obtained with Honey Dew
(53.33%) and Co-2 (45.66%) at a level of 3.0mg/l of 2,45 T, whereas cv. Washington
responded best (42.66%) with 2 mg/l of 2,4,5-T in the medium (Table 4.7).
4.3.1.3 Maturation of somatic embryos

Maturation of the somatic embryos is maked by expanson of cels and
accumulation of dorage reserves (Raghavan 1986). The term maturation used here,
denotes the development of cotyledonary stage somatic embryos into distinct bipolar
dructures with well-defined root and shoot pole and with expanded cotyledons. The
norma cotyledonay sage somatic embryos deived from MS basd  medium
supplemented with 24-D (5.0 mg/l) and 24,5 T (3.0 mg/l) when cultured on MS basdl
medium containing 3% sucrose, 0.75% agar and 0.1 mg/l ABA, deveoped mature
somatic embryos after 5-7 days of incubation (Fig. 4.13A). Maturation of somatic
embryos was ds0 tested in the same induction medium (MS basa medium with 2.0 mg/l
of 24-D or 3.0 mg/l of 245T) which sarved as control medium in this experiment.
Mature somatic embryos have well developed root and shoot pole (Fig. 4.13 B). Fifty
cotyledonary stage embryos of 3 varieties from 2,4-D media and fifty cotyledonary stage
embryos of 3 varieties from 24,5 T media were kept separately in medium with ABA for
maturation. On an average, 64% of embryo maturation was observed in Honey Dew, 54%
in Co-2 and 62% in Washington in medium supplemented with ABA (0.1mg/l). In this
case, embryos were induced from 24-D supplemented media Whereas embryos induced
from media supplemented with 24,5 T matured on an average a 68% in Honey Dew,
56% in Co-2 and 60% in Washington when trandfered to media containing ABA
(0.1mg/l). However, in the 24-D induction medium (control media without ABA),
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maturation rate was 20% in Honey Dew, 16% in Co-2 and 28% in Washington.
Remaining embryos turned necrotic or formed cdlus. The beneficid effect of ABA on
converson of somatic embryogenesis has been reported in papaya (Cadtillo et al. 1998a;
Monmerson et al. 1995) and other crops (Roberts et al. 1990; Suhasini et al.1996). ABA
prevents precocious germination of the cotyledonary staged embryos. Precocious or
premature development, paticulaly germination is a mgor problem during sométic
embryo devdopment and this is controlled ether by increesng osmolarity of the
maturation medium with additional sucrose (Carman 1989) or by incorporating ABA in
to the medium (Ammirato 1974). ABA may be necessary during embryogeness to
initiate the synthess of dorage proteins and proteins involved in desiccation tolerance
(Gdau et al. 1990). ABA was adso reported to influence development of carrot somatic
embryos and in paticular affected ther capacity to develop functiond shoot meristem
(Nickle and Yeung 1994).

4.3.1.4 Germination and conver sion of somatic embryos

The term germindion denotes the dongation of the primary root and converson
refers to the development of plantlets with a well established root syslem and shoot with
a leest the firg par of leaves (Mahews et al. 1993). For germination, 25 matured
embryos of each variety from 24-D containing induction medium and 25 embryos of
eech of 3 variedies from 245 T induction medium were shifted to various media
formulations to encourage their germination (Table 4.8). Freshly tranderred somatic
embryos darted expanson within 5-10 days after transfer and germinated within 3 weeks
of incubation, with adventitious root initiation and shoot extenson (Fig. 4.14).
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Fig. 4.13
A. A group of mature papaya somatic embryos cv. Honey dew
B. Single mature somatic embryo with developing shoot and root pole. s-shoot pole, r-root pole

cv. Honey dew. Bar=100mm

Fig4.14
A. Germination of papaya somatic embryos cv. Honey DewBar=153 nm

B. Mature germinating cotyledonary stage papaya somatic embryo showing properly devioped
shoot and root pole. s-shoot pole, r-root cv. Washington.Bar=111mm
C. A papaya somatic embryo derived germinated seedling cv. Co-2.Bar=136mm
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Fig. 4.15
A. Abnormal germination of papaya somatic embryos ashoot development without any root

formation, b- seedling with improper shoot and root development
B. Germinated seedling with root development but improper shoot devel opment

Table 4.8 Germination of cotyledonary stage somatic embryos in presence of
different growth regulators

Germination % germination in 2,4-D media % germination in 2,4,5-T media
media
HD WA Co-2 HD WA Co-2
MS 58.66+2.30° | 60.33+2.30° | 65.33+2.3 0P || 71.33+2.08% | 54.60+2.30° | 59.33+1.502
MS+ABA (0.1mg/l) | 66.66£2.30° | 63.66+4.00° | 38.66+6.11° | 41.33+2.30° | 41.30+2.30° | 49.33+2.30°
MS+BAP (1Img/l) 00.00¢ 4.00+2.30¢ 00.00 ¢ 000.00 © 5.33+2.30° 00.00¢
M S+Zeatin(Img/l) 00.00 ¢ 00.00 © 00.00¢ 16.33+2.51¢ | 10.6+2.30¢ 00.00¢

MS+GA;(Img/l) | 70.66+2.30% | 72.0+4.00% | 73.33+2.30% [ 61.33+2.08" | 73.3+2.30% | 54.66+1.15"
Vaues with same letter (a-€) in a column are not datidticdly different & P = 0.05. HD-

cv. Honey Dew, Co-2-cv. Co-2 and WA-cv. Washington

cv



T

A. Papaya somatic embryo germination in presence of GA; (1.0 mg/l) in the germination
medium (embryo developed from MS basd medium + 2,4-D, 2.0 mg/l cv. Washington
B. Papaya somatic embryo germination in presence of growth regulator free basa medium

Fig.4.16

(embryo developed from media supplemented with 2,4,5-T, 3.0 mg/l) cv. Honey Dew

C. Papaya somatic embryo germination in growth regulator free basal medium cv. Co-2

The percentage of embryo germination did not increese upon extended
incubation. Many well formed embryos faled to germinate manly due to maformation
of the epicotyl pole or abnorma development of shoot gpex (Fig. 4.15). Embryos
originating from 24-D medium, germinated maximum in presence of GAs (1.0 mgl),
having 70% in Honey Dew, 72% in Washington and 73% in Co-2 (Fig. 4.16A). Embryos
originging from 245 T medium, germinated maximum in growth regulaor free medium
(Fig. 4.16 B) having 71% germination in Honey Dew and 59% in Co-2 (Table4.8). The
somatic embryos of cv. Washington germinated maximum (73%) in presence of GAs.
Although growth regulator free basd medium can support somaic embryo germination
(Litz and Conover 1983) (Fig. 4.16 C), postive effect of GA3 in embryo germination was
adso reported earlier (Chang and Hsing 1980). Fully germinated plantlets were grown on
phytohormone free MS basal medium, for vigorous root and shoot growth (Fig. 4.17).
Regenerated plantlets were morphologicaly smilar to seed derived plants.
4.3.1.5 Transfer of plantletsto soil

Plant lets when attained a height of 35 cm were washed off media with deionized
water, dipped in 1% Bavigtin (fungicide) and were transferred to pots. Thereefter, 30
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plantlets (10 of each variety) were trandferred to pots (8 cm) with a potting mixture of
sand, soil and farm yard manure (1:1:1 w/w). After 30 days of transfer to pots, 40% of the
plantlets survived. Thus 12 plants (6 from Honey Dew, 4 from Co-2 and 2 from
Washington) (i.e. 60% in Honey Dew, 40% in Co-2 and 20% in Washington) could be
well established in the pots after hardening. Later, these plantlets were planted outside in
the fidld. The growth of the plantlets was found to be normd (Fig. 4.18).

Fig. 417

Fig. 4.17

A. Papaya somatic embryo derived germinated seedling originating from 2,4-D (2.0 mg/l)
supplemented M S basal medium, cv. Washington

B. Papaya somatic embryo derived germinated seedling originating from 2,4,5-T (3.0 mg/l)
supplemented M S basa medium, cv. Co-2



Fig. 4.18
A. Two months old somatic embryo derived seedling cv. Honey Dew in pot

B. Four months old somatic embryo derived seedling cv. Washington in field
4.3.2 Parameter s studied in immature embryo

Severd factors were found to influence the somatic embryogenesis of papaya
(Huang et al. 1996). Therefore, various parameters were studied in order to standardize
the somatic embryogeness sysgem in Indian cultivars. As the cv. Honey Dew is quite
popular in the market and adso could produce maximum cotyledonary stage embryos
(53%) when induced on 2,4,5-T (3.0 mg/l) medium, hence, we sdlected the variety Honey
Dew for our further parameter studies. The following studies were carried out keeping
the cultivar (Honey Dew) and the induction medium (MS basd medium supplemented
with 3.0mg/l 24,5 T, 3% sucrose and 0.75% agar) as constant.
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4.3.2.1 Effect of basal media

In vitro growth of papaya tissues was found to be affected by various media
congtituents (Medora et al. 1984). Basal media such as MS, B5, 1/2 MS, Whites, MBG
were tested in presence of 3.0 mg/l 24,5 T and 3% sucrose. MS media was found to be
the best medium as it supported 79% induction and 29 embryos per explant followed by
MBG and B5 basd media (Table-4.9). White's medium favoured least response (26%
response) with on an average 1.9 embryo per explant while 1/2 MS failed to support the
induction of somatic embryogeness from the explant.

Although a wide range of basd medium can be used for the induction of somatic
embryogenesis, over 70% of the successful cases used MS sdts and its derivatives
(Thorpe 1988). These media contain high levels of sdts and both NH;" and NOg', in the
process of somatic embryo induction (Thorpe 1988). As the MS basd media dicited best
response, this medium was used for dl the future experiments.

Table 4.9 Effect of basal media on somatic embryo induction in papaya.

Basal media % induction of embryos Globular embryos per
explant
MS 79.33+5.03% 20.33+3.21°
MBG 50.00+1.00° 12.06+2.00°
B5 30.00+1.00° 04.13+0.60°
Whites 26.60+1.15° 1.90+0.96°
1L MS NR NR

Vaues with same | etter (a-d) in acolumn are not Satidticdly different at P = 0.05.
NR-Not responded
4.3.2.2 Effect of gdling agent

Gdling agents used to solidify plant growth media contan condderable amount
of minerd nutrients which can effect plant growth (Debergh 1983) by affecting the
avalability of nutrients. Among the different types of geling agent tested (agar 0.75%,
phytagel 0.2%, Gdrite 0.2% and agarose 0.75%) in our experiment, normal agar evoked
best response with 79% induction and 29 embryos per explant (Table 4.10). Explants
cultured on media solidified with gerite did not induce somatic embryos. Therefore, agar
was used as solidifying agent in further experiments.
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Table 4.10 Effect of gelling agent on somatic embryo induction in papaya

Gdling agent % induction of globular Globular embryos per
embryo explant
Agar 79.33+1.15% 29.33£1.15%
Phytagel 43.07+1.11° 11.74+1.40°¢
Agarose 50.40+0.52° 13.77+1.57°
Gdrite NR NR

Vaues with same letter (a-¢) in acolumn are not datidticaly different a& P = 0.05.

NR-Not responded

4.3.2.3 Effect of culture condition (dark v/slight incubation)

Although cultures kept in dl the three conditions could induce embryogeness, the
percentage induction of embryos was best in dark condition (79%) followed by 16 h light
(49%) (Table 4.11). Embryos induced in continuos light were found to be more green in
colour than those produced from dark or 16 h photoperiod condition.

The culture environment was found to influence the somatic embryogenesis
process. Somatic embryogenesis can occur under a variety of light and dark conditions
but in generd, darkness may be better (Thorpe 1988). The requirement of course varies
with the species.

Table 4.11 Effect of culture condition on somatic embryo induction in papaya

Culture condition % induction of embryos Globular embryos per
explant
Dark 79.33+1.15% 29.33+1.15%
16 h light 49.96+1.00° 14.17+0.85"
24 hlight 40.76+1.56 ¢ 7.07+0.89°¢

Vaues with same letter (a-¢) in acolumn are not datidticaly different & P = 0.05.

NR-Not responded

4.3.2.4 Effect of carbohydrate source

In our experiments, when different carbohydrate sources were compared, it was
found that sucrose supported maximum number of embryos per explant (29) followed by
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maltose (25 embryos), fructose (13 embryos) and glucose (8 embryos) (Table 4.12).
Glycerol did not support induction of somatic embryogeness. In in vitro condition the
autotrophic growth of plant tissues are hampered. To provide additiona energy,
carbohydrates are added (Kozai 1991; Leifert et al. 1995). Carbohydrates also act as
osmotic agent in tissue culture (Thorpe 1982). Sucrose is the most common carbohydrate
used in in vitro studies. This may be because carbohydrate is transported nsde plant
tissue as sucroe and the tissues have inherent cepacity for uptake transport and
utilization of sucrose (Egpen and George 1993). However, other sugars have aso been
reported being suitable for some species (Genga & Allavena 1991). Glucose has been
found to be effective for phaseolus coccineus (Genga & Allavena 1991) while mdtose
was preferred in dfdfa (Strickland et al. 1987).

Table 4.12 Effect of carbon source on somatic embryo induction in papaya

Carbon source % induction of embryos Globular embryos per
explant
Sucrose 79.33+1.15% 29.33+1.15%
Maltose 25.48+0.90° 13.361.36"
Fructose 13.78+1.40°¢ 04.51+0.83°
Glucose 08.07+0.89° 02.77+0.38¢
Glycerd NR NR

Vaues with same letter (a-d) in acolumn are not satisticaly different at P = 0.05.
NR-Not responded
4.3.2.5 Effect of explant source

In an early report in papaya tissue culture study (Miller and Drew 1990), type of
explant was found to affect the regeneration response. Somatic embryos were aso
obtained from cotyledon and lypocotyl explants of cv. Honey Dew when cultured on MS
basad medium supplemented with 3.0 mg/l 24,5 T containing 0.75% agar and incubated
in dark for 10 weeks (Table 4.13). Globular embryos were found to arise directly or
indirectly from cotyledon explant and from cdlus derived on the surface of hypocotyls.

Embryo axes served as control in the experimen.
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Fig. 4.19

Fig.4.19

A. Papaya somatic embryos developing from the embryo axes region of the immature embryo

explant, cv. Honey Dew. Bar=312 nm

B. Somatic embryos developing from the cotyledons of immature embryo explant, cv. Honey

Dew. Bar=333 nm

C. Somatic embryos developing from the hypocotyl region of the seedling explant, cv. Honey

Dew. Bar=333 nm

Table 4.13 Effect of explant source on somatic embryo induction in papaya

Explant % induction of embryo Globular embryos per
explant
Embryo axes 79.33+1.15% 29.33+1.15%
Cotyledon 03.02+0.12° 04.77+0.69°
Hypocotyl 01.06+0.11° 01.06+1.00°
L eaf NR NR

Vaues with same letter (a-¢) in acolumn are not datisticaly different & P = 0.05.




NR-Not responded

Among the four types of explants used, shoot apice region of the embryo axes
produced maximum percent induction of somatic embryos (79%) whereas hypocotyl
sections produced the least (1%) response (Fig. 4.19). The development of globular stage
somatic embryos derived from cotyledon or hypocotyl explants into cotyledonary stage
somatic embryo is same as that observed from embryo axes derived somatic embryos.
4.3.3 Mature embryo explant

Reports on papaya somatic embryogeness was limited to regeneration from
immaiure embryo explants. Plant regeneration from immaiure explants have many
condraints manly the non avalability of plant materid through out the year and
difficulty in obtaning the plant materid a the right developmenta stage (Baker and
Wetzgein 1992; Mdik and Saxena 1992). In addition, successful induction of somatic
embryogenesis from immature explants relied on a number of factors such as dze of
embryo (Hazra et al. 1989) and the orientation of the cotyledonary explants on the culture
medium (Ozias-Akins 1989). This prompted us to evauate mature embryos for induction
of somatic embryogeness.
4.3.3.1 Effect of various auxins on somatic embryo induction from mature embryo

axis

Based on our work on immature embryos of papaya, MS basd medium was
sected and the auxins 24-D (1-5 mg/l), 245 T (1-5 mg/l), Picdoram (1-10mgl),
Dicamba (1-10mg/l) were tested for inducing somatic embryos from mature embryos of
Honey Dew and Co-2 cv. of papaya. Effects of dl these hormones were tested in liquid
(as liquid medium was found to produce better response in other experiments, described
in chapter 5.) media for embryo induction (Table 4.14). Unlike immature embryos, only
lower concentration of 24-D and 2,4,5-T responded in inducing somatic embryos from
the explant (Fig. 420 A,B). Somatic embryos originated from the cotyledonary region of
the explant. Explant that did not produce somatic embryos responded by producing loose
friable non embryogenic cdlus (Fig. 4.20 C).

Table 4.14 Effect of growth regulators on somatic embryo induction from mature
embryo axes

[ Growth requlators | Honey Dew | Co-2 |
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2,4-D (1) SE SE
2,4-D (2) SE SE
2,4-D (3) SE SE
2,4-D (5) C+SE C+SE
2,4-D (10) C C
2,45-T (1) SE SE
2,4,5-T (2) SE SE
2,4,5-T(3) SE SE
2,4,5-T(5) C+SE C+SE
2,4,5-T(10) NR NR
Picloram(1) C C
Picloram(2) C C
Picloram(5) NR NR
Picloram(10) NR NR
Dicamba(1) NR NR
Dicamba(2) NR NR
Dicamba(5) NR NR
Dicamba(10) NR NR

SE-Somatic embryos; C-Callus; NR-Not responded

Table 4.15 Effect of 2,4-D on somatic embryogenesis of papaya from mature embryo

axesin cultivarsHoney Dew and Co-2

2,4-D Honey Dew Co-2
% Induction Globular % Induction | Globular
of embryos embryos of embryos embryos
per explant per explant
Control G G G G
1 09.66+2.08° | 09.21+0.29° | 12.40+2.50° | 10.85+1.87°¢
2 35.51+0.71% | 16.44+1.50% | 42.37+2.572 | 18.11+1.832
3 23.28+1.70° | 13.40+2.12% | 24.51+3.78" | 14.40+0.52°
5 07.07+1.40¢ | 05.16+2.46° | 09.53+1.26¢ | 04.5+1.32¢

MS medium without 2,4-D served as control.

HD-cv. Honey Dew and Co-2-cv. Co-2

Vaues with same letter (a-d)
in acolumn are not satidicdly different at P = 0.05. G Germination




Mature embryos of cv. Honey Dew and Co-2 when cultured on MS basd medium
supplemented  with various concentrations of 24-D and 2,4,5T produced globular
embryos directly or indirectly from the embryo axes. A varied response in percentage
induction of somatic embryogeness has been observed in media supplemented with
various concentration of 24-D (Table 4.15). On an average, 7-35% explant responded
globular somatic embryo in Honey Dew and 9 to 42% in Co-2 when cultured on media
containing 2 mg/ll 24-D. This concentration has favoured the highest percent induction
and maximum number of globular embryos per explant in both the cultivars. Number of
globular somatic embryos per explant varied from 5-16 in Honey Dew and 4.5 to 18 in
Co-2 depending on the 2,4-D level used in the media.

Table 4.16 Effect of 2,4,5T on induction of somatic embryogenesis from mature

papaya embryo axesin cultivars Honey Dew and Co-2

24-T Honey Dew Co-2
% embryo Globular % embryo Globular
induction embryos induction embryos
per explant per explant
Control G G G G
1 10.11+1.92¢ | 11.36+1.51° | 11.22+1.07°¢ | 09.00+1.00°¢
2 21.77+3.28° | 21.0£1.00® | 24.55+1.91° | 13.85¢+1.61"
3 36.44+1.50° | 14.74+0.4° | 43.83+1.682 | 25.88+1.012
5 05.92+0.55% | 05.49+0.59 | 1351+1.40¢ | 7.66+2.08°

MS medium without 24,5 T served as control. Vaues with same letter (a-d)
in acolumn are not datidicdly different & P = 0.05. G Germination
HD-cv. Honey Dew and Co-2-cv. Co-2

When 2,4,5-T was used in the media for induction of somatic embryogeness, the
percentage of induction ranged from 5 to 36% in Honey Dew and 11 to 43% in Co-2
(Table 4.16). In both the cultivars, highest percentage induction was observed in media
supplemented with 3.0 mg/l 24,5 T (Honey Dew 36.44% and Co-2 43.83%). The explant



of genotype Honey Dew produced 5 to 21 embryos per explant while 7 to 25 embryos
was observed in explants of the cv. Co-2. Maximum globular embryos per explant were
obtained in mediawith 3.0 mg/l 24,5-T and d<o in both cultivars. The genotype Co-2

Fig. 4.20

A. Somatic embryos developing from the mature embryo explant of papaya in presence of 2.0
mg/l 2,4-D in liquid the MS basd liquid medium, cv. Co-2
B. Papaya somatic embryos developing from the mature embryo explant in presence of 3.0 mg/I
24-T inliquid MS liquid basal medium, cv. Honey Dew
C. Loosefriable cdlusforming in the explant that did not responded producing somatic embryos
was better than Honey Dew in terms of both percentage induction of somatic

embryogeness and dso number of globular embryos per explant.

From the above study, it can be observed that 3.0 mg/l 24,5 T responded best
both in terms of percent induction and globular embryos per explant in Co-2 cv..
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Therefore, this particular hormona concentration and the Co-2 cv. were sdected for
further experimentation.

Induction of somatic embryogenesis in media containing auxin was reported
earlier in papaya (Fitch 1990,1993; Cadtillo et al. 1998; Bhattacharya et al. 2002) and
other crops (Segare et al. 1993, Suhasini et al. 1996). Although 2,4-D is the most
commonly used hormone, our earlier results with 245 T prompted us to test this
hormone with mature embryo dso. Ealier 245T was used to induce somatic
embryogenesisin other crops (Sagare et al. 1993; Suhadini et al. 1996).
4.3.3.2 Development of globular stage somatic embryos into cotyledonary stage

After 8 weeks of incubation, globular staged somatic embryos started appearing

on the shoot pole region of the mature embryo explant (Fig. 4.21A). These embryos were

g &

Fig. 4.21
A. Globular somatic embryos produced from shoot pole region of the mature embryo explant of
papaya, cv. Co-2. Bar=263 nm

B. Cotyledonary structures developing from the mature papaya embryo axis. ¢ cotyledonary
staged embryo, cv. Co-2. Bar=217 nm
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loosdly attached to the explants and were similar in their gppearance like those obtained
from immaure embryos. Hundred and fifty globular embryos derived on liquid induction
medium were subcultured on the same medium (liqguid MS medium supplemented with
30 mgl 245T) in test tubes for ther further development into cotyledonary stage
somatic embryos (Fig. 4.21B). Thirty eight percent of the subcultured embryos developed
into cotyledonary stage embryos. In another 4 weeks of incubation, globular embryos
passed through torpedo and cotyledonary stage embryos similar to that of the stages
observed in somatic embryogeness from immature zygotic embryos. Scanning  Electron
Micrograph study and histologica LS were carried out to reved their origin (Fig. 4.22).

In generd, it took about 12-13 weeks to obtain cotyledonary stage somatic
embryos from the firg day of inoculation. When a total of 500 embryos were cultured on
liguid MS medium supplemented with 3.0 mg/l 245T, 220 explants formed globular
embryos. Agan when 150 globular embryos were cultured, 57 cotyledonary stage
embryos were obtained. Among them, 38% normd cotyledonary stage embryos was
achieved. Remaining embryos showed abnorma morphology.
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Fig. 4.22

. Scanning electron micrograph of a mature embryo explant showing direct formation of
somatic embryos from the shoot pole region, c-cotyleons

. Scanning electron micrograph of a single cotyledonary shaped papaya somatic embryo
obtained from mature embryo axes

. Longitudind section of a single papaya globular staged embryo obtained from mature
embryo axes Bar=100mm

. Longitudinal section of a single papaya cotyledonaty staged embryo obtained from mature
embryo axes Bar=200 nm
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Fig. 4.23
A. Mature somatic embryo of papaya, derived from mature embryo axes explant, cv. Co-2.
Bar=500 mm
B. Germination of papaya somatic embryos in MS basa medium supplemented with 1 mg/l GA;
and solidified with 0.2% phytagel, cv. Co-2
C. Germination of papaya somatic embryos in MS basal medium supplemented with 1 mg/l GA;
and solidified with 0.75% agar, cv. Co-2
D. Forty five days old normal somatic embryo germinated papaya seedling cv. Co-2
Abnorma embryos were characterized ether by absence of shoot or root
primordia or uneven growth of cotyledons or fused cotyledons. These anorma embryos
faled to develop further. The norma cotyledonary staged embryos were sdected on the
bass of presence of shoot and root primordia and even growth of cotyledons. Thus fifty-
seven normd cotyledonary embryos were obtained. Similar morphologica varidions in
somatic embryogenesis of other crops were reported (Hazra et al. 1989; Hartweek et al.
1988)



4.3.3.3 Maturation and conversion of somatic embryos

Maturation of the somatic embryos was done as described earlier with embryos
obtaned from immature embryo axes explant. Out of 57 cotyledonary embryos
transferred, 32 embryos could be metured (Fig. 4.23 A), while others formed callus or
turned necrotic. These mature embryos were again transfered to MS basd medium
supplemented with Img/l GA; <olidified with 0.75% agar or 0.2% phytagel for their
germination (Fig. 4.23 B, C). Embryos incubated in growth regulator free MS medium
produced only roots without any development of shoot apex (Fig. 4.24B). However, with
GA3 a alevd of Img/l in the medium supported 25% converson of the embryos. Thus
out of 32 mature somatic embryos, 8 embryos get converted and formed normd plantlets
(Fig. 4.23D). These plantlets were smilar in gppearance to the immature embryo derived

plants.

-

'

Fig. 4.24
A. Fused papaya somatic embryos joined at the base cv. Washington. Bar=166 nm

B. Root formation in the papaya somatic embryos (induced from mature explant) when cultured
in MS basa medium without any growth regulator cv. Honey Dew
C. Abnormd growth of papaya somatic embryos (induced from mature explant) showing
developing shoot apex without root formation cv. Honey Dew. Bar=270 nm
4.3.3.4 Transfer of plantletsto soil
On trandfer of 8 plantlets to pots (8 cm) containing a potting mixture of sand, ol
and farm yard manure (1:1:1 w/w) for 30 days, 25% of the plantlets survived. Thus 2
plants obtained were hardened and transferred to pot (Fig. 4.25).



4.4 Parameters studied in mature embryo axis

The following parameters were studied with the mature embryos of cv. Co-2 in
presence of 3.0 mg/l 2,4,5-T in the somatic embryo induction medium.
4.4.1 Effect of basal medium

Basal media such as MS, B5, 1/2 MS, Whites, MBG were tested in presence of
3.0 mg/l 245T and 3% sucrose. MBG media was found to be the best medium as it
supported 62% induction and 28 embryos per explant, followed by MS and BS5media
(Table 4.17). White's media resulted least number of embryos while 1/2 MS faled to
support induction of somatic embryogeness in explants. Medium compodtion were
reported to affect in vitro growth of papaya in earlier studies (Drew 1987; Medora et
al.1984)

Fig. 4.25
A. Hardening of papaya somatic embryo derived seedlingsin 8 cm pots
B and C. Two plants of cv. Co-2 obtained after hardening of mature somatic embryo derived
seedlings
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Table 4.17 Effect of basal medium on induction of somatic embryogeness of papaya

from mature embryo axes

Basal medium % induction of embryos Globular embryos per
explant
MS 43.83+1.68"° 25.88+1.012
MBG 62.77+2.54% 28.03+1.77%
B5 29.11+2.00°¢ 16.74+2.20°
WH 09.51+1.30¢ 09.44+1.60°
1/2MS NR NR

Vaues with same letter (a-d) in a column are not datidicdly different at P = 0.05

NR-Not responded

Although in mgority of the cases MS basd medium is used, but in this
experiment MBG medium showed best response which shows that mature papaya
embryos need both high concentration of sdts and vitamins for somatic embryo
induction. As the MBG medium dicited best response, this medium was used for dl the
future experiments with mature embryo explant for somatic embryo induction.

4.4.2 Effect of pH

The effect of pH has not been critically evauated dthough it has been shown tha
the capacity of cdl cultures to utilize NH;" as the sole N source depends on keeping the
pH of the medium above 5.0 (Dougdl & Verma 1978; Thorpe 1988). Medium pH has a
pronounced effect on the growth of tissues in vitro and influences some plant
developmental process (Oewn et al. 1991). The rates of heating and cooling, culture
compostion and derilization temperature may affect post derilization pH (Owen et al.
1991).

The effect of pH of the medium (5.5, 5.8, 60, 6.5, 7.0, 7.5 and 8.0) was evaluated
on the induction of somatic embryos from mature embryo axis explant. Medium pH in
the range 5.8-6.0 supported a good embryogenic response (62 and 55% response) (Table
4.18). Higher pH (7.0,7580) of the medium was found to be inhibitory for
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embryogenesis, smilar to an ealier report in oybean (Lazzeri et al. 1987) and the

explants showed profuse cdlusng.

Table 4.18 Effect of medium pH on induction of somatic embryogenesis of papaya

from mature embryo axes

M edium pH % induction of embryos Globular embryos per
explant
5.5 43.07+1.89°¢ 19.40+2.12°¢
5.8 62.77+2.54°2 28.03+1.772
6.0 55.44+2.45" 25.48+0.45"
6.5 41.73+0.45°¢ 15.00+1.00¢
7.0 38.51+2.56 ™ 12.37+2.46°
75 22.48+1.83° 08.40+0.61"
8.0 11.70+1.46' 02.16+0.76¢

Vaueswith same letter (a-g) in acolumn are not datidicaly different a P = 0.05

4.4.3 Effect of temperature

Not much work was caried out on the effect of temperature treatments on

somatic embryo induction dthough cold trestments have proved vauable in some cases
(Rajasekaran et al. 1982; Tuleke & Mc Granahan 1985). Mature embryo axis were
cultured on three temperature like 25+2 °C, 28 °C and in 30 °C. Explant incubated at

25+2 °C showed a better response in comparison to 28 ° and 30 °C in terms of both

percent induction and number of embryos per explant (Table 4.19).

Table 4.19 Effect of temperature on induction of somatic embryogeness of papaya

from mature embryo axesin cv. Co-2

Temperature (°C) % induction of embryos Globular embryos per
explant
2542 62.77+2.54% 28.03+1.77%
27 42.18+2.02° 13.37+2.02°
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30 16.55+1.50°¢ 04.06£1.10°
Vaues with same letter (a-¢) in acolumn are not satidicdly different & P = 0.05

4.4.5 Effect of Silver nitrate (AgNOs)

AgNOs is an ethylene inhibitor in plants which is reported to help in somatic
embryogenesis (Songstad et al. 1991; Roustan et al. 1990). AgNOs may dso serve as
dress agent inducing endogenous ABA accumulation (Hauser et al. 1992), Ag' being a
metdlic ion may dso promote somatic embryo production via an incresse in the
endogenous ABA levels (Kong and Yeung 1994,1995). AgNOs; was supplemented in
MBG medium with 1.0, 3.0 and 5.0mg/l and was evaduated for somatic embryo induction
after 4 weeks (Table 4.20). In our experiments, no improvement in the embryogenic
response was observed. But on the contrary, the % explants responding to induction of
somatic embryo decreased and the explants showed profuse calusing.

Table 4.20 Effect of AgNOs on induction of somatic embryogeness of papaya from

matur e embryo axes of cv. Co-2

AgNO; % induction of embryos Globular embryos per
explant
0 62.77+2.542 28.03+1.772
1 30.11+1.16" 16.37+1.58°
3 26.70+2.14° 13.45+1.37°
5 20.07+1.11°¢ 03.5+1.32°¢

Vaues with same letter (a-d) in acolumn are not Satisticaly different at P = 0.05

4.4.6 Effect of physical state of medium (solid v/s liquid medium)

In an atempt to see the effect of physica date of the medium on the induction of
somatic embryos from mature embryo axes, it was observed that both percent induction
and number of globular embryos per explant was more in liquid medium than solid one
(Table 4.21). Also the duration of somaic embryo induction in liquid medium was 8
weeks compared to 12 —13 weeks incubation in solid medium. The probable reason



advocated for this is that liquid medium facilitate better aeration and essy diffuson and
flow of nutrients and growth regulators by capillary forces to the explants (Congtabel and
Shyluk 1994).

Table 4.21 Effect of physical state of medium on somatic embryo induction in

papaya from mature embryo axes

Medium state % induction of embryos Globular embryos per
explant
Liqud 62.77+2.54% 28.03+1.77%
Solid 54.33+1.15° 20.18+2.75"

Vaues with same |etter (a-b) in acolumn are not datidicdly different & P = 0.05
4.5 Conclusion

The present dudy demondrates the embryogenic potentid of immature and
mature embryo axes of papaya Efforts were directed to Sandardize the plant
regeneration protocol from both these explants. Among dl the phytohormones tested for
induction of somatic embryogenesis, 24-D and 2,4,5-T has been found to influence the
large number of somatic embryos in both immature and mature embryo axis explants.
Other phytohormones like Picloram, Dicamba has adso resulted somatic embryogenesis
with varied degree of response. Among al the concentrations of 24-D tested, maximum
explant’s response and induction of globular embryos per immature embryo explant was
observed when cultured on media supplemented with 2 mg/l of 24,-D. On an average,
the explant’s response was found to be 86% and 28 embryosexplant in cv. Honey Dew,
93% and 21 embryos / explant in Washington and 76% and 23 embryos / explant in cv.
Co-2. However, maximum converson of globular staged embryo to cotyledonary staged
embryo was obtained when cultured on media supplemented with 24-D a a levd of
5mg/l in both cv. Co-2 and Honey Dew. 245-T a a levd of 3mg/l has supported the
maximum explant response, in terms percent induction of embryos in dl 3 cultivars (79%
in Honey Dew, 71% in Co-2 and 76% in Washington). Also, this concentration (3 mg/l)
of 24,5 T was noted to be the optimum for maximum number of globular embryos per
explant (29,27 and 33 respectively in Honey dew, Co-2 and Washington) in this study.
These embryos could convert to cotyledonary staged embryos in the same induction
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medium. Maturation of these embryos was achieved in media supplemented with ABA
(01mg/l). Embryos that originated from medium supplemented with 24-D, germinated
maximum (70% in Honey Dew, 72% in Washington and 73% in Co-2) in presence of
GA3 (1.0mg/l). Hormone free MS basal medium has aso supported the germination of
embryos of cv. Honey Dew and Co-2, which were originated from medium supplemented
with 245T (30 mgl). However, medium supplemented with GA3; (1.0 mg/ll) has
favoured the germination of embryos of cv. Washington. Among the various parameters
teted for improving the induction of somatic embryogeness, MS as basd medium,
sucrose (3%) as carbohydrate source, agar as geling agent (0.75%) and culture of
embryos in dark incubation has been found to exhibit a podtive effect on increase in
number of somatic embryos.

Advantages with mature embryo axes lies in the fact that seed materid can be
used through out the year without mantaning plants in green house or fiedd plantings,
while with immature embryo axes, the response is comparaivedy more and dso the
chances of contamination are less as the immature seeds are dready derile. Presence of
3.0 mg/ll 245T in the induction medium has resulted in maximum response of explants
in teems of somatic embryogeness in Honey Dew (36.44%) and in culitvar Co-2
(43.83%). These embryos were matured in medium containing ABA (0.1mg/l) and were
germinated in presence of MS basd medium supplemented with GA3 (1.0 mg/l). Among
the various basal medium tested for somatic embryo induction in this sudy, MBG basd
medium was found to be the best induction medium as it resulted 62.77% response and
28.03 embryos per explant in cv. Co-2. Culture of explants in liquid condition with filter
paper bridges has exhibited the sgnificant improvement in both explant's response and in
number of somatic embryos in our study. Incubation of expants at a temperature of 25+2
° C has d= shown a postive influence in induction of somatic embryogenesis. Silver
nitrate a dl three leves tesed did not exhibit a pogtive influence in somatic embryo
induction in this study.

The somatic embryogenesis system developed here can be used for transformation
experiments and aso for synthetic seed technology as direct origin of embryos will lead
to the production of geneticaly uniform plants (Gill & Saxena 1992).
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Part of this chapter has been communicated as papers entitled
“Somatic embryogenesis and plantlet regeneration in papaya cv. Honey
Dew and Co-2° in Indian Journal Of Experimental Biology by
Bhattcaharya J., Khuspe SS, Renukdas N and Rawal SK (2002) 40: 624-

627. and also as

“2,4,5-T induced somatic embryogenesisin papaya” in Journal
Of Applied Horticulture by Bhattacharya J and Khuspe SS (revison
accepted 2002)

CHAPTER 5

IN VITRO INDUCTION OF MULTIPLE
SHOOTS AND PLANT REGENERATION
FROM EMBRYO AXIS AND SHOOT TIP

EXPLANT OF PAPAYA
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5.1 Introduction

In vitro plant regeneration or micro propagetion through tissue culture is an
important step in the success of any crop improvement program. A rgpid, smple and
efficent plat regenerdion protocol is dso a mgor prerequiste for genetic
transformation of crop plants.

Propagation under in vitro culture conditions can be achieved by usng different
explants such as axillary bud, shoot apex, hypocotyl, leaf and root etc. Plants can be
propagated by tissue culture methods in three different ways 1) by inducing the pre-
exiging shoot primordia to grow and multiply 2) by shoot morphogeness either directly
from the explant or from unorganized tissues and by 3) somatic embryogenesis (direct or
indirect). The commitment of competent cells for morphogeneis is affected by many
factors including complex interactions between genotypes, the explant (its dage of
devdlopment) and culture medium etc. Morphogeness is triggered usudly after
competent cdls are subcultured into a less complex medium dlowing the expresson of
new developmentd potentid (Thorpe 1983). The changes in the macro, micro nutrient
ratio and addition of various substances such as charcod, organic compounds (vitamins,
amino acids polyamines etc), carbohydrates, light intensty, pH, water potentid,
temperature, gaseous atmosphere and container shape etc. were found to affect the plant
morphogenesis (Tran Thanh Van 1981). It is bedieved tha only a single factor cannot
affect the morphogenesis but it is the combination of various simulating factors, which
needs to be gpplied to the cels not only in right amount but dso on right sequence and
under right culture conditions (Stewards et al. 1964) for morphogenes's.

The process of in vitro plant propagation mainly condst of three deps i)
induction of shoot buds and ther multiplication ii) €ongation of shoot buds into shoots
and iii) in vitro and ex vitro rooting of shoots to form plantlets. The process has severd
advantages like, propagation is smple, rgpid and plants obtained are true to type, cultures
can be initiated from very smdl segments of the mother plant, propagation in most of the
goecies is possible through out the year, greater degree of control over chemicd,
physcaand environmentd factors, posshilities of rguvination from the mature tissues
(Ahuja 1986).
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5.1.1 In vitro plant regeneration in papaya

In vitro plant regeneration in papaya has been achieved by somatic embryogeness
and through organogenesis. Although somatic embryogenesis has been reported in exotic
cultivars of papaya (Litz and Conover 1981,1982; Yamamoto and Tabata 1989; Fitch
1990, 1993), however, reports on Indian cultivars till date is meager. Details of these
have aready been discussed in the chapter 1.

Plant regeneration via organogenesis is dso reported in papaya. Reports on
papaya regeneration via organogeness have been mentioned in chapter 1. Early reports
(Mehdi and Hogan 1976; Yie and Liaw 1977) faled to achieve shoot proliferaion in
papaya. Litz and Conover (1977, 1978a) developed a procedure of shoot proliferation
from shoot tips of fiedd grown papaya Regeneration of plants from cdlus cultures was
obtained from stem segments of Indian cultivars of papaya (Arora and Singh 1978Db).
Shoot tip and shoot bud (axillary and lateral bud) explants have aso been used for plant
regeneration study in papaya (Rgeevan and Pandey 1983; Drew and Smith 1986; Winner
1988; Reuveni et d.1990; Monda et a. 1990; La et d. 1998). Yang and Ye (1992) and
Hossain et a. (1993) reported plant regeneration from petiole explants of papaya
However, shoot regeneration from embryo axis of papaya has not been reported earlier.
The embryo axis explant has many advantages as shoot regeneration is direct, and is not
prone to somaclona variation and chromosomal abnormdlities (Saeed et d. 1997).

With a view to develop a suitable regeneration protocol for Indian cultivars, the
potentid of embryo axis for shoot multiplication were tested in vitro. Also, the use of
shoot tips for clond propagation was studied in two popular cultivars of India.

The present chapter ded's with the following two aspects:

1. Egablishment of a plant regeneration protocol from embryo axis explant.
2. Studies on plant regeneration protocol from shoot tip explants.

5.2 Materialsand methods

5.2.1 Plant material

Seeds of papaya cultivars Honey Dew, Washington and Co-2 were surface
derilized as described in chapter 3. Immature fruits (90-110 days old) were also surface
derilized following the same procedure.



5.2.2 In vitro induction of multiple shoots

Experiments were caried out to sudy in vitro induction of multiple shoots in
embryo axes and shoot tip explants of papaya Three cultivarss Honey Dew, Washington
and Co-2 were used for the embryo axis experiments and for shoot tip multiplication only
Honey Dew and Co-2 were tested. Materid and methods has been divided into two
subsections: A and B.
5.2.2.1 A : Explant preparation- immature embryo

Immature embryos of three cultivars were isolated asepticdly from the fruits (90
110 days old) in a process described earlier (Chapter2). Two types of explants were
prepared from immature embryos. One is the full embryo with radicle and plumule and
other is the cotyledons (Fig.5.1A) devoid of embryo axis. Cotyledons were cut at the base
of joint where they are attached to the embryo.
5.2.2.2 Effect of basal media on sprouting response of embryo axis

In a prdiminary set of experiment, influence of two basd media, MS basd media
(Murashige and Skoog 1962) and MS sdts + B5 vitamins + 2 mg/l glycine (herein after
this media combination will be termed as MBG) on sprouting response of 100 embryos of
al the three cultivars were tested.
5.2.3 In vitro induction of multiple shoot from immature embryo

The sdected basd medium (MBG) was then supplemented with various
phytohormones to determine the morphogenetic responses The most  responsve
phytohormones theresfter, were evaluated for induction of multiple shoots from
immature embryo axis and cotyledon explat of three cultivars. The media were
supplemented with 2% sucrose and 0.75 agar (Hi-media, India) and the pH was adjusted
to 5.8 before autoclaving. The cultures were incubated a 25+2 °C under cool white
fluorescent light a 27 nEmi? S* with a 16 h photoperiod.
5.2.3.1 Effect of various phytohor mone on mor phogenetic response

All the explants of 3 cultivars were cultured in petridishes (85mm X 15mm)
contaning MBG medium supplemented with various phytohormones such as BAP, Kin,
Zedtin, TDZ and NAA (0.5-5.0 mg/l) ether done or with a combination of BAP (0.05-
2.0 mg/l) and NAA (0.1 and 0.5 mg/l). Hundred explants per trestment in a replication of
3 sts were tested for this experiment. After 3 weeks of incubation, these were agan



transferred to fresh medium and were incubated for further 3 weeks. At the end of 6™
week the nature of explants response was recorded.
5.2.3.2 Effect of various basal media on multiple shoot induction

Other basd media were tested with the sdlected phytohormones to evauate the
shoot induction effect. These ae MS basd medium, B5 medium, Whités medium, 1/2
drength MS and modified MS st +B5 vitamins +2mg/l glycine (MBG). All these basd
media were supplemented with either TDZ or BAP and NAA combination. In each case
100 embryos were cultured. At the end of 6™ week, the response of the explants was
observed.
5.2.3.3 Effect of carbon sources on multiple shoot induction

Influence of various source of carbon was evaduaed on ther efficency in
inducing multiple shoots. The explant used was the immature embryos. These were
cultured on MBG medium supplemented with TDZ (0.5 mg/l) and adso in BAP and NAA
combination (0.5: 0.1 mg/l). The culture and experimental conditions were kept same as
mentioned above.
5.2.2.2 B: Explant preparation- shoot tip

The seeds were germinated in MS basd medium as described in chapter 3. Shoot
tip explants were prepared from 20 day old seedlings. Shoot tip was cut from the top
measuring 1-2 cm. Only 2-3 new leaves were retained and cultured (Fig.5.1B).
5.2.4 In vitro induction of multiple shoot from shoot tip

The influence of various culture conditions i.e phyto hormones, culture vesss,
age of seedling, physcad date of the medium were tested on induction of multiple shoots
from shoo tip. MBG formulations were used as basal medium for the whole experiment.
All the media were supplemented with 3% sucrose and 0.75 % agar. The pH of the
medium was adjusted to 5.8 before autoclaving. All cultures were incubated a 25+2 °C
under cool white fluorescent light at 27 pEm? S* with a 16 h photoperiod.
5.2.4.1 Effect of phytohormones on mor phogenetic response

In a preiminary experiment different phytohormones were tested to assess the
morphogenetic response of the plant. Shoot tips were excised from 20 day-old seedling
and were cultured in test tubes containing MBG medium supplemented with BAP, NAA,
Kinetin, 2P (0.1-2mg/l) and NAA (0.1-0.5mg/l) singly or with combingtions of BAP,
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Fig. 5.1

A. a immature cotyledons b-lmmature embryos

B. Shoot tip explant used for shoot multiplication

C. Multiple shoot formation from immeature embryo axis of papaya
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Kin and 2iP (0.1-2mg/l) each with NAA (0.1 and 0.5mg/l). Cultures were
incubated for 5-6 weeks under conditions mentioned above. Thirty explants were cultured
per treatment. After 6 weeks the nature of response was observed.
5.2.4.2 Effect of seedling age on induction of multiple shoot

In this experiment, shoot tips were excised from 7, 20- and 30 day-old in vitro
rased seedlings. These explants were cultured on MBG medium supplemented with the
bet BAP and NAA combination (0.5+0.1 mg/l) as observed in the study of growth
regulators above. The cultures were incubated for 5-6 weeks under conditions mentioned
above. Thirty explants were cultured per treatment. After 6 weeks only those explants
which formed a minimum of one shoot on an average were conddered as responded
(expressed as % explant response), while formation of more than two shoots by an
explant was considered as induction of multiple shoots.
5.2.4.3 Effect of culture vessdl on sprouting response

In a separate experiment, the efficiency of multiple shoot formation was evauaed
from 30-day-old shoot tip explant when cultured in test tubes and glass bottles. These
explants (30 explants per treatment) were cultured on MBG medium supplemented with
BAP and NAA combination (0.5+0.1 mg/l). Cultures were incubated as above.
5.2.4.4 Effect of physical state of the medium used

Effect of the physcd dae of the medium was ds0 tested in inducing multiple
shoots from the shoot tip explant. For thiss MBG medium supplemented with BAP and
NAA combination (0.5+0.1 mg/l) was dther solidified with agar (0.75%) or kept in
liquid form (without adding geling agent). Explants cultured on liquid medium were
incubated in the rotary shaker with 100 rpm under 16 h photoperiod condition at 25+ 2
OC. Thirty explants were cultured per trestment.

5.2.5 Elongation of shoots obtained from immature embryo

Multiple shoot bunches obtained from embryo explants were transferred to
hormone free MBG basal medium containing 0.75% agar and 3% sucrose or to media
supplemented with various combinaion of GAs (1.0-50 mg/l). The cultures were
incubated under the conditions mentioned as above for 15 days. Twenty shoot bunches
were treated in each trestment.
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5.2.5.1 Elongation of shoots obtained from shoot tip

For eongation, twenty shoots were separated from proliferated shoot tips and
were transferred to phytohormone free basal medium in culture tubes.
5.2.6 Rooting and Har dening

The dongated shoots (3-5 cm) were excised and transferred to hadf strength MBG
medium containing (1-4 mg/l) of IBA for rooting. Ten shoots per treatment were tested
and the experiment was repeated three times. The cultures were incubated as above for 3
weeks. The rooted plantlets were hardened in pots with sand: soil: vermiculite (1:1:1)
mixture at 25+2 °C under diffuse light (16/8 h photoperiod) condition for 2-3 weeks.

5.2.7 Statistical analysis

The data were anadyzed by ANOVA technique for a Completdly Randomized
Design and the treatment means were compared.

5.2.8 Histology and SEM studies

To confirm the origin of shoots the embryo axis with multiple shoots were fixed
in formain: acetic acid: dcohol (5:5:90 vol/vol) for 48 h. Higology was caried out as
described in the chepter 2 (Materids and Methods). A scanning eectron microscope
study of the explants with shoot buds and developing shoots were also carried ouit.

5.3 Results and Discussion
5.3.1 Induction of multiple shoots from immature embryo

Smilar to the materiad and methods section, the results of plant regeneration from
dl the explants have been described in two different sections. The following section
describes the results obtained from embryo axis and cotyledon explant of papaya.

In an intid dudy to find out a suitéble basd medium for multiple shoot
induction, we tested MS and MBG on initid sprouting response from immature papaya
embryo. From the experiment (Table 5.1), MBG basd medium was found to exhibit 90%
gorouting response in both Honey Dew ad Co-2 and 95% in Washington. However,
explants of these cultivars in presence of MS medium resulted only 64, 65 and 56 %
response in Honey Dew, Co-2 and in Washington respectively. Therefore, MBG medium
was selected for our further experiments with both immature embryos and cotyledons.



Table 5.1 Effect of two basal media on initial sprouting response of papaya

from immature embryos

Basal Cultivar

media Honey Dew Co-2 Washington
MS 64.33+6.02" 65.66+4.04" 56.00+5.29"

MBG 90.00+2.00°2 90.00+3.602 95.66+4.042

Vdues with same letter (ab) in a column are not atidticaly different at P = 0.05.
HD- cv. Honey Dew. Co-2 cv. Co-2 and WA- cv. Washington

5311 Effect of phytohormones on morhphogenetic response from immature
embryo axes and cotyledons of papaya.

In an initid experiment, immature embryo explants and cotyledons of papaya
when cultured on MBG medium with BAP, Kin, NAA and TDZ & vaious
concentrations resulted in different degree of response depending on the phytohormone
tested (Table 5.2). Varied effect of growth regulator was dso studied earlier in papaya
tissue in vitro (Falcone and Leva 1986; Burikam et al. 1988; Idam et al. 1993). Media
supplemented with BAP, Kin, Zedatin and NAA (0.1-5.0mg/l) done dso did not produce
or support any multiple shoot development. The explants developed only callus or single
shoot with cdlus at the base. However, TDZ done and a combination of BAP and NAA
at all concentrations tested produced shoot buds (Table 5.2).

To evduae the effects of TDZ and BAP + NAA combination separately, the
immature embryo and cotyledons were dso cultured separately in presence of both the

hormones. The results obtained are discussed below.
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Table 5.2 Effect of phytohormones on morphogenetic response in immature embryo
and cotyledon explant of papaya.

Phytohormone Conc. (mg/l) Nature of response
Embryo Cotyledon
BAP 01 SSC NR
0.5 SSC NR
1.0 C NR
20 C NR
5.0 NR NR
NAA 01 C NR
0.5 C NR
1.0 C NR
20 C NR
5.0 NR NR
BAP+ NAA 0.05+0.1 SB S
BAP+ NAA 0.05+0.5 SB S
BAP+ NAA 0.1+0.1 SB S
BAP+ NAA 0.1+0.5 SB S
BAP+ NAA 0.5+0.1 SB S
BAP+ NAA 0.5+0.5 SB S
BAP+ NAA 1.0+0.1 SB S
BAP+ NAA 1.0+0.5 SB S
BAP+ NAA 2.0+0.1 SB S
BAP+ NAA 2.0+0.5 SB S
Kin 0.1 SSC NR
0.5 SSC NR
1.0 C NR
20 C NR
5.0 C NR
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TDZ 0.1 SB SB
0.2 SB SB

0.5 SB SB

1.0 SB SB

15 SB SB

2.0 SB SB

5.0 SB SB

Zedtin 0.1 C NR
0.5 C NR

1.0 C NR

2.0 C NR

5.0 C NR

C: cdlus NR: not responded: SSC: single shoot with cdlus a the root pole: SB: shoot
bud. S: Swelling

5.3.1.1.1 Effect of TDZ on shoot induction from embryo axisand cotyledon explants
The immature embryo explant responded very quickly to the TDZ containing
media. It became thick and turned green in colour. Both immature zygotic embryo axes
and immature cotyledons when cultured on MBG basd media containing 3% sucrose and
supplemented  with thidiazuron (TDZ 0.5-50 mg/l) responded within 6-15 days of
incubation. In dl ingances, the explants showed visble sweling and cdlus formation.
Whitish ydlowish cdlus was induced from the root pole of the embryo axis after 6-7
days. The merigematic region of the embryo axis expanded regpidly without any calus
formation (Fg.5.2A), followed by proliferation of lage number of shoot initids
(Fig5.2B). The number of explant showing shoot initiation ranges from 7 to 95% in
Honey Dew, 7 to 91% in Co-2 and 11 to 94% in Washington (Table 5.3) during the
second week of culture depending on the concentration of TDZ added in the media
These shoot initids, laer differentiated into individud shoots with shoot tips after four
weeks of incubation (Fig. 5.1C). Scanning eectron micrograph observations showed the
direct formation of shoot buds with developing shoots from the embryo axis explant
(Fg.5.16A). The higology of the embryo axis after 15 days of development aso
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confirms the direct formation of shoot buds from embryo axis (Fig.5.17A). A L.S
(longitudind section) of expanded explants after 3 weeks showed the formation of
merigematic regions around shoot pole region in a circular way. Each of these
merisematic pockets later on gave rise to dngle shoot buds with well developed
merisems (Fig. 5.18B). Embryos when cultured on medium without any phytohormone
resulted in occasond germination or remained quincascent. Immature cotyledons
cultured in the same medium aso expanded rapidly, twice of their origind sze and
developed cdlus at the cut ends after 6-7 days of incubation.

Fig. 5.2

A. Shoot initiation in embryo axis explant cultured on MBG medium containing TDZ
0.5 mg/l. Bar=318 nm

B. Development of shoot initials on the immature embryo axis after two weeks of
incubation in presence of TDZ (0.5mg/l) in the MBG basd medium. Bar=269 nm
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In case of embryo axis, media supplemented with TDZ a 0.5 mg/l supported on an
average 14.62+1.88, 14.51+2.06 and 14.57+1.90 number of shoots in Honey Dew, Co-2
and Washington respectivdly (Fig.5.3B) from embryo axis. However, immaiure embryo
axes cultured on media supplemented with TDZ a 20 mg/l resulted an average of
3.00£0.47 number of shoots in Honey Dew, 2.83+0.47 in Co-2 and 2.83+0.60 in
Washington (Table 5.3). Rosette structures with leafy shoots were adso observed when
higher concentration of TDZ (5.0 mg/l) was used in the media

Table 5.3 Effect of TDZ on multiple shoot induction from immature embryo axis of

papaya.

Conc. % Explant forming multiple No. of shoots per explant

Used shoot

(mg/l)

TDZ HD Co-2 WA HD Co-2 WA
0.0 G G G G G G
0.1 62.20+0.58¢ | 60.00+1.00°¢ | 63.33+1.00"° 4.22+1.35¢ 04.66+1.50 ¢ 04.53+1.50 ¢
0.2 86.66+1.00° | 80.00+1.00° | 85.53+1.528 | 05.59+1.57°¢ 05.55+1.58°¢ 05.84+1.73°
05 9553+1.15% | 91.10+0.582 | 94.43+1.522 | 14.62+1.88°2 14.51+2.062 14.57+1.902
10 71.10£1.15° | 66.66+2.00° | 67.76+2.88° | 07.64+154° | 07.91+168° | 07.84+167"
15 44.43+058° | 46.66£1.73% | 47.76£1.52° | 04.89+1.80¢ 05.11+2.12¢ 05.14+2.01¢
2.0 44.43+152° | 48.86+1.53% | 46.66+1.00° | 03.00+0.47® 2.83+0.47 ¢ 02.83+0.60 ©
5.0 07.76£1.157 | 07.76£0.58¢ | 11.00+1.52¢ * * *

*could not be counted. MS medium without TDZ sarved as control. Vaues with same
letter (a-f) in a column are not datidicdly different a P = 0.05. HD- cv. Honey Dew.
Co-2- cv. Co-2 and WA- cv. Washington

Smilarly, the devdopment of shoot meristems were aso observed on the cultured
cotyledons after the second week of incubation (Fig.5.3A). Depending of the TDZ
concentrations added in the media, response of the explants varied with a range from 6
94% in Honey Dew, 5 to 88 % in Co-2 and 5 to 92% in Washington cultivars (Table 5.4).
These meristems later developed into shoots after 56 weeks of incubation. Figure 5.16B
shows a dngle shoot bud aisng from cotyledon explant. Among the various TDZ
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concentrations (0.1-5.0 mg/l) tested, 0.5mg/l was found to be the best treatment in terms
of shoot induction from both the types of explant used.

Smilar to embryo axis, the cotyledons also produced rosette structures in media
supplemented with 2 and 5 mg/l of TDZ. However, explant developed maximum number
of shoots in dl three cultivars i.e Honey Dew, Co-2 and Washington (14.22+2.0,
14.26+1.95 and 14.42+1.92 respectively) when cultured on medium added with 0.5 mg/l
TDZ (Table 5.4). No response was observed in explants cultured on control medium. In
dl the cases, shoots arose directly from the explant without any intermediary calus
growth. TDZ was observed to dicit a typica concentration dependent response from the
cultured explants. None of the cultured embryo axis explants and cotyledons developed
multiple shoots in absence of TDZ. It was observed that number of shoots per explant
incressed with TDZ concentration up to 0.5 mg/l. TDZ concentrations above 0.5 mg/l in
the medium resulted in a decline in the percentage of embryo axis explants forming
muitiple shoots. The number of shoots developed from each explant was dso found to be
concentration dependent. Maximum number of shoots (14 shoots per explant) (Table 5.3
and 54) was regenerated in presence of 05 mg/l TDZ, in both embryo axis and
cotyledonary explant in dl three cultivars tested. Explants regenerated less number of
shoots on media supplemented with ether lower or higher than 05 mgl of TDZ
concentrations. Progressive condensation and decrease in shoot length was aso observed
with TDZ concentration higher than 0.5 mg/l in the medium. Only leafy shoots without
any shoot tips were formed in media with 20 and 50 mg/l TDZ in case of immature
cotyledons.

Table 5.4. Effect of TDZ on multiple shoot induction from immature cotyledons of

papaya.
Conc. % Explant forming multiple shoot No. of shoots per explant
Used
(mg/l)
TDZ HD Co-2 WA HD Co-2 WA
00 NR NR NR NR NR NR
01 61.10:058% | 5886+153" | 60.00+1.00¢ | 0430138 | 0390+1.10% | 04.11+1.25
02 8553+1.15° | 8110+1.15° | 8333+1.00° | 0562+156° | 0540+158° | 0553+161°
05 9443+153% | 8886+153% | 9220+058% | 14224200 | 1426+1.95% | 14.42+1.92°
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10 7220£152° | 67.76+058¢ | 70.00£173° | 07.66£151° | 07.30#155%® | 07.50+1.60"
15 4333+1.00° | 4000+1.73° | 4220+058° | 04.91+181% | 0441147 | 04.72+164%
20 4333+1.00° | 3886+058° | 41.10+153° * * *
5.0 06.66£1.00" | 0553:058" | 0553+053f * * *

*could not be counted. NR-Not responded. MS medium without TDZ served as control.
Vdues with same letter (af) n a column are not datigticadly different a P = 0.05.HD- cv.
Honey Dew. Co-2- cv. Co-2 and WA- cv. Washington

This has adso been observed in immature embryo axis cultured on media
supplemented with 50 mg/l TDZ. From Table 53 and 54 it can be concluded that
embryo axis responded better in terms of number of shoots per explant than immature
cotyledons. Therefore, dl the further experiments were caried out with immature
(Ozcan et al. 1996).
Application of TDZ on papaya tissue culture has not been reported so far. Recently TDZ

embryo axis. Similar observations were aso reported earlier

is being used in shoot regeneration experiments of various crops (Kim et al. 1997,
Magidli et al.1998; Sujatha and Reddy 1998). TDZ is one of the severa substituted ureas
such as N-N’ diphenyl urea (Mok et al. 1980) and N-(2-chloro-4-pyridyl)-N’ phenyl urea
(Fdlman et al.1987) that have been investigated for cytokinin activity (Huetteman and
Preece 1993; Lu 1993). It is aso reported that lower concentration of TDZ can gimulate
axillary shoot proliferation in many woody plants (van Nieuwkerk et al. 1986; Chalupa
1988;) whereas TDZ a higher concentration causes a reduction in shoot formation
(Magioli et al. 1998; Goldfarb et al. 1991; Leblay et al. 1991). Our experiments with
TDZ in plant regeneration in papaya aso confirm the findings of the above experiments.
5312 Effect of BAP and NAA combination on induction of shoot buds from

immature embryo

Although in medium supplemented with BAP and NAA, the immature embryo
explant showed vishle sgns of swelling within 1 week of culture initiaion, the response
was only from the shoot gpex region of the embryo axis. Unlike TDZ, the cotyledonary
pat did not form multiple shoots. Explants only thickened, increased in sSze and turned

green in colour.lt was obsarved that embryos when cultured on multiplication medium,
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the merigematic region expanded greatly with white frigble cdlus formation a the base,
followed by proliferation of alarge number of shoot buds.

Fig.5.3

Fig. 5.3
A. Development of shoot initils on the immature cotyledons after two weeks of

incubation in presence of TDZ (0.5mg/l) in the MBG basa medium. Bar=253 nm
B. Multiple shoots arising from immature embryo axis of papaya in presence of TDZ
(0.5mg/l) in the MBG basal medium
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Green shoot initidds were noted on the cdlus formed on the explant after two
weeks of inoculaion (Fig.5.4A). The explant expanded greatly with white loose cdlus
formation at base (Fig.5.4B).

Fig. 5.4
A. Development of shoot initids on the immature embryo axis after two weeks of

incubation in presence of BAP and NAA (1.00 and0.1 mg/l) in the MBG basd
medium. Bar=233 nm

B. Formation of multiple shoots from immature embryo axis after three weeks of
incubation in presence of BAPand NAA (1.00 and 0.1 mg/l) in the MBG basd
medium

C. Growth of multiple shoots from immature embryo axis after forty five days of
incubation in presence of BAP and NAA (1.00 and 0.1 mg/l) in the MBG basa
medium
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These shoot initids later developed into shoots. Highest number of shoots (14.27
shoots in Honey Dew, 14.25 shoots in Co-2 and 14.38 shoots in Washington) (Table 5.5)
per explant was produced by BAP + NAA combination (1+0.1 mg/l) as observed after 45
days of culture initiation (Fig.54C). Explants cultured on media containing higher
concentration of BAP developed less number of shoots. This may be because of large
shoot devdoped by the pre exiging merisems which inhibited adventitious shoot
regeneration. Although the hormona combination of BAP and NAA has been widdy
used in papaya micro propagation studies (Mondd et al.1990; Idam et al.1993), its effect
on embryo axis explant has not been reported. The regenerated shoot mass were shifted

to the basd medium without any phyto-hormone for further ongetion.
Table 5.5 Effect of BAP and NAA on induction of shoots from papaya embryos

Conc. % explant forming multiple No. of shoots per explant
used shoots
(mg/l)

BAP:NAA HD WA HD Co-2 WA
00.00:0.00 G G G G G G
00.05:0.10 88.86x1.52" | 87.77+1.52¢ | 87.76+2.08" | 02.77 +0.389 | 02.88+0.38' 03.0520.95°¢
00.05:0.50 91.10+1.52% | 92.20+1.15" | 88.86x2.08" | 03.43:0.80' 03.37+0.80° 03.54+0.66°
00.10:0.10 90.00+1.00° | 91.10+0.58° | 88.86+1.52° | 04.40+1.36' 04.17+1.36" 04.22+1.26"
00.10:0.50 95.53+0.587 | 94.43+0.58% | 93.33+1.00° | 06.22+1.71° 06.01+1.71° 06.16+1.73°
00.50:0.10 90.00+1.00° | 91.10+0.58° | 88.66+1.52° | 07.26+1.53¢ 07.09+1.53¢ 07.07+1.63°
00.5:0.50 92.20+2.51° | 94.43+1.52% | 91.10+3.05° | 08.80+2.54° 08.83+2.54°¢ 08.91+2.42°
1.00:0.10 93.33+2.64° | 95.53+1.52° | 94.43x2.08% | 14.27+3.93% 14.25+3.902 14.38+3.81°
1.00:0.50 93.33:2.00° | 92.20+1.52" | 94.43+1.82% | 10.11+2.79" 09.93+2.79° 09.96+2.89"°
2.00:0.10 91.10+1.15% | 92.20+0.58° | 90.00+1.00° | 04.03+1.42° 03.46+1.41°9 04.22+1.11°
2.00:0.50 92.20+1.15° | 93.33+1.0% | 90.00+1.00° | 03.42+1.15' 03.00+0.00" 01.83+0.28"

MS medium without BAP and NAA sarved as control. Vaues with same letter (ai) ina
column are not datidticaly different a P = 0.05.HD- cv. Honey Dew. Co-2- cv. Co-2 and
WA- cv. Washington

5.3.1.2 Effect of basal media on multiple shoot formation from embryo axis
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Response of the explants and shoot proliferation varies with the compostion of
the basd medium (Shekhawat et al. 1993; Das et al. 1996). Although two basa media
were initidly tested to determine the sprouting response of the explants, other basd
media like B5, Whites and 1/2 MS, were dso experimented with the sdected
phytohormones 05 mg/l TDZ and BAP. NAA (1.0.1 mg/l) separady for multiple shoot
regeneration from immature embryo axis MBG medium was found to be the best basad
medium in terms of the percent explant response with more than 96% in dl the cultivars
tested. The embryo axis responded least when inoculated in Y2 MS basd medium. Highest
number of multiple shoots (14.51+2.06 in Co-2, 14.62+1.88 in Honey Dew, 14.57+1.90
in Washington) was dso achieved with MBG basa medium containing TDZ 0.5mg/l
(Table 5.6). Except in the variety Honey Dew, the B5 basd media found to be the second
most respongve basd medium for multiple shoot induction in this case.

Table 5.6 Effect of basal media on shoot multiplication in papaya with TDZ

Basal Co-2 HD WA
medium % No of % No of % No of
response shoots response shoots response shoots

MS 76.60+0.58¢ | 11.31+1.95° | 73.30x0.58¢ | 11.42#1.98° | 73.30+0.58% | 11.40+1.72°
B5 90.00+1.00° | 11.45+2.40° | 93.30x0.58° | 11.31#2.56° | 90.00£1.00° | 11.82+2.02°
Whites | 80.00£#1.00° | 0859+2.42° | 83.30+1.15° | 08.92+2.43° | 83.30+0.58° | 08.96+2.06¢
%»MS | 66.00+1.15° | 07.67+3.199 | 63.30£1.53° | 08.02+3.87¢ | 66.60+1.15° | 07.50+2.92°¢
MBG 91.00£0.58% | 14.51+2.06% | 9553+1.15% | 14.62+1.88% | 94.43+152% | 14.57+1.902

Vaues with same letter (a€) in a column are not datigticdly different & P = 0.05.HD-
cv. Honey Dew. Co-2- cv. Co-2 and WA- cv. Washington

When BAP and NAA combinations were tested with al the basal media, dmost a
amilar response was dso noted with the explants cultured on MBG basd medium
supplemented with BAP and NAA (Table 5.7). In this case, the second best formulation
was found to be the MS medium in combination with BAP and NAA. Ancther important
observation was that the buds produced from MBG medium were more dark green in
colour as compared to the buds derived from other basa medium in both TDZ and BAP
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and NAA supplemented media. This response of papaya explants shows that it needs
both high concentration of sdts and organic substances aong with growth regulators.
Therefore, MBG basal medium was used in further carbon experiment.

Table 5.7 Effect of basal media on shoot multiplication in papaya with BAP and

NAA
Basal Co-2 HD WA
medium % No of % No of % No of
response shoots response shoots response shoots

MS 80.00+1.73" | 12.05+1.66°¢ 80.00+1.00° | 12.02+2.41° | 83.30x0.58" | 11.73%1.89°¢
B5 70.00£0.00¢ | 12.73+1.82° 73.30+1.529 | 12.88+1.93° | 76.60+1.15° | 12.60+1.81°
Whites 70.00+2.00¢ | 08.85+3.12¢ 76.60+1.52¢ | 08.48+2.71¢ | 73.30£1.52¢9 | 08.22+2.26¢
%“»MS | 56.60+2.08¢ | 07.11+2.02° 53.30+2.51° | 06.77+2.14° | 50.00+2.00° | 06.78+1.95°
MBG 9553+1.52% | 14.25+3.902 93.33+2.64% | 14.27+3.93% | 94.43+2.08% | 14.38+3.81°

Vaues with same letter (a€) in a column are not datigticdly different & P = 0.05.HD-
cv. Honey Dew. Co-2- cv. Co-2 and WA- cv. Washington
5.3.1.3 Effect of carbon source on sprouting response of immature embryo axis

The cabon source in the culture medium has been reported to influence
proliferation (Enakasha et al. 1993) and morphogenesis of cultures (Egpen and George
1993). From our earlier experiments, it can be concluded that MBG was found to be the
best basd medium for in vitro growth of papaya cultures and TDZ (a 0.5mg/l) and dso
BAP + NAA (1 and 0.Img/l) were the optimum hormone concentration for papaya
multiple shoot production. Conddering these conditions, different carbon sources viz
sucrose, glucose, fructose and matose each a 3% were evauated for their shoot
induction potentid and was added to the MBG medium supplemented with TDZ (0.5
mg/l) and BAP and NAA (1 and 0.1mg/l) separately.

Immature embryos when cultured on different carbon sources showed varied
response. However, sucrose and matose were found to be the best carbon source in both
the type of hormone supplemented media. Glucose and fructose were found to be not
promisng carbon source in these experiments. The browning of the embryo was
observed within a week of inoculation in both this carbon (Glucose and fructose)
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supplemented media. When sucrose is used in the medium as carbon source, it influenced
highest number of shoots per explant in al the 3 cultivars tested with both TDZ and BAP
and NAA combination. Sucrose has been the most commonly used carbohydrate in
papaya tissue culture studies (Rgeevan and Pandey 1986; Monda et al.1990). MBG
basd medium with sucrose as carbon source and TDZ (0.5mg/l) as phytohormone
resulted in 14.51+2.06, 14.62+1.88 and 14.57+1.90 number of shoots in Co-2, Honey
Dew and Washington cultivars respectively (Table 5.8).

Table 5.8 Effect of carbon source on shoot multiplication in papaya with TDZ (0.5

mg/l) in the medium

Carbon Co-2 HD WA

% response || No of shoots % response || Noof shoots| % response || No of shoots
Sucrose 91.00+0.58° 14.51+2.06° 95.53+1.152 14.62+1.88% 94.43+1.522 14.57+1.90°
Fructose 30.00+1.00¢ 04.33+2.10° 26.60+1.15¢ 04.33+2.19° 33.30+0.58¢ 04.50+2.11°
Maltose | 93.30+1.15% | 06.31+1.73° 93.30+1.15° | 06.46x1.79° | 86.60+0.58" | 06.28+1.54°
Glucose 50.00+0.00° 03.3+2.12¢ 43.30+0.58° 03.50+2.32¢ 46.60+0.58° 03.5+1.93¢

Vdues with same letter (ad) in a column are not datidticaly different a P = 0.05.HD-
cv. Honey Dew. Co-2- cv. Co-2 and WA- cv. Washington

Percent response of the explants was observed to be more with sucrose when used
with medium supplemented with BAP and NAA combination. Pogtive effect of sucrose
on shoot regeneration was reported earlier (Sul and Korban, 1998). No significant
difference was observed in shoot numbers in al three cultivars when the growth regulator
was just replaced with BAP and NAA in the basd medium (Table 5.9).

Table 5.9 Effect of carbon source on shoot multiplication in papaya with BAP and
NAA (1.0mg/l and 0.1 mg/l) in the medium

Carbon Co-2 HD WA

% response | No of shoots % response [ Noof shoots| % response || No of shoots
Sucrose | 9553+1.522 | 14.25+3.90? 93.33+2.64% | 14.27+3.93% | 94.43+2.08% | 14.38+3.81°2
Fructose | 36.00+1.15¢ | 04.33x2.12¢ 33.30£0.58° | 04.50+2.25° | 43.30+1.15° | 04.50+2.16¢
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Maltose | 76.00+0.58° | 07.22+1.24° 73.30+0.58° | 07.45+1.34° 70.00£0.0° 07.40+1.43°

Glucose 40.00+1.00°¢ 05.33+2.33° 33.30+1.53° 04.83+2.45° 36.60+1.15¢ 05.00+2.45°

Vdues with same letter (a=d) in a column are not datidticaly different & P = 0.05.HD-
cv. Honey Dew. Co-2- cv. Co-2 and WA- cv. Washington

Matose was dso observed as equdly good in terms of initid cultivar response.
Maltose responded best when media is supplemented with TDZ in cv. Co-2 and Honey
Dew (Table 5.8). Fructose and glucose at the concentrations tested were found to have an
inhibitory role on papaya shoot induction process. However, this result does not tdly
with the exlier report on effect of fructose on shoot growth (Drew et al. 1993). Matose
and glucose did not favour growth of the shoots. With BAP. NAA combination, fructose
was the least responsive carbon supplement. On the other hand, glucose responded least
when media was supplemented with TDZ. However, root formation was a common
observation in the explants kept in fructose and matose. Shoots growing in glucose were
comparatively week and not hedthy. Smilar view was dso put forwarded in papaya
tissue cultures by Drew et al. 1993.

5.3.2 In vitro induction of multiple shoots from shoot tip explant

Although in vitro techniques for papaya regeneration through shoot tip culture has
been reported earlier (Litz and Conover 1978b; Rgeevan and Pandey 1983), the dataon
different varieties were found to be inconsgent (Litz 1986). In addition, problems of
culture contamination in papaya were dso mentioned in earlier reports (Winnaar 1988;
Mondd et al.1990). In order to overcome these problems, we cultured shoot tpsfrom in
vitro grown aseptic seedlings and contamination was mogly avoided. This section
describes the effect of growth regulators, age of explant, culture vessel and physica date
of media on shoot proliferation from shoot tip explant of two very popular papaya
cultivars (Honey Dew and Co-2) of India
5321 Effect of growth regulators on multiple shoot formation from shoot tip

explant of papaya

In an experiment to asses the effect of various phytohormones, 20 day old shoot
tips were cultured on MBG basd media (ass MBG medium was found to be the best

responsve media in case of both embryo axis and cotyledon explant) supplemented with
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wide range of BAP (0.1-20mg/l), NAA (0.1,05 mg/l), Kin (0.1-2.0mg/l), 2iP (0.1-
20mg/l) done or in combination. It was observed that singly none of the hormones were
able to induce multiple shoots from the explant (Table 5.10). However, when the
cytokinins were combined with auxin NAA, explant responded and produced multiple
shoots depending on the concentration of the cytokinin : auxin ratio added to the media

Table 5.10 Effect of various growth regulators on morphogenetic response of shoot

tip explants
Phytohor mone Conc (mg/l) Responsein HD Responsein Co-2

BAP 0.1 NR NR
0.5 NR NR

1.0 C C

2.0 C C
KIN 0.1 NR NR
0.5 NR NR
1.0 NR NR

2.0 C C
2ip 0.1 NR NR
0.5 NR NR
1.0 NR NR
2.0 NR NR

NAA 0.1 C C

0.5 C C

NR- Not responded; C-Calusing a base; HD-Honey Dew; Co-2- Co-2 cv.

Shoot gpices were not established in a separate medium but were subcultured at
every 2 weeks interva. Proliferation was low in the first transfer but became profuse after
the second subculture. The observations recorded here were after 8 weeks of incubation.
The induction of multiple shoots from shoot tip explant varied with cytokinin type. Best
response was obtained when NAA (0.1 mg/l) was combined with BAP (0.5mg/l), and
explants developed 8.64+0.91 and 9.02+0.87 number of shoots in Honey Dew and Co-2
respectively (Fig.5.5 A and B). Next best trestment was found to be the nedia containing
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Kin (0.Img/l) and NAA (0.1mg/l), with 6.24+1.38 shoots in Honey Dew and 6.64+1.01

shoots in Co-2 (Table 5.11). The explants did not respond in phytohormone free basa

medium, which judifies the need of adding growth regulators in papaya tissue culture

medium for their proliferation. In our experiment, NAA in low concentration (0.1mg/l)

resulted better response with dl the cytokinin tested (Fig.5.6A).

Table 511 Effect of BAP, Kin and 2ip in combination with NAA on shoot
proliferation from shoot tip explants of papaya.

Hormones HD Co-2
BAP NAA % response | Shoots/explant | % response | Shootg/explant

0.1 0.1 36.33+3.52° 03.94+1.88° 36.55+3.23° 04.43+1.55°
0.5 0.1 01.77+2.98° 08.64+0.91° 91.55+2.99° 09.02+0.87°
1.0 0.1 46.33+4.35° 05.27+0.63° 46.88+4.48° 05.61+0.97°
2.0 0.1 23.11+2.45°¢ 03.12+1.03° 23.22+2.27°¢ 03.72+1.34°
0.1 0.5 23.55+2.189 01.44+0.58" 23.33+0.76¢ 01.65+0.71°¢
0.5 0.5 30.77+2.37" 05.55+0.96° 31.33+2.06 05.65+0.95°
1.0 0.5 65.66+4.00° 02.87+0.97' 66.44+2.92° 02.57+0.75'
2.0 0.5 43.11+2.78° 01.56+0.76° 46.22+2.79° 01.35+0.56"
Kin NAA

0.1 0.1 85.88+3.75% 06.24+1.38% 86.11+3.44% 06.64+1.01%
0.5 0.1 51.33+3.21° 04.13+1.14° 52.44+3.28° 391+1.01°
1.0 0.1 16.44+4.40° 03.46+0.56° 15.99+2.93° 3.27+0.48°
2.0 0.1 09.00+0.70°% 02.90+0.59° 09.66+1.03¢ 3.02+0.72°
0.1 0.5 16.66+2.08° 03.99+1.22° 18.77+3.34° 3.55+1.03°
0.5 0.5 35.66+2.11° 01.67+0.58" 36.22+1.89° 1.84+0.50°
1.0 0.5 13.88+2.61° 02.02+0.89" 14.11+2.45' 1.85+0.69'
2.0 0.5 00.88+2.19" 01.90+0.86° 8.44+255" 1.72+0.87"
2p NAA

0.1 0.1 09.55+1.71° 03.25+1.12° 00.88+1.21° 03.35+1.01°
0.5 0.1 05.77+2.10° 02.78+0.72° 06.0+2.00° 02.97+0.74°
1.0 0.1 05.11+2.38" 03.45+0.97° 05.66+2.18" 03.57+0.73%
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2.0 0.1 02.11+0.85" 01.91+0.53' 02.22+0.85" 02.25+0.74°
0.1 0.5 19.11+1.78° 02.43+0.55° 18.22+2.35° 02.12+0.58'
0.5 0.5 10.22+1.53° 01.46+0.56° 09.22+1.71° 01.56+0.40°
1.0 0.5 05.55+1.38° 02.23+1.58° 06.11+1.74° 02.34+1.51°
2.0 0.5 03.11+1.68° 01.46+0.56° 02.55+1.40° 01.22+0.54"

Vaueswith same letter (a-h) in acolumn are not Setidticaly different at P = 0.05.
HD- cv. Honey Dew. Co-2- cv. Co-2

The differentid effect of various phyto hormones have been reported in papaya by
many authors (Drew and Smith 1986; Rgjeevan and Pandey 1983; Idam et al. 1993).

BAP was the most effective phytohormone in dl the cases dong with NAA

Fig.55

A. Proliferation of shoot tip explant of cv. Honey Dew in presence of BAP (0.5mg/l)
and NAA (0.1 mg/l) in MBG basal medium

B. Proliferation of shoot tip explant of cv. Co-2 in presence of
NAA (0.1 mg/l) supplemented MBG basal medium

BAP (0.5mg/l) and
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indicating a cytokinin specificity for multiple shoot induction in explants of
papaya.
5.3.2.2 Effect of seedling age on shoot tip proliferation

The age of the explant was dso found to influence the morphogenetic response
(Kameya and Wudholm 1981; Schroeden and Stimart 1999). In our study, the induction
of multiple shoots from explants varied with seedling age. Three types of explants (7 day
old, 20 day old and 30 day old explant) were used in the study (Fig.5.6B). All these shoot
tips were inoculated in MBG medium supplemented with BAP +NAA concentration at
05 and 0.1 mg/l. Thirty day old seedling tips evoked maximum shoots per explant
(14.53+0.74 and 15.19+0.65) (Table 5.12) in Honey Dew and Co-2 respectively. Least
response was observed in explant derived from 7 day old seedlings. This shows that 30
day old papaya shoot tips were the most responsve explant when cultured on MBG
medium supplemented with hormonad combination of BAP (05mgl) and NAA

(0.1mg/l).
Table 5.12 Effect of seedling age on shoot multiplication from shoot tip explants of
papaya.
Seedling age HD Co-2
(daysold) % response | Shoots/explant | % response | Shoots/explant
7 100 03.11+1.10% 100 03.22+0.91%
20 100 08.761.86"° 100 08.98+1.53°
30 100 14.53+0.74°¢ 100 15.19+0.65°¢

Vaues with same |etter (a-¢) in acolumn are not gatisticaly different at P = 0.05.
HD- cv. Honey Dew. Co-2- cv. Co-2

5.3.2.3 Effect of culture vessdl on shoot tip proliferation

Effect of two types of culture vessdl, test tube and glass bottles were tested to see
their effect on shoot tip proliferation of papaya explant. In our experiment, a marked
difference was observed in the number of multiple shoots obtained from 30 day old
seedling explants, cultured in test tube and in glass bottles. Shoot tip explants excised
from 30 day old seedlings and cultured on glass bottle in medium supplemented with
BAP and NAA (0.5mg/l and 0.1 mg/l) showed an increased induction (14.53+0.74 and
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15.19+0.65 in Honey Dew and Co-2 respectively) of multiple shoots (Fig.5.7A). In
contrast, explants cultured in test tubes and cultured on same medium resulted 4.94+1.06,
4.38 +0.70 shootg/explant in Honey Dew and Co-2 respectively (Fig.5.7B) (Table 5.13).
This effect is probably due to the large amount of medium (50 ml compared to 20ml in
test tube) and larger airspace (350 cm 2 compared to 30 cm 2 in test tubes) available to the
seedlings. The pogtive
(McCldland and Smith 1990). Although our study did not measure the gaseous exchange
in test tubes or bottles, the influence on shoot growth rate of the type of culture vessel and
enclosures due to varying amount of ethylene / carbon dioxide rdlease has been wel
documented (De proft et al. 1985).

influence of larger culture vessd was reported earlier

Table 5.13 Effect of culture vessal on shoot proliferation from shoot tip explant of

papaya
Culture vessel HD Co-2
% response || Shootg/explant | % response | Shootsexplant
Test tube 100 04.94+1.06% 100 04.38+0.70¢
Glass hottle 100 14.53+0.74° 100 15.19+0.65°

Vaues with same letter (ab) in a column are not datidticdly different a P = 0.05. HD-

cv. Honey Dew. Co-2- cv. Co-2
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Fig. 5.6

A. Proliferation of shoot tip explant after 10 days of incubation in media containing
NAA (0.1mg/l)

B. Ten day, twenty days and thirty days old seedling used for shoot tip proliferation
experiment, a-10days b-20 days ¢-30 days old seedling
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5.3.2.4 Effect of physical state of media on shoot proliferation from shoot tip explant
of papaya
In this experiment, effect of solid (media with agar) and liquid media (media
without agar) were tested in induction of multiple shoots from shoot tip explant. It is seen
that physcd date of the medium affects podtively the number of shoots produced per

explant in papaya. The date of media dso affects the generd gppearance of the shoots
produced.

Fig 5.7

Fig. 5.7
A. Proliferation of a single shoot tip in glass bottle, after 45 days of incubation in MBG
media containing BAP and NAA (0.5mg/l and 0.1 mg/l) (cv. Honey Dew)
B. Proliferation of a single shoot tip in test tube, after 45 days of incubation in MBG
media containing BAP and NAA (0.5mg/l and 0.1 mg/l) (cv. Honey Dew)
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Semisolid media could favour on an average 14.53£0.92 and 15.19+0.65 number
of shoots in cultivars Honey Dew and Co-2 (Fig.5.8A), whereas explants when cultured
on liquid media developed 19.06+1.24 and 20.00+£1.27 number of shoots (Fig.5.8B) n
Honey Dew and Co-2 respectively (Table 5.14).

Table 5.14 Effect of physical state of the medium on shoot tip proliferation in

papaya
Media state HD Co-2
% response | Shootgexplant | % response | Shoots/explant
Solid 100 14.53+0.742 100 15.19+0.652
Liqud 100 19.06+1.24° 100 20.00+1.27°

Vdues with same letter (ab) in a column are not datidicdly different a P = 0.05.
HD- cv. Honey Dew. Co-2- cv. Co-2

Induction of large number of shoots in liquid medium as compared to semisolid
medium has leen reported earlier (Kim et al.1997). Compared to the shoots produced in
the solid media, the shoots in liquid media were hedthy, degp green in colour and much
more elongated. In our experiment, liquid media showed an improvement over semi solid
medium rot only in number of shoot produced but aso on the number of days required to
produce the shoots. In liquid media, shoot initids could be observed after 15-20days
whereas shoot initids were noticed after 4 weeks of culture in case of semi solid media
In earlier sudies (Shlesinger et al. 1987;Cadtillo et al. 1998b), it has been observed that
liquid media influence the growth of papaya cultures. The probable reason of this may be
that the liquid medium facilitates better agration, easy diffuson and flow of nutrients and
growth regulators by capillary forces to the explants as dso pointed out previoudy
(Congtabd and Shyluk 1994).

5.3.4 Elongation of shoots

After 4 to 5 weeks of culture, the regenerated shoots obtained from the immature
embryo axis were tranderred to MBG medium free of phytohormone. Elongation of
However, media
supplemented with higher TDZ concentrations were found to be inhibitory for elongation

shoots was obsarved dfter another 3-4 weeks of incubation.

of shoots and dl the shoots formed were stunted. The problem of shoot elongation was
overcome by tranderring the shoot cultures (of 5-6 shoot buds) to MBG medium
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supplemented with GA3 (1-5.0 mg/l) for 15 days. Elongation of shoots with an average
length 351+0.29 cm was observed on MBG medium supplemented with 2 mg/l GAs
(Table 5.15) (Fig. 5.9A). Regenerated shoots from BAP and NAA supplemented medium
can be dongated in phytohormone free basd medium (Fig. 59B). Wel developed
elongated shoots with 1-4 cm length were separated and kept for rooting (Fig. 5.10A).
Morphologicdly, the regenerated shoots did not show any visud abnormdities. Shoot
elongation was adso evduated in liqud MBG medium supplemented with GAz (2mg/l)
(Fig.5.10B).

Fig. 5.8
A. Proliferation of shoot tip in MBG semisolid media containing BAP and NAA (0.5mg/|
and 0.1 mg/l) after 45 days of incubation (cv. Co-2)
B. Proliferation of shoot tip in liquid MBG semisolid media containing BAP and NAA
(0.5mg/l and 0.1 mg/l) after 45 days of incubation (cv. Co-2)
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Fig.5.9

Fig. 5.9

A. Elongation of shoots (obtained from 1.5mg/l TDZ) in media supplemented with GAz

(2.0 mg/l)

B. Elongation of shoots (obtained from 1.0mg/l BAP and NAA 0.5 mg/l) in

phytohor mone free basal medium

Table 5.15 Effect of GA3z on shoot bud eongation in papaya

GA; conc.(mg/l) % shoot masses Shoots elongated Length of
showing elongation per shoot mass elongated shoots
0 00.00+0.00¢ 00.00+0.00 °© 00.00+0.00°
1 25.33+4.50°¢ 02.00+1.00° 02.65+0.21 ¢
2 91.33£1.15% 06.66+1.15° 03.51+0.29°
3 48.33+2.88"° 03.33+0.58" 02.70+0.27°¢
4 18.66+3.21¢ 01.66+0.58¢ 02.75+0.07°
5 04.33+2.08° 01.66+1.15¢ 02.70+0.14°
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Vaues with same letter (a-€) in a column are not gatigticdly different at P = 0.05.

Shoots cultured in the liquid medium exhibited a higher increase in length. For
elongation of thein vitro shoots, use of GA3 iswell depicted (Schnabelrauch and Sink

Fig.5.10

Fig. 5.10
A. Elongated shoots (obtained from shoot tip proliferation) kept for rooting
B. Elongation of shoots (obtained from shoot tip proliferation) in phytohormone free
MBG basal medium, cv. Honey dew
C. Shoot elongation (obtained from TDZ supplemented media) in presence of GAz (2.0
mg/1) in liquid MBG basal medium, cv. Co-2.
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Fig. 5.1

Fig.5.11

A. Elongated individua shoots kept for rooting in MBG basd  media supplemented with
IBA (1-4 mg/l) cv.Co-2

B. Rooted shoot in presence of IBA (3.0 mg/l) inthe rooting medium cv. Honey Dew
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Fig. 5.12

A. Rooted plantlets obtained from MBG medium supplemented with TDZ, aHoney
Dew; b- Co-2

B. Rooted plantlet of cv. Washington obtained from BAP and NAA supplemented MBG
medium

C. Rooted plantlet of cv. Co-2 obtained from shoot tip proliferation

1979; Baburg et al. 1987; Sujatha and Reddy 1998). It is aso reported that GA3
fecilitate dongation of buds initiated by TDZ trestment (Bhagwat et al. 1996).

Similaly the shoots obtained from shoot tip culture can be eongated on MBG
basd medium only without addition of any phytohormone (Fig.10c). Elongation of
shoots on hormone free medium has been obtained in papaya (Litz and Conover 1977,
Hossan et al. 1993) and dso in Clianthus formosus (Tgi and Williams 1989),
Leucopogon obtectus (Bunn et al. 1989) and a hybrid larch (Brassard et al. 1996).
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Fig.5.13

Fig. 5.13
A. Normd rooting of plantlet in presence of 3 mg/l IBA, cv. Washington
B. Cadlusing of the shootsin presence of high concentration of IBA (4 mg/l)
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5.3.5 Rooting

Wl developed and eongated shoots of about 2 -5 cm in height were excised
after 15-20 days and tranderred to haf concentration of MBG medium supplemented
with 1-4 mg/l IBA and 3% sucrose to achieve rooting of the shoots (Fig.5.11A). Ten
shoots in each treatment were used. These shoots developed roots after 2 weeks of
incubation in dl the media tested (Fig. 5.11B). MBG medium with 3 mg/l IBA induced
maximum percent rooting (93.33%) (Fig. 5.12 A and B). Smilar to our study, the effect
of IBA on papaya root formation was achieved ealier (Mondd et al.1990).

Phytohormone free basd medium served as control. Lowest rooting response was
observed on control mediafollowed by 1 mg/l IBA (Table 5.16).

Fig.5.14
A. Rooting of shoot in presence of IBA (3.0 mg/l), cv. Honey Dew
B. Rooting of shoot in IBA free MBG basal medium cv. Honey Dew
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Table 5.16 Effect of IBA on rooting of shootsin papaya

IBA conc. (mg/l) % shoot forming root Daysfor rooting
0 23.33+0.58°¢ 14.66+1.172
1 33.33+0.58¢ 14.33+0.232
2 73.33+0.57° 14.00+0.702
3 93.33+0.582 14.33+0.472
4 80.00+1.00° 15.00+0.002

Vdues with same letter (af) in a column ae not daidicdly
different at P = 0.05.
Sporadic cdlusng was dso observed in shoots cultured in media containing IBA

(4 mgl) (Fg. 513B). In generd, shoots produced less number of roots in media
containing IBA 1, 2 and 4 mg/l. It was observed that shoots rooted with IBA were more
vigorous as compared to the shoots rooted in phytohormone free MBG medium.
(Fig5.14 AB). Presence of IBA in the rooting medium of papaya was found to be
beneficid as reported earlier, however, high concentation of the auxin can adso inhibit
further growth and devel opment of root as reported (Drew 1987).

The eongated shoots obtained from shoot tip cultures were dso rooted on a
medium containing haf drength MBG medium supplemented with 3 mg/l IBA (medium
dready standardized for rooting of shoots from immature embryo) (Fig. 5.12C). This
showed that IBA is beneficia for optimum root induction of papaya plantlet.

5.3.6 Hardening and transfer to pots

For acclimatization, the rooted shoots (3-5 cm length) were washed with derile
water to remove the agar sticking to them and then transferred to 8 cm pots, covered with
plastic bag for a week to prevent desiccation (Fig.5.15 A). Hardened plantlets were then
transferred to green house. The rooted shoots obtained from embryo axis explant after
transfer to pots survived and hardened (76%) under greenhouse condition and theresfter
planted on pots before transferring to field (Fg. 5.15 B). The survivd rate of the shoot tip
derived plantlets was found to be 85% after hardening. Norma growth was observed in
al hardened plants.
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Fig. 5.15
A. Hardening of tissue cultured plantsin 8 cm pots

B. Papaya plants after hardening ready to transfer in field
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Fig. 5.16

A. Scanning eectron micrograph (SEM) study showing direct formation of shoot buds
and shoots form immature embryo axis of papaya, s-shoots, b-buds

B. Arrow indicates an enlarged view of single shoot bud (through SEM study)
originating from immature cotyledon explant
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Fig. 5.17

Fig. 5.17
A. Longitudind section of an embryo axis explant showing direct origin d shoot buds
from shoot pole of embryo axis after 15 days of incubation. Arrow indicates the
emerging shoot bud. Bar=350 nm
B. Longitudind section of an immature embryo showing the meristematic activity
observed in the embryo explant after three weeks of incubation. Arrow indicates

meristematic pockets. Bar=37 mm
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Fig 5.18

Fig. 5.18

A. An enlarged view of meristematic pockets in the embryo explant after 3 weeks of
culture. Bar=7.16 mnm

B. A longitudina section of a developing shoot bud showing the shoot meristem with
leaf primordia. mmeristem |-leaf primordia. Bar=100 mm

5.4 Conclusion

Pant regeneration via multiple shoot devdopment from embryo axis of papaya
has not been reported so far. Though there are few reports on plant regeneration from
shoot tip explants of papaya, the effects of various culture conditions like seedling age
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influence of culture vesds, type of phytohormones etic on shoot tip explants for high
efficiency shoot development were aso not reported earlier. In the present study, efforts
were made to develop plant regeneration protocol from immature embryo and shoot tip
explant of some commonly cultivated papaya cultivars.

Maximum induction of multiple shoots (14 shoots per explant) could be achieved
from immature embryos (both from axis and cotyledons) when cultured in MBG (MS
dts + B5 vitamins + 2 mg/l glycine) medium supplemented with TDZ (0.5mg/l) and dso
in media containing BAP +NAA (1.0+0.1mg/l). Among the basd media tested, MBG
(MS «ts + B5 vitamins + 2 mg/l glycine) medium was found to be the most suitable
basd medium for multiple shoot induction from papaya explants. Also, sucrose was
found to be the most effective carbohydrate source for in vitro papaya shoot formation
compared to other carbohydrates evauated. Elongation of the $oots were obtained either
in phytohormone free medium or MBG medium supplemented with GA3z (2.0 mg/l). The
best rooting response (93.33%) of the in vitro shoots was achieved on MBG basdl
medium supplemented with IBA (3mg/l). Surviva of tissue cultured plants was 76%
from embryo axis explants, after hardening under greenhouse conditions. The present
methods described here could be of use in in vitro culture of papaya as the process is
rgpid and very efficient. Also, use of embryo axis explant for multiple oot development
has severd additiond advantages. Due to its smdler Sze, it is easy to use in both
Agrobacterium and particle bombardment mediated transformation technique. It tekes
less time to develop shoots. Because of these benefits, embryo axis is now beng
preferred over other explant for transformation experiments.

In another gpproach, shoot proliferation from shoot tip cultures of cultivars Honey
Dew and Co-2 were undertaken. Maximum number of shoots were obtaned in the
explants cultured on MBG media containing BAP (0.5mg/l) and NAA (0.1mg/l) in both
the cultivars. Explants from 30 day old seedling produced maximum number of shoots
(19 shoots in Honey Dew and 20 shoots in Co-2) in the MBG liquid medium
supplemented with BAP (0.5mg/l) and NAA (0.1mg/). In our study, a marked difference
was obsarved when the influence of culture vessds was evaluated for induction of
multiple shoots Explants cultured on glass bottle produced higher number of shoots
(Honey Dew-14.53 and Co-2-15.19) as compared D those cultured in test tubes (Honey
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Dew-4.94 and Co-2-4.38). Al liquid medium has favored the maximum induction of
shoots (Honey Dew-19.06 and Co-2-20.00) from explants compared to solid medium
(Honey Dew-14.43 and Co-2-15.19). Elongation of the shoots was achieved on
phytohormone free medium. Rooted shoots survived (85%) after hardening in green
house.

Part of this chapter has been communicated as paper to Biologia Plantarum

dxxi



CHAPTER 6

TRANSFORMATION STUDIES IN PAPAYA
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Section A
6.1 Introduction

Genetic manipulation of plants has been an ongoing science since prehistoric
times, when early famers dong the Euphrates began carefully sdecting and maintaining
seed from their best crops to plant for the next season. Early people aso bred plants, and
modern crops are aresult of thousands of years of genetic manipulation (O'Nedl 2001).

Conventional plant breeding, however, has its own limitations. It depends on
sexud compatibility and often ekes 10-15 years to release a new variety due to extensive
backcrossing (Pauls 1995). Due to unsuccessful crosses and narrow gene pool available
within a species, genetic engineering is now a days, used as an additiond tool to crop
improvement programs being sudied for incressing the quditative and quantitetive food
production.

Genetic trandformation is a process through which genetic materias isolated from
one organism can be introduced into and expressed in another organism with different
genetic background.  This process involves severd didinct dages, namdy insertion,
integration, expresson and inheritance of the newly introduced gene in the host genome.
In plant, this technology not only has potentid to achieve crop improvement with a more
rapid and precise manner than the conventiona breeding programs, but dso has became
an indispensdble endbling tool for further dissection and understanding of the plant
Species.

Genetic engineering has dlowed explosve expanson of our understanding in the
fiedld of plant biology and provides us with the technology to modify and improve crop
plants. A remarkable progress has been made in the devdopment of gene trandfer
technologies (Gassr and Fraley 1989) which ultimatdly have resulted in production of a
large number of transggenic plants both in dicots and monocots. Potentid benefits from
these tranggenic plants include higher yidd, enhanced nutritiond vaues, reduction in
pesticides and fertilizer use and improved control of soil and water pollutants. Some of
the important characters like resstance to herbicide (Smith 1994), disease (Smith 1994),
insct  (Perlak et al. 1990), high protein content (Habben and Larkins 1995), cold
tolerance (Georges et al. 1990), fruit qudity (Fray and Grierson 1993), biodegradable
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plastics (Poirier et al. 1995), antibodies and vaccines (Mason et al. 1992) etc. have been
incorporated in the geneticaly engineered plants.
6.1.1 History of genetic transformation

It took more than 2000 years to detect the causal principle of the crown gdl
disease after it was first described by Aristotle's and Theophrastus (Siemens and Schieder
1996). Smith and Townsend (1907) were the first to report that Agrobacterium
tumefaciens is the causative agent of the widespread neoplastic plant disease crown gal.
Since then a large number of scientists throughout the world have focused their research
to undersand the molecular mechanism of crown gdl induction. The soil bacterium A.
tumefaciens and A. rhizogenes are consdered as naturd genetic engineers due to their
ability to trander and integrate DNA into plant genomes through a unique integrative
gene trandfer mechanism (Jouanin et d. 1993).

It was only in 1983 that scientist inserted the first foreign genes into Petunia and
tobacco (Kung 1984). Agrobacterium-mediated gene transfer became the method of
choice due to convenience and high probability of single copy integration. Independently,
severd transgenic tobacco plants were produced to express foreign genes engineered by
the Agrobacterium tumefaciens vectors (Murai et a.1983; Horsch et d. 1984; De Block
et a. 1984). Initidly successes in genetic trandformation were limited to the species of
Solanacese especidly tobacco (N. tavacum L.). However, this changed the dStuation
dramaticaly in late 80's and early 90's and resulted in transformation of a wide range of
plants for agronomicdly important traits (Songstad e d.1995) usng gendicdly
engineered avirulent strains of Agrobacterium as vectors (Herrera- Estrella et . 1983).

Since the initid successes in the Agrobacterium mediated transformation were
mostly confined to dicotyledonous plants, concerted efforts were made to look for
dternative methods of gene transfer. Method of direct gene ddivery into protoplasts was
the next development in genetic transformation (Draper 1982), Further many more
techniques such as macroinjection (Zhou et d. 1983, 1988), soaking pollen in DNA
solution (Ohtal986), pollen transformation via pollentube pathway (Luo and Wu 1988),
microinjection (Neuhaus and Spangenberg 1990), slicone carbide fibres (Kagppler et d.
1990), edectroporation (DeKeyser et a.1990), sonication (Joersbo and Brunstedt 1990),
electrophoresis (Grieshach and Hammond 1993), laser mediated gene transfer (Guo et d.
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1995) have been developed. However, none of these approaches has, so far, been
developed into areproducible universal gene transfer technique (Potrykus 1995).

The next breskthrough in gendic transformation was the development of bidligtic
(Particle bombardment) transformation approach (Klein et al. 1987; Sanford 1988). The
process involves coaing DNA on tiny metd paticles and shooting these into plant
tissues, which not only led to the efficient production of transgenic modd plants but dso
opened aroute for genetic engineering of mgor crop plants (Potrykus 1995).

6.1.2 Agrobacterium mediated gene transfer technique:

Agrobacterium is a Gram-negdive, soil-dwelling bacterium, which infects plant
cdls near wounds, usualy a the junction between the root and stem (crown) in a wide
range of plant gpecies. Agrobacterium—mediated gene trandfer involves incubation of
cdls or tissues with the bacterium (cocultivation), followed by regeneration of plants
from the transformed cells. For plant species that are readily amenable to tissue culture,
Agrobacterium mediated gene transfer the firs widdy adopted methods of developing
transgenic plants, remains the most popular technique. Probably the grestest advantage of
the sysem is that it offers the potentid to generate transgenic cdls a reativey high
frequency, without a dggnificant reduction in plant regeneration rates The sysem is
gample, inexpensve and in many cases efficient. Moreover the DNA transferred to the
plant genome is defined, it does not normdly undergo any mgor rearrangements and it
integrates into the genome as a single copy (Waden and Wingender 1995).

Agrobacterium tumefaciens possess a tumor inducing (Ti) plasmid responsible for
the tumor formation (Zupan and Zambryski 1995) whereas A. rhizogenes possess a root
inducing (Ri) plasmid which is responsble for DNA trander and the resulting hairy root
formation (Tepfer 1984). During infection, the bacterium transfers a smdl section of its
own genetic materid (T-DNA) into the genome of the tost plant’s cell (Zambryski 1992).
Once insarted, the bacterid genes are expressed by infected cells of that plant. During the
infection process, fird the plant cdl begins to proliferate and form tumors and then
gynthesize an aginine derivaive cdled opine. The opine syntheszed is usudly nopdine
or octopine depending on the drain involved. These opines are catabolized and used as
energy sources by the infecting bacteria By understanding and manipulating this process



of infection or transformation, scientists have been able to harness these powerful and
sophisticated vectors to transfer specific cloned genes of mgor importance.

Initidly, monocotyledons were consdered outsde the host range of
Agrobacterium. However, advances in understanding of the biology of the infection
process, availability of gene promoters suitable to monocotyledons (Wilmink et al. 1995)
as wdl as sdectable markers have improved transformation of monocotyledons (Smith
and Hood 1995). Transgenic plants of rice (Hie et al. 1994) and maize (Ritchie et al.
1993) have been produced via Agrobacterium-mediated transformation.

So far, large number of plant species have been transformed by Agrobacterium-
mediated transformation technique (Siemens and Schieder 1996). However, success of
Agrobacterium—mediated trandformation depends on the cultivar (Robinson and
Firoozabady 1993), the choice of explants (Robinson and Firoozabady 1993; Jenes et al.
1993) the ddivery system, the Agrobacterium dran (Gevin and Liu 1994), the
conditions of cocultivation, the sdection method and the mode of plant regeneration.
Agrobacterium cocultivation has been successfully used for the transformation of leaves,
roots, hypocotyls, petioles, cotyledons (Zambryski 1992; Hooykass and Beijersbergen
1994), pollen-derived embryos (Sangwan et al. 1993), seeds (Feldmann and Marks1987)
and even plants (Chang et al. 1994).

T-DNA of Agrobacterium is a smdl section of the plasmid DNA, about 23 kb in
gze, which makes up about 10% of the Ti or Ri plasmids. This gretch of DNA is flanked
by 25bp repeated sequences, which are recognized by the endonucleases encoded by the
vir genes Within the T-DNA, two distinct regions TL and TR have been identified. The
T-DNA of nopdine drains can integrate as a sngle segment, whereas octopine drains
frequently integrate as two segments, TL and TR. TL carries the genes controlling auxin
and cytokinin biosynthess and is dways present when tumors are formed. Falure of TR
to integrate, results in the loss of opine biosynthess (Webb and Morris 1992). The vir
(virulence) region of Ti plasmid contains the genes, which mediate the process of FDNA
trandfer. Vir gene action generates and processes a T-DNA copy and facilitates FTDNA
movement out of the bacterium and into the plant cdl. Heper plasmids for non
oncogenic plant transformation have been developed to utilize the vir gene functions with
T-DNAs containing genes of choice (Hood et al. 1993).
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The removd of the oncogenes from the Ti plasmid results in disarmed drains of
A. tumefaciens (Klee et al. 1987). The oncogenes of Agrobacterium are replaced by
reporter genes / screenable marker genes (e.g. b-glucuronidase gene (gus), luciferase
(luc) gene for andyzing gene expresson. Genes conferring resistance to antibiotics (eg
neomycin  phosphotrandferase Il (nptll), hygromycin  phosphotranferase (hpt),
phosphinothricin acetyl trandferase (bar) are used to dlow sdlection between transgenic
and non transggenic cells. Also oncogenes have been replaced by genes of economic
importance (McElroy and Brettel 1994).

Pants are usudly transformed with rdativey smple condructs, in which the gene
of interest is coupled to a promoter of plant, vird or bacterid origin. Some promoters
confer conditutive expresson while others may be sdected to permit tissue specific
expresson. The cauliflower mosaic virus (CaMV) 35S RNA promoter is often used
because it directs high levels of expresson in most plant tissues (Waden and Wingender
1995).
6.1.2.1 Mechanism of Agrobacterium infection, T-DNA transfer and integration

Pant species differ greatly in their susceptibility to infection by Agrobacterium
tumefaciens or rhizogenes. Even within a species, different cultivars or ecotypes may
show different degrees of susceptibility. These differences have been noted in a variety of
plant species. The subject matter has been reviewed (Gelvin 2000). Though
environmental or physiologica factors are dtributed for these differences, genetic basis
for susceptibility has recently been described in Arabidopsis (Nam et al. 1997).

Agrobacterium attaches to plant cdls in a polar manner in a two-step process. The
firsd gep is likdy mediated by a cdl-associated acetylated, acidic capsular polysaccharide
(Reuhs et al. 1997). The second step involves the eaboration of cdlulose fibrils by the
bacterium, which enmeshes large numbers of bacteria a the wound surface (Matthysse et
al.1995).

The interaction between Agrobacterum sp. and plant involves a complex series of
chemicd sgnds communicated between the pathogen and the host cells. These sgnds
include neutrd and acidic sugars, phenolic compounds, opines (crown gdl Specific
molecules synthesized by transformed plants), Vir (virulence) proteins and the T-DNA
(Gelvin 2000). Baker et al. (1997) has described the chemicd sgnding in plant-microbe

axxvii



interactions. The T-DNA trandfer process initiates when Agrobacterium perceives certain
phenolic compounds from wounded plant cels (Hooykass and Bejersbergen 1994)
which serves as inducers or co-inducers of the bacterid vir genes. Phenolic chemicals
such as acetosyringone and related compounds (Dye et al. 1997) are perceived via the
VirA sensory proteins (Doty et al.1996). Mogt of the induced Vir proteins are directly
involved in T-DNA processng from the Ti plasmid and the subsequent transfer of T-
DNA from the bacterium to plant. Among them VirD2 and VirE2 contain plant active
nuclear locdization sgna sequences (NLS) (Herrera-Edrdla et al. 1990). VirD2 protein
is directly involved in processng the FTDNA from the Ti plasmid. It nicks the Ti plasmid
a 25-bp directly repeated sequences, cdled T-DNA borders that flank the T-DNA
(Veluthambi et al. 1988). Theresfter, it drongly associates with 5 end of the resulting
DNA molecule (Filichkin and Gelvin 1993) through tyrosn (Vogd and Das 1992).
VirD2 contains two nuclear locdization sgna (NLS) sequences (Herera-edrella et al.
1990) whereas VIrE2 contains two separate bipartite nuclear locdization sgna (NLS)
regions that can target linked reporter proteinsto plant cdl nucle (Citovsky et al.1994).

Many plant species are dill recdcitrant to Agrobacterium transformetion. This
recacitrance does not result from a lack of FDNA transfer or nuclear targeting, rather its
integration into the genome of regenerable cdls gppears to be limiting. In the future, it
may be possible to over express endogenous genes involved in the integration process or
to introduce homologous genes form other species, and thereby effect higher rates of
gable transformation (Gelvin 2000).

6.1.3 Agrobacterium -mediated transfor mation studiesin papaya

Reports on transformation studies in papaya have been liged earlier (Table 1.12,
Chapter 1). Pang and Sanford (1988) were the first to describe transformation of Sunrise
Solo and Kopoho Solo using leaves, sem or petiole section as explants and inoculated
with Agrobacterium sran GV3111 containing plasmid pTiB6S3; pMON200. The
plasmid contained a trangtiondly improved chimeric NOSNPTII/NOS gene for
kanamycin resdance as a dominat Sdectable maker and tumor genes (tmsftmr)
conditioning hormone independent growth. Although no tranggenic plants were
identified, a high rate (90%) of transformed callus was obtained.
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Fitch et al. (1990) could transform the primary and secondary embryos of a
highly embryogenic culture by insartion of a chimeric cP gene of the mild mutant darin
HA 5-1 of PRV and GUS reporter gene in addition to NPTIlI gene of pGA482. The
cauliflower mosaic virus 35S promoter was used to drive cP and GUS GENE while
NPTII gene was driven by NOS (nopdine synthetase) promoter. Transformation of
regenerated plants was confirmed by NPTII assays, PCR and Southern hybridizations of
PCR amplified fragments (Fitch 1991). All the Ro tranggenic plants tested by ELISA
were negative for cP gene expresson, including those tested podtive for the presence of
cP gene by PCR and Southern anadysis.

In an another report, Fitch et al. (1993) used Agrobacterium strain C58-Z707 for
transformation of hypocotyl explants from Kopoho cv. The plasmids pGA482GG or pGA
482GG/cpPRV-4 contained GUS and polylinker region in addition to kanamycin resstant
gene NPTIl. Four transformed lines were identified with two from each congruct.
However, they concluded that putative transgenic embryos appeared 69 months after co
cultivation of embryogenic cdlus and somatic embryos with A. tumefaciens compared to
four months when smilar tissues were trandformed via microprojectile  bombardment
(Ftch et al. 1990,1992).

Yang e al. (1996) could produce trandormed lines of pgpaya from
Agrobacterium infected petioles within 8 months of co cultivation. They used the plasmid
pBIlI21 containing NPTII as a sdective marker gene and GUS as a reporter gene. In the
same year, Cabrera-Ponce et al. (1996) used A. rhizogenes to develop transgenic papaya
plants of cv. 'Yelow large. The srain used was LBA9402 having the vector pBl121
which contained a NPTIl and GUS as sdective and reporter gene. Although transformed
papaya lines could be obtained by A. rhizogenes infection, the plants derived were not
norma in morphology and dso had poor growth. Recently Chen et al. (2001) have
reported successful transformation of papaya with the vird replicase (RP) gene in cv.
Ta-nong-2 via A. tumefaciens-mediated transformation. The RP gene was cloned in
pRok vector and introduced in A. tumefaciens LBA 4404. With this congtruct 20 putative
transgenic papaya were regenerated which were confirmed by PCR and Southern blot

anadyses
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Fig. 6.1

A.

Agrobacterium map of pGV2260-p35SGUSINT used in the present study. Source:
Vancanneeyt et al. (1990).The ST-LS1 gene derived portable intron (1V2) is cloned in the b-

glucuronidase (GUS)gene. The drawing aso shows p35SGUS and its intron derivative
p35SGUSINT



In our present udy, initid efforts have been made to edtablish a genetic
transformation protocol with chimeric marker genes for some of the important loca
culivars of papaya. Also, we have attempted to isolate coat protein gene and tried to clone
it in a suitable vector pGEM3Zf ¢). We have attempted this with an idea to introduce this
Plasmid map of the Agrobacterium strain pGV2260-p35SGUSINT used in the experimentsgene
to Agrobacterium tumefaciens drain for transformation in papaya In this chapter, we
present our entire work in two different sections. All experiments and results pertaining
to Agrobacterium study has been discussed in section A followed by the description of
isolation and cloning of CP genein Section B.

6.2 Materials and methods
6.2.1 Plant material

Immature embryos were isolated from the seeds of cultivars Honey Dew and Co2
asepticaly as described earlier in chapter 4. Before infection, the embryos were grown in
MBG basa medium (MS sdtstB5 viamins supplemented with 2 mg/l glycine) with 3%
sucrose and 2.0 ngyl 24-D for 5 days s0 as to dlow the embryo axis to open up and the
embryo axis becomes available for infection.

6.2.2 Agrobacterium strain

The Agrobacterium tumefaciens srain pGV2260 was used for the present study.
The drain contains the plasmid p35SGUSINT which is a pBinl9 derivative, carying a
chimeric NPTIl gene and a GUS gene congtruct with a ST-LS1 gene derived intron under
the control of CaMV 35S promoter (Vancanneyt et a.1990) (Fig.6.1). The strain was
supplied by Prof. Degpak Pentd (University of Delhi, North Campus, New Delhi, India).

6.2.3 Bacteriological media

Agrobacterium grain (pGV2260) was grown in YEB medium (Shaw 1988). The
pH of YEB media was adjusted to 7.2 respectively. Compositions of the media is given in
Table 6.1.

6.2.4 Growth media and conditionsfor Agrobacterium

The Agrobacterium dran was grovn in YEB medium supplemented with
antibiotics such as Kanamycin (100 mg/l), Streptomycin (50 mg/l) and Rifampicin (100
mg/l). The culture was grown at 200 rpm on a rotary shaker at 28 °C for 16 h. Aliquots of
Agrobacterium culture a hourly intervals were pipetted out and the opticd dendity of the



culture was measured at 600nm. The opticd dendty was plotted againgt time to give the
characteristic growth curve (Fig.6.2).
Table 6.1 Compositions of YEB media

Composition gl
Bacto-yeast extract 1
Beef extract 5
Bacto-peptone 5
Sucrose 5
MgSO4 05

YEB - (Yesadt extract medium)

The culture after 18 h garts showing a decline in the optica dendity and thereby
18 hour grown culture was used for dl the experiments.
6.2.5 Regeneration media

Explants were cultured ether in a medium (A) containing Murashige and Skoog's
(MS) basd medium supplemented with 2,4-D (2.0 mg/l) (herein &fter referred as M1) and
3% sucrose or (B) containing Murashige and Skoog's (MS) sdtstGamborg's (BS)
vitamins + 20 mg/l glycine supplemented with TDZ (05 mgl) and sucrose 3%
(hereinafter referred as M2). Both the media were solidified with 0.75% agar (Hi-media,
India).
6.2.5.1 Determination of lethal dose of kanamycin

The lethd dosage (LDso) for kanamycin was determined by inoculaing embryo
axis explants on medium M1 and supplemented with various concentraions of
kanamycin (50, 75, 100, 150 and 200 mg/l). The cultures were incubated for four weeks
a 25+2 °C under a 16 h photoperiod at light intensity of 27 nEms? provided by cool
white fluorescent tubes.
6.2.5.2 Co-cultivation of explants

The embryo axes of the immaure embryo explants were treated with
Agrobacterium tumefaciens drain pGv2260. Over night grown Agrobacterium culture
(18 h grown) was taken in 10 eppendorf tubes (1 ml in each) and spun a 5000 rpm for 10
min. a ambient temperature. The supernatant was discarded and the pellet obtained was
resuspended in liquid medium of M1 or M2 (taking one ml in each eppendorf tube). Thus
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a suspension was prepared and O.D was measured. O.D. was adjusted between 1 to 1.2 a
650 nm by adding the respective liquid M1 or M2 medium in the suspenson. Explants
were submerged in his Agrobacterium suspension (M1 or M2) for 5,10 and 20 and 30
min under sterile conditions, removed and blotted dry on a Serile filter paper and placed
on two different media in 55 mm petridish ether for cdlusng (media with 24-D referred
as M1) or for multiple shoot formation (media with TDZ referred as M2). Sx explants

were cultured per dish. In this manner, around 500 explants per experiment were treated.

10+

104

Fig. 6.2
A. Characterigtics Agrobacterium growth curve plotted (OD s00) agang time
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All the treated explants were co-cultivated on semisolid medium M1 or M2 for 72
hours and incubated both in light and dark condition a 25 °C. These were then washed
thrice with derile double didilled water containing 500 mg/l of Claforan (Russd India
Ltd), blotted dry again and cultured on semi-solid medium of M1 or M2 contaning
kanamycin (100 mg/l) + Claforan (500 mg/l). Explants not trested with Agrobacterium
served as controls. After cocultivation dl the cultures were incubated under 16 h
photoperiod (light intensity of 27 nEm?s!) at 25+2 °C for 4 weeks.
6.2.5.3 Development of callus or embryo from embryo axis

Embryogenic cdlus developed from embryo axes on M1 medium containing
kanamycin (100 mg/l) and cdaforan (500 mg/l) were transferred to freshly prepared
medium. After four weeks of incubation, cdli were again trandered to fresh medium
having kanamycin (100 mg/l) and concentration of claforan haved a each subculture.
The cdli growing on the sdlection pressure were tested for GUS assay after four weeks of
incubation.

On the other hand, explants cultured on medium containing TDZ with respective
sdlection pressure, developed multiples shoots. These were further transferred to same
medium containing kanamycin (100 mg/l) and caforan (500 mg/l) and incubated further
as mentioned above.

6.2.6 GUS assay

Hisochemicd andyss was carried out to determine the b-glucoronidase activity
in embryo axis and cotyledons after four weeks of treetment of Agrobacterium
tumefaciens. Tissues were cut into smal pieces and immersed in ImM X-Gluc solution in
microtiter multiwell plates and incubated overnight a 37 °C (Stomp 1992). Lesf sections
from the chimeric shoots developed from embryo axis in medium supplemented with
TDZ were adso subjected to GUS assay after 5 weeks of incubation. The tissues were
bleached in 100 % ethanol before observation. Details of the GUS solution are given in
Table 6.2.

Table 6.2 Reagent mix for GUS assay.
Stock solution Final Reagent
concentration Mix
mi/ml
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1.0 M NaPO4 buffer, pH 7.0 0.1M 100
0.25M EDTA,pH 7.0 10mM 40
0.005 M K-ferricyanidepH 7.0 0.5 mM 100
0.005 M K- ferrocyanide pH 7.0 0.5 mM 100
0.002 M X-glucuronide 1.0mM 50
10 % triton X-100 (optiona) 0.1% 10
Subtotd 400
Ditilled water 600
Find volume 1000

6.2.7 Histochemical test

After daning, the tissues were fixed by following the protocol developed by

Meyerowitz (1987).
The procedure is asfollows:

1.

Previoudy dained tissue is placed in 100% ethanol dtting in a dry ice, 100% ethanol
bath.

The ethanol immersed is transferred to a -70 °C freezer for 24-48 h (depending on
tissue Sze) to dlow the exchange of ethanal for water in the tissue

The tissue is dowly brought to room temperaiure with intervening incubetions for
severd hours duration at -20 °C and 4 °C.

4. Thetissueis placed into fresh 100% ethanol.

5. The tissue is incubated a room temperature for severd hours and then given two 2 h

passages in toluene. It is important that the tissue should snk in toluene before
moving to wax indicating complete exchange of ethanol for water and toluene for
ethanol.

The sample (tisue) is transferred to molten paratfin (65 °C) (Merck, E. Merck India
Ltd., Bombay, India) and give 2 passages of 5-6 hours each



7. For sectioning, the tissue is embedded in paraffin wax The block was cut into 10 mm
sections using a rotary microtome (Reichert -Jung 2050 supercut, Germany), mounted
on adide dewaxed in toluene and viewed under microscope (Stomp 1992).

6.2.8 Histomicr ography

The sections were observed under a Stereoscan microscope and  were
photographed using a camera attached to a microscope (Docuvd, Carl Zeiss Germany),
on aKonica (Konica, Jgpan) colour film.

6.3 Results and discussion

The worldwide efforts to trandform an ever increasng number of plant species
with high efficdency has resulted in a number of promisng gene trander systems tha
continue to become more refined (Fisk and Dandekar 1993). Although, Agrobacterium-
mediated transformation remains the method of choice, dternative methods such as
electroporation and particle bombardment have adso been developed in order to
circumvent the poorly understood biological barriers, which prevent its gpplication to
certain plants (Fisk and Dandekar1993). In the present study, an attempt has been made
to regenerate transgenic plants in papaya from embryo axes excised from immature seeds
of two cultivars Honey Dew and Co2 and co-cultivated with A. tumefaciens dran
carying a plant expressve GUS gene interrupted by an intron. In this protocol, the
GUSINT drain of Agrobacterium was used to avoid fake positives and selection pressure
was gpplied immediatdy after the co-cultivation period.

Though papaya has been transformed by Agrobacterium and plants have been
regenerated (Fitch et al. 1990,1993; Cabrera Ponce 1996), success has been limited to
exotic varieties not cultivated in India

Prefered explants for trandformation dudies include immature embryos,
proliferative shoot cultures and embryo axis derived from mature or immature seed for
direct merisem transformation in dicotyledons (Christou 1996). Embryo axis has become
the explant of choice for deveopment of transgenic plants via Agrobacterium co-
cultivation in chickpea (Kar et d. 1996; Krishnamurthy et d. 2000), peanut (Mckently et
al. 1995) and peas (Davies et d. 1993). Use of embryo axis as an explant has severa
advantages. (1) due to its amdler dze, it is amicable to both Agrobacterium as wel as
particle bombardment mediated transformation techniques, (2) the explant takes the least
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time to develop into single shoot (10-15 days) compared to severa months in case of
plant regeneration via cdlus phase, (3) somaclona variations can be avoided if calus
phase can be bypassed, (4) and regeneration through embryo axis is genotype
independent.

It is now widely accepted that the most suitable explants for transformation are
those that require the lee amount of time in tissue culture before and after the
transformation step.

6.3.1 Lethal dosages of kanamycin

Explants on medium without kanamycin (controls) developed cdlus with
embriods or shoots after 4 weeks of incubation. Embryo axes cultured on both M1 and
M2 medium with kanamycin 50 and 75 mg/l showed initid cdlus or shoot development,
however, these did not grow further and bleached subsequently. Survivd of embryos
were adso obsaved on media supplemented with kanamycin 50 mg/l, however,
concentrations of kanamycin a 100 mg/l and higher were lethd and inhibited the embryo
growth completdy (Fig. 6.3). Hence, kanamycin a 100 mg/l was taken as the sdection

pressurein al the experiments conducted with Agrobacterium tumefaciens.

Fig. 6.3
A. Determination of letha dose (LDsg) of kanamycin in papaya explants. a control (M1), b-50
mg/l, ¢-75 mg/l, d-100 mg/l, e-150 mg/l, f-200 mg/l (M1-MS basd medium+2.0 mg/l 2,4-D)

B. Determination of lethal dose (LDs) of kanamycin in papaya explants: a control (M2), b-50
mg/l, ¢-75 mg/l, d-100 mg/l, e-150 mg/l, f-200 mg/l (M2-MBG medium+0.5mg/l TDZ)
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6.3.2 Co-cultivation

Present section describes the results obtained from cv. Honey Dew as in our initid
experiments with cv. Co-2, we have not achieved any podtive results with
Agrobacterium treetment and when cultured on sdection medium containing kanamycin
(200 mg/l). GUS activity in any of the tested explants could not be detected (500 explants
were tested). However, a few embryos survived on sdection medium after four weeks of
culture only in cv. Honey Dew after Agrobacterium treatment and were found to be GUS
postive. Hence, further experiments were caried out with this cv. to optimize the
duration and mode of treatment of explants (5, 10, 20, 30 minutes etc.) with
Agrobacterium suspenson. The treated explants were co-cultivated with the
Agrobacterium drain in both light and dark condition for 72 hours either in media M1 or
M2 to determine the infection rate. We have observed the bacterid overgrowth in many
of the explants cultured on either M1 or M2 when they were initidly trested for a period
of 30 mints (Fig.6.4A). Even dfter repeated washing and Smultaneous inoculation on
fresh medium containing antibiotics did not help to remove such overgrowth of bacteria
Ealier Cousns et al. (1991) has reported that frequency of transformation was largely
influenced by the srain a use, method and period of co-cultivation and culture condition.

At the end of the co-cultivation period, we have cultured dl the explants in
medium containing antibiotic cefotaxime as it will specificaly inhibit becterid  growth
and a SHective agent (kanamycin in the present dudy) that will sdect those cdls
recelving and expressing the gene transfer cassette (Hinchee et al. 1994).

6.3.3 Growth of treated embryos
A vaied number of explants survived and deveoped cdlus or shoots on

respective medium (M1 or M2) (Fig. 6.4) containing kanamycin (100 mg/l) depending on
the mode of trestment and after 4 weeks of culture, however their number decreased in
subsequent  transfer to fresh medium containing sdlection pressure. We have noted a
difference in number of suniving embryos when incubated in ether light or dark
condition for 72 hours co cultivation. Explants trested for 5, 10 and 20 minutes and co
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cultivated in M1 media and kept in dark for 72 hours resulted in a surviva of 2, 1 and 1
embryos respectively after 12 weeks of incubation (Fig.6.5). Among the eight batches

Fig. 6.4
A. Bacteria overgrowth observed after 72 h of cocultivation on the embryo explants, treated
initidly for 30 minutes with Agrobacteriumsuspension

B. Cadlussurviving (5 weeks old) on M1 medium supplemented with 100 mg/l kanamycin after
cocultivation with Agrobacterium strain pGV 2260-p35SGUSINT

C. Six weeks old shoots surviving on M2 medium supplemented with 100 mg/l kanamycin after
treating with Agrobacterium strain pGV2260-p35SGUSINT

kept, explants that were co cultivated in the same media and in light condition for
72 h did not support growth of any embryo in the sdective medium. Altogether 4
embryos survived (putatively transformed) upto a period of three months on sdection
pressure (Table 6.3). Untreated explants cultured on medium containing kanamycin (100
mg/l) did not survive.
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In our experiment (500 explants were tested), explants treated with
Agrobactierum suspension (M2) and co-cultivated in the same medium ether in light and
dark condition did not support the survival of any embryos after 12 weeks of culture on
the sdection medium (with 100 mg/l kanamycin). This apparently shows that dark
incubation of the explants and media combination might have played avita rolein

Agrobacterium-mediated trandformation of explantsin cv. Honey Dew.

6.3.4 Gus assay

We have not observed any endogenous GUS activity in control explants which
were not co-cultivated with Agrobacterium. The maximum percentage (1.96) of embryo
axes showed GUS activity when the explants were treated in Agrobacterium suspension
(M1) for 5 minutes and cultured on semisolid medium (M1) for a period of 4 weeks.
Trestment of embryo axes with Agrobacterium suspenson (M1) for 5, 10 and 20 minutes
and co-cultivated in dark resulted in 1.96, 1.28 and 0.81 % of explants showing GUS
expresson (Table 6.3). Transformed cdlus (Fig. 6.6) obtained from embryo axis showed
intense blue color compared to non transformed calus (Fig.6.7).
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Fig. 6.5
A. Treated embryo explant (for 10 minutesin Agrobacterium suspension) surviving on the M1

medium supplemented with 100 mg/l kanamycin after 3 months of culture

B. Treated embryo explant (for 5 minutes in Agrobacterium suspension) surviving in the M1
medium supplemented with 100 mg/l kanamycin after 3 months of culture

In the present study, some cdlus samples excised from the embryos (putative
transformants) surviving on sdection pressure for 12 weeks of culture did not show any
GUS activity.

In an earlier report by Cousins et al. (1991), it was dated that, not al the NPTII
expressing plants showed GUS activity, presumably because of premature termination of
the introduced T-DNA during the transfer process.
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Fig. 6.6

GUS gene expression in callus tissue of papaya explants after 4 weeks of culture.

A. Cdlus derived from immature embryo explant trested for 5 minutesin
Agrobacterium suspension.Bar=450 nm

B. Cdlus derived from immature embryo expalnt treated for 10 minutes
in Agrobacterium suspension. Bar=450 mm

C. Cdlusderived from immature embryo explant treated for 20 minutes
in Agrobacterium suspension.Bar=428 nm

Few explants survived in shoot multiplicatin medium (M2) and developed shoaots,
however, they were found GUS negative when tested for GUS assay. Remaining shoots
were trandferred to fresh medium containing kanamycin 100 mg/l for their further growth
but al of them gradudly died in sdlection medium.
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Fig. 6.7
Comparison of transformed and non transformed callus (blue colour indicates GUS gene

expression)
A. Cadlus obtained from explants treated for 5 minutesin Agrobacterium suspension. Bar=444

mm

B. Cadlusobtained from explants treated for 10 minutes in Agrobacterium suspension.Bar=452
mm
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Cleavage of 5-bromo, 4- chloro, 3-indolyl, b-D-glucoronide (X-gluc) by the
enzyme b-glucoronidase produces the find insoluble blue colour precipitate
dichlorodibromoindigo  (CIBr-indigo) (Fig. 6.8). It is readily detectable a low
concentrations, final cleavage product is insoluble in water; reaction proceeds to an

ul“.l i
Br j 2—glucuronic acid ar 1 oH
e s 3-glucur ] i N
. _| 2-glucuronidase " —
| —_— |
J .
- e, i - T " " -
|
H p R
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-

- : .
A Daidative dimerizatian

Fig. 6.8
A. Cleavage of 5-bromo, 3-indolyl, b-D-glucuronide by the enzyme b-glucuronidase into
dichloro-dibromo-indigo (CI-Br-indigo)
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insoluble intermediate which on oxidative dimerization gives intense blue colour,

and this product dlows precise cdlular locdizaion and little loss of enzyme product on
tissue processng. Cedlular locdization of the GUS was observed and confirmed by
hisological studies (Fig. 6.9)

Fig 6.5

Fig. 6.9
A. L.Sof transformed callus obtained from explants treated in

Agrobacterium suspension for 5 minutes. ( a-Deep blue colour
indicates the cellular localization of the GUS). Bar=620 nm

B. L.Sof transformed callus obtained from explants treated in Agrobacterium suspension for 10
minutes ( aDeep blue colour indicates the cellular localization of the GUS). Bar=270 mm

C. L.Sof transformed callus obtained from explants treated in Agrobacterium suspension for 20
minutes ( aDeep blue colour indicates the cellular localization of the GUS). Bar=312 nm
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In the present study, use of Agrobacterium drain containing a portable intron in
the b-glucuronidase (GUS) gene has ruled out the possihility of fase GUS activity (blue

colour) in higochemicd tesx of the explants due to bacterid contamination. The
introduction of the portable intron into the GUS gene leads to nearly complete represson

of its expresson in Agrobacteria because of the absence of the eukaryotic splicing

gpparatus in prokaryotes. Use of such condruct avoids the confuson of GUS gene

expresson in inoculated explants (Vancanneyt et a. 1990).

Table 6.3 b-glucuronidase expression in embryo axis of papaya (Carica papayalL .)
cv. Honey Dew cultured in M1 medium after inoculation with
Agrobacterium tumefaciens strain GV2260 / p35SGUSINT

No. of Treatmen Co No. of No. of % of No. of
explants tperiod | cultivation | explants explants explants | embry
treated (min) condition | tested for found showing 0s

GUS GUS +ve GUS formed

assays expression || after 4

after 4 week s
week of of

culture culture
510 30 Dark 70 0 0.00 0
600 20 Do 123 1 0.81 0
510 10 Do 78 1 1.28 0
600 5 Do 102 2 1.96 0
200 30 Light 23 0 0 0
500 20 Do 58 0 0 0
310 10 Do 56 0 0 0
300 5 Do 48 0 0 0

6.4 Conclusion

In our present study, we have noted that frequency of transformation in papaya
cv. Honey Dew is largely influenced by the period of trestment of Agrobacterium
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tumefaciens grain harboring plasmid p35SGUSINT and dso by the media and the co
cultivation culture condition (light and dark incubation). Treament of explants in
Agrobacterium suspenson (M1) for 5 minutes followed by dark incubation and cultured
in smi-0lid medium seems to be the ided condition of treatment for affecting
transformation in embryo axes. In our study, co cultivetion of the treated explants in dark
condition for a period of 72 hours could produce more number of putative transformants,
whereas explants co-cultivated in light (27 nEmi®s?®) did not favour the Agrobacterium
infection of explants. The integration of GUS genes in cdlus tissue has been confirmed
by higologicad andyss. Intense GUS activity was observed in cdlus tissue and embryo
axis. The present study on transformation of papaya could be of immense importance as
report on genetic transformation studies on Indian cultivarsis presently not available.
Section B
6.5 Introduction

Papaya Ringspot Virus (PRSV) beongs to the group Potyvirus, which is in turn
the largest group of viruses that causes dgnificant loses in agriculturd, horticulturd,
pasturd and ornamenta crops (Sukhla et al. 1991, Riechmann et al. 1992). The potyvirus
group is named &fter its type member Potato Virus Y (PVY) and is the largest of the 34
known plant virus groups and families condtituting about 30% of al known plant viruses.
6.5.1 The physical characteristics of potyvirus

The morphologica characterigtics of the virions are reported to be flexous and rod
shgped. The dimensons of a potyvirus paticle range from 680-900 nm in length and 11-
15 nm in width (Sukhla et al. 1991,Riechmann et al. 1992). Each virion is made up of
2000 units of a gngle dructured protein surrounding one molecule of dngle stranded
RNA that is on an average 10,000 nucleotides long and of messanger polarity. Definitive
potyviruses are tranamitted in a non perssent manner by many aphid species, while
some of the poty viruses have fungus, mite or whitefly vectors (Sukhla et al. 1991). All
potyviruses examined s0 far are reported to induce the characterigtics pinwhed or scroll
shaped incluson bodies in the cytoplasm of the infected cells (Edwardson 1974).
6.5.1.1The genome

The potyvirus genome comprisng of a ss RNA has a proten (VPg) covaently
atached to its 5 end and a single open reading frame (ORF) coding for a large
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polyprotein precursor and a poly (A) tall at the 3' end. This ORF is flanked by two nor+
coding regions (NCR) at the 5" and the 3' ends (Riechmann et al. 1992, Hari et al. 1981,
Hari 1981).

6.5.1.2 The 5' non-coding region

The length of the potyvird 5 NCR ranges between 144 to 205 nucleotides
(Sukhla et al. 1991, Riechman et al. 1992). They ae rich in A and have few G
(Riechmann et al. 1992). Alignment of the 5 NCR of a few viruses like Plum pox virus
(PPV), Tobacco etch Virus (TEV), Tobacco vein mottling virus (TVMV) and PVY have
reaveded a marked differences in their sequence except for some conserved nucleotide
blocks and is not accompanied by the conservation of their predicted secondary structures
(Turpen  1989). There is a highly conserved region of 12 nucleotides,
TCAACACAACAT, which is termed as the potybox, darting a postion 13 in PVY and
TVMV and a pogtion 14 in PPV and TEV . The consarvation of these sequences
suggests that they could play an importamt role in the vird life cycle for example in the
process of encgpsidation, trandation or replication (Sukhlaet al. 1991).

The PVY sran N (PVY M) RNA genome has a 5 NCR of 185 bases (Robagalia
et al. 1989). There are two other reading frames that are frequently punctuated by
termination codons and are therefore not likely to code for proteins of sgnificant Sze
The fird& AUG codon a pogtion 185 is likely to be a initiator codon (Robagdia et al.
1989) dince it is in a context (UCAAUGGC) dmilar to the consensus sequence for
trandation initigtion in plants (AACAAUGGC) (Lutchke et al. 1987). Strains of PVY
have a penta nucleotide motif that repeats 3-5 times in the region and it appears only once
in the same region of some other potyviruses except in case of TVMV where it occurs
thrice. This penta nucleotide consved motif is not found a the 5 end of the
complimentary srand which is in agreement with other conserved sequence dements and
could have aroleinthe PVY life cycle (Thole et al. 1993).
6.5.1.3 The 3' non-coding region

The 3 nontcoding region of different potyviruses has been described as
heterogenous in sSze, sequence and predicted secondary dructures. The Length varies
from 147-499 nucleotides (Ward and Sukhla 1991). Didtinct potyviruses show a low
sequence identity in the 3' NCR (up to 30 to 53%) as compared to that between strains d
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individua viruses (Frenkd et al.1989). This region consgts of pairs of direct repeats and
is capable of forming secondary dSructures (Dougherty et al.1985). Features seen
common to dl of them are the presence of AU -rich segments and that each of them can
be predicted to fold into stable secondary structures (Turpen 1989). However, ther
predicted secondary structures appear to vary from virus to virus and their biologicd
ggnificance in potyviruses reman uncler (Hay et al.1989, Turpen 1989). In case of
papaya ringsgpot virus (PRSV) drans W and P, no obvious common features of
secondary  dructures were observed  dthough  extensive secondary  structures  were
predicted with a wide range of free energies (Quemada et al. 1990). PRSV-W infects
both papaya and cucurbits while the latter type (P) infects cucurbits but not papaya. In
fact, PRSV-W causes mgor damage to cucurbits and was previoudy referred to as
watermelon mosaic virus |. Both types cause locd lesions on Chenopodium quinoa and
C. amaranticolor.

6.5.1.4 The coat protein

Coat protein is the most characterised gene product of potyvirus. Coat protein
(CP) monomers are reported to range in size from 30-45 kDa. Heterogeneity in apparent
CP gze is a common feature of potyvirus owing to degradation during purification and
lor storage (Dougherty et al. 1988). These degraded forms moves faster on SDS -
polyacrylamide gels as specific bands (Huttings and Mosch 1974, Helbert and McDonad
1976). From biochemicad and genetic andyss, however it is clear that each potyvirus
contains asingle type of capsid protein monomer (Allison et al. 1985).

N-termini of CP of didinct potyviruses vary consderably in length and sequence
whereas the C terminad two thirds of the protein are highly sSmilar as reveded by
sequence comparisons and biochemica andysis (Ward and Sukhla 1991, Sukhla and
Ward 1988). The significant properties of the N-terminus (Sukhla and Ward 1989, Sukhla
et al. 1988,1989) are:

i) It isthe only large region in the entire CP that isuniqueto a potyvirus
i) Itis immunodominant
iii) It contains virus specific epitopes
Mild proteolysis by trypsin of purified potyvirus particle reveded that N- and C
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termina regions of the CP are exposed on the particle surface (Sukhla et al. 1988) The
surface exposed N- termind region can vay in length from 30 to 95 amino acids,
depending on the virus, whereas the length of the surface exposed G terminus is only 18
20 amino acids in different potyviruses (Ward and Sukla 1991, Sukhla et al. 1988).
Removad of the N- and C- termini by proteolyss leaves a fully assembled virus partcle
composed of coat protein cores consgsting of 215 to 227 amino acids (Sukhla et al. 1991).
These core particles gppear indistinguishable from untrested native partcles by dectron
microscopy and are 4ill infectious suggesting that N- and C- termini are not required in
patce assembly or for infectivity during mechanicd inoculation (Sukhla et al.1988,
Jagadish et al. 1991).
6.5.1.4.1 Theroleof coat protein in potyviral transport

The involvent of CP in the potyvirus movement was reveded by the andyis of
TEV (Dolja et al. 1994). In addition to virion assembly, CP plays sgnificant role in cell
to cdl movement and long distance trangport. Two posshilities are envisaged. Firdly,
cell to cel movement may require the assembly and trandocation of virions between host
cdls. Alternatively, a non virion ribonucleo protein may be the trangported form (Dolja et
al. 1994), analogous to that proposed for severad other viruses that donot require virus
assembly prior to movement (Deom et al. 1992). Potyviruses differ in that CP may
participate in the function of the ribo nucleoprotein complex or may interact with the host
or other vird factors to potentiate transport in a manner comparable to a movement
protein (Dolja et al. 1994). Mutations in the N- terminus did not affect virion assembly
but partialy inhibited cdl to cdl movement indicating that CP has other roles to play in
trandocetion, besdes assembly (Dolja et al. 1994). These mutations inhibited systemic
trandocation through the vascular tissues which was rescued by complementation with
the transgenic wild type CP thereby confirming the role of CP in long digtance
trandocation (Dolja et al. 1994). Mutations in the CP core doman debilitae the
interactions necessary for en cgpsdation and possbly affect protein-protein or protein-
RNA interactions involved in the formation of a non virion trangport complex. RNA
sequences involved in the assembly of virions are yet to be identified for ther role in
movement (Dolja et al. 1994). Factors interacting with CP for virus movement are yet to
be identified. CP is probably the only vird protein necessary in potyviruses. However, a
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movement function may be peformed by one or more gructurd proteins that are

involved in other essentia functions during replication and infection (Doljaet al. 1995).

6.5.1.42 The role of coat protein and helper component in vector pathogen
interactions

Successful  transmission of potyviruses by their aphid vectors depends upon the
interaction of two vird encoded proteins, CP and HC (Helper component) (Pirone 1991).
Enzymatic removd of the N-termind doman of the CP results in the loss of aphid
transmissbility (Sdomon 1989). A DAG (aspatic acid-danine -glycine) consarved motif
in the N-termind region is sad to play a role in gphid transmisshility (Harison and
Robinson 1988). Ddetions of DAG motif abolished aphid transmisson in TVMV
(Atreya et al. 1991). Changes in the second or third amino acid in the DAG moatif is a
conggent feature of non trangmissble potyvirus isolates. Amino acids downsream of
this motif were aso podulated to have an effect on gphid transmisshility (Atreya et al.
1991). This motif was suggested to be expanded to DAGX dthough the fourth amino
acid isnot highly conserved (Atreyaet al. 1995).

It has been suggested that the helper component (HC) functions ether by acting
as a bridge binding to the DAG moatif in the CP and to retention Stes in the gphid mouth
parts or by ndirectly mediating an interaction between DAG and the aphid (Firone 1991).
The HC of non trangmissble isolae of TEV was found to be functiond in the
transmisson of another isolate implying that it does not recognize the CP of the former.
HC of PVY can assg the transmisson of non tranamissble isolate of TEV (Frone and
Thornbury 1983); adaptation of CP to its own HC is logt. It has been proposed that more
than one dte in HC may be functiondly rdaed to gphid transmissbility (Huet et al.
1994). Cleavage a DAGX dtes by a trypsn like enzyme might release the particles from
their retention Sites in the aphid feeding gpparatus so that they could be egested and act as
inoculum during subsequent exploratory probes by the aphids (Harrison and Robinson
1988). Such cleavages are not known to destroy infectivity (Heibert et al. 1984).

When potyviruses are subcultures severd times without the use of agphid vectors
they tend to lose ther aphid transmisshility (Smons 1976). Presumably because gphid
non-tranamissible variants outgrow their transmissble progenitors. In some cases the key

change is in the virus particle protein but in others it is in the helper component (Granier
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et al. 1993). Both theses proteins must therefore be conserved and retain their mutud
adaptation if they are to function in trangmisson and the virus is to maintain its biologica
fitness (Harrison and Robinson 1988).

6.5.2 Papaya ringspot virus

Papaya ringspot is one of the most destructive diseases of papaya and occurs in
nearly every region where papaya is grown except for Africa It is particulaly severe in
aress of Thaland, Tawan, the Philippines, the southern region of The Peoples Republic
of China and India The hogt range of PRSV is limited to plants in the families
Caricaceae, Cucurbitaceae, and Chenopodiaceae. Symptoms induced by different isolates
of PRSV-p may vay in intendty, but dark green, often dightly sunken, rings ae
diagnogtic. The number of rings on fruits can be variable, and the rings become less
diginct as the fruit matures and yelows. Fruits often show uneven bumps, especidly
those fruits that develop after atreeisinfected.

Other key symptoms ae intense yelow mosac on lesf lamina and numerous
"oily" dresks on petioles. The leaf canopy becomes smaller as the disease progresses due
to the devdopment of smaler leaves and sunting of the plant. Fruit yield and brix leves
ae makedly lower than fruit from hedthy plants. Leaf and fruit symptoms are most
intense during the cool season. Leaves often develop a shoestring appearance caused by
the extreme reduction of leaf laminasmilar to that caused by broad mites.

Papaya trees of dl ages are susceptible and generdly will show symptoms two to
three weeks after inoculation. Trees infected a a very young stage never produce fruits
but rardly dies because of the disease. There are, however, some isolates in Taiwan,
which cause wilting, and sometimes degth of young trees.

Papaya ringspot virus can be rapidly spread by severd agphid species in a non
persstent manner. Though many cucurbits are susceptible to PRSV-P, they do not serve
as an important dternate hogst. Instead, the dominant strain in cucurbits is PRSV-W.
Therefore, the spread of the virus (PRSV-P) into and within an orchard is primarily from
papaya to papaya. There is no evidence that PRSV can be transmitted through seeds from
infected papaya or cucurbits.

The development of the disease in an orchard follows the generd pattern of
viruses that are spread by gphids in a non-persstent mamer. The amount of primary



infection increases as the disance from infected papaya trees decrease. Secondary
infection spreads rapidy and an orchard can become totdly infected in three to four
months. This dtuation occurs in young orchards located close to infected plants and
during periods when populaions of winged gphid flights are high.

PRSV is a member of the potyvirus genus in the potyviridee. Papaya ringspot
viruses are typicdly long flexuous rod-shaped particles filamentous and not enveloped,
about 800-900 nm long and 12 nm wide. Virions contan 5.5% nucleic acid; 94.5%
protein and is the longest encountered among the sequenced potyviruses with a tota
genome sze of 12 kb. PRSV RNA which is single stranded and linear encodes a large
polyprotein of 381 kDa (Yeh and Gonsaves 1985, Yeh et al. 1992) which is processed
into 8 or 9 finad products via three virus-encoded proteinases (P1, HC-Pro and Nia). Like
other potyviruses the proposed genetic organization pf PRSV RNA is VPg5' leader-P1
(63K)- HC Pro-p3 (46k)-CI-P5 (6K)-Nla-NIb-CP-3noncoding region-poly (A) tract (Yeh
et ad 1992). The P1 protein of PRSV is the mogt variable protein among potyviruses and
it has a 9ze of 63 kDa which is 18-34 kDa larger than those of the other potyviruses (Yeh
et al. 1992). Virions are found in dl parts of the host plant; in cytoplasm and in cdl
vacuoles. Inclusons present in infected cdls are amorphous X-bodies and pinwheds (i.e.
scrolls (Eddwardson's type linclusions)); they don't contain virions. These are trangmitted
by numerous species of agphids in a nonpersstent manner. Papaya ringgpot virus is
grouped into two types, PRSV-P and PRSV-W. PRSV - type P infects papaya and
cucurbits, but watermelon mosaic virus 1 (PRSV-W) infects cucurbits, but not papaya.
The two types are very closdly related, except for the inability of type W to infect papaya
Anaysis of the coat protein genes of isolates from Audrdia, Thalland and the U.SA.
indicates that, in each country, papaya ringspot - P isolates have evolved independently
through mutation from loca waermeon mosaic virus 1 isolaes (Bateson et al.1994).
Thee two drans share 97.7% nucleotide sequence smilarity and 97.2% amino acid
gmilarity. Infections of crop plants by viruses can lead to reduced yield lowered product
qudity and sometimes to complete crop falure Chemica methods that are avalable to
control other types of plant pathogens cannot be used to control plant viruses since they
are intracellular, obligate parasites. Severd approaches have been taken to introduce

virus resgtance into desred crop plants like, cross protection, generating transgenic
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plants which produce components of the virus that confer cross protection without
causng vird disease (processes involving virus coat protein, replicass, movement
protein, trangmisson protein, disease atenuation with satellite RNA defective interfering
RNA and antisence RNA). Coat protein  (CP) mediated resistance has been the most
consstent and effective of these (Beachy et al. 1990). Plants transformed with CP gene of
a pathogenic virus may in some cases be virtudly immune to infection by the same or a
closdy related virus or may show delayed or reduced symptom expresson. CP mediated
resgdance has been successful in test involving different groups of plant viruses like
potyviruses (Lawson et al.1990) to which PRSV belongs and the potex virus group
(Hoekema et al. 1989, Lawson et al. 1990) to which papaya mosaic virus (PMV) belongs.
Coat protein mediated protection is found to be very successul for viruses with sngle
sranded RNA genome. Hence, there is reason to beieve that this approach will be useful
in improving virus resstance in papaya

As with conventiond cross protection (Wang et al. 1987, Yeh et al. 1988)
transformation of papaya with PRSV CP gene to produce geneticaly engineered virus
resstance will preserve the genotype and horticulturd merits of the origind cultivar. In
addition, there are a number of important ways in which the transgenic plants may prove
to be superior to cross protected plants i) stable incorporation of the CP gene in a
chromosome of the trandformed plant will result in Menddian inheritance of virus
resstance in the seedling progeny, eiminaing the need to inoculate each generation with
a mild protective vird dran, ii) expresson of the CP gene in every cdl of the
transformed plant should reduce the frequency of the breskdown in resstance such as
may occur in conventionaly cross protected plants due to poor systemic spread of the
mild resstance iii) The absence of a replicating dbet mild, virus in the geneticaly
engineered plants mean that (a) there should be no disease symptoms or yield reductions,
and (b) there will be no possibility of amild virus escaping to infect other crops.

Two tranggenic cultivars, Rainbow and SunUp, that are ressant to PRSV in
Hawai were recently commercidlized (Gonsdves 1998, Manshardt 1999). Sun Up was
derived from transggenic papaya line 55-1 (Tennent et al. 2001) a mild mutant of PRSV
HA (Yeh and Gonsaves 1984). Rainbow is a hybrid of SunUp and the nonttransgenic
cultivar 'Kopoho'. It is therefore hemizygous for the CP gene (Mansherdt 1999). Tennant

CCiv



et al. (1994, 2001) reported that Rainbow and hemizygous plants of line 55-1 are resistant
to PRSV isolates from Hawaii that share at least 97% nt identity to the CP transgene but
ae susceptible to isolates from outsde Hawaii that have 89-94% identity to the
transgene. In contrast, Sun Up is resstant to a number of isolates from outsde Hawaii.

6.6 Materials and methods

Leaves of papaya cultivar Honey Dew and Co-2 showing green idands between
veins and reduced size were collected and used for total RNA isolation.
6.6.1 Nucleic acid
Elimination of ribonuclease from the experimental system

To obtain good peparation of RNA from leaf tissue it was necessary to minimize
the activity of ribonucleases liberated during cdl lyss (Sambrook et al. 1989; Blumberg
1987). The following precautions were taken to minimize RNase contamination:

Glassware: All glassware was treasted with 0.1% diethylpyrocarbonate (DEPC) overnight
and then autoclaved after draining off the solution. This was followed by baking a 300
°C for 4 hours.

Plagticware: All plagicwares were sliconized to render their surfaces hydrophobic. This
was followed by trestment with 0.1% DEPC overnight and subsequent autoclaving.

Solutions: All solutions were prepared in deionized water 0.1% DEPC treated and
autoclaved. It was imperative to post trestment denature DEPC by autoclaving since it
modifies the purine resdues in RNA and -NH,; modities in amino compounds such as
Tris. All solutions were stored in DEPC trested, autoclaved and baked containers.

Some plasticwares such as eectrophoresis units etc were found to react to DEPC.
These were trested with 3% hydrogen peroxide overnight and subsequently rinsed
extensgvely with DEPC treated deionized water (Sambrook et al. 1989).

In addition to the above precaution chaotrpic agents such as guanidium sdts and
reducing agents such as 2 -mercgptathanol which inactivate RNases (Chirgwin et al.
1979; MacDonald 1987) were used for the isolation of RNA. The method of Frenkd et
al. (1989) with some modification was followed for RNA preparation.

6.6.2 | solation of RNA from leaf tissues
Solutions needed
Grinding Buffer (GB)
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50 mM TrisHCL, pH 8.0
7mM EDTA , pH 8.0
1 mM MgCh
5mM b- mercaptoethanol
0.1% BSA
Lysis Buffer (LB)
50 mM sodium acetate, pH 5.0
1 mM EDTA , pH 8.0
0.5% SDS
Other solution and reagent
Didilled phenol containing 0.1% 8- hydroxyquinoline and saturated with DEPC
treated water

Chloroform: isoamylachohal in the ratio of 24:1.
Process involved

Total of 15g young infected leaf tissue was cut into smdl pieces without the
midrib. These pieces were transferred to ice cold mortar and pestle and ground to a fine
powder in presence of liquid nitrogen. Grinding buffer (GB) was added to the fine tissue
powder, dlowed to thaw and filtered through mudin cloth. The filtrae (7.5 ml in each
tube) was distributed in COREX glass tubes kept on ice. About 25 ml of lyss buffer was
added to each tube, mixed vigoroudy and incubated for 10 minutes a room temperature.
After that an equa volume of phenol was added and the mixture was centrifuged at £C
10, 000 rpm for 10 minutes. The supernatant was collected and an equd volume of
chloroform: 1AA added and centrifugation was repeated as above. After centrifugation
the aqueous phase was collected and to it 1/10 volume of 3M NaOAC (sodium acetate)
and equa volume of isopropanol was added. The samples were incubated at -20 °C
overnight. The sample was centrifuged a 4°C a 8, 000 rpm for 10 minutes. The
precipitate was resuspended in 200 m 70% ethanol by vortexing and recentrifuged a 4 °C
a 8, 000 rpm for 10 minutes. The pellet was air dried, dissolved in 500 m of DEPC water
and 1/2 volume (250 m) of 8M lithium chloride and incubated a -20 °C overnight. The
samples was centrifuged for 15 minutes at £C a 10, 000 rpm. Theredfter, the pellet was
washed with absolute dcohol and again centrifuged for 10 minutes a 4C at 10, 000 rpm.

cevi



The precipitate obtained was dried, dissolved in minimum amount of water and run on
formadehyde agarose gel for visudizing the isolated total RNA.
6.6.3. Separation of RNA in denaturing agar ose gels
RNA molecules do not have hydrodynamicaly equivdent conformations in
aquoeus solutions and therefore severd methods were developed in which molecular
weights of RNA could be determined by gd dectrophoress under denaturing conditions
(Lehrach et al. 1977). Formadehyde (HCHO) the firsd denaturant used for the
electrophoretic analyss of some RNAs without gppreciable degradation aso required the
presence of formamide (Lehrach et al. 1977).
Reagents
Reagent A (ge dectrophoress buffer-10X stock)
05M MOPSpH 7.0
0.01 M EDTA pH 7.5
This solution was kept in the dark at 4°C.
Reagent B
294 m reagent A+ 706m digtilled water
Reagent C
89 M HCHO (37%) + 706 m formamide
Reagent D (gel loading buffer)
322 m reagent B
5 mg xylene cyandl
400 mg sucrose
178m HCHO (37%)

500n formamide

Reagent E

0.5 mg/ml ethidium bromide

Gel preparation

1% agarose in 1X MOPSEDTA
0.5 g agarose

5ml Reagent A
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36 ml didtilled water

The above was heated to mix the agarose and cooled to 60°C. 9 ml of 37% HCHO
was added making the find concentration of HCHO to 2.2 M. This was mixed well and
poured into agel casting mould.
Sample preparation

The RNA sample was dried under vacuum and dissolved sequentidly in the
following manner:
2.2 M Reagent B
4.8m Reagent C
1.0m Reagent E

The above was heated to 70°C for 10 min and quenched on ice. Resgent E
(ethidium bromide) was added for better staining of low amount of RNA without any
sggnificant background (Gong 1992). 1.5 ml of Reagent D was added, mixed well and
sample loaded on the gdl.
6.6.3.1 Electrophoresis

Electrophoress was caried out in 1X MOPSEDTA. Pre-dectrophoress was
done a 60V for 30 min. After loading the samples eectrophoresis was carried out a 60V
foor 1 hour and then a 100V for 1-2 hours. Hdfway through the process the
electrophoresis buffer was remixed thoroughly and poured back into the eectrophoresis
unit. Any ionic imbalance a the dectrodes was thereby taken care of. The gd was
photographed over an ultraviolet tranglluminator fitted with polariod camera or
photographed on GEL DOC unit (Amersham pharmacia biotech).
6.6.4 Preparation of poly (A)" RNA
Preparation of poly (A)" RNA was done according to Ausubel (1993).

Solutions

DEPC water

Oligo (dT) cdlulose
0.1M NaOH

10 M lithium chloride
2mM EDTA /0.1% SDS
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3M sodium acetate
RNase free TE buffer
Silanized column
Silanized centrifuge tubes
5M NaoH
Poly A loading buffer
0.5M lithium chloride
10 mM TrisHCI (pH-8.0)
1mM EDTA (pH-8.0)
0.1% SDS
Middle wash buffer
0.15 M lithium chloride
10 mM TrisHCI (pH-8.0)
0.1% SDS

A dlanized column of 2 ml capacity was washed with 10 ml of 5 M NaOH. Surry
of 0.5 g dry Oligo (dT) cellulose powder with 1 ml of 0.1 M NaOH was made and poured
ingde the tube. The tube was washed with 10 ml water. The column was equilibrated
with 10-20 ml loading buffer. At the end of wash, pH a the output maintained was 7.5.
About 2 mg totd RNA was heated to 70°C for 10 minutes. 0.5 M lithium chloride (LiCh)
was added from a concentration of 10M stock solution. The RNA solution was then
pased through the oligo (dT) column. The column was washed with 1 ml Poly (A)
loading buffer. The eute was then passed trice through the column. The column was
washed with 2 ml middle wash buffer. The RNA was duted freshly in a tube with 2 ml of
2 mM EDTA and 0.1%of SDS. The whole process was repeated thricee RNA was
precipitated by addition of 0.3 M sodium acetate, 25 vol ethanol and overnight
incubation -20 °C. The sample was then spun a 5000 rpm for 30 minutes a 4 °C. Ethanol
was removed and the pellets were air dried and resuspended in 150 m TE buffer. RNA
qudity is then checked by heating 5 m a 70°C for 5 minutes and anaysing on 1% g

(agarose).
6.6.5 Amplification by RT Polymerase Chain Reaction
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The polymerase chain reaction is used to amplify a segment of DNA that lies
between two regions of a known segquence (Sambrook et al. 1989). Two oligo nucleotides
are used as primers for a series of synthetic reactions that are catalyzed by a thermostable
DNA polymerase. These oligo nucleotides typicdly have different sequences that lie on
opposte drands of the template DNA and flank the segment of DNA that is to be
amplified. The template is fird denatured by hesting in the presence of adarge molar
excess of each of the two oligo nucleotides and he four NTPs. The reaction mixture is
then alowed to cool down to a temperature that facilitates the anneded primers are
extended with the DNA polymerase.

The cycle of denaturation, anneding and DNA synthesis is repested many times.
The products of ore round of amplification serve as templates for the next. Each
successive cycle therefore essentidly doubles the amount of the desred DNA product.
The mgor product of this exponentid reaction is a segment of the double stranded DNA
whose termini are defined by the 5 termini of the oligo nucleotide primers and whose
length is defined by the distance between the two primers (Sambrook et al. 1989). In case
of reverse transcriptase PCR, the firgt strand synthesized by reverse transcriptase using
MRNA as a template for the second strand synthesis. The two srands then undergo the
routine exponential amplification reaction.

Primers for the PCR were designed on the basis of the sequence data of the coat
protein gene of PRSV. The 5 upstream primer covered the start of CP coding region. It
was desgned as PRSVI and its sequence was. 5d (atcagtccaaaaatgaag)3. The 3
downstream primer covered the stop signa of the CP coding region. It was designated as
PRSVII and its sequence was. 5'd (atgcgcaactaaata)3
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6.6.5.1 RT PCR Reaction

IXTAE

40mM Tris -acetate

0.1mM EDTA, pH-8.0

2X Reaction mix

RNA 85ni

PRSVI 10.0 nM

PRSVII 10.0 nM

RT/TAQ Mix 2.0 m (10 unitsng)

PCR reaction was set with the following conditions
i) denaturation at 94°Cfor 5 minutes,
ii) annedling a 35°C for 2 minutes
i)  extensonat 72°C for 2 minutes

A find extension step a 72°C for 10 minutes was added. PCR was carried out for
25 cycles. The reaction products were andysed by eectrophoress on 1% agarose gd in
1X TAE buffer (40mM Tris-acetate and 0.1mM EDTA, pH-8.0)

The dedred band was diced out of the gl and taken in a pre-weghed eppendorf
tube. Equal volume of phenol was added to the sample and vortexed for 15 secs. Aqueous
phase was taken and equd volume of chloroform : isoamyl dcohol (24:1) was added and
spun for 10000 rpm for 10 minutes a room temperature. The DNA was precipitated by
adding 1/10 volume of NaOAC, 2.5 times volume of absolute alcohol and incubated at -
20 °C overnight. Next day the sample was spun a 10000 rpm for 10 minutes. The
precipitate was washed with 70% dcohol. The precipitate was then dried a room
temperature and then dissolved in minimum amount of deionized water. Later it was
observed on 1% agarose gel in IXTAE.

6.6.6 Cloning of the RT-PCR amplified product (gene) in plasmid vectors
6.6.6.1 Bacterial transformation

JM109 is used to clone pGEM-3Zf () vector. This strain grows well and can be
transformed well by avariety of methods. Also IM109 can be used for blue/white colour
screening of the pPGEM -3Zf  plaamids (Hanahan 1985).
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6.6.6.1.1 Preparation of competent cells

Single colony of E.coli M 109 was inoculated in 2 ml LB medium and grown
overnight a 37 °C. About 1% inoculum was added to 50 ml of fresh LB medium and
grown for 2-3 h. Fresh cdls were harvested by spinning a 4000 rpm for 10 minutes at
4°C. The pellet thus obtained was washed with 20 ml ice cold solution of 100 mM CaCh
and centrifuged as above. The pdlet was resuspended in 1ml of 100mM CaCb. This was
then dispensed in 200 mi diquots to eppendorf tubes and kept at 4 °C overnight.
Composition of LB medium (Sambrook et al. 1989)
Bacto-trypton+10g/I
Bacto yeast extract-5g/l
Nacl-10g/I
pH 7.0
6.6.6.1.2 Transformation of pGEM DNA into JM 109 cells

Competent IM109 cdls were thawn and mixed with 1m (50 ng) pGEM 3Zf (-
)DNA. The tubes were left on ice for 30 min. A heat shock at 42°Cfor exactly 40sec was
given after which the tubes were placed on ice for 2 mins 800 m of LB medium was
added and the cells were alowed to recover a 37 °C for 1 hour. The cdls were then
plated on LB-agar amp°° IPTG-X-Gd plates and incubated at 37 °C overnight.
6.6.6.1.3 Screening for recombinants

Pogtive colonies were picked after screening by blue/white sdection (disruption
of lacZ gene). Each isolated colony was grown in 10ml LB-agar amp®° overnight.
Plasmid DNA was isolated by the dkdine lyss method (Smbrook et al. 1989). Cels
were pelleted down by centrifugation and re suspended in TEG buffer (50Mm Glucose,
25Mm Tris-HCI, pH 8.0). This was chilled on ice, 2 volumes of 0.2 M NaOH, 1%SDS
was added and mixed wel to dlow the lyss of the cdls. 1.5 volumes of 3 M potassum
acetate, pH 4.8 was added and mixed well. The mixture was centrifuged a 16000Xg for
15 minutes & 4 °C and the supernetant was carefully collected. Plasmid DNA was
precipitated out dowly with an equa volume of isopropand a 4 °C for 46 hours. The
precipitate was washed extensvely with 70% ethanol, dried and dissolved. The DNA was
digested with redriction enzymes Kpnl and Bam HI according to manufactures

recommendation.
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Reaction compoment
Plasmid DNA
Multicote ™ buffer (25mM Tris acetate, (pH 7.5 at 37 °C) 100mM potassium acetate,
10mM magnesum acetate, 1mM DTT)
Bam HI (10units/m)
Kpnl (10units'm)
BSA (1 mg/ml)
Sterile deionized water
The RT-PCR product was dso redriction digested with Kpnl and Bam HI as
above and then ligated in to he pGEM 3Zf €) vector. The ligation reaction components
were
RT-PCR product
50ng pGEM 3Zf (-) DNA X Kpnl X Bam HI
Ligase (10units'm)
Buffer
DNase free water
The ligation reaction was carried out a 16 °C overnight.
6.6.7 Transformation of the ligated plasmid into JIM 109 cells
The ligated product is then transformed in fresh competent E..coli IM109 cdls in
a Smilar process as described above (Sambrook et al. 1989). The cells were plated on
LB-agar amp™° plates with IPTG and Xgd overnight. Positive colonies were screened by
blue/white selection. Plasmid DNA was prepared (Sambrook et al. 1989) and digested
with EcoR | and Hind 111 to release the insert.
Reaction component
DNA
M Buffer
RNAase
BSA
Water
Eco Rl (10 units/m)

Hind 111 (12 units'm)

cexiii



The vector pGEM3Zf (-) was dso digested with the same, EcoR | and Hind Il
enzymes. The reaction product was analyzed by edectrophoresis on 1% agarose gd in
1XTBE (10mM TRIS-Borate, 1mM EDTA, pH 8.0).

6.6.8 DNA sequencing and sequence analysis

DNA sequencing reections were peformed bidirectiondly usng ABI  prism
BigDye Terminator Cycle Sequencing kit from PE ABI. The primer extenson products
were separated by gel dectrophoress on an ABI sequencer. Sequence was assembled
usng Sequencher software. Nucleotide sequence of both drands was andyzed usng
FramePlot method for predicting protein coding region of bacterid DNA. Sequence
comparisons and dignments were performed with the Basc Loca Alignment Search
Tool (BLAST; Nationd center for Biotechnology information) and the Cludle X
Multiple sequence dignment program (Baylor College of Medicine).

6.7 Results and Discussion
6.7.1 Total RNA observation

Denauring formadehyde-formamide geds run  in  MOPSEDTA  showed
fluorescent several bands of RNA prepared from infected leaves of papaya RNA marker
size 0.24 to 9.49 kb were loaded dongsde. The A260/A280 ratios was greater than 1.8
indicating only week contamination of polysaccharide and / or polyphenols and little or
no protein contamination. The RNA integrity was judged by sharpness and presence of
28S and 18S ribosoma RNA band visuaized on the denaturing RNA gd (Fig. 6.10A). A

smear was observed on the denaturing gdl that could be consequence of shear.

6.7.2 Isolation of PolyA* RNA from total RNA by Oligo (deoxythymidine) cellulose

Total RNA was fird isolated from the tissues or cdls mRNA was then purified
by PolyA™ sdection using oligo (dT) cdlulose. This is necessary for dl tissue sources
rich in RNase (and some cdll lines).
6.7.3RT PCR

Some ribosoma RNA may remain mixed with mRNA. It's dmost impossble to
completdy rid sample of dl ribosomad RNA. The resdud amount of rRNA Ieft in
sample does not interfere with reverse transcription.

PCR methodology has been adopted to generate cDNA fragments for specific
sequences and to amplify them (Kawasaki 1990). In this method the first srand
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gynthesized by reverse transcriptase usng mRNA as the template serves as the template
for the second drand synthesis. The two drands then undergo routine exponentia
amplification reaction. Primers for RT PCR were desgned on the bass of avalable
sequence data of the coat protein gene of PRSV (Quemada et al. 1990, Slightom 1991).
The 5 upstream primer was desgnated as PRSVI and its sequence was -5'd
(atcagtccaaaaatgaag)3.The 3' down stream primer was designated as PRSVII and its
sequence was -5'd (atgcgcaactaaata)3. The RT PCR product when visudized on gd
shows a band of 800 bp which is nearer to the reported potyvird coat protein gene sze
(Fig.6.10 B). No nonspecific amplification was observed in this case.
6.7.4 Cloning of the amplified viral product

pGEM 3Z f (-) vector, a standard vector used for cloning purpose. It was
linearized with enzymes Kpn | and BamH I. The RT-PCR product was also restriction
digested with Kpn | and BamH | . The DNA was then purified and ligated to the vector.
Cloning in pGEM 3Z f €) vector enabled the use of T7 and SP6 sequencing primers both
of which were readily avalable The ligaed plasmid was trandformed into fresh
competant E. coli IM109 cdls. The clones were sdected by blue white sdection on
ampicillin. Pasmid DNA from these clones was isolated and digested with EcoR | and
Hind 11l (Fig. 6.10 C). The released insert from the correct clones (designated as pJB101)
was about 800 bp as that of the RT-PCR product.
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Denaturing formadehyde agarose gel electrophoresis of RNA in 1X MOPS/EDTA. Left to
rightLane 1- Molecular weight marker , RNA Ladder (GIBCO BRL, USA). Sizes from top to
bottom are 9.49,7.46,4.4,2.37,1.35 and 0.24 kb.Lane 2 Tota RNA isolated from papaya
PRSV infected leaves.

RT-PCR amplified product re-amplified by PCR. Lane 1(S)- re amplified RT-PCR product.
Lane2 (M)- 1 DNA/EcoR | +Hind Il marker. Sizes from top to bottom are
21.251,494.2,35,2.0,1.9,1.5,1.3,0.94,0.83 and 0.6 kb.

Cloning of the potyvird amplified product in pGEM3Zf (-) vector.
In-Insert, M- | DNA/EcoR | +Hind I1l marker. Sizesfrom top
to bottom are 21.2,5.1,4.9,4.2,3.5,2.0,1.9,1.5,1.3,0.94,0.83 and 0.6 kb.

Lane-1to 10- pJB101 1-10 digested with EcoR | and Hind 1111 DNA/
EcoRI+Hind I1I.

6.7.5 Sequencing

The gpproximate 800 bp putative PRSV CP insat was sequenced using ABL

BigDye Terminator system. The insart was determined to be 872 bp in sze (Fig. 6.11),

with a sngle ORF coding for 251 amino acids with an gpproximae relative molecular
mass of 33.8 KD. The nuclear sequence was 40.7% G+C and 59.3% A+T.
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6.7.6 Sequence analysis

Sequence andysis of the pJB101, 872 bp sequenced by BLAST 2 andyss
reveded smilarity with the CP gene of PRSV-P isolate i) South China coat protein (CP)
gene, (Genbank Acc. No AF469066) - 89%, ii) Papaya ringgpot virus isolate YS coa
protein (CP) gene (Genbank Acc. No. AF469065) - 8%, iii) KPS coat protein mRNA,
partia coding sequence (Genbank Acc. No. AF374862) - 91%, iv) Indonesia 2 coat

Fig. 6.11

Forward primer PRSV1

atcagtccaaaaatgaageiglggatactggittaaalgaaaaaticanagaaaaggaaa
aacagaaagaaaaagaaasaganaaacaaaaagagasagaaaaagacgatpgctagtga
cggaaatgatgtgtcaactagcacaaaaactggagagagagatagagatgtecaatgttgg
gaccagtggaactticactgttcegagaatiaaatcatitactgataagatgatictaccgaga
attaagggaaagictgiccttaatitaaatcacctacticagtataatccgeaacaaattgacat
tictaacactcgtgecactcagteacaattigagaapgtootatgagpoastoapoaatgatta
tggccttaatgataatgaaatgcaagtgatgetaaatggtttgatggtttgetatatcgagaat
ggtacatctoccagacatatctggtgtetggettatratggatpeoragacccaagttgattat
ccaatcaagcctttaattgageatgetactecgteatitaggcaaattatggetcactttagtaa
cgeggeagaageatacattgegaaaagaaatgetactgagaggtacatgecgegatatgg
aatcaagagaaatttgactgacattagectcgetagatacgetttcgactictatgaggteaat
tcgaaaacacctgatagggctegogaagoccacatgcagatgaaggctgeageactzeg
aaacactagtcgcagaatgtitgotatpoacgocagtetiaglaacaagoaafasaacacy
pagapacacacagtggaagacgtcaatagagacatgcactetctectggpe atgegeaa

ctaaata
Reverse primer PRSVII

Fig. 6.11
Nucleotide sequence of the isolated 872 bp putative CP gene
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protein MRNA, partid coding sequence (Genbank Acc. No. AF374865) - 90%, V)

Fig.6.12

JEANAAATGAAGCTGTA
CEAAAAATGAACCTGTIG
QUAMAAATGAAGCTGTG
eAAAAATGAAGCTGTIA
CEAAAAATGAACCTGTIG
JEAAGAATGAAGCTGTIA
JEeAAGAATGAACCTGTIA

SP 1 TCAAGGAGCATTGATGATTATCAACCTCGATTGIGECAGCAATACACATGTATTTCA(

PR 1 TCAAGGAACATTGATGATTATCAATCTGT TTGTAGCAGCAACACACATGIGT TTCAT
DF 1 TCAAGGAGCACTGATGATTACCAACTTGT TTGTAGCAGCAATACACATGTIGT TTCAT
CE 1 TCAAGGAGCACTGATGATTGICAACTTGT TTGTAGTAGCAATACACATGIGI TOCAT

TN 1 TOGAGAAGCACTCGATAATCATCAGT TAGCCTGOBECAGTAACACCCATGTG CACI.‘A@
consensus 1 gtc aaaaat gaagct gt gga

SP 81
PR 81
DF 81
CE 81
JB 26
SC 24
YS 24
KPS 1
I ndol
TN 81

Al A AT WA YRS

consensus 81 tgct GGT t aAAt GRaAAge
AAAGA AA g
SP 161
[SAAICCTAGT GACGGAAARGAT GT GT CAACTAGCACAAAAACT CGAGAGAGAGABAGAGATGTCAATRIGEACEAGT]
PR 158

gc@@gm SGATGI GT CAACTAGCACAAGAACT LAGAGAGAGHSAGAGAT GT CAAT QIIGEEACSAGT]
S GAIIGCTAGT GACGGAAIGAT GT GT CAACT AGCACAAAAACT GLAGAGAGAGHAGAGAT GT CAAT IIGEACEAGT

CE 161

[ASGAIIGCTAGT GACGGAAIGAT GT GT QBACT AGCACAMAAACT CCAGAGAGAGABAGAGAT GT CAAT IIGEACEAG
JB 106

[ASGAIIGCT AGT GACGGAAIGAT GT GT CAACT AGCACAAAAACT CLAGAGAGAGAJJAGAGAT GT CAAT I EACEAGT
SC 98

lGATGTGTO—\ACTA ACAAAAACT GAGAGAGAGJAGAGAT GT CAATGRSGAAQIAGT]

IGATGTGTO\ACTA ACAAAAACT GGAGAGAGAGYIAGAGATGT CAA TGS GAAQIAGT]
NI GLT AGT GACCGAAAIGAT G GT CAACT AGCACAAAAACT GGAGAGAGAGAJAGAGAT GT CAA T GS S CRACIAG]

I ndo71

A
I GIAGCT AGT GACGGAAEGAT GTGT CAACT AGCACAAAAACT CGAGAGAGAGYJAGAGAT GT CAA TGRS GAAYIAGT]
:

TN 161

consensus 161 A ga gQt aGIgACSAAa GATGIGI CaACTAGACAAAAACTGGAGAGAGRGA AGAGA! GTCAATG
GAC AGT

SP 241

(GGAACT TTCACTGT TOOGAGAAGAAAATCAT TTACTGATAAGATGA ACQJAGAAT TAAGGCAAAGACTGTCCTTAA

PR 238

(GGAACT TTCACTGI TOOGAGAASAAAATCATTTACTGATAAGATGA ACQJAGAATTAAGGCAAABACTGTCCTTAA

DF 241

GGAACTTTCACTGT TCOGAGAARAAAAGCAT T TACTGST AAGATGA ACCAGAATTAAGGGAAAGACTGTCCT TAA
CE 241
(GGAACT TTCACTGT TOOGAAANIAAAATCAT TTACTGATAAGATCGA ACQJAGAAT TAAGGCAAABACTGTCCTTAA

e NS s R S
T TGl g A T A A AT LG AT CET
EWW SAAGAT GATIT TACCRAGAAT TAAGGBAABACT GT 0T TAA

[CGAACE TTCACTGT TOOGAGEAAAAGT CATTTACTGATAAGATGA ACTRAGAATTAAAGCAAABACTGTCCTTAA

consensus 241 GZACQ TTCACTGTTOCgAgaA aAAat CATTTACTGat AAGATGATt t TaCC
AGAATTAAgGGaAAgaCTGTCCTTAA
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SP 321

PR 318 ANJACTOGT GQJACTCAAT

DF 321 S AACACTOGT GOCACTCAATCACAATTTGAGAA
CE 321 AACACTOGTGOCACTCAATC

JB 266 A AACACTOGTGOCACTCAGT

SC 258 AACACT CEGOCACTCAAT

YS 258

KPS234 ICTTCAGT ATAATCOGCAACAAATIRGACATIS TARAACACT OGT GOCACTCAAT!

I ndo231 (CTTCAGT ATAASCOGCAACAAATIGACA lTéJ"AACACTCGTCIDACTCAAT

TN 321

consensus
CAATTt GAGAAGT

SP 401
PR 398
DF 401
CE 401
JB 346
SC 338
YS 338
KPS314

I ndo311 !GAAAT(I‘APGTGAT@T AA

TN 401 GAAATGCAAGTIGATHITAAANIGIT TGATGGTTTGGTJ)

consensus 401 GGTA GAGGGAGTGAGIAATGATTA G CTt AaTGAt aA GAaATGCAAaTaat G TAAA GG

t TQATGGITTGGTG

SP 481
PR 478 ACATQJCCAGACATATCTGGTGICT gﬂ
DF 481 ACATCSCCAGACATATCTGGTGICT
CE 481
JB 426 AOQTC"CI'AGACATATCT GGTGTCTH
SC 418 CCRACATQCCAGACATATCTGGTGICT AATGATGGATGEAGAAAC
YS 418 GRACATJCCAGACATATCTGGTGT CTGI;T”ATG‘\T(ISAT(EAGAAA
KPS 394 C{ﬁAOQT @CCAGACATBTCTGGTGICTAS
I ndo 391
TN 481

consensus 481 ATcGRaAA GG ACATC CCAGACATaTCTGGTGICTGSGT ATCGATGGATGxyGAaac CAaGT
GATTAt CC ATcAA

SP 561
PR 558
DF 561
CE 561
JB 506
SC 498
YS 498
KPS 474
I ndo 471
TN 561
consensus 561 gCCTTTaAT GAgCA GC ACt CC TCgTTt AGGCAAAT
ATGRCTCAC TTcAGTAACGOGECAGAAGCaTACAT gCaA

SP 641
PR 638
DF 641
CE 641
JB 586
SORYE N A CAGEAAT A AQSGAGAGGT A(Y TGCOGOGGTATGEAATCAAGAGAAAT TTGACT GACAT TAQCTOGCTAGATATA
YS 578 AGAGEAAT(I”A S GAGAGGT AQY TGOOGOGGTATGGAATCAAGAGAAAT TTGACTGACAT TAQICTCCCTAGATATA
KPS 554
I ndo 551
TN 641
consensus 641 AgAGRAATGC AC GAgAGGTACaTGOOO TATGRATCAAGAGAAATTTGACTGACATTAG
CTcGCTAGATAL GCT

SP 721 ASATGCAGATGAAAGCT GCAGOECTA
PR 718 AGATGCAGATGAAAGCTGCAGOECTA
DF 721 AIIAT GCAGAT GAAAGCTGCAGOECTA
(O =Rkl T TCGAT T TCTATGAGGT GAAT TABAAAACACCT GATAGEECT OJJGAAGCT CAIJAT GCAGATGAAAGCT GCAGCECTA]
JB 666 TTCGPETI'CT ATGAGGT GAATTAGAAAACACCT GATAGEECT! CGAAQE ASATGCAGATGAAGCCTGCAGTACTC
S ONCI Sl T TOCGAT T TCTATAEGGT GAAT TAAAAAACACCT! GATAﬁ(IIZT QS GAAGCTCASAT GCAGATGAAAGCE CCA(

ACRCELR TTCCATTTCTATGEGGTGAATTCAAAAACACCT GATAY CECTQIEGAACCT CA IATGDAGATGAAA%G(%@

[NGSIRT T TOCGAT T TCTATGAGGT GAAT TCAAAAACACCT GATAGEECT O GAAGCT CAIJATGCAGAT GAABGECT GCAGORCTA]
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I ndo 631

AASTCAAAAACACCT GATAGEECT O GAAGCT CAJAT GCAGAT GAABCCT GCAGOECTA
[ TTOCGATTTCTATGAGGTGAAT TABAAAACACCT GATAGEECTOJGAACCT CAJJATGCACGAT GAABGCT GCAGOCCTACH

TN 721
consensus 721 TTOGAt TTCTATGaGGTGAAL TCQAAAACACCTGATAQGXCTCy GAAGT CA
ATGCAGATGAAaR: GCAGCYcTgOG
SP 801
PR 798 AGTAACAAGGAAGAAAACACGEAGAGACACACAGTA
DF 801 AGTAACAAGGAAGAAAACACGGAGAGACACACAGAG
CE 801 SAGTAACAAGCAAGAAAACACCGAGAGACACACAGTA
JB 746 AGTAACAAGGAAGAAAACACGEAGAGACACACAGTA
SC 737 SAGTAACAAGGAAGAAAACACCGAGAGACACACAGTG
YS 737 SAGTAACAAGGAAGAAAACACCGAGAGACACACAGTA
KPS 714 SAGTAACAAGCAAGAAAACACCGAGAGACACACAGTA
Ind 711 SAGTAACAAGGAAGAAAACACCGAGAGACACACAGTG
TN 801

consensus 801 aA AC aat OCCA GAATGITt GG ATGGACGECAGTgT

AGTAACAaGGAAGAAAACACEGAGAGACACACAGE gGAA

SRt GAT GT CAATAGAGACATGCACT CTCTOCT GEGTA T GUGCAAE T(GA Sty
= N Yo GAT GT CAAT AGAGACAT GCACT CTCTOCT GEGT AT GUGCA/A e TGSy
DF 880 € COGICAA @ T/ e
[0 e ) GAT GTCAAT AGAGACATGCACT CTCTOCTGRGT AT GUGCAAE (G Sty
JB 825 (€] d ATA - < cc o
Ol Al GAT GT CAAT AGAE ACATGCACT CTCT O T GG AT GG A T/, A
YS 817 G«TGroAATA%ACATecACTCTCTOCTMAT -----------------------------------
P GTLe I GAT GT CAAT AGAGACAT GCACT CTCTOCT GEGT AT GUGCA/AY (G
T GAT G AAS AGAGACAT GCACT CTCT O TIAGGT AT UG A/ (G
NI GATGT CANSAGAGACATGCACTCTCTOCT GRGTATAOA AT ACTOROGCTAGT GTGTGOGTOREG0CTAACTOG
consensus 881 GAf GICAAL AGAgA(‘ATGoACTCTCTo:TgGG At GOGCAA TgA

™ 960

ACCCTGT TTCACCTTATAATACTATGT AAGCAT TAGAATACAGT GTGECTGOBOCACCECTTCTA ATAGTGAGEGT

consensus 961

™ 1040

AGOCCCTCOGTGC AGTGT TATTCGAGT TCTCTGAGT CTCCATACAAT GTGEGT GBOOCACGOGCTAT TOGAGCCTCT

consensus 1041

P e

PR eeeeeeeeae-
|5 =
(o =,
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Indo  -----------

TN 1120 TGGAATGAGAG
consensus 1121

Fig. 6.12

Multiple sequence aignment of the 872 bp nucleotide sequence of PRSV CP insert with
SC hiotype, (Genbank Acc. No AF469066), Y'S biotype (Genbank Acc. No. AF469065), KPS
biotype (Genbank Acc. No. AF374862), Indonesia biotype (Genbank Acc. No. AF374865), SP
biotype (Genbank Acc. No. AF344642), PR biotype (Genbank Acc. No. AF344643), TN biotype

(Genbank Acc. No. AY027812), DF biotype (Genbank Acc. No AF344649) and CE biotype
(Genbank Acc. No. AF344648).
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Fig. 6.13

53 Frame 3

QSKNEAVDTGLNEKFKEKEKQKEKEKEKQKEKEKD
DASDGNDVSTSTKTGERDRDVNVGTSGTFTVPRIKS
FTDKMILPRIKGKSVLNLNHLLQYNPQQIDISNTRAT
QSQFEKWYEGVRNDYGLNDNEMQVMLNGLMVWCI
ENGTSPDISGVWVMMDGETQVDYPIKPLIEHATPSFR
QIMAHFSNAAEAYIAKRNATERYMPRYGIKRNLTDI
SLARYAFDFYEVNSKTPDRAREAHMQMKAAALRNT
SRRMFGMDGSVSNKEENTERHTVEDVNRDMHSLLG

M RN

Fig. 6.13
Deduced amino acid sequence of the isolated 872 bp putative CP gene. Arrow indicates the

cleavage site between Nla and CP region of the PRSV insert.
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YKSFTDKM LPRI KGKTVLNLNHLLQYNPQQ DI ENTRATQSQ:EKV\YEG\/FH\DYG_I\D\EI\Q M_NGL
KEFTEKM LPR KGKTVLNLNHLLQYNPQQ DI SNTRATQSQFEKVWEGVRNDYGLNDNEMJMLNGL

KPS 52
I NDO 51
TN 81
SC 60
YS 60
consensus81

RSO ENGTSPDI SGWWMVDGETQVDYPI KPLI EHATPSFRQ M
SN ENGTSPDI SGWWMVDGETQVDYPI KPLI EHATPSFRQ M
DS HNl| ENGTSPDI SGWWMVDGHAQVDYPI KPLI EHATPSFRQ M8
CE 161 [NSNe|ED] QVDYPI KPLI EHATPSFRQ Mg
RNVl ENGTSPDI SGAWMVDGETQVDYPI KPLI EHATPSFRQ
[(\GSRYAl| ENGT SPOVBEGWWMVDGETQVDYPI KPLI EHATPSFRQ Mg
ey ENGTSPDI SGWWMVDGETQVDYPI KPLI EHATPSFRQ Mg
LY ENGTSPDI SGAWMVDGETQVDYPI KPLI EHATPSFRQ M
SOl ENGTSPDI SGWWMVDGETQVDYPI KPLI EHATPSFRQ Mg
AR ENGTSPDI SGAWWMVDGETQVDYPI KPLI EHATPSFRQ -
consensus161 | ENGTSPDI SGAWWMVDGEE QVDYPI KPLI EHATPSFRQ M AHFSNAAEAYI aKRNATERYrrp
RYG KR\LTDI SL

PR 236
SP 237
DF 237
CE 237
JB 222
KPS 208
I NDO 207
TN 237
SC 216
YS 216 - - g
consensus 241 ARYAFDFYeVNSKTPDr Ar EAHMQVKAAAl rnt r RVFAWH GSv SNKEENTERHTV EDVINRIMHSLLGYRN

Fig. 6.14

Deduced multiple sequence aignment of the 251 amino acid (with relative molecular
mass of 33.8 KD) sequence of PRSV CP insert with SC biotype, (Genbank Acc. No AF469066),
YS biotype (Genbank Acc. No. AF469065), KPS biotype (Genbank Acc. No. AF374862),
Indonesia hiotype (Genbank Acc. No. AF374865), SP biotype (Genbank Acc. No. AF344642),
PR biotype (Genbank Acc. No. AF344643), TN biotype (Genbank Acc. No. AY027812), DF
biotype (Genbank Acc. No AF344649) and CE biotype (Genbank Acc. No. AF344648).
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SP biotype P coat protein gene, partia coding sequence (Genbank Acc. No. AF344642) -
95%, vi) PR biotype P coat protein gene, partia coding sequence (Genbank Acc. No.
AF344643) - 94%, vii) TN coat protein gene, partiad coding sequence (Genbank Acc. No.
AY027812) - 91%. The sequence smilarity with the PRSV -W isolate CP gene was i)
94% with DF biotype W coat protein (CP) gene, partial coding sequence (Genbank Acc.
No AF344649) and ii) 95% with CE biotype W coat protein (CP) gene, partid coding
sequence (Genbank Acc. No. AF344648) (Fig. 6.12).

The deduced amino acid sequence (Fig. 6.13) amilarity with PRSV-P isolate was
83% with South China coat protein (CP) gene, (Genbank Acc No. AF469066), ii) 83%
with YS coat protein (CP) gene (Genbank Acc No. AF469065), iii) 95% with KPS coat
protein  MRNA, partid coding sequence (Genbank Acc No. AF374862), iv) 95%
Indonesia 2 coat protein mRNA, partia coding sequence (Genbank Acc No. AF374865,)
v) 88% SP biotype P coa protein gene, partid coding sequence (Genbank Acc No.
AF344642), vi) 86% with PR biotype P coat protein gene, partia coding sequence
(Genbank Acc No. AF344643), vii) 87% with TN coat protein gene, patid coding
sequence (Genbank Acc No. AY(027812) and with PRSV W isolate was i) 86% with DF
biotype W coat protein (CP) gene, partid coding sequence (Genbank Acc No. AF344649
i) 88% with CE biotype W coat protein (CP) gene, partia coding sequence (Genbank
Acc No. AF344648) (Fig. 6.14).

As reported earlier the Nla -CP deaving junction Q-S is present in the isolated
clone (Quemada et al. 1990; Sightom 1991).
6.8 Conclusion

The PRSV CP gene isolated in our laboratory showed a nuclectide size of 872 bp
with a relative molecular mass of 33.8 KD and a capacity to code for 251 amino acids.
Multiple sequence andysis of pJB101 with BLAST and CLUSTLE showed a nuclectide
sequence Smilarity of 94-95% with PRSV -W grain and 89-95% smilarity with PRSV -
P drain. The deduced amino acid sequence dso showed a sequence smilarity of 86-88%
with PRSV-W type and 83-95% with PRSV-P type.

COXXIV



SUMMARY



Biotechnology is now the cutting edge of plant science offering new techniques,
gpplications and opportunities for plant improvement. Application of biotechnologica
tools in crop improvement programs can be effective in three different complimentary
ways. 1) by speeding up the process of conventiond breeding, 2) development of nove
genotypes through recombinant DNA technology and 3) by cregting genetic variability
through tissue culture. It can provide solutions to problems like disease and pest
management, biotic and abiotic dresses, and can be useful in increasing the productivity
of specific crop

Papaya one of the important commercia plantation fruit crops of the world is
vadued for its high content of vitamins and minerds in the fruit flesh, and the enzyme
papain and other by-products. Papaya belongs to the genus Carica under the family
Caricaceae. The crop is highly popular and grown in dmogt dl the tropicad and
subtropical countries around the globe,

The total production of papaya in India is about 644,000 Mt from a cultivated area
of 57,000 hectares (FAO 2000). The crop is gown al over the country and is avalable
round the year. The dtate of Karnataka in India is the lead producer of papaya in India,
followed by the states of Orissaand West Bengal.

Pepaya is susceptible to a number of diseases Among these, the aphid
tranamitted, Papaya Ring spot Virus (PRSV) causes severe damage to the crop. Recently,
maor efforts have been directed towards the introduction of new agricultura traits into
papaya through genetic enginering to solve this problem. However, mgority of the
published reports on papaya pertain to exctic cultivars not grown in India. Since, India is
one of the mgor papaya producers, concerted efforts are underway to develop transgenic
papayausng locd Indian cultivars as the sarting materidl..

An €fficient plant regeneration protocol is a mgor pre-requisite for development
of tranggenic plants. At the time of initiation of this study, no reports on in vitro somatic
embryogeness and multiple shoot formation from embryo axes explant of the mogt
commonly grown locd papaya cultivars existed. We have sdected cultivars Honey Dew,
Washington and Co-2 on the basis of ther popularity and availability of seeds in the locd
market. Therefore, this sudy was initiated with an objective of deveoping a highly
reproducible and efficient in vitro plant regeneration method from the cultivars that are
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commonly grown in India The study adso amed to sandardize Agrobacterium mediated

transformation of papaya explants and dudies relating to isolation and cloning of the

PRSV coat protein (CP) gene so that Indian cultivars of papaya resstant to PRSV could
be devel oped.

A

The findings of the entire work are summarized below:

: Comparative studieson in vitroand in vivo seed germination of papaya

A protocol of in vitro seed germination of papaya was devel oped.

Germination of papaya seeds in in vtiro conditions resulted in letter response than in
vivo seed germination in terms of percent germination and aso the number of days
required for germination.

Presowing treatment with 200 ppm GA3 for a period of 24 hrs was found to be ided

for increasing the germination percentage.

4. Optimum seed germination was a 30°C.
5. TDZ as growth regulator (0.1-4.0 mg/l, best being 0.2mg/l) could aso be suitably

used to enhance the papaya seed germination rate in in vitro condition.

Among the vaious paameters teted for optimizing seed germination, 16 h
photoperiod compared to darkness, agar as gelling agent and filter paper as support
materid could increase the germination percent in our sudy.

Cefotaxime and carbenicillin, most commonly used in tissue culture dudies were
found to exhibit a positive influence in papaya seed germination.

Among dl the cultivars tested for pgpaya seed germination, cultivar Honey Dew was
found to be the best responsive both in in vitro and in vivo condition.

Induction of somatic embryogenesis and plant regeneration in papaya.

1. A plant regenerdion sysem via somatic embryogeness was developed using

immature embryo explant of cultivars Honey Dew, Washington and Co-2 and aso
from mature embryo explant of cultivars Honey Dew and Co-2.

The somatic embryos were induced from the shoot pole region of immature embryo
axes when cultured on MS basd medium supplemented with a varied range of 24-D
(2-25 mg/ll) or 245T (05-80 mg/l), or Ficloram (0.5-10mg/l) or Dicamba (1-
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10.

11.

15mg/l). MB liquid basd medium supplemented with 24-D or 2,4,5T (1-5 mgl)
could dso induce the somatic embryos from gpical end of mature embryo axes
explant in our study.

Auxin 245 T a 3.0 mg/l was found to be optimum for somatic embryo induction in
case of both immature and mature embryos.

Although maximum response for somatic embryo induction was observed with 2,4-D
(20mg/l) on dl the three cultivar tested (Honey Dew - 86.36%, Co-2 - 76.22% and
Washington-93.61%), maximum globular embryos per explant was observed with
3.0mg/l 2,45-T (Honey Dew - 29.33, Co-27.66 and Washington- 33.00).

Cotyledonary staged embryos could be obtaned in the same somatic embryo
induction medium in case of both the explants (immature and mature embryo) tested
for somatic embryogenesis.

Maturation of the somatic embryos was achieved on MS basal medium supplemented
with ABA (0.1mg/l) within 5-7 days of incubation.

In case of immaure embryo, maximum germinaion (Honey Dew-70.66 %,
Washington-72.0 % and Co-2 73.33 %) of the somatic embryos derived from 2,4-D
medium, occurred in MS basd medium supplemented with GA3 (Imgl/l).

However, embryos obtaned on medium contaning 245T (3.0 mg/l) germinaed
maximdly in ether phytohormone free MS basd medium (71.33 % in Honey Dew-,
59.33 % in Co-2) o in medium supplemented with GAsz a 1Img/l (73.3 % in
Washington).

Germination and converson of the somatic embryos was achieved on MS basd
medium supplemented with GA3 (Img/l) in case of embryos derived from mature
embryo explant.

On an average 60 % of the somatic embryo derived seeding survived in cultivar
Honey Dew, 40 % in Co-2 and 20 % in Washington in case of immature embryo
explant whereas 25 % of the somatic embryo derived seedling survived in case of
mature embryo explant derived embryos.

The higologicd and scanning eectron microscopy dudies confirmed the  direct

origin of the sométic embryos.
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12. Effect of diffeeent basd media, type of explant, carbohydrate source, culture
condition and gelling agent was dudied on somatic embryo induction from immeature
embryo axes. In case of mature embryos, different parameters like basa medium,
pH, AgNOs, temperaiure and physca date of the medium (solid/lliquid) were dso
evauated to enhance the frequency of induction of somatic embryos.

13. In our study, MS basd medium, embryo axes explant, 3% sucrose, incubation of
explants in dark and media with agar (0.75%) as gdling agent were found to be
optimum for somatic embryo induction from immature embryo axes.

14. In case of mature embryo axes, explants cultured in MB liquid medium a pH of 58
and incubated a 25+2 °C in dark induce maximum somatic embryos from cultivar
Co-2.

C: Invitro induction of multiple shoots and plant regeneration from embryo axis

and shoot tip explant of papaya

A protocol of plant regeneration via organogeness was developed for immature embryo

axes of cultivars Honey Dew, Washington and Co-2. A sysem of shoot tip multiplication

was developed for cultivars Honey Dew and Co-2.

. Both immature embryo axes and cotyledon explant produced shoot buds on MBG basa

medium supplemented with TDZ (0.1-5.0 mg/l). However, when BAP and NAA (0.05

20mg/l and 0.1-0.5mg/l respectivdly) were tested in combination, only the immature

embryo explants respond by producing shoot buds.

. Maximum number of shoots were produced upon culture of immature embryo axes

explants of dl the three cultivars on MBG basd medium containing TDZ (0.5 mg/l) and

in presence of acombination of BAP and NAA at (1.0 mg/l and 0.1 mg/l respectively).

. Maimum muitiple shoot proliferation from the seedling shoot tip explants was dso

achieved in MBG basd medium containing BAP and NAA (0.5 mg/l and 0.1 mg/l).

. Among the various parameters studied on shoot proliferation from the shoot tip explant,

explants excised from 30 days old seedling and cultured in glass bottle containing MBG

medium favoured the maximum induction of shoots.

De novo origin of the shoot buds from immature embryo explant was confirmed by

histological and SEM study.
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7. Elongation of shoot buds (obtained from embryo axis explants) was achieved on MBG
medium supplemented with GA3 (2.0 mg/l).

8. Maximum rooting of the plantlets (93.33 %) was achieved on MBG basad medium
supplemented with IBA (3 mg/l).

9. Invitro regenerated plants, 76 % (derived from embryo axis) and 85% (derived from

shoot tip ) survived after hardening under greenhouse condition

D: Transformation studiesin papaya

The present sudy was carried out with the objectives of optimization of co-cultivation

with Agrobacterium to achieve transformation in pgpaya cultivars usng embryo axes

explants.

1.

Immature embryos of cutlivar Honey Dew were used for Agrobacterium mediated
transformation.

Agrobacterium tumefaciens LBA4404 contaning the plasmid pGV2260-35S
GUSINT was used as a vector for transformation.

3. LDsp for selection of transformed shoots was found to be 100 mg/l kanamycin.
4. Trandormation frequency was influenced by the period and mode of trestment of

Agrobacterium grain

GUS expresson in cdlus tissue was achieved when explants are treated with
Agrobacterium for aperiod of 5,10 and 20 minutes and incubated in dark for 72 h.
Explants treated with Agrobacterium and  co-cultivated for 72 hin light (27
nmEm?2s!) did not favour transformation event.

Maximum number of explats showing expresson of GUS gene was obtained when
these were incubated with Agrobacterium for 5 minutes and co-cultivated for 72
hoursin dark.

Occurrence of the transformation event was confirmed by histochemica means.

9. The PRSV CP gene was isolated and its sequencing reveded it to be 872 bp in sze

10.

coding for aprotein of 251 amino acids and a relative molecular mass of 33.8 KD..
Multiple sequence dignment andyss of pJ3B101 with BLAST and CLUSTLE
showed a nucleotide sequence smilarity of 94-95% with PRSV -W drain and 89-
95% gmilarity with PRSV -P drain.



11. The deduced amino acid sequence dso showed a sequence sSmilarity of 86-88% with
PRSV-W type and 83-95% with PRSV-P type.

The work presented in this thess, forms the basic framework for biotechnology of
papaya The standardized regeneration protocols could be successfully used in genetic
transformation of Indian cultivars of papaya Also results obtained from Agrobacterium
tranformation study and our efforts towards isolation and cloning of CP gene could be

utilized in development of transgenic papaya resdant to Papaya Ring Spot Virus
(PRSV).
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