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Synopss

Cotton is one of the mgor economic crops of India and country is one among
the top five cotton producers in the world. Cotton is an important naturd source of
fiber for textiles. Cotton has multifarious uses. Beddes lint (fiber), cottonseed is a
vauable source of edible oil, cake and med for livestock feeds. Cotton belongs to
genus Gossypium of the family Mavacese. Of the 50 species of Gossypium only four
ae domedicated. Among the four cultivated speciess G. aroboreum and G.
herbaceum are diploids and ae known as ‘Old World cottons The other two
goecies, G. hirsutum and G. barbadense are dlotetraploids and are known as ‘New
World cottons Cotton is grown in 90 countries and about 180 million people around
the globe ae involved with the fiber industry, which produces raw cotton worth 20-
30 hillion US dallars (Anonymous 1997).

To meet the increasng demands of superior qudity cotton by textile industry
and dso to redrict the damage caused to environment by excessve use of pedticides,
there has been an increased interes in quatitetive and quditative improvement of
cotton varigies. Conventiond breeding techniques have limitaions to meet these
objectives, often due to incompatibility bariers between cotton species Recently,
biotechnologicd methods have been usad to overcome this limitation and to introduce
foreign genes in cotton (Chlan et d., 1995, Mc Cabe nad Matindl 1993). However,
an dficient plant regenerdtion protocol is an essentid pre-requisite for the
development of transgenic plants The mgority of the reports published manly from
the USA are on Coker varieties that are not cultivated in India

The present work entitted “Plant regeneration from preexisting meristems,
embryo axis and mature explants of Indian cotton cultivars (Gossypium hirsutum
L.)” was undetaken to develop an efficient plant regeneration protocol using various
explants derived from seeds, in vitro raised seedlings and fidd grown mature plants.
Yea another objective of the work was to study gpplication of explants with pre-
exiging merigems for gendic trandformation in cotton by particde bombardment
method.

CHAPTER 1 GENERAL INTRODUCTION

This chapter indudes the introduction of the genus cotton (Gossypium
hirsutum L) and a through literature survey on in vitro regeneration and genetic



trandformation studies in cotton. The present datus of the cotton crop in terms of its
production, area under cultivetion has been described in the chepter. The ams and
objectives of the present work are dso envisaged in thischapter.

CHAPTER 2 MATERIALSAND METHODS
The mehodologies employed in tissue culture higology and geneic
transformation during the course of work have been described in this chapter.

CHAPTER 3 IN VITRO PROPAGATION AND PLANT REGENERATION
FROM EMBRYO AXISEXPLANTS

A smple and rgpid method of obtaining plants from explants derived from
decotyledonaied embryo axis has been described in this chapter. The chapter
dectribes the effect of activated charcod and incubation temperatures on  shoot
formation from embryo axis explants The effect of phytohormones on induction and
proliferation of multiple shoots in these explants has been described.  In vitro roating
of shoots and hardening of plants has dso been described in this chapter.

CHAPTER 4 PLANT REGENERATION FROM EXPLANTS CONSSTING
OF PREEXISTING MERISTEMS FROM IN VITRO GROWN
FEDLINGS
The regeneration potentid of various explants from in vitro grown seedling
has been evduaed. This chepter describes the influence of the phyo-hormones,
explant type, age of the explants, carbohydrate sources and the culture vessds in the
induction and proliferation of multiple shoots In vitro rooting of shoots obtained and
hardening of plantlets have aso been described in this chapter.

CHAPTER 5 CLONAL PROPAGATION UJNG NODAL SEGMENTS FROM
HELD GROWN MATURE PLANTS

In this chepter, plant regeneration protocol usng nodd segments of fidd

gown plants has been described. The protocol for induction, proliferation and

maintenance of the shoot cultures from the accessory buds present in the axils of

nodd segments of fidd grown mature plants has been described. The influence of

type of culture vesd (test tube and conicd flak) in proliferetion of the multiple



shoots has been sudied. In vitro rooting of shoots and acdimatization of the plants in
s0il have been described.

CHAPTER 6  APPLICATION OF EMBRYO AXIS EXPLANTS IN
TRANSFORMATION OF COTTON VIA PARTICLE
BOMBARDMENT APPROACH

This chapter describes the effect of different parameters of particle
bombardment like rupture discs, type of microcarier, target cdl digance ec. on
expresson of b-glucuronidase (GUS) gene in embryonic axis explants. Attempts on
the effect of phyto-hormones on morphogenesis in the trandformed cdlus have been
described.
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Chapter 1

General Introduction




Introduction

1. Thecrop

Cotton is one of the most important multipurpose crops valued for its lint (fiber), oil,
seed med, hulls and severd other by-products. The cultivated and wild varieties of cotton
belong to genus Gossypium under the family Mdvaceae. There are 50 species of Gossypium
of which only four are cultivated. The two cultivated species G. aroboreum L. and G.
herbaceum L. are diploid (2n=26) and are referred as “Old world” cottons. These account for
less than 2 % of world cotton production due to varying fiber qudity and low yidd. G.
arboreum L. isgrown in Indiaand G. herbaceum L. is cultivated in drier areas of Africa and
Asia. The other two species G. hirsutum L. (upland cotton) and G. barbadenseL. (extralong
daple Egyptian or pima cotton) are alotetraploids (2n=52) and are referred as “New world”
cottons (Lee 1984). These species evolved adventitioudy by chromosome doubling of African
and South American diploid species (Cherry et al. 1970). About 90 % cotton grown
worldwide is G. hirsutum L. and the remaining 8 % accounts for G. barbadense L (Lee
1984). Cotton is grown in 90 countries on 32.6 million hectares and about 180 million people
around the globe are involved with the fiber industry, which produces raw cotton worth 20-30
billion US dollars (Anonymous 1997).
1.1.Origin

Cotton is indigenous to south and southeast Asa and has been cultivated in the Indus
valey for more than 5000 years. Rdlics of Mohen jo-daro period indicate ahigh degree of art in
inning and weaving with cotton at that time. India possessed a flourishing export trade in
cotton and cotton fabrics in early higtoric times. Also cotton was indigenous to the America and
was grown for clothing in Brazil, Peru and Mexico long before discovery of the America
(Poehiman & Borthakur 1969). The wild species of Gossypium occur in arid regions of the
tropics and subtropics of Africa, Ada, Audrdia and America The only cotton variety with
spinnable lint that grows wild is G. herbaceum var. africanum, and this is probably the
ancestor of dl linted cottons in both the Old and New world (Beadey 1940).
1.2. Distribution

The crop has a worldwide digtribution covering al ranges of temperate, warm and
tropica regions. It is annud, biennid or perennid in temperate zones, whileits habit is one of tall

shrubs or trees in tropics. Under cultivation, it is generdly annud, except in some american



countries where it is il treasted as perennia and grown in the field for about seven years (Sethi
et al. 1960).

The wild species of Gossypium are tropica and subtropica in distribution. Commercid
production of cotton now extends from 37°N to 32°Sin the New World, and from 47°N in the
Ukraine to 30°S in the Old World. The northern limit of production in the United States
corresponds with the 77°F isotherm and with an average frost-free growing season of 200 days
(Purseglove 1988). In India the cotton growing areas fal within & to 32° N latitude and 70° to
80° E longitude (Basu 1990). The top ten cotton growing countries, their area harvested,
production and yield per hectare have been givenin Table 1.1.

Table 1.1: Important cotton growing countriesin theworld.

Region/ country AreaHarvested Production Yied
(1000 ha) (1000 tones) (kg/ha)

China 4560 4300 943
U.SA 5376 4132 769
India 8900 2856 321
Pakistan 2893 1598 552
Turkey 709 755 1065
Argentina 884 325 368
Egypt 361 315 873
Brazil 660 300 455
Mexico 197 208 1056
Sudan 188 93 495
World 33815 19737 584

(Source: F.A.O. Production Y ear Book 1997.)

1.3. Ecology

Cotton, a woody perennid shrub is a sun-loving plant and cannot tolerate shade
epecidly in the seedling stage. Reduced light intensity due to prolonged overcast westher,
shading from interplanted crops or too dense a stand retard flowering and fruiting and increases



boll shedding. The optimum temperatures for the germination of seed, seedling growth and
further vegetative growth are 90°F, 75-85°F and 90° F respectively. Soil aeration, moisture and
temperature are important factors in germination and early plant growth (Purseglove 1988).
Lower temperature favors the production of vegetative branches and extends the cropping
period where as high temperature increases the number of fruiting branches and reduces the
cropping period. In areas whereit isgrown asrain-fed crop, the average rainfall usualy is about
40-60 inches. Adequate moigture is required for early vegetative growth. Firgt flowering period
requires relative dryness, otherwise excessive boll shedding ensues. High moisture isrequired for
boll swelling and renewed growth, followed by dry weether for ripening and harvest. In arid
aress, it is grown with irrigation. Cotton can be grown in a variety of soils from light sandy soils
to heavy dluvium and Rendzina-type clays.

1.4. Plant habit

The cultivated cottons are annua shrubs and sub-shrubs measuring 0.6 to 25 m
depending upon the species, cultivar and the environment. Sdient morphologica features of
various parts of cotton plant are described as below:

Roots There is awell developed tap root syslem with four rows of laterd roots. The
zone of s0il penetration is governed by soil structure, height of water table and the age, size and
the fruiting of the plant.

Stems: The primary axis or main sem is monopodiad with leaves and branches, but no
flower buds. In the axil of each leaf two buds are present: a true axillary and an extra axillary or
laterd bud, which may be on ether sde of axillary bud. Usudly only one bud develops. In
cotton the branching is dimorphic. Lower axillary bud produces vegetative monopodia
branches. Higher on the main sem and on monopodia branches the extra axillary bud grows
horizontaly to give the sympodid fruiting branches. The termind bud of the sympodid branch
develops into a flower and the growth is continued by an axillary bud in the leaf axil. The
westher, soil and photo period influence the number of vegetative branches developed on the
plant (Purseglove 1988).

Leaves: Cotton plant has leaves spirdly arranged on the monopodia with a phyllotaxy
of 3/8. The leaves on the sympodia are dternately arranged in two rows. Theleaves are variable
in Sze, shape, texture and hairiness. Each leaf has extra flora nectaries on the dorsal veins and
pigment glands scattered randomly on the entire surface (Purseglove 1988).



Flowers: First flower is produced after 8- 10 weeks of planting. Howers are born singly
and termindly on the sympodid branch with 68 flowers on each fruiting branch of average
length. When bractioles are firgt visible they are called squares and from this stage to opening of
flower (Fig. 1.1 A) it takes about 21 days. Under favorable conditions flowering normally
continues for two months. The time taken from flowering to opening of bolls is aout 45-65
days (Purseglove 1988). Fruiting branches are sympodiad and their early development begins
like the vegetative branches. Flowering proceeds upwards and outwards a regular intervas.
The growth habit of plants is indeterminate. Therefore the buds, flowers and bolls are present at
the sametime (Fg.1.1 B) (Anthony 1991).

Fruits: Fruits called as balls, are spherica or ovoid lesthery capsules of about 4-6cm
long. Boll grows to full size in about 25 days after opening of the flower and the seed develops
for a further 25 days before the boll opens. The boll splits on maturity aong the carpel edges
into severa valves or locks, exposing linted seeds (Fig. 1.2 A & Fig. 1.2 B) (Purseglove 1988).

Seeds: The seed is pyriform and dark-brown in colour after remova of fuzz (Purseglove
1988).

1.6. Economic Importance

Cotton plant has multifarious economic uses. Seed is the most important part of the
plant. Cottonseed has two principle components (i) the hull or spermoderm - the outer covering
of the seed from which the cotton fiber and cotton linters arise (i) The kernd or embryo from
which oil and medl are obtained. The seed contains minor congtituents such as lecithin, sterals,
some vitamins of B and E group and minerds (Pandey 1998).

The ail content in the seed varies between 16-25 % of the dry seed weight depending
upon the species (Lawhon et al. 1977). In India, the entire production of cottonseed ail is utilized
for edible purpose (90-95 %), mosly for vanaspeti and only smdl quantity is used for
manufacturing of soaps (5-10 %). At present, nearly 70 % of cottonseed produced in the country
is crushed for production of cottonseed oil (Pandey 1998). Other use of cottonseed ail is in
production of acetoglycerides for food and cosmetics. Brominated — oils are used as wetting
agents and for production of cloudy flavored soft drinks. Emulsified cottonseed oil can be used
for intravenous administration to patients who require a higher caorie diet (Pandey 1998).

Cottonseed cake or med is useful as protein rich fodder supplement (Alford et al.
1996). It contains about 60 % of high qudity proteins and essentid amino acids like lysine,



Fig. 1.1
A. Cotton flower (in bloom).
B. Sympodid fruiting branch showing flowers buds, squares and balls.









Fig. 1.2
A. Mature cotton plants with dehisced bolls.

B. The dehisced bolls exposing lint.
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methionine, tryptophan, histidine, arginine etc compared to other oilseeds cakes (Beraidi and
Cherry 1980). The mgor problem with the use of cottonseed med or cake in the diet of non
ruminants is the presence of a number of toxic pigments such as gossypol, gossypurpurine,
gossyfulvin, anthracynins and carotenes (Murray et al. 1993). Gossypol is a toxic ydlow
polyphenolic pigment located in the glands, which occurs in dl parts of plant (Fryxell 1981;
Khushk and Vaughan 1985). Seed may contain as much as 10% gossypol (Fisher et al.1988).
Gossypoal isimportant as a deterrent to insect pestsin cotton (Lukefahr & Houghtaing 1969) and
for its pharmaceuticd effects in various drugs. During the past few years, gossypol has attracted
much attention especidly due to its anti-fertility (Hong et al. 1989), anti-parasitic (Eid et al.
1988), anti-tumor (Jaroszewski et al. 1990; Gilbert et al. 1995) and anti-HIV properties (Royer
et al. 1995). Seed hulls are used for cattle feed and as a soil covering called mulch (Bgg 1998).
These have a poor nutrient value and are generaly mixed with cottonseed medl as roughage to
increase the volume of the cattle feed. Seed hulls are dso used in production of industridly
important chemicals such as furfural and active carbon (Pandey 1998).

Cotton linters which are short fibers hanging to the seed after ginning are used as
indudtrid raw materid for production of various types of cdlulose derivatives such as cdlulose
nitrate, ethers, esters, acetates which are used for the production of various kinds of chemicals,
plastics and fibers. Cellulose nitrate is used for production of plagtics, dynamite, lacquers, finger
nail polish, smokeess gunpowder and solid rocker propelant Celulose esters and ethers are
used for food castings such as bologna, sausages and frankfurters. Rayon is used for indudtria
fabrics. Besides these, linters are used as a source of chemica cotton for specidty paper (fine
writing and bond papers, filter papers, currency, laminating papers, sanitary papers, battery
separators etc) and filters, nonwoven fabrics, filler aids, for films, plagtics etc. Linters are dso
used in automotive upholstery, pads, cushions, furniture upholstery, lamp and candlewicks, twine,
surgica cotton, rugs, mops, etc. (Pandey 1998; Bajgj 1998; Purseglove 1988).

1.7. Current status of cotton in India
India is the third largest globd cotton producer in the world. Cotton is cultivated on 9.1
million hectare. Based on the soil-climate-variety complex, the cotton- growing tractsin Indiaare
divided into six regions (Pandey 1998), which are tabulated in Table 1.2. About 2.86 million
tonnes of cotton lint is produced annually. The average productivity of cotton lint ranges from
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320 to 600 Kg per hectare. (Sharma 2001). The crop provides the means of livelihood to an
estimated 60 million peoplein India (Basu 1990). Though area under cotton has not appreciably
changed since 1970, thereis an increase in total production of cotton due to introduction of high
yielding varieties and hybrids, use of higher doses of insecticides, proper management of
diseases and adoption of improved agricultural practices (Basu 1995). Data on date-wise
cotton production, area under cultivation and average yield/ha has been given in Table 1.3.

In Indig, cotton is essentidly grown in the kharif, rainy season and is treated as a
perennia crop. Only 10 % of the cotton crop is irrigated. Mgor portion of the irrigated crop is
in the northern hirsutum-arboreum regions. Optimum sowing time in thisregion isend of April.
In the Centrd arboreum region, cotton is grown in kharif season. Mogt of the crop in this
region is rainfed and is sown in May/June. The Southern hirsutum-arboreum region represents
about 5% of total area of cotton and 8 % of country’s total production. The harvesting season
for the irrigated crop is January to March and for unirrigated crop upto June-July. The centra
her baceum-arbor eum region congtitutes 21.5 % of total area under cultivation and 14.2 % of
total production. The crop is sown from May to July and is harvested from October to January.
In the Western herbaceum region, cotton is sown in June/August and harvested between
February and April. In this region, cotton crop is a long season crop and remains in field for
about nine months. In the Eagtern region the crop is sown in April to June. The rabi cotton
comes to harvest in February. In hilly areas of Assam, Manipur and Tripura, the only cotton of
commercia importance caled comillasis cultivated (Pandey 1998).
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Table 1.2: Cotton growingregions in India.

Regions

States/ Locations

Major cotton speciesgrown

Northern hirsutum-
arboreum region

Centrd arboreumregion

Punjab, Rgasthan, Uttar Pradesh

Gujarat, Madhya Pradesh,
Southern Rgastan, South
Saurastra, Khandesh, Vidharbha

G. hirsutum, G. arboreum

G. hirsutum, G. arboreum

and Marathwadaregions of

Maharashtra, and Adilabad distric

of Andhra Pradesh
Centrd herbaceum- Andhra Pradesh and Karnataka G. herbaceum,
arboreumregion G .arboreum

Southern hirsutum-
arboreum region

Tamilnadu and Kerla

G. herbaceum, G. hirsutum,
G. arboreum, G. barbadense

Western herbaceum
region

Eagtern region

Most of Gujarat and kumpta
cotton tract of Mumbai-
Karnataka

Orissg, Bihar, West Bangd
Assam, Tripuraand Manipur

G. herbaceum

G. arboreum

(Source: Pandey 1998)
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Table1.3: Statewise cotton production in India (1998 -1999).

Areaunder Production Averageyield
States cultivation (Million tonnes) (kg/ ha)

(Million

hectar es)
Maharashtra 3.20 2.62 139
Gujarat 1.61 3.94 416
Punjab 0.56 0.60 180
Andhra Pradesh 1.28 1.49 198
Haryana 0.58 0.87 255
Rajasthan 0.64 0.87 230
Karnataka 0.61 0.86 239
Madhya Pradesh 0.50 0.43 145
Tamilnadu 0.24 0.43 301
Others 0.07 0.07 -
TOTAL INDIA 9.29 12.8 223

(Source: Agricultural Statistics at a glance 2000, Department of Agriculture and
Cooperation, Government of India)

In India sable varieties of dl four cultivated species of cottoni.e. G. hirsutum L., G.
barbadense L., G. arboreum L. and G. herbaceum L. and dso F1 hybrids of intra-hirsutum,
hirsutum x barbadense and herbaceum x arboreum are grown (Basu 1995). The F1 hybrids
cover 36 % area whereas varieties of hirsutum are grown on 35.5 %, barbadense on 0.01 %,
arboreum on 17.0 % and herbaceum on 11.5 % area in the country. On the basis of the fibre
length, 50 % of the totd lint production belongs to long (24.5mm — 26 mm) and extra-long
staple (27 mm and above), 45 % to the lower medium (20mm — 21.5mm) + superior medium
(22 mm — 24 mm) and 5 % to the short stgple (19mm and below) categories. Hybrids
contribute amost 45 % of the totd lint production (Basu 1995). At Centra Indtitute for Cotton
Research (C.I.C.R), Nagpur, India, a Nationd Gene Bank of cotton genetic resources holds
nearly 9000 accessions including four cultivated species, 25 wild species and a large number of
perennia cottons (Basu 1995). Six important cultivars have been chosen for the present study

14



and details of these cultivars have been given in Table 1.4. Indid s import and export of cotton
lint in the last five years have been given in Table 1.5.
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Table 1.4: Details of the six Indian cultivars of cotton G. hirsutum L) used in the

present study.
Characters/ Cultivars
Sour ce etc. NHH-44 DCH-32 DHY-286
Type of hybrid Intra hirsutum Inter specific Intra hirsutum
Place where MAU, Nanded, MS, | UAS, Dharwad, Dr.PDKYV,
developed India KN, India Akola, MS, India
Year of release 1985 1983 1978
Areawere AP, MS, India KN, A.P, TN, GJ, MS, India
cultivaied India
Plant habit
Growth Annud, Erect Annud, Erect Annud, Erect
Height 150cm 150 cm 120cm
Bdl sze Roundish medium Large roundish Medium
No. of locules 4 34 4
Crop duration 165 days 180 days 190 days
(no. of days)
Fiber length 25mm 3 mm 27 mm
Stapleclass Medium geple Extralong saple Medium dgple
Resigance Jessd Aphid - Jessd
Yidd(g/ha)
Imigated® 30-35gha 35— 40 g/ha i
Rainfed ® 8—10gh - 10-12 g/ha

MAU- Marathawada Agriculture Universty; UAS — University of Agriculture Sciences,
DR. PDKV- Dr. Punjabrao Deshmukh Krishi Vidyapeeth; GAU - Gujarat Agriculture
University; MS Maharashtra State, India; KN- Karnataka State, India; AP- Andhra
Pradesh State, India; TN- Tamilnadu State, India; GJ- Gujarat State, India; - Data not
avalable.

16



Continued -

Characters Cultivars

Sour ce etc. CNH -36 Anjali LRK-516 | LRA-5166

Variety G. hirsutumL. G. hirsutumL. G. hirsutum L.

Place where CICR, CICR, RS, CICR, RS,

developed Coimbatore, India | Coimbatore, India

Year of release 1993 1992 1982

Area/lswhere MS, India MS& TN, India MS& TN, India

cultivated

Plant habit

Growth Annua, erect Annudl, erect Annud, erect

Bdl sze Medium Big Medium

No. of locules 4 4-5 4

per ball

Crop duration 140 160 165

(no. of days)

Fiber length 23 mm 25 mm 26 mm

Stapleclass Medium Superior, Medium | Superior, Medium

Resgance if any - Jessd Drought Tolerant

Yield/ ha

L;g%fa‘;d g i 25.30 gha 30-35 gha
8-10 g/ha 10-12 g/ha 10-15 g/ha

Source: Persona communication, Regional cotton research station, Sirsa, Coimbatore,
India. CICR — Centrd Inditute for Cotton Research; Dr. PDKV- Dr. PunjabRao
Deshmukh Krishi Vidyapeeth; RS- Regiond dation; MS- Maharashtra state, Indig;
TN- Tamilnadu Sate, Indig, - Data not available.
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Table 1.5: India’'sImport and Export of cotton lint.

Year Import Export
Quantity in Value Quantity Value
(Metric (1000 %) (Metric (1000 %)
tonnes) tonnes)
1999 55,685 90,306 20,000 22,000
1998 55,685 90,306 32,211 38,171
1997 8,824 21,316 139,520 197,549
1996 2,860 8,795 253,414 410,751
1995 69,451 161,513 26,676 50,963

(Source: FAOSTAT Database)

1.6.1. Desi cottons
Two diploid cotton species G. arboreum L. and G. herbaceum L. are together known

as “Des” cottons (“Des” literdly means native). Inda is considered to be the birth place of
these two species which are highly resstant to pests and diseases, tolerant to drought and are fit
for rainfed cultivation in low rainfal and poor soil aress in the country. These species dso
possess high structurd uniformity of fibre with suitability for open end spinning. Inspite of these
merits, des cottons have disadvantages like low yields and short fibre length. Due to these
shortcomings, after 1956, des cottons in India by and large have been replaced by hirsutum,
an American cotton which is high yielding, provides long and extra long fibre length but is highly
susceptible to insect pests. Based on herbaceum X arboreum combinations, severad des
cotton varieties have been released in the country. At presant, 28% of cotton areain country is
occupied by des cottons. Some of the important des cotton varieties grown commercidly in
different states of India are AK-5, B-797, Digvijay, G46, G-22, LD 230, Mdjari, Sanjay,
Sujay, Suyodhar, Wagad, Western | and Y-1 etc. (Pandey 1998).
1.6.2. Colored cotton

Colored cottons (naturaly pigmented cottons) are a new arriva on the western fashion
market. Textiles made from colored cottons are eco-friendly and do not require artificid dyes.
Because of itsrarity, these cottons fetch much higher price compared to white ones. Very littleis
known about the history of colored cottons. These have been reported to be occurring even
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5,000 years ago. Fossils obtained in northern coasta Peru have shown the existence of blue,
purple, pink, green, brown and red colored cottons. Presently, colored cottons (black, green
and brown) are mostly grown in the American continent on a very limited scde. A research
group in Peru led by Dr.Vredand is actively engaged in producing cotton clothes with colored
cottons and sdlling them internationally under the brand name “Pakacho” which means brown
cotton. Dr. Vredand first discovered the naturaly occurring colored cotton in Peru in 1977.
Some 15.000 peasants and Indians who grow these ttonsin dozens of plots throughout Peru
are by far the largest group of producers of colored cottons in the world (Vregland 1999).

Except for the pigmentation of the fibre, the color cottons physicaly resemble norma
white cotton (Fig. 1.3). Short staple length, wesk fibre strength and low micronaire vdue are
some of the characterigtics of colored cottons. These have properties of insect, disease and
drought resistance. The mgor disadvantage of the colored cottons is the transfer of colored trait
to white varidties by cross pallinaion resulting contamination of the white varieties and lower
market vaue of the lint. This problem could be tackled by cultivation of colored cottons in
isolated areas under gtrict legidation (Anonymous 1998).

In India, colored cottons “Red Northerns” and “Coconadas’ were grown and exported
to Japan and some European countries until 1960. Brown cotton was grown in Tripura and
Andhra Pradesh's Kakinada areas until the 80s. Recently, a research group a Agriculturd
Research Station, Dharwad, Karnataka, India has developed a stable variety of dmond colored
cotton known as “Dharwad Deshi Colour Cotton-1" (DDCC-1). The variety is under
evauation for rlease (Anonymous 1998).

1.8. Factor s affecting cotton production
1.8.1. Abiotic Stresses

Abiotic dresses such as sdinity and drought are the main condraints to crop
productivity. These factors have negative effects on the cotton yidd (John 1997). Sdinity
induces nutritiona imbaances (Martinez & Lauchli 1994) and affects the cotton growth, yield
(Nawar et al. 1994) and fiber qudity (Razzouk & Whittington 1991). Tolerance to sdinity
varies from germination to vegetative stages; cultivar that gppears fairly tolerant to sdinity during
germination can be sengitive during the vegetative sage (Lauchli et al. 1981). Also it varies with
the genotypes both at vegetative as well as reproductive stages (Leidi 1994). Under water
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stress, cotton plants reduce root and shoot growth differentialy, increasing the root/ shoot retio
(Mdik et al. 1979; Bdl et al. 1994).

Fig.1.3
Naturaly pigmented brown cotton (B), white cotton (A).
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Fig.1.3




1.8.2. Biotic stresses
1.8.2.1. Insect pests

Due to insect pest and diseases, there are tremendous losses in cotton production and
fiber quality. About 162 species of insects are known which attack the cotton plant at various
stages of growth (Sharma 2001). Cotton growers use amost haf of the insecticides applied to
crops in the United States (Adkisson et al. 1982). Some of the most important insects causing
consderable damage to the crop are white fly (Bemisia tabaci), pink bollworm (Pectinophora
gossypidlla), boll weevil @nthonomous grandis), American bollworm (Heliothis virescens)
etc. These bollworms which are the caterpillars of several species of moths feed in the boll (Fig.
1.4) damaging lint and seads. These cause consderable reduction in yield and qudity. In spite of
the use of chemica pedticides to control cotton insects, yield losses occur. The combined cost
of chemicals and yidd losses in the US done is up to 650 million US $ per year (Perlak et al.
1990). Over 200 million US $ are spent annually for crop protection against insects (Jenkins et
al. 1991). In the United States, three fourth of the damage to cotton crop is caused by the ball
weevil and the cotton bollworms (Pendergrass 1989). Boll weevil attacks the young sguares,
bolls and termind buds. Leaf, stem and bud sucking bugs also cause considerable damage to
cotton (Purseglove 1988).

In India, the important insect pests which cause considerable losses in cotton production
are sucking pests - jassds, gphids, insects — whitefly, bollworms viz American bollworm, pink
bollworm, spotted bollworm. Beside these, leaf eating caterpillars (Spodoptera litura) and stem
weevil (Pempherulus affinis) adso damage the crop in some areas in south of India. Aphids,
jassids and thrips in isolated areas damage the crop in early stages of plant development while
different bollworms and whitefly generaly infest the crop during reproductive phase of the crop
(Sundaramurthy et al. 1990). The first outbreak of American bollworm (H. armigera Hubn.)
was observed in 1987-88 in Andhra Pradesh, while the outbreak of Whitefly was observed
during 1984-1985 in Andhra Pradesh and some pats of Karnataka, Tamilnadu and
Maharashtra. The average cotton production in Andhra Pradesh dropped from 6.08 g/ha in
1983/84 to 2.63 g/hain 1987-88 by American bollworm and whitefly. In severe cases, losses
upto 75% in some areas have been accounted due to Heliothis.. Monocropping, indiscriminate
use of insecticides, drought, insect’s resstance to insecticides, availability of other susceptible

crops, excessive use of nitrogenous fertilizers are some of the important factors responsible for
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Fig. 1.4
Cotton boll infected with the bollworm (Heliothis).
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Fig.1.4
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Heliothis outbreak in India. During 1997, sudden outbreek of leaf caterpillar (Spodoptera) in
Andhra Pradesh reduced the yields from 15 g/hato 3 g/ha. This resulted in suicides by more
than 500 cotton farmers in Andhra Pradesh, Karnataka, Maharashtra and Punjab who failed to
return the loans taken from moneylenders for purchase of pedticides to save their crop (Sharma
2001). Out of totd estimated Rupees 28 hillion (US$ 620 million) of chemica pegticides used in
crop protection in the country, Rupees 16 hillion (US $ 344 million) is utilized on cotton aone
(Sharma 2001). In spite of this huge expenditure, insect menace till remains amgor concern in
cotton crop production in India. A list of mgor insect pests causing damage to cotton crop is
givenin Table 1.6.

Table 1.6: Insect pestsof cotton crop.

Insect pests Scientific names
Ball weevil Anthonomous grandis
Spotted bollworm Earis spp.
American bollworm Heliothis spp.

Pink boll worm Pectinophora gossypiella
Leaf worm Alabama argillacea
Aphid Aphis gossypii
Thrips Thrips tabaci

Flea hopper Psallus seriatus
Tarnished and rapid plant bugs Lygus hesperus
Jassd Amrasca biguttuals biguttula
Whitefly Bemisia tabaci

Cabbage |ooper Trichoplusiani

1.8.2.2. Mgjor diseases

The mgor bacteria and viral diseases in cotton are Bacterid blight, Leaf spots, Grew
mildew, Wilts and Root rat. Some of the diseases are widdly spread throughout the cotton
growing areas in India, while other diseases are location specific (Basu 1995).

The disease, bacterid blight caused by Xanthomonas malvacearum (E. F. Sm.)

Dowson. has now spread to most cotton growing countries in the world. Infection of this disease
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is soread by seed and plant debris. The symptoms of the disease are water soaked lesions on
the cotyledons, leaves and on the bolls. The infection on the boll later produces blackened
lesonswhich ultimately result premature opening and shedding of the balls.

Fusarium wilt, caused by Fusarium oxysporum Schlecht. F. vasinfectum (Atk.)
Synder & Hansen, is a soil-borne fungd disease. This disease particularly affects diploid cottons
(Basu 1995). It causes death or dunting of the plant with yelowing and wilting of leaves and
discoloration of the woody portion of the stem.

Veticillium wilt caused by Verticillium alboatrum Reinke & Berth. is another soil
borne disease. The disease is aggravated by cold wet weather and irrigation. Stunting, chlorotic,
mottling and shedding of the leaves, squares and bolls are the symptoms of this diseese.

Cotton is dso affected by leaf curl virus. The diseese is tranamitted by the white fly,
Bemisia tabaci (Genn.) syn. B. gossypiperda M.& L. In the affected plants, al parts of the
stem become twisted and spindly, leaves curl and crinkle, veins thicken and chlorotic spots and
streeks develop in the lamina (Purseglove 1988). In India, the disease has now spread to
Haryana, Punjab and Rgjasthan states and may become a potentid thresat to cotton cultivetion in
the country (Basu 1995).

Leaf spots disease caused by Alternaria and Myrothecium create havoc under
favorable climatic conditions. Alternaria leaf spot is very severe on diploid cottons in some
parts of Karnataka (India) while Myrothecium leaf spot has been found to occur in Haryana
(India).

Grew mildew which has been very severe on diploid cottons has now started affecting
tetraploid cottons (Basu 1995). Nematodes also cause condderable losses in cotton yield and
qudity. In 1992, in the USA done, they accounted for yidd loss of 528000 baes vaued at
millions of US$ (Goodel 1993). Names of diseases and their causd organisms affecting cotton
crop have been givenin Table 1.7.
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Table 1.7: Some common diseases affecting cotton.

Type of Disease Name of the causal
Causal organism
organism
Bacteria Bacterid blight Xanthomonas malvacearum
Ascochyt blight Ascochyta gossypii
Anthracnose Glomerella gossypii
Fungus Fusariumwilt Fusarium oxysporum f.
vasinfectum
Cotton rust Puccinia cabata
Vetidllium wilt Verticillium alboatrum
Root rot Phymatotrichum omnivorum
Nematode Root knot nematode Meloidogyne incognita
Rhizoctoniaroot rot Rhizoctonia solani
Virus Lesf curl Virus Bemisia tabaci (vector)

1.9. Improvement of cotton

A typical cotton improvement program aims & one or more of the following objectives.
increasing the production of lint fiber, upgrading the fiber quaity, early mauring types, gossypol
free seed and development of resistance to various insects, diseases and nematodes (Bgg
1998).
1.9.1. Conventional methods

Coatton is generdly a sdlf-pollinated crop. The amount of cross pollination depends to a
large extent on the insect population present in the field. Hybridization and mutation breeding
have often been used to introduce varigbility into populations. India has digtinction in the world
to commercidly exploit the phenomenon of heterosis in cotton by conventiona plant breeding
methods. The production of cotton in the country has improved drasticaly due to cultivation of a
large number of F1 hybrids since early 70's. Due to easy availability of chegp and skilled farm
workers, a number of hybrids have been developed by hand emasculaion and pollination (Basu
1990). Currently alarge number of F1 hybrids are grown al over India covering more than 36%
of the totd cotton area i.e. 9.1 million hectares contributing more than 45% of the tota lint
production in the country (Basu 1995).
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1.5. Haploid cotton plants

Haploid plants some times are naturdly found in cotton as a twin seedling once in about
every 50,000 to 100,000 plants. Haploids are identified by a thin stem, short internodes, small
leaves and flord parts and failure to shed pollen. They usudly lack seeds and bolls and may be
taler than the normd plants in the fidd. These may be used for the production of doubled
haploids by repeated application of 0.2 % colchicine solution. Doubled haploids hold
condderable interest since they are extremely uniform, comparable to pure lines and can be
maintained by controlled sdf-pallination (Mayer & Justus 1961). Doubled haploids could
contribute towards a more effective utilization of intragpecific as well as interspecific heterosisin
cotton (Bajgj 1998).

1.9.2. Need for Non conventional methods

Though introduction of hybrid varieties developed by conventiond breeding methods
has lead to a spectacular improvement in yield and fibre traits, this gpproach haslimitation as it is
laborious, time consuming and involves high costs due to manud  emasculation and pollination
(Srinivasan et al. 1972; Davis 1978).

Severd wild species of Gossypium though are short fibered or lintless possess other
desirable traits as mentioned n Table. 1.8. Successful transfer of these traits to cultivated
tetraploid species has not been achieved due to various incompatibility barriers such as abortion
of embryo and/or degeneration of endosperm (Weaver 1958; Pundir 1972). Thus, there is a
strong need to develop non conventiona biotechnological methods that can ensure hybridization
between didtinctly related species. The introduction of genetic variability through somacliond
variation, genetic transformation aso needs to be incorporated in coton breeding programs. The
potential applications of some of the target genes are mentioned in Table 1.9.
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Table 1.8: Wild species of cotton possessing useful traits.

Species

Useful traits

G. somalense (Gurke) J.B.Hutch.

Resi stance to bollworm

G. armourianum Kearn.

Resistance to bollworm, increased number of
ovules per loculus

G. thurberi Tod.

Resstance to bollworms, high fiber strength

G. raimondii Ulbr.

Resstance to jassds and tolerant to drought,
high dengity of seed hairs

G. harkensii Brendeg.

Resigtance to drought and spider mites, source
of cytoplasmic mde Serility

G. anomalum Lint quaity, resstanceto jassd
Wawrex Wawra & Peyr

G. aridum (Rose & Standl.) Skov. | Tolerance to drought

G. stocksii Mast.in Hook. Resistance to drought

G. tomentosum Nutt.ex Seem.

Resistlance to drought and jassds, lint qudity

G. bickii Prokh.

Gossypol — free seeds

(Source: Bgjg 1998)
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Table 1.9: The potential application of some target genes for genetic engineering in

cotton.

Target genels

Potential application

Insecticidal genels

Bacillus thuringgiensis taxin

Control of Helizoverpa zea, Heliothis
virescens, Pectinophora gossypiella

Protease inhibitor, lectins

Feeding deterrents

Venoms, neuropeptides

Kill or pardyze feeding pests

Herbicidal gene/s

5-Endlpyruvylshikimic acid 3- phosphate Glyphosphate tolerance
Nitrilase Bromoxynil tolerance
Acetolactate synthase Sulfonylurea tolerance

2,4-Dichlorophenoxyacetate monooxygenase

2,4-D tolerance

Phosphinatricin acetyltransferase

Biaaphos tolerance

Environmental stressresistance-tolerance gene/s

Superoxide dismutase

Free radicle quenching

Thermal and water stress-tolerance gene

Heat, cold and drought tolerance

Fiber-modification gene/s

Cotton genes

Modification of exiging fiber properties

Other plant genes (extensins, peroxidase)

Modification of existing properties

Bacterid genes (e.g., hormone genes)

Modification of existing properties

Genesfor hybrids

Pollen-gpecific antisense genes

Production of mail erile plants

Cytotoxic genes (e.g., Rnase)

Production of proprietary seeds

(Source: Bajgj 1998)
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1.10. Biotechnological approaches

In the last two decades, severd reports have been published on various aspects of
biotechnologica dudies in cotton. These include cdlus initiaion, somatic embryogenesis,
organogeness, protoplast culture, inter-specific hybridization through embryo or ovule culture,
somaclond variaion and plant transformation etc. These reports have been summarized in the
following sections.
1.10.1. Callusinitiation

The available reports on establishment of callus cultures are listed in table 1.10. In these
reports, the main objective of cdlus initigion was to achieve plant regenerdtion via
organogenesis or embryogenes's, isolation of protoplasts and production of somatic hybrids.
Cdlus induction was achieved from various explants such as anther, hypocotyl sections,
mesocotyl, cotyledon and lesf pieces, petiole and stem sections etc. However, differentiation of
cdlusin dl these reports could not be achieved.

Table 1.8: Studies on establishment of callus culturesin cotton species.

Species Explant/s Reference
used
G. hirsutumL. Mesocotyl | Schenk & Hilderbrandt (1972)
G. hirsutumL. Leaf Daviset al. (1974)
G. hirsutum,L.;G. arboreumL. | Hypocotyl | Rani & Bhojwani (1976)
and Stem
G. barbadenseL. Cotyledon | Katterman et al. (1977)
G. davidsonii Kell.
G. anomalumWawr. Hypocotyl | Priceet al. (1977)
Ex Wawr. & Peyr.;
G. arboreumL.;
G. armourianum Kearn,;
G. hirsutum,L.;
G. klotzschianum Anderss
G. raimondii Ulbr.
G. arboreum L. Hypocotyl | Smith et al. (1977)
G. hirsutumL.
G. hirsutum, L. Hypocotyl | Bag & Gill (1985)
G. arboreum L.
G. arboreum L. Hypocotyl | Zimmerman &  Robacker
G. hirsutumL. (1988)
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| G. arboreumL. | Anther | Bgg & Gill (1989)

1.10.2. Somatic embryogenesis

The ability of regeneration of plants from the calus or cell suspension via organogenesis
or somatic embryogenesis is a basic pre-requisite for the gpplication of cell culture techniquesto
crop improvement. Price and Smith (1979) were the first to report the somatic embryogenesisin
wild species of cotton (G. klotzschianum). However, somatic embryos could not develop into
plantlets. Regeneration of complete plants via somatic embryogeness in specific calus lines of
cotton was first achieved by Davidonis & Hamilton (1983). However, the method described by
them has limitation due to prolong incubation period (two years) of cdlus for induction of
proembryoids with low frequency of embryo formation. Shoemaker et al. (1986) evaluated 17
cultivars of cotton G. hirsutum L.) and found two cultivars Coker 201 and Coker 315 as
embryogenic. The procedure described by Shoemaker et. d. issmple and rapid. In their report,
less than 40% of the somatic embryos underwent norma germination producing roots and
shoots upon transfer to auxin free medium with reduced sugar levd. Gawd et al. (1986)
reported somatic embryogenesis from the cdlus cultures of mature leaf and petiole explants.
Trolinder & Goodin (1987, 1988 a, b), Finer (1983) could achieve the regeneration of cotton
plants from embryogenic suspension cultures. They concluded that induction of somatic
embryogenesis in cotton is genotype dependent. Plant regeneration in Indian cultivars of cotton
MCU-5 through somatic embryogenesis was first reported by Kumar & Pental (1998 a, b).
Cotton cultivar MCU 5 and few others (Khandwa 2, Bikeneri Norma, F 846, MCU 7 and
barba 11-98) were crossed with fully regenerating lines of Coker 310. The resulting F1 hybrids
showed regeneration (20-59% of explant) via somatic embryogenesis. MCU 5 produced
highest number of somatic embryos (14.28 per explant).
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Table 1.10: Studies on somatic embryogenesisin cotton.

Genotype Explant M ode of Regeneration Reference
Used
G.klotzschianum | Hypocotyl | Cdlus SE Price & Smith (1979)
Anderss
G. hirsutumL. Cotyledon | Cdlus PE Plantlet Davidonis & Hamilton
(1983)
G.klotzschianum Stem, Cdlus SE Finer & Smith (1984)
Anderss. Petiole, Ledf
disc
G. hirsutumL. Hypocotyl, | Cdlus SE Plantlet Rangan et al. (1984)
Immature
embryo
G. hirsutum L. Hypocotyl | Cdlus SE Pantlet Shoemaker et al.
(1986)
G.hirsutumL. Leaf disc, | Cdlus SE Plantlet Gawel et al. (1986)
petiole
G.hirsutumL. Hypocotyl | Cdlus SE Plantlet Umbeck et al. (1987)
G.klotzschianum Hypocotyl | Cdlus Susp.cult. SE Pant | Finer et al. (1987)
Anderss. let
G.hirsutum L. Hypocotyl | Cdlus SE Pantlet Tolinder & Goodin
(1987)
G. hirsutumL. Hypocotyl | Cdlus SE Plantlet Tolinder & Goodin
(1988 q)
G. hirsutumL. Hypocotyl | Cdlus SE Plantlet Tolinder & Goodin
(1988 b)
G. hirsutum L. Cotyledon | Cdlus Susp.cult. SE Plant | Finer (1988)
let
G. hirsutumL.
G. barbadenseL. | Hypocotyl | Cdlus SE Trolinder & Xhixian
G. arboreumL. (1989)
G. hirsutum L. Petiole Cdlus SE Gawel & Robacker
(1990 a)
G. hirsutum L. Hypocotyl | Cdlus SE Pantlet Voo et al. (1991)
G. hirsutum L. Cotyledon, | Cdlus SE Plantlet Firoozabady & De
Hypocotyl Boer (1993)
G. hirsutum L. Hypocotyl | Cdlus SE Pantlet Kumar & Penta (1998
a)
G. hirsutum L. Hypocotyl | Cdlus SE Plantlet Kumar & Pental (1998
b)
G. hirsutumL. Cotyledon, | Cdlus SE Pantlet Zhang et al.(2000 a)
Hypocotyl

SE: Somatic embryo; Susp. Cult.: Suspension culture
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1.10.3. Organogenesis

An dternative to somatic embryogenesis gpproach is plant regeneration from explants
having pre-existing meristems. Apica meristem culture of cotton was first reported by Chappe
& Mauney (1967). However, they could not obtain complete plants. In their sudies, athough
new leaf primordia could be initiated, root system faled to develop. Bgg & Gill (1986)
obtained plant regeneration from shoot tips of the field grown plants of G. hirsutumL. and G.
arboreum L.. Induction of multiple shoots and plant regeneration from decapitated cotyledonary
nodes of in vitro grown seedlings was first reported by Agrawd et al. (1997). After that
severd reports on plant regeneraion via pre-existing merisems  have been published. These
have been listed in Table 1.11.

Table 1.11: Studies on plant regeneration in cotton from explants having pre-existing

meristems.
Species Explant used Response Reference
G. arboreum L. Apica merigem, shoottip | Adventitious Bag & Gill (1986)
G. hirsutumL. buds& multiple
shoots

G. hirsutumL. Shoot apex Single shoot Gould et al. (1991)

G. barbadenselL.

G hirsutum L. Cotyledonary node Multiple shoots | Agrawd et al.
(1997)

G. hirsutum L. Shoot gpex with 2 Multiple shoots | Guptaet al. (1997)

G. arboreum L. cotyledons, shoot apex with

one cotyledon, shoot apex
without cotyledons,

G. hirsutumL. Shoot tip Singleshoot | Sayeed et al. (1997)

G hirsutum L. Solit embryo axis Sngle shoot | Agrawd et al.
(1998)

G. hirsutumL. Shoot apices, secondary leaf | Multiple shoots | Hemphill et al.

nodes, primary leaf nodes (1998)
cotyledonary nodes
G. hirsutumL. Caulinar gpex Multiple shoots | Morreet al. (1998)




G. hirsutumL. Shoot apex Single shoot Zapata et al. (1999

b)
G. hirsutumL. Cotyledonary node, split Multiple shoots | Hazraet al. (2000)
G. arboreumL. | cotyledonary node, shoot tip,
petiole base

1.104. Embryo Rescue

Embryo rescue technique in cotton has been used for the production of inter-specific
hybrids involving various wild and cultivated species, both diploid and tetrgploids. (Bag & Gill
1998). Successful crosses between diploid and tetraploid species like G. arboreumL. X G.
hirsutum L. (Gill & Bgg 1987), G. trilobum (Moc. & Sess.ex DC.) Skov.emend.Kearn. X
G. hirsutum L. (Umbeck & Stewart 1985) and G.sturtianum JH.Willis X G. hirsutum L.
(Altman et al. 1987) have been reported. In al these crosses, hybrids were obtained by
preventing the degeneration of embryos by treating the flowers / young bolls with growth
regulators and then culturing the rescued embryos/ ovules on defined nutrient media
1.10.5. In vitro fertilization

In vitro fertilization and pollination techniques have been used in producing hybrids in
incompetible crosses (Bgg 1979). This technique involves growing unpollinated flowers,
ovaries and ovules on medium and then sprinkling pollen over them or on the cut end of the
dyle Rafaat et al. (1984) fertilized G. hirsutum in vitro with pollen of G. barbadense and
obtained hybrids of cotton. Liu et al. (1992) successfully produced hybrids between G.
hirsutum L. and G. arboreum L. by this technique. They studied various factors such as culture
medium, temperature, relaive humidity and incubation conditions such as stationary vs. shaking
etc. Although in vitro fertilization resulted in formation of plants and seeds, these were Serile.
1.10.6. Ovule Culture

Cotton ovule culture is a vauable technique to circumvent the problems encountered in
hybridization between diploid and tetrgploid species. The technique has other applications such
a (1) understanding the development of fiber in vitro (Trolinder et al. 1987; Seagull 1990),
(2) study of peroxidases secreted in to the culture medium by ovules (Melon 1991), (3) as a
modd system for investigation of interactions between cotton and toxigenic fungus Aspergillis
flavus (Mélon 1992). Successful development of ovule to whole plant seems to depend on
factors like phyto-hormone and parentd germplasm. Full potentid of ovule culture for

improvement of commercia cotton germplasm remains yet to be tapped. Reviews on cotton
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ovule culture describing methods, applications and siccessful reports have been published
(Stewart 1991; Beasley 1992).

1.10.7. Protoplast culture

Isolated protoplasts are considered to be ided explants for genetic transformation
because of the fredy accessble plasmaemma and non-involvement of biologica vector in the
transformation process (Peeters et al. 1994). Severd studies have been conducted on the
isolation and culture of cotton protoplasts. Protoplasts from cotton cotyledons (Khasonov &
Butenko 1979), hypocotyl cdlus (Bhojwani et al. 1977; Finer & Smith 1982; Firoozabady &
Deboer 1986) and stem callus (Saka et al. 1987) could not be regenerated to plant. Successful
plant regeneration from protoplasts derived from embryogenic cdll suspensions was achieved by
Chen et al. (1989); She et al. (1993); Pecters et al. (1994). Severd other reports on
protoplast culture in cotton have been listed in Table 1.12.
Table 1.12: Studies on protoplastsin cotton.

Species Donor tissue Response Reference

G. hirsutumLL. Hypocotyl cdlus | Macro colonies | Bhojwani et al. (1977)

G.klotzschianum | Hypocotyl cdlus | Macro colonies | Finer & Smith (1982)

Anderss.

G. hirsutumLL. Anther cdlus | Cdlus Thomas & Katterman

(1984)

G. hirsutumi L Cotyledon Microcolonies | Firoozabady & DeBoer

G. barbadense L. (1986)

G. hirsutum L. Sem cdlus Cdlus Saka et al. (1987)

G. hirsutumLL. Embryogenic Micro colonies, | Chen et al. (1989) She
suspension plant et al. (1993)

G. hirsutum L. Embryogenic Fertile plant Peeters et al. (1994)
sugpension

1.10.8. Somaclonal Variations

The gendtic variability in a populetion is a key factor in any crop improvement program.
The Plant cdll cultures on prolonged storage at normal temperature or on periodical subculturing
undergo genetic aberrations such as endomitosis, chromosome loss, polyploidy, trandocations,
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gene amplifications and mutations etc. (D’ Amato 1985; Bgjg 1990). These changes collectively
referred to as “somaclond variations’ are a rich source of genetic variability. Bag & Gill
(1985) have reported chromosoma changes in cotton cel cultures. The plants showing
tolerance to high temperature and cell lines tolerant to sat were obtained. Stelly et al. (1989)
observed that somaclona plants regenerated from callus cultures of G. hirsutum L. extremely
vaied in phenotypic characters. Trolinder and Goodin (1988b) observed that among
somaclones of cotton, 84.6 % plants were infertile. Trolinder & Xaomin (1991) regenerated
high temperature resstant cotton plants from selected somaclones of G. hirsutum. Yet in an
another study, Reynaats and De Sonville (1994) have reported in vitro induction of mall
derility in cotton.
1.10.9. Genetic transformation of cotton via Agrobacterium tumefaciens

Firoozabady et al. (1987) and Umbeck et al. (1987) were the first to report genetic
trandformation in cotton via Agrobacterium tumifacience mediated transformation. Perlak et
al. (1990) were the first to report expression of Bacillus thuringiensis var. kursteki (cryl A (b)
and crylA(c) genes, conferring resstance to insects in cotton. In an another report, 2,4-D
resgtant trait in cotton could be engineered by transferring the 2,4-D mono oxygenase gene
tdfA from Alcaligenes eutrophus (Baydy et al. 1992; and Lyon et al. 1993). The expression
of Protease inhibitor gene in cotton plant has adso beenreported (Thomas et al. 1995) following
the Agrobacteirum meditaed transformation. Herbicide resistant transgenic cotton carrying
mutant forms of a native acetohydroxyacid synthase (AHAS) gene have been obtained
(Rajasekaran et al. 1996 b). Recently, Zapaaet al. (1999 a) used shoot gpex as an explant for
Agrobacterium mediated transformation in cotton compared to earlier reports of regeneration
of trandformants through sometic embryogenesis.
1.10.10. Genetic transfor mation by Particle bombardment method

Presently, severd reports are available on transformation of cotton tissues by particle
bombardment method. This method of gene transfer was developed by Klein et al. (1987).
Finer and McMullen (1990) bombarded embryogenic cell suspension of cotton variety Coker
310 with hygromycin gene and obtained hygromycin resgant plants. McCabe & Martinell
(1993) described the protocol for a variety independent transformation of cotton by particle
bombardment with excised meristems from embryo axes derived from seed. In smilar sudies,

Chlan et al. (1995) and Kdler et al. (1997) dso used embryo axis explants as targets for
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bombardment to develop transgenics in cotton. Rgasekaran et al. (2000) bombarded
embryogenic cdl suspensons with paticles coated with chimeric genes and developed
transgenic plants via somatic embryogenesis. Reports on cotton transformation both by
Agrobacterium tumefaciens and particle bombardment mediated techniques have been listed
in Table 1.13.

Table 1.13: Studies on genetic Transformation in cotton by Agrobacterium and particle

bombar dment methods.

Species Explant Method Response Reference
Used Used
G. hirsutum L. Cotyledon Agrobacterium Somatic Firoozabady e al. (1987)
tumefaiciens embryo
G. hirsutum L. Hypocotyl Agrobacterium Somatic Umbeck et al. (1987)
tumefaiciens embryo
G. hirsutum L. Embryogenic Particle Sométic Finer & McMullen (1990)
cdl bombardment embryo
suspension
G. hirsutumL. Hypocotyl Agrobacterium Somatic Perlak et al. (1990)
tumefaiciens embryo
G. hirsutumL. Hypocotyl Agrobacterium Somatic Bayley et al. (1992)
tumefaiciens embryo
G. hirsutum L. Merisem Particle Singleshoot | McCabe & Martindl (1993)
bombardment
G. hirsutum L. Cotyledon Agrobacterium Somatic Thomas et al. (1995)
tumefaiciens embryo
G. hirsutumL. Meristem Paticle Singleshoot | Chlan et al. (1995)
bombardment
G. hirsutum L. Embryogenicc | Agrobacterium Somatic Rgjasekaran et al. (1996 b)
el sugpension | tumefaiciens & embryo
Paticle
bombardment
G. hirsutumL. Meristem Particle Singleshoot | Kdler et al. (1997)
G.barbadense. bombardment
G. hirsutumL. Shoot apex | Agrobacterium | Singleshoot | Zapata et al. (1999 a)
tumefaiciens
G. hirsutumL. Embryogenic Paticle Somatic Rgjasekaran et al. (2000)
cdl bombardment embryo
suspension
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1.10.11. Genetic engineering of cotton fiber

Cotton fiber, a source of pure cdlulose is highly vaued for the manufacture of a large
percentage of world's textiles. Cotton fiber is a differentiated single epiderma cell of the outer
integument of the ovule. It undergoes 1000- 3000 fold increase in length during fina stages of
differentiation (Trolinder et al. 1987; Bgjg 1998). Some of the specific modifications of fiber
useful for various applications are superior strength, length, dye binding, dimensond stability and
thermal adaptability. Recombinant DNA technology and improved transformation methods have
application in production of new and improved fibers that could compete with synthetic ones
(John 1994, 1996). Production of thermoplasitc polymer polyhydroxybutyrate (PHB) in cotton
fibers was obtained through particle bombardment mediated plant transformation (Rinehart
1996). John and Keler (1996) geneticdly engineered cotton fiber to produce an diphatic
polyester compound polyhydroxyakanoate (PHA).

1.11. Transgenic cotton — present status

1.11.1. Insect resistance Bt (Bacillusthuringiensis) cotton

Cotton is among the fird few transgenic crops tha have been commercidized
successfully. The insecticida protein genes of Bacillus thuringiensis var. kurgtaki Cry 1A(b)
and Cry 1A(c) have been incorporated and expressed into cotton cultivar Coker 310 via
Agrobacterium tumefaciens mediated transformation. After severd year's fidd trids,
Monsanto's Bollgard cotton containing Bt genes was first released to famersin the USA in
1996. Bollgard cotton was planted in 13% of the US cotton area (over 1.8 million acres) in
1996 which resulted an average yied improvement of 7% (56 pounds per acre yield advantage)
compared to non Bollgard varieties (Anonymous 1997). Chinaand Austrdia are other countries
where Bt cottons have been planted in field. In 1998, over 100,000 hectares of Bt cotton were
planted in China (Zhang et al. 2000 b).
1.11.2. Herbicide resistance

For the lagt fifty years, 2,4-dichlorophenoxyacetic acid (2,4-D) has been commonly
used as a herbicide to control broadleaf weeds. However, due to its volatility, it causes severe

damage to nearby crops. In two independent studies, transgenic cotton resistant to 2,4-D has
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been developed (Bayley et al. 1992 and Lyon et al. 1993). The 2,4-D monooxygenase gene
tdf A isolated from Alcaligenes eutrophus plasmid pJP5 was modified and expressed in cotton
plants. The plants obtained were tolerant to 2,4-D, three times the field leve of the herbicide
used for wheat, corn, sorghum and pasture crops. Herbicide resstant transgenic cotton
harboring a sngle copy of tdfA gene is now under fidd trids (Bayley et al. 1992). In another
sudy, Rgasekaran et al. (1996 ) transformed Acda and Coker varieties resstant to
imidazolinone herbicides. It was observed that transgenic progeny was resistant to imidazolinone
herbicides at five times the field gpplication level. Other cotton transgenics like “BXL" cotton
tolerant to bromoxynil and “Roundup Ready”cotton tolerant to glyphosate, a biodegradable
herbicide have been devel oped and marketed in the USA. Surveys on “Roundup Ready” cotton
conducted by Monsanto in September 1997 showed that approximately 90% of more than
1700 growers expressed satisfaction over the new technology. On an average they planted 18%
of their cotton acreage to “Roundup Ready” cotton in 1997. The advantages enumerated for
planting “Roundup Ready” cotton include: weed control, reduced labour needs, reduced input
costs and crop safety etc. (Anonymous 1998). In Ching, cotton varieties resistant to 2.4-D and
bromoxynil are at the verge of release soon (Zhang et al. 2000 b).

Thus, USA has taken a lead followed by China and Austrdia in development and
commercidization of severd cotton transgenics. In India, efforts in severd Inditutes are
underway to develop transgenic cotton resstant to insects. An American multinationd giant,
Monsanto has formed a joint venture with Mahyco Biotech. Pvt. Ltd. (India) to develop insect
resstant cotton cultivars and cnduct fidd tridsin India. The Government of India has recently
alowed Monsanto to conduct field trids of its genetically engineered cotton on 40 Sites located
in eight states before it could be released to farmers (Anonymous 1999).

1.12. Aimsof the thesis

From the literature survey it becomes obvious that cotton in generd and Indian cotton
cultivarsin particular are recdcitrant to in vitro culture. A mgority of reports published are on a
few Coker varieties, which are not cultivated in India In the absence of suitable plant
regeneration protocols via organogenesis'sometic embryogenesis for Indian cultivars of cotton,
regeneration through explants with pre-existing meristems is an dternetive option for rapid clona

propagation and genetic trarsformation.
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The present study was undertaken with the objective of direct plant regeneration from
the explants congsting of pre-existing merisiems of Indian cultivars of cotton and its gpplication
in the genetic trandformation by particle bombardment method. Thus the aims of the present
dudy are:

1. to develop a smple and rapid method of clona propageation from the explants derived from
mature zygotic seeds.

2. to develop a highly reproducible and efficient regeneration system from explants with the pre-
exiging merigems derived from in vitro grown seedlings.

3. to develop a method of clond propagation in cotton using noda segments from field grown
meature plants,

4. to optimize different parameters of particle bombardment method for trandent gene

expresson in embryo axis explants.

41



Chapter 2

Materials and Methods (General)




The techniques routindy followed during the entire course of present investigations
particularly in plant tissue culture work have been described in this chapter. Surface Serilization
method used for the nodd segments of the field grown plants has been described in chapter 5.
The methods used in genetic transformation study by particle bombardment have been
described in chapter 6 of the thesis.

2.1. Plasticware

Pre-gerilized plagtic petridishes of 35 mm, 55 mm and 85 mm diameter, dexile,
disposable flter gerilization units having filters of pore sze 22 nm procured from “Laxbro”,
India were used during the experiments. Eppendorf tubes (1.5 ml and 2 ml capacity), micro-tips
(0-200 m and 200-1000 i capacity) obtained from “Laxbro” and “Tarsons’, India and wide
bore micro-tips (0-200 m) procured from “Sigma’, USA were used as other plasticware.
2.2.Glassware

The following glassware used in al the tissue culture related experiments was procured
from “Borogl”, India. Test tubes (25 mm x 150 mm), glass bottles (70 mm x 125 mm), petri
dishes (85 mm x 15 mm), conica flasks (100, 250, 500 and 1000 ml capacity), pipettes (1, 2,
5, 10 and 25 ml capacity), beakers (100, 250, 500 and 1000 ml capacity) and measuring
cylinders (10 — 1000 ml capacity) were used during the course of study.

2.2.1. Preparation of Glassware

Glassware used for dl the experiments was initidly cleaned by boiling it in a saturated
solution of Sodium bicarbonate for 1h followed by repested washing in tap weater. Then they
were immersed in 30% nitric acid solution for 30 min followed by repeated washing in tap
water. Theresfter they were rinsed with distilled water and dried a room temperature or in an
oven at 200 °C. Test tubes and flasks were plugged with absorbent cotton (Seasons Healthcare
Ltd, Andhra Pradesh, India). Pipettes and petri dishes were wrapped in brown paper and then
serilized in an autoclavable polypropylene bag. Ordinary filter paper pieces (approx. 10 x 20
cm) were autoclaved in a polypropylene bag. These wereused for dissection and for transfer of
explantsin alaminar air flow cabinet. Autoclaving of the glassware and above items was carried
out a 121°C, 15Ib ps for 1 h.

2.3. Chemicals
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All chemicds used in the tissue culture study were of andytical grade and were obtained
from “ Qudigens’, “S.D fine chemicas’ or “Hi-medid’, India. The chemicas used in molecular
biology experiments were obtained from “Sigma Chemica Co.,” USA. Growth regulators,
vitamins, antibiotics (except Cefotaxime) and Phytagel were dso obtained from “Sigma
Chemica Co.”, USA. Cefotaxime was procured from Russel India Ltd., Bombay, India
Sucrose, glucose, fructose, matose, were obtained from “Qualigens’ and agar-agar from “Hi-
Media’. Bacto-Agar for microbial work was obtained from “ DIFCO?” laboratories, USA.

2.4. Preparation of culture media

Glass didtilled water was used for the preparation of culture media. After addition of dl
macro- and micro-nutrients, vitamins, growth regulators and other necessary carbohydrate
source like sucrose or glucose or fructose or matose, the pH of the media was adjusted to 5.8
before autoclaving usng 0.1N NaOH or HCI. When activated charcoa (Sarabhai Chemicals,
India) was added to the medium, the pH was adjusted to 6.0 before autoclaving of the medium.
The volume of the medium was made and gelling agent was added as per requirement. The
medium was seamed to mdt the geling agent. Mdted medium was then dispensed into test
tubes, flasks and thereafter sterilized by autoclaving at 121°C & 15 Ib ps for 20 min. These
were added to autoclaved medium before dispensing. The compostions of Murashige and
Skoog's (MS) macro-, micro dements, vitamins and Gamborg's (B5) vitamins used in the
present study are givenin Table 2.1, 2.2 and 2.3 respectively.
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Table 2.1: Composition of macro-element saltsof M S (Murashige & Skoog 1962)

basal media.
M acr o-element Conc (mg/l)
KNO, 1900
NH,NO, 1650
CaCl,.2H.0 440
MgSO, 7H,0 370
KH,PO, 170

media.

Table 2.2: Compostion of micro-element saltsin MS (Murashige & Skoog 1962) basal

Micro-element Conc. (mg/l)
MnSO,. 4H,0 22.3
Zn0,.7H,0 8.6
H,BO, 6.2
Kl 0.83
CuS0,.5H,0 0.025
Na,M00O,.2H.0 0.25
CoCl, 6H,0 0.025
FeSO,.7H,0 27.8
Na,EDTA.2H,0 37.3
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Table 2.3: Composition of organicsin MS (Murashige & Skoog 1962) and B5
(Gamborget al. 1968) basal media.

Organics MS (mg/l) B5 (mg/l)
Thiamine. HCI 0.1 10
Pyridoxine HCI 0.5 10
Nicotinicacid 05 10
Myo-inogtiol 100 100
Glycine 2.0 -

2.5. Collection of Plant material

Seeds of wtton cultivars LRK-516, LRA-5166, NHH-44, DCH-32 and DHY-286
were obtained in the month of June - July from Maharashtra State Seed Corporation (MSSC),
Akola, Maharashtra, India. The seeds of cultivar CNH-36 were obtained from Central Ingtitute
for Cotton Research (CICR), Nagpur, India. The seeds were stored in sealed containers at
room temperature and used throughout the year.
2.6. Preparation of plant material
2.6.1. Surface sterilization of seeds

The delinted seeds (Fig.2.1A) of the above mentioned cutivars were washed with 1 %
(vol/val) Labklin sogp solution (S.D.Fine Chem, India) for 5 minutes. Washed seeds were
soaked in 10% (vol/ivol) Savion (a commercid antiseptic containing chlorhexidine gluconate
1.5% vol/vol and cetrimide 3% wt/vol; NR Jet enterprises, India) for 10 minutes. Savion was
removed by 2-3 rinses of seeds with running tap water and twice with glass didtilled water (45
50 secs for each wash). The seeds were surface sterilized with 0.1 % (wt/vol) mercuric chloride
(Qualigens, India) sdution for 10 minutes followed by 4-5 rinses of one min duration each with
derile glass- didtilled water. After that, the seeds were asepticaly transferred to a 250 ml
capacity flask containing charcoa suspension (0.25 % charcod in glass didtilled water) and
were adlowed to soak for 4 hours. These were again treasted with 0.1 % (wt/vol) mercuric

chloride solution for 5 minutes, rinsed 34 times with sterile distilled water and transferred to



moistened Sterile filter paper in petri dishes. Seeds were incubated in the dark for 48 hours for
germination (Fig. 2.1B).

Fig. 2.1

A. Seeds of cotton cultivars LRA-5166, DCH-32, NHH-44, CNH-36, DHY-286 and
LRK-516.

B. Germinated seeds of cotton cultivar LRK-516 (after 48 h of incubation in dark).
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2.6.2. In vitro germination of seeds

To obtain high frequency in vitro seed germination, conditions like presoaking trestment
of sterilized seeds, two basd mediaand addition of charcod in the medium were tested. Details
of these experiments have been given in chapter 3 and chapter 4.
2.7.Inoculation

Aseptic explants derived from in vitro grown seedlings were inoculated in the mediain
aLaminar ar-flow cabinet (Micrdfilt, Indig). Excison of the explants was carried out on sterile
filter papers with the help of derile scapels and forceps. Scapels and forceps were flame
derilized prior to inoculation and aso in between the work by dipping in 70% rectified spirit.
Surgica blades (No. 11 and No. 12) were used for excision of the explants.

The number of explants used in each experiment and the number of times each
experiment was repested has been mentioned in materids and methods of the respective
chapters.

2.8. Statistical analysis

Standard deviations for the data were cadculated and were andyzed datisticaly using
one way or two-way or threeway analyss of variance (Snedecor & Cochran 1967; Sted and
Torrie 1987).

2.9. Culture conditions

The cultures were incubated in a culture room a 25+ 2° Cin dark or light (40 mmol m
2s1) and in a Growth chamber (HERAEUS VOTSCH, Germany) & alight intensity of (40 m
mol m?s). The details of the incubation conditions have been mentioned in respective sections
Separately.

2.10. Hardening of plantlets

The shoots derived from various explants were rooted in vitro. These plantlets were
carefully taken out of the test tubes and gently washed under tep water to remove the gelling
agent and the medium gticking to the roots. The plantlets were dipped in 1% agueous solution
of Bavidin®, a systemic fungicide (BASF, India) for 10-15 min and then washed with tap water.
The tregted plantlets were transferred to 8 cm earthen pots containing a mixture of autoclaved
s0il: sand (1:1). The pots were covered with polypropelene bags to prevent the rapid loss of

humidity and were kept in greenhouse. The plants were watered once in a week. The top
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corners of polypropelene bags were cut after two weeks to gradudly expose the plants to the
outside environment. After 3-4 weeks, the polypropelene bags were completely removed.
2.12. Genetic Transfor mation

Detalls of materials & methods used for particle bombardment mediated transformations
and maintenance of the transformed callus line has been described in chapter 6.
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Chapter 3

In vitro propagation and plant
regeneration from embryo axis explants




3.1. Introduction

Cotton is generdly propagated by seeds The vaidies suffer rapid deterioration
due to naurd crossng and through mechanicd mixtures during ginning. (Bag 1998).
Propagation of cotton plants by vegetative method can be achieved but it is laborious,
time consuming and the rate of multiplication is very dow (Parmar et al. 1978).

Pant regenerdion through organogeness or somaic embryogeness is a criticd
dep for the success of any crop improvement program through biotechnologicd means.
Also a dmple rgpid and efficent plant regeneration protocol is a mgor pre-requiste for
cop improvement by genetic trandformation methods. Low regeneration  frequency,
chimeras resulting from a group of cdls somadond variaions and chromosoma
abnormdities ae some of the limitations of in vitro regeneration of plants paticularly
through somatic embryogeness via cdlus phase Also optimization of a rdiable protocol
with high frequency regeneraion is time consuming and demands a grest ded of
experimentation (Brar et al. 1994; McKently et al. 1995). To overcome these limitations,
regeneration of plants via preexising merisems has been used as an dternative gpproach
(Agrawd et al., 1997; Seeed et al. 1997). The method dso reaults in the development of
true to type plants independent of genotypes In vitro propagation can be achieved by
inducing the pre-exiding merigems to grow and multiply.

3.1.1. Inwvitro plant regeneration from embryo axis explants

At the time of initiaion of this dudy, only two reports of in vitro plant
regeneration of cotton usng embryo axis explants derived from germinated seeds were
avaldble Gould e al, 1991 devdoped sngle shoots from embryo axis explants, while
McCabe and Matindl (1993) described plant regeneration from the explants in the
protocol of cotton transformetion by particle bombardment method. After that, severd
reports (Morre et al. 1998; Zapaa et al. 1999) have been published induding one from
our laboratory (Agrawa et al., 1998). Except Morre et al. (1998), in dl other reports,
embryo axis explants developed only single shoot per explat. Zgpata et al (1999) could
obtain plant regeneration from the shoot apices of 3-4 days germinated seeds of 10 cotton
cultivas. From our laboratory, the podtive effect of Cefotaxime (an antibiotic) on
promotion of shoot growth and platt regeneration from embryo axis explant has been
reported. (Agrawd et al. 1998)

The plant regeneration protocol from embryo axis explant is advantageous since it
is cultivar independent and can be utilized in gendic trandormation Sudies with a low
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risk of tissue induced genetic variations. Therefore, the main am of the present sudy was
to develop a plant regeneraion sysem using embryo axis explants of six Irdian cultivars
of cotton. The present chapter describes.

1. a dmple method to regenerdte plants from intact and longitudindly split
embryo axis explants.

2. adond propagation method from shoot tip and axenic nodd segment explants
of in vitro shoots obtaned from intact and longitudindly split embryo axis
explants.

3. a protocal for induction and proliferation of multiple shoots and regeneraion
of plants from plumular axis explants.
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3.2. Materialsand Methods
3.21. Plant material

Ddlinted seeds of six Indian cultivars of cotton viz. CNH-36, DCH-32, DHY -286,
LRK-516, LRA-5166 and NHH-44 were surface serilized as described in chepter 2.

3.2.2. Germination of seeds
3.2.2.1. Effect of pre-soaking treatment of seedson germination

Experiments were carried out with dl the above mentioned Sx cultivars. After
surface deilization (as described in chapter 2), seeds were soeked in derile didilled
wae or in deile sugpenson of activated charcod [0.25% charcod (W) in ditilled
water] for 2 or 4 h. After that, the water was drained and seeds were washed 23 times
with gerile distilled water. These were then transferred to moistened filter papers in pre
Serilized petri dishes (85 mm). The petri dishes were seded with ding wrap film. The
number of seeds with radicle emergence were scored after 48 h of incubation in dark a
5+2°C
3.2.3. Embryo axis derived explants

Decotyledonated embryo axis explant (Fig 3.1A, @ was iolaed with a mild
sueeze of germinated seed and was used as an intact embryo axis explant. In another set
of experiments, this intact explant wes longitudindly split and the two haves were used
a explants (Fg 31A, b) (termed hereinafter as Flit embryo axis explants). Yet in
another experiment, the radicle part of the intact embryo axis was cut and discarded and
the remaining axis (hereinafter referred to as plumular axis) was used for regeneraion
dudies (Fig.3.1 B). These three explants (viz. intact embryo axis plit embryo axis and
the plumular axis) were usad in the present study.

In a prdiminary st of expeiments, sprouting response of intact and split embryo
axis of gx cotton cultivars was evaduated. The explants were cultured on Murashige and
Skoog 1962 (MS) «dts and vitamins (hereinafter referred to as MS basd medium) with or
without 0.25 % activated charcod and incubated & 25 +2 °Cor 30 £2 °C.

The method of cdond propagation with gpica shoot and the nodd segments from
in vitro grown shoots derived from the above explants is mentioned in the folowing
sections.
3.2.3.1. Sprouting of intact embryo axis explants

Sprouting of intact embryo axis explants of the above mentioned six cultivars was
tested. The explants were cultured in test tubes containing 20 ml of M S basd medium
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Fig31
A. a Intact embryo axis explants,
b. Longitudindly split embryo axis explants.

B. Plumular axis explants.
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supplemented with 2 % sucrose, 0.65 % agar with or without 0.25 % activated charcod.
The cultures were incubated at two different temperatures ie 25 + 2 °C or 30 + 2 °C
under a light intendty 40 m md m%t. The number of intact embryo axes thet
differentiacted into plantlets were scored after four weeks of incubation. The experiment
was conducted twice usng 40 explants of each cultivar. Subsequent experiments were
carried out using the same batch of seeds.
3232 Effect of activated charcoal and incubation temperature on plantlet
formation from longitudinally split embryo axis

In this experiment, embryo axes of the above mentioned Sx cultivars were split
longitudindly into two equd hdves without microscope visudly. Each hdf was
conddered as an independent explant. These were cultured in pars. A par of explants
were placed horizontdly in each culture tube containing 20 ml of MS basal medium with
or without 0.25% activated charcod. As in our previous experiment with intact embryo
axis, split axes were dso incubated & 25+ 2 °C or 30 + 2 °C under a 16 h photoperiod a
a light intensity of 40 mmd m?s®. Observations like bud bresk, shoot or shoot and root
formation and shoot length were recorded after 4 weeks of incubation.
3.2.3.3. Invitro propagation of apicd shoot and nodal ssgments

The gpicd shoots (1.5 to 2 cm in length) excised from in vitro shoots developed
ater 4 weeks of incubation in the above expeiments with in vitro intact and
longitudindly split embryo axis explants were placed verticdly in 250 ml flasks (2 goicd
shoots per flask) containing 50 ml of MS basa medium supplemented with 2 % sucrose
and 0.65 % agar. The cultures were incubated a 30 + 2 °C under 16 h photoperiod a a
light intensity of 40 m ma m?’s™. After four weeks of incubation, the elongated apical
shoots congding of 3-4 nodes were asgpticdly removed from the medium and from each
such shoot, 2 — 3 nodd segments were excised. These nodd segments were cultured on
MS basd medium supplemented with or without BA 0.1 mg/l o kinetin 0.1 mg/l. Shoots
developed from axils of the nodd segments were excised and further cultured in 250 ml
flasks containing fresh MS basd medium and incubated as described above. Bud bresk in
the nodd segments was recorded after four weeks of incubation. The experiment was
repeated twice with twenty explants for each hormond trestment.

3.2.34. Induction of multiple shoots from plumular axis explants
In an initid st of experiments, the effect of two basd media (MS sdts and

vitaming MS sts and Bs vitaming) on sprouting of plumular axis explants (embryo axis



devoid of radicle) was tested. The optimum basd medium (MS sdts and B vitamins) was
then supplemented with different phytohormones a various concentrations to assess the
morphogenetic response in plumular axis explants of cultivar LRK-5166. The identified
optimum phytohormones thereaiter were evduated for induction of multiple shoots from
plumular axes of three cultivars LRK-5166, DCH-32 and DHY-286. All the media were
supplemented with 2 % sucrose and 0.65 % agar (Hi-media, Indi@) and the pH was
adjused to 5.8 before autodaving. Cultures were incubated a 30 °C under cool white
fluoresoent lights at 40 nfE M S* with a 16 h photoperiod.
3.2.34.1. Effect of basal medium on sprouting of shoots from plumular axis explants

To tes the sorouting of plumular axis explants, 100 explants of each cultivar
DCH-32, DHY-286 and LRA-5166 were cultured in pelri dishes containing semi-solid
MS basd medium or MS «ts and Bs vitamins The number of explants forming shoots
was scored after 4weeks of incubeation.
32342 Effect of various phytohormones on morphogeneic response of plumular

axisexplants

The influence of various phytohormones on morphogenetic response of plumular
axis explants was tested. The plumular axes of the cultivar LRA-5166 were cultured in
tet tubes contaning MS sdts + Bs vitamins and supplemented with TDZ (0.0 - 20.0
mgl)or2, 4,5 - T (00 -200mgl) or 2,4 - D (00 -20.0 mgl) or BA (00 — 20 mgll)
o a combinaion of BA (0.:20 mgl) and NAA (0.01-0.05 mg/ll). The cultures were
ub-cultured on fresh medium after 3 weeks. The response of explants was recorded after
6 weeks of incubation.
32343 Effect of BA and NAA on induction of multiple shoots from plumular axis

explants

In this experiment, three cultivars DCH-32, LRK-5166 and DHY-286 were tested
for induction and proliferation of multiple shoots. The plumular axis explants were
inoculated in petri dishes (85 mm) containing 30 ml of medium condituting of MS <dts
and Bs vitamins supplemented with or without BA (00530 mgl) done or in
combingtion with NAA (001003 mg/l) (optimized in the &ove expaiment). The
cultures were incubated under 16 h photoperiod a 30 °C a a light intengty of 40 mmd
m?s® for 3 weeks The dongated apicd shoots and developed roots were excised and
discarded. These decgpitated explants were re-cultured on fresh medium for further 3
weeks. Theresfter, the cultures were trandferred to 100 ml Erlenmeyer flasks cortaining
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30 ml of fresh medium. The number of shoots developed per explant was scored after 6
weeks of incubation. The shoot clugers were then transferred to 250 ml Erlenmeyer
flasks containing 100 ml of fresh medium. The number of shoots devdoped per exdant
was recorded after 10 weeks of incubation. The experiment was repegied thrice with 10
replicates for each trestment. Data was datidticdly andyzed by two-way andyds of
vaiance (ANOVA). The number of explants responded and the number of shoots
devdoped pea responding explant was the parameter used to determine the optimum
medium for the induction and proliferaion of multiple shoots from plumular  axis
explants.

3.24. Invitro rooting of shoots

The shoots from intact embryo axes and the axenic nodd segments rooted
gmultaneoudy in the same medium (MS basd medium with or without 0.25 % activaed
charcoa and 2% sucrose) after four weeks.

Elongaed shoots (3 - 4 cm) from the multiple shoot bunches (obtained from
plumular axis explants) were excised (20 shoots of each cultivar) and tranferred to MS
basd medium devoid of phytohormones for rooting.

3.25. Hardening of plantletsand trandfer of plantsto soil.

Rooted shoots obtained from the split embryo axes (20 plantlets from each
cultivar) and axenic nodd segments (10 plantlets from eech cultivar) and multiple shoots
(50 plantlets) were transferred to earthen pots (8 cm) containing a mixture of sand, soil
(1) and kept under greenhouse conditions for hardening. Rooted shoots were hardened
as described in chepter 2, section 2.10. After 4 weeks, hardened plants were trandferred to
fied.
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3.3. Results and discusson

The daa collected on seed germination of Sx Indian cultivars of cotton, the
influence of activated charcod and the incubation temperaiure on the frequency of plant
devdopment from intact and plit embryo axes have been desribed in this chepter. A
method of cdond propagation usng axenic nodd segments derived from in vitro shoots
derived from intact and split embryo axes of Sx cotton cultivars has been described. Also
induction of multiple shoots from plumular axis explants of three cultivars of cotton has
been described in this chapter.

3.3.1 Effect of pre-soaking treatment on seed germination

Reaults on the effect of presoeking trestment of seeds with water and charcod
suspenson of Sx cultivars of cotton on germination is presented in Table 3.1 In dl the
gx cautivas the maximum seed germingtion was obtained on pre-sosking in charcod
suspension for 4 h. Out of the two time periods tested, the maximum seed germination on
pre-soaking in didtilled water was recorded when seeds were presoaked for 4 h (49.3 —
62.7 %) compared to 2 h (433 — 523 %) (Table 3.1). A wide variaion in germinaion
percentage was observed between the cultivars under dl the four conditions tested.
Activated charcod is a known adsorbent used in tissue cultures to remove growth
retarding phenolics rdeased during incubation period (Fridborg e d., 1978), however, its
pogitive influence on seed germination in cotton has not been reported earlier.

There ae saverd reports avalable where germination of cotton seed has been
reported by different methods. In one approach, seed coat was removed before seed was
cultured in MS basd medium a 28 °C in light (Zgpaa et al., 1999, Voo et al., 1991,
Kumar et al., 1998), while in other gpproach, surface Serilized seeds were directly placed
on MS «ts and B5 Vitamins for germination (Zhang et al., 2000, Finer 1988). Yet in
another report, Trolinder & Goodin (1988); Davidonis & Hamilton (1983) obtaned
cotton seed germination on moistened Serile filter papers in petri dishes. Hemphill &t al.,
(1998) obtained cotton seed germindtion by pre-sosking them in derile water for 3 h as
reported here by us. As evident from the results charcod sugpenson and presoaking
trestment for 4 h dradtically improved the germination % of cotton seeds.
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Tables3.1: Effect of pre-soaking treatment of seedson germination in Sx cotton

cultivars
Germination %
Cultivars Didilled water Char coal suspenson*
2h 4h 2h 4h
CNH-36 437+ 10.0 590+ 7.9 610+ 6.9 64.7+9.2
DCH-32 523+ 74 62.7+ 6.8 69.3+ 3.1 823+ 4.9
DHY-286 490+7.8 543+ 81 62.7+ 6.1 727+6.8
LRA-5166 433+ 5.0 533+74 583+ 6.7 700+ 5.0
LRK-516 46.7 + 3.2 43+51 617+ 4.0 737+5.1
NHH-44 513+7.2 577+ 25 5.7+ 84 770+75

*Charcod suspenson = 0.25% charcod in didilled water

3.3.2. Plant regeneration from intact and split embryo axis explants

This section describes sorouting of shoots, influence of charcod and incubation
temperature on plant regenerdtion from intact embryo axis and split embryo axis
explants. Also, the dond propagetion by usng shoot tip and axenic nodd segments has
been desaribed.
3.3.2.1. Sprouting of intact embryo axis explants

This section describes results on sprouting and shoot formation from the intact
embryo axis explants (6 - 8 mm long) cultured under two temperatures ie 25+ 2 °C or
30 £ 2 °C in MS basd medium with or without charcod. The maximum Sprouting was
obsarved in the basd medium with charcod a both the temperatures irrespective of the
cultivars (Table 3.2). The frequency of sprouting was higher a 30 + 2 °C (67.5 - 83.3 %)
compared to a 25 £ 2 °C (488 - 813 %). Among the gx cultivars, the maximum
response was observed in cultivar NHH-44 (83.3 %) with charcod when incubated a 30
+ 2 °C. Among the two media tested, there was only a margind difference in Sprouting
regponse a 30 + 2 °C (Table 3.2). However, the shoots in the basd medium containing
charcod were found to be hedthier with thicker stems and bigger leaves (Fig. 3.2 A).
This podtive influence of charcod may be due to adsorption of phenclics or other
compounds leeched into the medium by sprouting cultures (Madhusudhanen  and
Rehiman, 2000).
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Table 320 Effect of activated charcoal and incubation temperature on sprouting in
the intact embryo axis explants.

Cultivars Incubation at 25 °C Incubation at 30 °C

MS MS+ Char MS MS + Char
CNH-36 488+5.3 600+ 10.6 675+35 700+35
DCH-32 600+35 638+ 1.8 688 £5.3 763+18
DHY-286 625+ 10.6 725+ 35 725+35 800+35
LRA-5166 650+£7.1 638+8.8 775+71 788+18
LRK-516 613+18 750+£35 81.3+88 813+53
NHH-44 675+7.1 813+53 833+53 825+35

3322 Effet of activated charcoal and incubation temperature on plantlet
formation from split embryo axis explants

The results of this experiment are presented in Table 3.3 Two types of responses
were observed when split embryo axis explants were cultured on MS basd medium with
or without charcod a two different temperatures. (1) Explants formed both shoots and
roots which indicates tha both the root and shoot merigems were present in these
explants ather patidly or fully and were regenerative. (2) Explants formed only ether
shoot or root indicates thet the incdison was oblique. Eventudly only those explants which
formed shoots (with or without roots) were used for establishment of shoot cultures or
plants.

Incorporation of charcod in MS basd medium and incubation of explants a 25 +
2 °C induced formation of roots and shoots smultaneoudy a higher percentages than MS
basd medium done in dl cultivars except DCH-32. However, the overdl frequency of
shoot formation from explants in the basd medium with charcod was lower than without
charcod due to a decrease in the number of explants forming only shoots. The decrease in
the number of explants forming shoots done in MS basd medium without charcod a 30
+ 2 °C (Table 3.3 compared to 25 £ 2 °C (Table 3.3) is quite Sgnificant indicating thet
more number of explants produced both shoots and roots (Table. 3.3). The totd number
of explants forming shoots were sgnificantly higher a 30 + 2 °C compared to 25 + 2 °C
in MS medium with or without charcod in dl the cultivars (except DCH-32 and NHH 44
in MS medium done). Significant increese in the frequency of shoot formation has been
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obsarved in MS basd medium with charcod compared to the medium without charcod a
30 £ 2 °C in dl the cultivars, except LRA 5166 and LRK 516. The frequency of shoot
formation in explants cultured in media with or without charcod and the influence of two
different incubation temperatures has been cdculaed from the totd number of
regponding explants forming shoots with or without roots (Table 3.3). The dHatidtica
andyss, threeway andyss of variance of daa as described by Sted and Torrie (1987)
has been presented in (ANOVA) Tadle 3.3

Shoot length was measured with a scale to assess the vigor of the plantlets. In
generd the pogtive influence of charcod in the medium and incubation temperature of 30
+ 2 °C on shoat length was observed Fg 32 B & Fg. 3.3). Smilaly, Morre et al (1998)
aso reported better growth of cotton cultures & 30 + 2 °C. With the exception of DHY-
286, incorporation of 0.25% charcod in the medium enhanced the morphogenetic
response of dl other cultivars. The bendficid effects of charcod in plant tissue cultures
have been reported earlier (Fridbourg et al.1978, Wann et al. 1997, Madhusudhanan and
Rahiman 2000). To the best of our knowledge this synergisic effect of charcod with
increase in incubation temperature on morphogeness has not been reported earlier.
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Fig.3.2
A. Shoot regengration in intact embryo axis explants on MS basd medium and MS
besal medium containing charcod incubated a 30 °C.

B. Shoot regeneration from the solit embryo axis explants of Sx cultivars in medium
containing charcod and incubation on a 30 °C.
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Fig.3.3
A. Effect of charcod & incubation temperature (25 °C) on shoot length in split

embryo axis explants.
Effect of charcod and incubation temperature (30 °C) on shoot length  in plit

embryo axis explants.
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Table 33 Effet of activated charcoal and incubation temperature on the frequency of
shoot/root formation in split embryo axis explants of Six cotton cultivars.

C- cultivar, T- temperature, M- medium
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Incubation at 25 °C Incubation at 30°C
No. of Explants Explants No. of Explants | Explants
Cultivars | Mdia explants | forming forming explants | forming forming
shoots shoots & shoots shoots &
(%) roots (%) roots
(%) (%)
MS 119 17 37 66 6 45
CNH-36
MS+Char 42 0 57 95 4 66
MS 60 16 53 60 0 54
DCH-32
MS+Char 62 0 37 76 0 63
MS 120 14 32 67 9 40
DHY-286
MS+Char 40 0 44 112 3 53
MS 59 27 27 60 4 50
LRA-5166
MS+Char 58 0 31 108 0 53
MS 130 35 64 9 53
LRK-516
MS+Char 124 3 37 138 0 54
MS 119 17 56 60 5 48
NHH-44
MS+Char 40 0 62 115 6 56
Data scored after four weeks of incubetion.
MS = Murashigee and Skoog's sdts and vitamins.
Char = 0.25 % Activated charcoa
ANOVA Tablefor Table33
Source Df MSS F-Vaue
Block 2 1191.32 372 *
Trestment 23 498.32 156 ns
G 5 22311 0.70 ns
T 1 1803.25 5.63 *
M 1 119089 372 ns
G'T 5 5359 017 ns
G*M 5 1960040 6120 *
™M 1 5265.92 1644 *
G*T*M 5 900.23 281 *
Error 46 320.28
Totd 71
*Sonificanta p £0.05




3.3.2.3. In vitropropagation of apical shootsand nodal ssgments

This section describes the results obtained in two independent experiments One
with apicd shoots and another with nodd segments derived from in vitro grown shoots.
Apicd shoots were cultured on MS basd medium done, while nodd segments were
cultured on MS basd medium supplemented with or without BA or Kinetin. Responses in
terms of bud bregk in nodd segments and growth in apicd shoots were recorded.

The gpical shoots cultured verticdly in flasks eongated, developed 3 - 4 nodes
and induced roots (Fig 3.4 A). From each of these dongated shoots, further 3 - 4 nodd
segments and one apicd shoot could be excised and sub-cultured on fresh medium. Thus
a cyde of nodd segments and apicd shoots could be mantaned up to 10 subcultures
from one gpicd shoot.

In dl the sx cultivars nodd segments developed shoots in dl the media
combinations tested (Table 3.4. Irrespective of the cultivar, the frequency of response
was higher (68 to 82 %) on the medium devoid of phytohormones compared to media
supplemerted with BA or Kin. In controls, the maximum number of nodd segments
devdoped shoots in cultivar LRA-5166 (822 %) followed by NHH-44 (81.2%), DHY-
286 (81%), LRK-516 (744 %), DCH-32 (736%) and CNH-36 (67.7%) (Table 34).
Sngle shoot and roots developed in each nodd segment on four weeks of incubation (Fg
34 B). BA or Kinetin a lower concentrations (0.1 mg/L) decreased the bud bresk
response dredticdly. Similar to the present study, inhibitory effect of lower concentrations
of Kinetin (Gould et al. 1991) or BA (Zgpaa et al 1999) in formation of shoots in the
goical shoot merigems of cotton has earlier been reported. Between the two cytokinins,
BA aupported formation of 2 shoots in cultivas DCH-32, DHY-286 and NHH-44.
However, thee shoots remained sunted. Elongation of these stunted shoots could be
achieved on trandering them to the basa medium devoid of phytohormones. Similar to
our sudy, cond propagation by nodd cuttings and gpica shoots excised from in vitro
growvn shoots in bluebery (Cohen and Hliott 1979) and Leucaena (Dhawan and
Bhojwani 1985) have been reported.
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Fig. 34
A. Elongation and rooting in the gpicd shoots cultured verticaly in flask containing
MS basal medium.
B. a Bud bregk in nodd ssgmert,
b. & c. Elongation of axillary shoots,
d. rooting of the axillary shoot.
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Axillary bud - sprouting and elongation
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Table3.4: Shoot devdopment in nodal ssgmentsfrom invitro grown shoots

BA Kinetin Explant
Cultivar (mg/l) (mg/l) r&?;gglse Nature of reponse

0.0 00 67.7+6.4 | Sngleshoot

CNH-36 01 0.0 255+ 6.3 | Sngle gunted shoot
00 01 25+35 | Single stunted shoot
0.0 0.0 736+ 20 | Sngledongated shoot

DCH-32 0.1 00 33B3+24 | 1-2gunted shoots
0.0 01 20+ 37 Single sunted shoot
0.0 0.0 8L0+ 45 | Sngledongated shoot

DHY-286 01 0.0 28347 1-2 stunted shoots
0.0 01 230+ 28 Single sunted shoot
0.0 0.0 822+6.3 | Sngleshoot

LRA-5166 | 0.1 0.0 313+ 88 Single sunted shoot
0.0 01 250+ 39 Single sunted shoot
0.0 00 744+ 80 | Sngeshoot

LRK-5166 |01 0.0 218+79 Single sunted shoot
00 01 278+7.9 | Single stunted shoot
00 00 817+ 24 | Sngedongated shoot

NHH-44 01 0.0 350+ 71 1-2 stunted shoots
0.0 01 334+4.8 | Sngledunted shoot
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3.3.3. Invitro induction of multiple shoots from plumular axis explants

The following section describes the results obtained on the plumular axis explants
sorouting response in the basd medium, the effect of different phytohormones and the
effect of BA and NAA on induction of multiple shoots from plumular axis explants.
3.3.3.1. Effect of basal medium on sprouting of shoots from plumular axis explants

This sudy was caried out to assess the effect of two basa media [(MS sdts +
vitamins hereénafter refared as MS basd medium) and MS sts + B5 vitaming on
sorouting of shoots from plumular axis explaits. This experiment was done with
cultivars LRA-5166, NHH - 44 and DCH - 32 as these are mogt popular cultivars grown
in different southwestern dtates of India In dl the three cultivars tested, MS sdts + B5
vitamins (Table 3.5 supported the maximum percentage of sprouting. Therefore, in dl
our further experiments with plumular axes, MS sdts + B vitamins was used as a basd
medium. The use of MS sdts and modifications in the condituents of vitamins in basd
media for in vitro plant regeneration from pre-existing meristems has been reported for
cotton (Gould et al. 1991; Gupta et al. 1997; Hemphill et al. 1998; Zgpata et al. 1999 b).
Zapaa e al. (1999 b) could achieve maximum shoot regeneration (58%) from shoot
goices of cotton by culturing the explants on MS sts + modified Bs vitamins without
phytohormones

Table35: Effect of basal media on sorouting of shoot from plumular axis explants.

Number of explants sprouted
. (%)
Medium
DCH-32 DHY-286 LRA-5166
MSsats& vitamins 835+64 810+7.1 770+ 4.2
MSsdts& B5vitamins | 900+7.1 930+42 815+5.0

3332 Effet of various phytohormones on morphogenetic response of plumular
axis explants
This expaiment was caried out initidly with the objective of induction of
embryogeness in plumular axis explants, with one cootton cultivar (LRA-5166). The
plumular axis explants cultured in medium contaning MS <ts + Bs vitamins ad
supplemented with a wide range of phytohormones, 2, 4 - D, 245 - T, TDZ, BA ad
combinaions of BA + NAA, showed vaied morphogendtic responses (Table 3.6).
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Though somatic embryogeness could not be induced in the present st of experiments,
morphogendtic responses observed with  different  phytohormones have been described in
Table 36.

Pumular axis explants cultured in the basd medium containing 2, 4 — D (0.001 —
01 mg/l) formed sngle shoots and developed roots Explants turned brown on higher
concentrations of 24D (more than 01 mgl), while a lower 24D concentrations,
formation of white, loose cdlus was obsaved. Explants cultured in the basd medium
containing 2, 4, 5 — T (0.001 — 0.1 mg/l) had smilar morphogenetic response as in 24-D.
Lower concentrations of TDZ (0.001 - 0.05 mg/ll) supported formation of higher number
of shoots (2-3 shoots per explant). However, the explants swelled and induced cdlus.
TDZ a higher concentrations (1.0 — 50 mgl) did not support shoot formation but
induced only cdlus. At dill higher TDZ concentrations (10 — 20 mg/l), the explants
turned brown and did not show any morphogenetic response. Of dl the phytohormones
tested, BA was the best. BA a lower concentrations (0.001 — 01 mg/l) supported
formation of 1-2 shoots, while concentrations (0.5 — 50 mg/l) formed 2-3 shoots per
explant. However, the explants turned brown a higher concentrations of BA (100 — 200
mg/l). Morre et a (1998) has ealier reported the formation of 2-3 shoots / per plumular
axis explant in cotton on incorporation of BA (3.0 mg/l). However, Zgpata et al (1999)
found that BA a 1 mg/l suppressed the shoot regenerdtion in embryo axis explants. In our
sudy, combinations of BA and NAA (01 + 002 ad 05 + 003, regectivey)
aupported the formaion of 23 dongated shoots Concentrations higher than these
resulted in the formation of Single stunted shoot (Table 3.6).

From the above dudy it can be concluded, that BA done or a combination of BA
and NAA are the mogt potentid phytohormones for the induction of multiple shoots from
the plumular axes of the cotton cultivar LRA-5166. Therefore, further experiments were
caried out to optimize the concentraions of these two phytohormones for induction of
multiple shootsin three cotton cultivars viz. DCH-32, DHY-286 and LRA-5166.
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Table 36. Effet of various phytohormones on morphogeness of plumular axis
explants of cotton cultivar LRA-5166.

Phytohor Conc. Fexﬂgl(?rr:; Nature of response
mone (mg/) (%)
0.001 78.3 Single dongated shoot, well developed roots
0.005 71.6 Single dongated shoot, well developed roots
0.01 66.6 Single dongated shoot, well developed roots
0.05 38.3 Single dongated shoat, roots
01 18.0 Single stunted shoat, roots, cdlus
05 100 Explants turned brown
24D |10 100 Explants turned brown

20 100 Explants turned brown
50 100 Explants turned brown
10.0 100 Explants turned brown
15.0 100 Explants turned brown
20.0 100 Explants turned brown
0.001 65.0 Single dongated shoot, well developed roots
0.005 61.0 Single dongated shoot, well developed roots
0.01 53.3 Single dongated shoot, well developed roots
0.05 35.0 Single dongated shoat, cdlus, roots
01 28.3 Single sunted shoat, cdlus, roots
05 25.0 Single sunted shoat, tip dried

245T 10 18.3 Single stunted shoot, tip dried
20 100 Explants turned brown
50 100 Explants turned brown
10.0 100 Explants turned brown
150 100 Explants turned brown
20.0 100 Explants turned brown
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Explants

Phytohormone Conc. response Nature of response
mg/l (%)

0.001 61.6 2-3 dongated shooats, cadlusing, swollen
0.005 55.0 2-3 dongated shoats, cdlusing, swollen
0.01 516 2-3 dongated shoots, cdlusing, swollen
0.05 51.6 2-3 dongated shoats, cdlusing, svollen
01 46.6 Cdlusa shoot tip
05 40.2 Cdlusa shoot tip

TDZ 10 38 Profuse Cdlus at shoot tip, explant swollen
20 25 Profuse Cdlus a shoot tip, explant swollen
50 25 Profuse Callus at shoot tip, explant swollen
10.0 100 Explants turned brown
15.0 100 Explants turned brown
20.0 100 Explants turned brown
0001 78.3 1-2 dongated shoots, roots
0.005 80.0 1-2 dongated shoots, roots
0.01 83.3 1-2 dongated shoots, roots
0.05 83.3 1-2 dongated shoots
01 85.0 1-2 dongated shoots

BA 05 88.3 2-3 dongated shoots
10 93.3 2-3 dongated shoots
20 81.6 2-3 sunted shoots
50 46.6 1-2 sunted shoots
10.0 100 Explants turned brown
15.0 100 Explants turned brown
20.0 100 Explants turned brown
05+001 |80.0 1-2 longated shoots
01+002 |850 2-3 dongated shoots

BA + NAA 05+003 |50.0 2-3 dongated shoots
10+005 |320 Single sunted shoots
20+005 | 150 Single sunted shoots




33.3.3. Effect of BA and NAA on induction of multiple shoats from plumular axis

explants
This section describes the induction of multiple shoots from plumular  axis

explants of three cultivars of cotton. With different concentrations of BAP and
BAP+NAA teded, plumular axes induced shoots vaying from 1 to 604 per explat
depending upon the cultivar and the hormone concentration in the basd medium (Table
38). Though the number of multiples formed per explant vaied among the three
cutivars the maximum number of shoots in dl three cultivars was observed on the basa
medium supplemented with BAP (01 mgl) + NAA (002 mgl) (Table 3.8. On this
medium, 8166, 80 and 73.33 percent of explants deveoped multiple shoots in DCH-32,
DHY-286 and LRA-5166 respectivdy (Table 3.7). As for as the number of shoots per
explant is concerned, the highest number was recorded in cultivar DCH-32 (6.04 + 1.38)
followed by DHY-286 (455 + 151) and LRK-5166 (455 + 1.25). On transfer of these
shoot duders to fresh medium and on incubation for 10 weeks, more than twofold
increase in the number of multiple shoots was observed (Fg. 3.5). The highest number of
shoots per explant was recorded in cultivar DCH-32 (1504 + 3.07) followed by DHY-
286 (11.12 + 2.80) and LRA-5166 (8.04 + 2.03).

The medium supplemented with BAP (1.0 mgl)+NAA (003 mgl) did not
support the production of multiple shoots in dl three cultivars. BA done a 0.10 mgl
induced 463 + 109 shootslexplat in DCH-32 folloved by DHY-286 (364 shoots
lexplant), LRA-5166 (3.1 shootseqplant). BA concentrations higher than 0.1mg/l did not
induce multiple shoots in dl the three cultivars (Table 3.8).

In our earlier experience with cotyledonary nodes (Agrawd et al. 1997), it was
observed that non-decgpitated explants did not form multiple shoots and is the reason for
excigng and discarding the dongated shoot gpices after an initid incubation of explants
for 3 weeks This is in contragt to the findings in an earlier report on Argentine cotton
cutivar, where multiple shoot induction in Smilar explants could be achieved without
decapitation and with the use of BAP done (3 mg/l) (Morre et al. 1998). The maximum
number of multiple shoots formed however was redricted to an average of 34 and dso
the report is limited only to one genotype. In the present study, we found that for Indian
cultivars of cotton, decapitetion of explants and their culturing on a basd medium with
BA (0.1 mgl) + NAA (0. 02 mgl) was essntid to enhance the induction of multiple
shoots. Induson of BA done (3 mg/l) in the medium did not induce shoot multiples Ina
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Fig.35
Induction of multiple shoots in plumular axis explant of cultivar DCH-32 &fter ten

weeks of incubation.

75



Fig 3.5
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gmilar experiment, Hemphill et al. (1998), obtaned only sunted shoots from embryo
axes on a medium containing BA done (225 mg/l). The effect of decapitation of shoot
goex from cotyledonary nodes and phytohormones on induction of multiple shoots hes
been discussed earlier (Agrawd et al. 1997).

Though plant regeneration in cotton has been achieved from shoot gpices, explants
formed only sngle shoots (Gould et al. 1991; McCabe & Martindl 1993; Saeed e al.
1997, Agrawd et al. 1998; Zapaa et al. 1999 b). Prior to our report, only Morre et al.
(1998) have induced multiple shoots from plumular axis explant of an Argentine cotton
cultivar cv. Guazuncho II. Therefore these results have enormous significance.
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Table 3.7 Percentage response of induction of multiple shoots from plumular axis
explants of three Indian cultivars of cotton.

Phytohormone Explantsresponse (%)

BA NAA Cultivars

Mg/l Mg/l DCH-32 LRA-5166 DHY-2%6
0.00 0.00 8500 80.0 8500
0.05 - 7833 70.0 7166
0.10 - 7500 60.0 6333
050 - 46.66 36.7 5333
1.00 - 36.66 35.0 36.66
3.00 - 3166 183 2000
0.05 0.01 7166 63.3 66.66
0.10 0.02 8166 733 80.00
0.50 0.03 45.00 333 4333
1.00 0.03 333 233 2833

Data scored after 12 weeks of incubation.
Experiment repested twice with thirty replicates.
Criticd Difference - 1212

ANOVA Tablefor Table 3.7

Source Df SS MSS F FTable
Calculated value

Totd 119 60759.98 51059 050

Treatment 59 59500.80 100849 4806 174

Media(M) 1 54805.79 4982.35 23741 251

Genotype 5 2380.67 476.13 269 3.28

©)

G M 55 2314.34 4208 201 1.80

Error 60 1259.18 209
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Table 38 Effect of phytohormones on induction of multiple shoots from plumular

axis explants of three Indian cultivars of cotton.

Phytohormones No. of shoats / explant
BA NAA Cultivars
Mg/l mg/! DCH-32 LRA-5166 DHY-286
0.00 0.00 198+ 0.62 157+ 058 140+ 0.58
0.05 - 324+085 261+ 095 23140.86
0.10 - 463+1.09 315+ 0.77 364+124
0.50 - 19 +0.64 165+ 055 155+ 052
1.00 - 148+051 118+ 041 129+ 043
3.00 - 122+045 117+ 043 118+ 047
0.05 0.01 465+095 312+ 093 328+ 1.10
0.10 0.02 6.04+1.38 455+ 1.25 477 +151
050 0.03 237105 155+ 058 176 +0.75
1.00 0.03 162+058 129+ 049 121+ 0.46
+ = Standard error (sd)
Data scored after 12 weeks of incubation.
Experiment repested twice with thirty replicates.
Critical Difference - 0.47
ANOVA Tablefor Table 38
Source df SS MSS F- FTable
Calculated value
Totd 119 20552 173 050
Tregtment 59 203.65 345 111.13 174
Media(M) 11 17856 16.23 522,60 251
Genotype(G) | 5 1473 295 U3 3.28
G M 55 1037 0.19 6.07 180
Error 60 186 0031

79




3.34. Invitro rooting of shoots

All the shoots regenerated from intact embryo axes, solit embryo axes and the
nodd segments rooted sSmultaneoudy in the same culture medium (MS basd medium
with or with out 0.25 % activated charcod) during the incubation of 4 weeks.

Bogaed dhoots from multiple shoot dudes (deived from plumular axis
explants) rooted (Fig 3.6) on MS basd medium devoid of phytohormones on incubation
for 3 weeks The percentage rooting was 90 % in cultivars DCH-32 and DHY-286 and 80
% in cultivars LRA-5166.

3.35. Hardening of plantletsand transfer to soil

The plants raised from the slit embryo axes survived in soil in low frequency of
30-35%. On transfer of 120 tissue culture plants (20 of eech cultivar) to earthen pots, it
was observed that the plants were thin and crooked (Fig. 3.7 A). This may be due to
partid sem development in the split axis However, these plants became erect and norma
on trander to the greenhouse for three months (Fig. 3.7 B). Thirty-five plants raised by
this method survived and formed bolls on maturetion in the field (Fig. 3.7 C).

The rooted shoots (10 plantlets of each cultivar) derived from the noda segment
explants survived (60-80 %) in soil. Thee plants grew to maturity and deveoped normd
balls after 4 months.

Survivd of the rooted shoots derived from multiple shoot cuders developed from
plumular axis explants was found to be 92% dfter hardening in greenhouse (Fig. 3.8 A).
All the plants grew to maiurity and devdoped normd bolls ater 4 months of trander to
fidd (Fg. 3.8 B).

(Schematic representation of regeneration from explants derived from embryo axis has

been given in the following page).
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Fig. 3.6 In vitro rooted shoot.
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Fig 3.6




Fig.3.7
A. Pats rased from glit embryos and trandeared to soil ae initidly thin and
crooked.
B. Erect and normd plant (derived from split embryo axis) dfter 12 weeks in
greenhouse conditions.
C. Maure plant in soil.
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Fig. 3.8

A. Hadened tisue culture plants (derived from the multiple shoots from plumuler
axisexplants).

B. Mature tissue culture plant of cultivar DCH-32 in fidd.
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SCHEMATIC REPRESENTATION OF REGENERATION
- FROM EXPLANTS DERIVED FROM EMBRYO AXIS
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34. Concluson

In the present chapter, a plant regeneration protocol from intact embryo axis and
lit embryo axis explants of sx Indian cultivars of cotton has been developed. The
method is rapid and requires lesser time compared to al the methods reported earlier.
Al it is gmple as the additiond Seps of growing seedlings in vitro or dissection of
explants under microscope ae avoided. The method does not involve de novo
regeneration pahways and is effective with dl the dx cultivars tested and genotype
independent. The expaiments on incorporation of charcod in the medium and incubation
of cultures a higher temperature are novel culture conditions The beneficid effect of
charcod in the medium and higher incubetion temperaiure in five out of sx cultivars
tested indicates synergism between these two factors for induction of higher frequency of
shoots. To the best of our knowledge, this synergistic effect of charcod with increase in
incubeation temperature on morphogenesis has not been reported earlier.

Pant regeneration from the axenic nodd segments has been achieved in Six
cultivars. The frequency of response irrespective of the cultivar was higher on the basd
medium devoid of the phytohormones Such an goproach is ided for dond propagation
of identified plants like transgenics where materid for propagation is limited.

Results on plant regeneration from plumular axis explants via induction of
multiple shoots have enormous dgnificance since ours is the only report goplicable to
three cultivars of cotton.

The present invedigations offer an opportunity to achieve plant regeneraion from
various explants derived from mature seed. The methods described in this chapter have
goplication in dond propagation of dite materids usng sndler explants. Also these
explants are more amenable for genetic transformation in cotton via Agrobacterium and
lor paticle bombardment mediated methods. Our efforts on trandent gene expresson in
plumular axis explants involving paticde bombardment mediated goproach have been
described in Chapter 6.
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A revised manustript entited “A rapid and dmple method for in vitro plant
regeneration from split embryo axes of dx cultivars of cotton” by S Hazra A. V.
Kulkarni, A. K. Banerjee, A. B. Dhage, D. C. Agrawd, K. V. Krishnamurthy and S.
M. Nalawade has been communicated to Biologia Plantarum

A manustript  entited  “Multiple shoot  induction and  plant  regeneration  from
embryonic axes of Indian cultivars of cotton” by A. K. Banerjee, D. C. Agrawd, S M.
Nadavade, S. Hazra and K. V. Krishnamurthy has been communicated to Plant Cdl
Tissue and Organ Culture.
A pat of this work has been filed as an Indian Patent entitted “ A tissue culture
medium formulation useful for inducion and proliferation of multiple shoots in
excised embryo axes of cotton” by Agrawad DC, Baneajee AK, Naawade SV, Hazra
Sand KV Krishnamurthy (Ref. No. NF-31/2000 dated 28-3-2000).
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CHAPTER 4
Plant regeneration from explants consisting of

pre-existing meristems from in vitro grown
seedlings.




4.1. Introduction

Besdes mature seeds (described in Chepter 3), in vitro grown seedling is an
dternae source of explants with preexising merigems which can be used for cond
propagation of cotton. Such explants are dready programmed for shoot formation and do
not require de novo differentiation of merigematic tissues. Other advantages of this
goproach are the method is generdly genotype independent and incidence of somaclond
vaidions occurring is minimum  (Mureshige 1974). A typicd mehod of plant
regeneration from explants with preexiging meigems involves the folowing deps
devdopment of dngle or multiple shoots from exiding buds which otherwise reman
dormant, dongation and proliferation of regenerated shoots, in vitro or ex vitro rooting of
shoots, hardening of plantlets and their trandfer to field (Ahuja 1986).

There are four published reports on clond propagation of cotton usng explants
derived from in vitro grown seedlings (Agrawd et al., 1997; Hemphill et al., 1998, Gupta
et al. 1997, Hazra et al. 2000). In the fird report, Agrawd et al. (1997) could achieve
plant regeneraion in one Indian cotton cultivar LRK 516 usng cotyledonay node
explants derived from in vitro grown seedlings In an ancther study, Hemphill et al., 1998
demondrated a genotype independent procedure of plant regeneration by use of different
explats deived from in vitro grown 28d old seedings They found that plant
regeneration procedure required specific  concentrations of  6-benzylaminopurine  (BA)
depending on the origin of the merisem. Different explants appeared to possess different
degrees of dormancy due to gpicd dominance and merigem locaion (Hemphill et al.,
1998). Yet in another report, Gupta e al. (1997) dudied regeneration potentid of 3
explant types derived from in vitro grown seedlings of 8 cultivars of G. hirsutum and 2
cultivars of G. arboreum They could achieve induction of multiple shoots from shoot
goex dong with cotyledonary node with single cotyledon atached when cultured in a
medium containing BA.

These reports prompted us to optimize the medium and assess the regeneration
efficency of various explants with pre-exiting merisems derived from in vitro grown
seedlings (Hazra et al. 2000). In the present investigations, initidly combinations of BA
and NAA were teted with the cotyledonary node explant of only one cotton cultivar
(NHH-44). The optimized medium was then gpplied to five different explant types (shoot
tip, cotyledonary node, shoot apex, plit cotyledonary node and petiole bass) of five
cultivars (NHH-44, DCH-32, DHY-286, LRK-516 and LRA-5166) to induce mutiple
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shoots. The explants, which demondrated higher potentid, were then cultured on a
optimized medium in two types of vesds culture tubes or conicd flaks to further
optimize the induction of multiple shoots. In an earlier report, Agrawd et al., 1997 have
demondrated that higher number of multiple shoots can be obtained in cotton if explants
were excised from seedlings grown in bottles compared to those grown in tubes The
main objective of the present chapter is:

1 to devdop plat regengraion protocol from explants with preexiding
merigems derived from in vitro grown seedlings of five Indian cultivars of cotton.

92



4.2. Materials and methods
4.2.1. Plant materials

Seeds of five cotton cultivars NHH-44, DCH-32, DHY-286, LRA-5166, LRK-
516 were surface derilized and germinated on derile moistened filter paper as described
ealier in chapter 2.

4.2.2. Mediaand culture conditionsused in the resent investigations

Murashige and Skoog's (1962) <dts and vitamins (hereinafter refered as MS
basd medium) were usad in the present set of experiments. The types of phytohormones
and carbohydrate source used in different experiments are described in the reevant
sections. The pH of each medium was adjused to 56 - 58 before autodaving. The
medium was Solidified with 058 % agar. The cultures were incubated & 30 £ 2 °C under
16 h photoperiod having light aintensity 40 mE/nf/s.

4211 Effet of basal medium and charcoal on devdopment of seedlings from
germinated seeds.

To obtan the maximum number of seedlings deveopment from germinated
seeds three media conditions such as (1) Full drength MS basd medium, (2) hdf
grength MS basal medium and (3) MS basd medium with 025 % activated charcod
were tested. These media were supplemented with 2% sucrose and 058 % agar. The
experiment was conducted with five cultivars. The germinated seeds  (seeds with
emerged radides after 48 h of incubation in dark) were cultured in test tubes containing
20 ml of medium and incubated under conditions mentioned in section 4.22. The number
of seedlings developed under each trestment was recorded after seven days of incubetion.
The experiment was repeated thrice with 20 germinated seeds in each trestment.

4.2.3. Preparation of cotyledonary node explant

In the initid expeiments cotyledonary nodes from 21-d dd in vitro grown
seadlings of cultivar NHH-44 were used as explants. These explants were obtained by
removing roots, lower part of hypocotyl, cotyledons and gpica shoot from the seedlings.

424. Effet of various phytohormones on induction of shoot/s from cotyledonary
node explants

This initid experiment with cotyledonary node explants was caried out to assess
the morphogenetic response of various phytohormones. The explants were cultured in test
tubes containing 20 ml of MS basd medium supplemented with 2% sucrose, BA (0.1 —
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100 mg/l) or kingtin (0.1 — 10.0 mg/l) or zedtin (0.1 — 50 mgl) or combinations of BA
(L mgl) and NAA (01 — 05 mg/l). The cultures were incubated under conditions as
mentioned in section 4.2.2. After 3 weeks, these explants were then trandferred to fresh
media of smilar combinations and incubated for another 3 weeks to record the number of
shoots per responding explant.

425. Optimization of BA and NAA concentrations on induction of multiple shoots

from cotyledonary node (CN) explants
Influence of BA and NAA on the induction of multiple shoots from cotyledonary

node (CN) explants excised from 21-d old seedlings of NHH-44 was further sudied. The
explants were inoculated in culture tubes containing 20 ml of MS basd medium
supplemented with 2% sucrose and various combinations of BA (05 or 1.0 mg/l) and
NAA (0.05 — 03 mgl). Thee were incubated for 3 weeks under conditions mentioned in
section 4.22. After that, the explants were trandferred to basd medium contaning BA
(1.0 mg/l) and 2% sucrose for two passages of 3 weeks each. At the end, the number of
shoots per explant was recorded. The experiment was repeated thrice with 25 explants per
treatment. The effect of different media on induction of multiple shoots was compared in
a one-way andyss of variance (ANOVA). Results were subjected to Student's t test
(Sted and Torrie, 1980).
426. Effect of carbohydrate source on induction of multiple shoots from

cotyledonary node explants

In this experiment, cotyledonary nodes from 21-d old seedlings of cultivar NHH-
44, were cultured in test tubes containing 20 ml of induction medium (MS basd medium
containing NAA 02 mgl and BA 10 mgll) as optimized in the previous section. The
only vaiaion was tha the explants were inoculaed in two sats of media one with
sucrose 2% and another with glucose 3% as carbohydrate sources. After 3 weeks, the
explants from these two sets were separady tranderred to media (MS basd medium
with BA 1 mg/l) containing different carbohydrate sources like 2% sucrose or 3%
glucose or 3% fructose or 3 % mdtose separatdy for two subsequent passages (of 3
weeks each). The cultures were incubated under conditions mentioned in section 4.2.2.
After 6 weeks, the number of shoots developed per responding explant was recorded. The
experiment was repeated thrice with 20 explants per treetment. The data was andyzed for
the effect of carbohydrate source on induction of multiple shoots and was compared in a
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one-way andyss of variance (ANOVA). The results were subjected to the student's t
test.
427. Optimization of BA for induction of multiple shoots from cotyledonary node

explants

This experiment was caried out to optimize the BA concentration on induction of
multiple shoots from cotyledonary nodes. The explants from 21-d old seedlings of
cultivar NHH-44 were cultured in test tubes containing 20 ml of induction medium (MS
basd medium containing 2% sucross, BA 1.0 mgl and NAA 0.2 mg/ll) as optimized in
section 326 (and herendfter referred as MSL medium). Explants were cultured for 3
weeks under conditions mentioned in section 4.22. Futher these explants were
tranderred to media supplemented with 3% glucose (as optimized in section 4.26) and
five concentrations of BA (0.1, 0.5, 1.0, 1.5 and 20 mg/l) separately. At the end of two
passages (of 3 weeks each), the number of shoots developed per responding explant wes
scored.  The experiment was repeated thrice with 20 explants per treatment. The effect of
different BA concentrations on induction of multiple shoots was compared in a one-way
andyss of variance (ANOVA). Results were subjected to sudent’ s t test.

428. Effect of seedling age on induction of multiple shoots from cotyledonary node
explants

This experiment was caried out to sudy the influence of seedling age on the
induction of multiple shoots from cotyledonary node explants of cultivar NHH-44.
Explats were excised from 7, 15, 21 and 35-d old seedlings The cotyledonary nodes
from thexe different age seedlings were cultured in test tubes containing 20 ml of MSL
medium.  After incubation for 3 weeks under conditions mentioned in section 4.2.2, the
explants were trandferred to MS basd medium supplemented with BA (1.0 mg/l) and 3 %
glucose as optimized in previous section (and herenafter refered as MS2 medium). The
number of multiple shoots developed per responding explants was scored a the end of
two passages of 3 weeks each. The experiment was repested three times usng 20
explants per treatment. The effect of seedling age on induction of multiple shoots was
compared in a oneway andyss of vaiance (ANOVA). The results were compared usng
Student’ st test.
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4.29. Effect of explant type and cultivars on induction of multiple shootsin cotton

Five different explants, cotyledonary node (CN), shoot tip (ST), shoot apex (AX),
it cotyledonary node (SCN) and petiode base (PB) from 21-d dd in vitro grown
seedlings (Fig 41 A) were tested for their regeneration efficiency. To obtan these
explants, roots, lower pat of hypocotyl and cotyledons of the seedling were diminated.
The explants thus obtained condsted of an gpicd merigem (with or without first pair of
leaves) and a cotyledonary node plus 1-1.5 cm of the hypocotyl and were referred to as a
shoot tip (ST) explant. Shoot apex (AX) and cotyledonary node (CN) explants were
obtained by isolaing these two from the shoot tip. Cotyledonary node explants were
further dissected into two hadves longitudindly (SCN). Each of these two hadves
condgted of one axillay bud merigem and a portion of split dem. Petiole base (PB)
explat with a dngle cotyledonay node meigem was obtaned by scooping out the
meridem from the Sde of the gem, usng a fine surgicd blade Cotyledonary ledf,
timmed to /4 ™ of its origind Sze, was retaned (Fig 4.1 B). This experiment was
caried out with five cotton cultivars (NHH-44, DCH-32, DHY-286, LRA-5166 ad
LRK-516). The five explants were cultured in test tubes on MS1 medium. Thee were
incubated for 3 weeks under conditions mentioned in section 4.22. After that, the
explants were trandferred to MS2 medium and further incubated for two passages of 3
weeks each. At the end, the number of shoots formed per explant was recorded. The
experiment was repeated three times with 20-25 explants per treetment. The data was
subjected to atwoway Anayss of Variance (ANOVA) and Sudentt test.

4210. Hfect of the culture vessd on induction of multiple shoots from split
cotyledonary node and petiole base explants

The influence of culture vessel on induction of multiple shoots was assessed with
split cotyledonary nodes (SCN) and petiole base (PB) explats derived from 21-d dd in
vitro grown seedlings of five cotton cultivars (NHH-44, DCH-32, DHY-286, LRA-5166
and LRK-516). The explants were cultured in tet tubes containing MSL medium and
incubated under conditions mentioned in section 422 for 3 weeks  Theresfter, these
explants were divided into two groups. One group was transferred to test tubes and other
group to 250 ml cgpacity conicd flasks. These vessels contaned 20 and 50 ml of M2
medium respectively. Each culture vessd had only one explant. After 3 weeks, the
cultures were trandferred to fresh medium correspondingly in Smilar vessdsand
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Fig. 4.1
A. In vitro grown seedling (21-d old).

B. Different explant types excised from in vitro grown seedling: EST- Entire shoot tip
with the two cotyledons, ST- Shoot tip, CN- Cotyledonary node, AX- Shoot apex,
SCN- Split cotyledonary nodes, PB- petiole base.
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incubated for further 3 weeks. At the end, the number of shoots produced from eech
explant in two different culture vessds was scored.  The experiment weas repeated four
times with 20 explants per treatment. The effect of explant type, culture vessd and
cultivar on induction of multiple shoot was compared in a threeway Andyss of
Variance (ANOVA). The results were subjected to student’s t test.
4.2.11. Maintenance of shoot cultures

The dudes of shoots obtained in MS2 medium in 250 ml flasks were divided
into 2-3 smdler clugers usng a shap scapd and were trandferred to fresh medium in 250
ml flasks for further multiplication. The cultures were incubated under the same culture
conditions and were sub-cultured every 4 weeks for mantenance. To obtan dongaed
shoots, the cultures were incubated for 6 weeks.
4.2.12. Rooting of in vitro shoots

Elongated shoots (45 cm long) were isolaied from the clusters developed in the
medium in flaks and were trandferred individudly to MS basd medium supplemented
with 2 % sucrose and 0.58 % agar for rooting (Table 4.10). The data of rooting frequency
was recorded after 4 weeks of incubation under conditions mertioned in section 4.2.2.
4.2.13. Hardening of plantlets

Fifty rooted shoots (10 rooted shoots of esch cultivar) were transferred to earthen
pots (8 cm) containing a mixture of sand:soil (1:1) and kept under greenhouse conditions.
Hardening of the rooted shoots was done as described in chepter 2, section 2.10. Forty
plants were transferred to the field after 3-4 weeks of hardening in greenhouse.
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4.3. Results and Discussion

Results on development of seedlings from germinated seeds in five cultivars of
cotton used in the present sudy; a protocol for clond propagatiion usng explants with
pre-exiging merigems of in vitro grown seedling; results on induction of multiple shoots
from cotyledonary nodes explants following sep by sep dandardization of vaious
paanees like phytohormones (combinations of BA and NAA; vaious concentrations
of BA done), source of cabohydrate, age of the explant have been described in this
chapter. Also results on gpplication of optimized media with cotyledonary node explants
to five different types of explants from in vitro grown seedlings of five cultivars and the
influence of culture vesHs (i.e culture tubes and flasks) on induction of multiple shoots
in the best responding explants (split cotyledonay node and petiole bese) were dso
described in this chapter.
431 Effect of basal medium and charcoal on devdopment of seedlings from

germinated seeds

Murashige and Skoog's (MS) basd medium was chosen in the present Sudy to
obtain seedlings from the germinated seeds on the bads of earlier reports on cotton (Bgg
and Gill 1986; Goud et al. 1991; Hemphill et al. 1998). Among the three basd media
teted, the maximum number of seedling's development occurred in full drength MS
basd medium in dl the five cotton cultivars. (Teble 4.1). The highest percentage was
recorded in cultivar NHH-44 (917 %) followed by DCH-32 (88.3 %), DHY-286 (83.3
%), LRK-516 (81.3 %) and LRA-5166 (80.3 %). In an earlier report, Kumar et al. (1998)
obtained seedling devedopment from germinated seeds by culturing on hdf drength MS
basd medium, however they found it necessay to remove the seed coa to diminate
fungad spores. In the present study, we could get aseptic seedlings without removing the
seed coat but by the stringent surface sterilization procedure as described in chapter 3.
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Table 4.1: Effect of basal medium on devdopment of seedlings from germinated

Seeds.
Seedling development (%)
Cultivars
MS ¥.MS MS+ 025 %
Char

DCH-32 883+29 750+£5.0 76.7+29
DHY-286 833+7.6 550+ 5.0 750+£5.0
LRA-5166 800+8.7 610+ 7.6 650+ 5.0
LRK-516 8L7+76 600+ 5.0 71.7+58
NHH-44 91.7+29 683+ 7.6 733+ 7.6

Data recorded after one week of incubation.
Average of 3 batches with twenty germinated seeds per treatment.

432. Effet of various phytohormones on induction of shoot/s from cotyledonary

node explants

In this initid experiment, cotyledonary node explants of cultivar NHH-44
exhibited varied morphogendtic response when cultured in MS medium  supplemented
with various concentrations of BA, kindin, zedin and combinations of BA and NAA
(Table 4.2). Of dl the hormond trestments tested, the maximum number of shoots (4-5
shoots) per responding explant was obtained with BA (1.0 mgl) and NAA (0.2 mgl/l).
The response varied depending upon the concentration of NAA in the medium aong with
BA. NAA a (0.1 mgl) and (05 mg/l) resulted in not only lower number of shoots but
percentage of response was dso lower (625 and 57.5 respectively). Incorporation of BA
done in the medium aso resulted in varied response. BA (35 mg/l) induced shoots (2-3
per responding explant).  Kinetin and zedtin & lower leves supported only 1-2 shoots per
responding explant and did not induce multiple shoots (Table 4.2).

Thee ae severd reports avaldble on induction of multiple shoots on
incorporation of BA and NAA in the medium. Shama et al. (1993) reported induction of
multiple shoots in nodd ssgments of Gentiana kurroo on MS medium supplemented with
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a combingtion of BA and NAA. In another report, axillary buds of Asphalathus linearis
multiplied to form dense dumps of shoots in a medium formulation consging of BA and
NAA (LeRoux et al., 1992).

Table 420 Effect of various phytohormones on induction of <choot/s from
cotyledonary node explants derived from in vitro grown seedlings of

cotton cultivar NHH-44.

Phytohormones conc. Explant
(mg/l) response (%) Nature of response
00 90.0 1-2 dongated shoots
05 75.0 1-2 dongated shoots
BA 10 875 2-3 elongated shoots
30 70.0 2-3 dongated shoots
50 325 2-3 dunted shoots
10.0 125 1-2 stunted shoots
05 825 1-2 dongated shoots
10 75.0 1-2 dongated shoots
Kingin 20 80.0 1-2 stunted shoots
50 67.5 1-2 stunted shoots
10.0 125 One dongated shoot
01 62.5 1-2 dongated shoots
Zedtin 05 525 1-2 dongated shoots
10 45.0 One stunted shoot
50 250 One stunted shoot
10+01 62.5 2-3 dongated shoots
BA + NAA 10+02 80 45 dongated shoots
10+05 57.5 2-3 dongated shoots

Data scored after 6 weeks of incubation.
The experiments were repested twice with twenty explants per trestment.
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433. Optimization of BA and NAA concentrations (MSL medium) for induction of
multiple shoots from cotyledonary node (CN) explants

From the previous initid experiment, it was cdear that combingions of BA and
NAA induced maximum number of multiple shoots from cotyledonay node explants.
Therefore in the present invedtigations, concentretions of these two phytohormones were
further optimized.

All the seven combinations of BA and NAA tesed were efective in inducing
multiple shoots from cotyledonary node explants of cultivar NHH-44. The percentage of
response varied (20 - 80 %) depending upon the concentrations of BA and NAA in the
medum (Table 4.3). Multiple shoot formation was not observed from any of the explants
after firg incubation for 3 weeks In a prdiminay sudy, it was observed that BA
supported the norma growth of shoots of cotton. Therefore, in the subsequent passages
dl cotyledonary node explants were transferred to the basd medium containing BA (1.0
mg/l). Multiple shoots were induced in some of the explants during the second passage
on this medium and the number of shoots developed from each of these explants ranged
from 2-6 (Fig. 4.2). In the second passage, the merigtimatic region sweled and
developed into a dond sector. (Fg. 43 A-B) From this sector, prolific multiple shoots
emerged in the subsequent passages (Fig. 43 C). The maximum shoot multiples were
obsarved in explants inoculated on the medium containing BA (1.0 mg/l) and NAA (0.2
mg/l), folowed by 2 passages in the medium contaning BA (1.0 mgl) done On this
media sequence, explants (80%) induced on an average 6 shoots per responding explant
(Table 4.3). Further multiplicstion and eongation of shoots in subsegquent passages was
obtained in the medum with BA (L0 mgl) done Multiple shoot formation was
sgnificantly higher in this media sequence compared to the others (Table 4.3. The
dimuatory effect of BA on induction of multiple shoots from cotyledonary nodes has
ealier been reported for cotton (Gupta et al. 1997), Glycine (Cheng et al. 1980), Pisum
(Jackson and Hobbs 1990) and Phaseolus (McClean and Grafton 1989). Hemplill et al.
(1998) have ds0 reported the use of BA for induction of multiple shoots from pre
exiding merigems of primary and secondary leeaf nodes and cotyledonary nodes of
cotton.
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Fig.4.2

Effect of BA ad NAA concentrations on induction of multiple shoots from
cotyledonary node (CN) explants of 21-d od in vitro grown seedlings of cotton
cultivar NHH-44.
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Fig.4.2
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Fig.4.3
A. - B. Formation of clond sector in the cotyledonary node explants on BA (1 mg/l).
C. Prdific multiple shoots emerging from cotyledonary node explants on BA (1
mgl).
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Table 43. Optimization of medium (MS1) for induction of multiple shoots from
cotyledonary node explants of cotton cultivar NHH-44.

BA (mg/l) NAA (mgl) Explant response* Avg. No. of shoats/
(%) regponding explant £ sd*
0.5 0.05 58.7 2509
05 01 50.7 32+10
05 02 60.0 2749
10 0.05 533 31+10
10 01 61.3 38+11
10 02 80.0 6.0 £1.2*
10 03 20.0 2307

* Average of 3 batches of each with 25 explants per trestment.
*Data scored after two passages (3 weeks eech) on MS + BA (1.0 mg/l)
**Daa Sgnificant a p £ 0.01

434. Effet of carbohydrate source on induction of multiple shoots from

cotyledonary node explants

Reaults on the influence of carbohydraie source on induction of multiple shoots
are summarized in Table 4.4. Induction of multiple shoots and the percentege of
responding explants varied among the various carbohydrate sources (sucrose, glucose,
fructose or mdtose) tested in the sequence of two media (MS basd medium + BA 1.0
mg/l + NAA 02 mg/l for an initid culture of 3 weeks and theregfter MS basd medium +
BA 10 mg/l for sscond and third passsge of 3 weeks each) (Fig. 44 A-B). The
observations like explant response and number of shoots per explant were recorded a the
end of third passage The maximum percentage of cotyledonary node explants responded
(883 %) and induced multiple shoots (5.85 + 0.10) with sucrose as a carbohydrate source
in initid culture medium (MS basd + BA 1.0 mgl + NAA 0.2 mg/l) and with glucose in
the second and third passage media (MS bas medium + BA 1.0 mg/l). When sucrose
was used as carbohydrate source in both media, explants (75%) developed on an average
4,02 + 0.08 shoots. The number of shoots per responding explant decreased t0 2.82 + 0.21
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Fig. 4.4
A. Effect of carbon source on induction of multiple shoots Trander of explants on

MSL medium with 2% sucrose to MS2 medium containing (@) 3% glucose, (b)

2% sucrose, (€) 3% fructose and (d) 3% maltose respectively.
B. Effect of cabon source on induction of multiple shoots. Trandfer of explants on

MS1 medium with 3% glucose to MS2 medium containing (8 3% glucose, (b)
2% sucrose, (€) 3% fructose and (d) 3% matose respectively.
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with glucose as cabohydrate source in both the media Use of other carbohydrate
sources such as fructose or mdtose in second and third passages did not increese the
number of shoots per explant and was not beneficid (Table 4.4).

In conformity to our results, in mgority of the published reports on cotton, ether
sucrose (15 — 2 gll) or glucose (15 — 3 g/l) has been usad as a carbohydrate source for
induction of shoots from explants derived from seeds or seedlings (Agrawd et al 1997,
Hemphill et al 1998 Guptaet al 1998, Gould et al. 1991; Zapata et al. 1999).

Table 44: Effet of carbohydrate source on induction of multiple shoots from
cotyledonary nodes of cotton cultivar NHH-44.

Carbohydrate Carbohydrate Explant Avg. No of shoats per
source inMSL sourcein M2 response (% )* responding explant £
medium medium (for 2% & i
3¢ passage)

Sucrose Glucose 833+ 289 585 +0.10
Sucrose Sucrose 750+ 0.0 402 £0.08
Sucrose Fructose 683+ 289 273+003
Sucrose Madtose 550+ 8.66 241 +0.16
Glucose Glucose 850+ 5.00 282 +021
Glucose Sucrose 633+ 289 292 £015
Glucose Fructose 633+5.8 256 1012
Glucose Madtose 56.7+ 7.4 211+£023

* Average of 3 batches each with 20 explants per trestment + sd.
*Data scored after 9 weeks [3 weeks on MSL1 and 2 passages of 3 weeks each on MS with
BA (1.0 mg/)].

435. Optimization of BA (in M medium) for induction of multiple shoots from
cotyledonary node explants
After the dandardization of the carbohydrate source, further experiments were
caried out to optimize the concentration of BA in MS2 medium used in second and third
passages. The response in cotyledonary node explants varied depending upon the BA
concentrations in the medium. Different concentrations of BA (0.1 to 20 mg/l) induced
shootsinrangeof 1-6 (Fig. 4.5 a - €). The maximum number of shoots (6.44) were
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Fig.45

a — e Effect of different concentrations of BA (0.1 to 20 mg/l) in MS2 medium on
induction of multiple choots from ootyledonay node explants. BA
concentrations, a=0.1,b=05,c=10,d=15and e=20mg/.
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dbtained in medium containing BA (1.0 mg/l). Concentretion of BA (0.1) was the lesst
effective and induced only 25 shoots per explant. The percentage of response dso varied
depending upon the BA concentration in the medium. The maximum percentege of
response (90%) was achieved on BA (0.1 mgl) and the minimum (56.7%) in medium
without BA (controls) (Table 4.5). Thus from the present experiment, it can be conduded
thaa BA (1.0 mg/l) is the optimum concentration for second and third passages. The
regenerated shoots Smultaneoudy e ongated in the same medium.

Thus, under the present set of conditions tested, the sequence of media for
induction of the optimum number of multiple shoots from cotyledonary node explants
(excised from 21-d od in vitro grown seadlings of cultivar NHH-44) is as folows (1)
MSI1= MS basa + BA (1.0 mg/l) + NAA (0.2 mg/l) + 2 % sucrose for an initid culture of
3 weeks and theresfter (2) M = MS basd + BA (1.0 mg/l) + 3 % glucose for second
and third passage of 3 weeks each.

Table 45 Effect of BA on induction of multiple shoots from cotyledonary nodes of
21-day old seedlings of catton cultivar NHH-44.

BA (mg/l) Explant reponse* (%) Avg. No of shoots + sd *
00 56.7 1.38°+ 05
01 90.0 253"+ 073
05 80.0 333°+ 081
10 817 6.44° + 1.02
15 773 436°+ 106
20 583 308°+ 1.18

* Average of 3 batches each with 20 explants per trestment.

*Data scored after 9 weeks [3 weeks on MS1 medium and 2 passages of 3 weeks each on
medium with BA (1.0 mg/l) + 3% glucose ]

Means followed by smilar superscript do not differ Sgnificantly.

436. Effect of seedling age on induction of multiple shoots from cotyledonary node
explants
The am of this expeiment was to optimize the seedling age for induction of

multiple doots from cotyledonary node explants of cultivar NHH-44. By usdng the
optimized media sequence as described in section 4.35, the number of multiple shoots
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and the percentage of response varied depending upon the seedling age (Table 4.6).
Among the 7-d, 15-d, 21-d and 35d old seedlings (Fig. 46 A, a - d), the axillary buds in
cotyledonary node explants (Fig. 4.6 B, a - d) remained dormant and did not sprout under
control conditions  The maximum number of shoots (6.4) per responding explant and the
maximum percentage of response (90%) was achieved with 21-d old seedliings The
percentage of response was found to be the lowest (65%) in the explants taken from #d
old seedlings which induced only 2.82 shoots per explant (Table 4.6) (Fig. 4.6 C, a- d).

In a dmilar type of sudy, Agrawd et al. 1997 had demondraed the variation in
response with different seedling age in ther sudy on cotton cultivar LRK-516. They
achieved the maximum number of shoots (4.5 per cotyledonary node explant) derived
from 35-d old seedling on culture of explants on MS basd medium supplemented with
BA and kingtin (25 mg/l each). Smilaly, Gupta et al. (1997) have reported that the
number of shoots per responding explant increased with the age of seedling (5 - 10-d od
seadlings).

Table 46. Effect of age of seedling on multiple shoot induction from cotyledonary
node of cotton cultivar NHH-44.

Seading age Explantsresponded (%)* Avg. No. of shoots+
7 days 65.0 287 +0.7
15 days 76.7 391 £1.0
21 days 90.0 638 +1.2
35 days 85.0 369 £1.0

* Average of 3 batches each with 20 explants per treatment.

*Data scored after 9 weeks (3 weeks on MS1 medium and 2 passages of 3 weeks each on
MS 2 medium)

Means followed by smilar superscript do not differ sgnificantly.
4.3.7. Effect of explant type and cultivars on induction of multiple shootsin cotton

Media ssquence and seedling age optimized in previous sections were gpplied to
five dfferent explant types from five different cotton cultivars. Results of this eaborate
experiment have been given in Table 4.7 and 48 In the present study, wide variations
were noted in the shoot morphogendic response among differet explants from five
cultivars, nine weeks after initiation of cultures from the seedling explants. InNHH-44,
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Fig.4.6

A. In vitro grown seedlings. (a) 7-d dd, (b) 15-d dld, (c) 21-d old and (d)35-ddld.

B. Cotyledonary node explants excised from (8) 7-d dd, (b) 15-d dd, (c) 21-d dd and
(d) 35-ddd in vitro grown seedlings.

C. Induction of multiple shoots from cotyledonary node explants excised from (a) 7-
dadd, (b) 15-d dd, (c) 21-d old and (d) 35-d old in vitro grown seedlings
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DCH-32, DHY-286, and LRA-5166, the cotyledonary node explants were more
responsve compared to the other explants, in which responses were varied. There was no
ggnificant difference in percentage of response in dl explants of LRK-516 (Table 4.7).
In a separate sudy, Gupta et al. (1997), compared the morphogenetic response in eght
cultivars of G. hirsutum and two of G. arboreum and found cultivar related differences in
the number of shoots proliferated.

Within a cultivar, the efidency of induction of multiple shoots varied with the
explants. The shoot apex (AX) explants (0508 cm) gave rise to sngle shoots or
multiple shoots. However, on dose examination, multiple shoot formation in AX cultures
was found to arise from the axils of the newly formed true leef primordia, giving the
gopearance of multiple shoots. In DCH-32, AX explants (86.17 %) responded, producing
on average 34 shoots in each responding explant (Table 4.8). The number of shoots
produced in AX explants of the other cultivarswas compardively less

On compaison of data on multiple shoot induction from cotyledonary node
explants (CN) and shoat tip explants (ST) in five cultivarss CN explants produced 3-8
shoots per responding explant compared to ST which produced lower number of shoots
(37 shoots) (Table 4.8). The low regeneration response in ST could be due to apicd
dominance as reported earlier by Hemphill et al., 1998, Jackson and Hobbs 1990.
Longitudindly ~ split cotyledonary nodes (SCN) exhibited increesed morphogenetic
activity compared to intact cotyledonary node (CN). The split cotyledonary nodes (SCN)
having a sngle merigem produced as many as 47 shoots par explant (Table 4.8),
compared to 4-8 shoots per intact cotyledonary node explants having a pair of merigenrs.
This indicates that the potentid of esch axillay merigem in the cotyledonay node
explant (CN) is be somewhat suppressed.

Like split cotyledonary node (SCN) explants, the petiole base (PB) explant bears
a dngle merigem but indudes a smdler pat of hypocotyl and 1/4th of the cotyledonary
leaf. PB explant induced a large number of multiple shoots smilar to SCN (Table 4.8). It
was obsarved that the PB explant devoid of the cotyledonary lesf did not induce multiple
shoots and turned brown. The morphogenetic response of the PB explant could be due to
the supportive role of cotyledonary leef (1/4th pat) or due to dimingtion of the negative
influence of the counterpat merigem. In a smila dudy, Gupta e al., 1997 have
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demondrated the supportive role of atached cotyledon in producng multiple shoots in
cotyledonary node explants of cotton.

Cdculated F vaues for five explants (E) and five cultivars (C) were sgnificant at
p £ 001 levd, indicaing cultivar and explant rdated differences in the morphogenetic
response (ANOVA tablesof Table 4.7 and 4.8).

Table 4.7: Effect of explant type and cultivars on induction of multiple shoots in

cotton (% of explant response).

Explants Explant response (%)*
Varigty ® NHH-44 DCH-32 DHY-286 LRA5166 | LRK-516
AX 547+61L | 862+61F | 733+6.P 520+69 | 787+6.1°
(79 (79) (79 (75) (79
ST 663+6L | 720+40 | 787+61° | 733+125° 720+
(75) (75) (65) (79) 10.6'(75)
N W5+4.2 | B8+2F | 867+6F | 8376 | 756+8F
(55) (80) (60) (60 (70)
LN 550+ 132 | 650+87 | 633+29° | 6L7+202° | 800+89
(60) (60) (60) (60) (60)
PR 767+76 | 80+57 | 783+76° 700+50 | 783+7.6
(60) (60) (60) (60) (60)

AX = dhoot goex, ST = choat tip, CN = cotyledonary node, SCN = Slit cotyledonary
node, PB = petiole base explant.
*Data scored after 9 weeks (3 weeks on MS1L medium and 2 passages of 3 weeks each on
on MS 2 medium).
Number in parenthess indicates number of explants cultured.

Means followed by the same superscripts within a column do not differ sgnificantly a p £
005.

ANOVA Table.

Source df SS MSS |Fvaue FTab5% | FTab1%

Totd 74 1289990 174.32 0.45

Treat 24 9321.87 38341 543 166* 204 * *
E 4 1847.6 461.89 6.45 253* 3.65+ *
G 4 4209.1 1052.36 14.70 237 * 3H**

ExG 16 3265.2 204.08 285 175* 220* *

Error 50 357803 7156

* Sgnificant a p £ 0.05** Sgnificant et p £ 0.01
E - Explant G - Cultivar
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Table4.8: Effect of explant type and cultivarson induction of multiple shootsin cotton
(Avg. No. of shoots/ responding explant).

Explants Avg. No. of shoots/ responding explant*

Variey ® NHH-44 DCH32 | DHY-286 | LRAG5166 | LRK-56
AX 19+10° | 34+10 | 24+09° | 17:x08 | 22:09
ST 40+20 | 6715 | 44z14 | 29+11° | 3117
CN 61:20° | 76+28 | 35:12° | 60:16 | 48:+13
SCN 6015 | 59+17 | 37+13 | 65:17 | 65:17

(12.0) (11.8) (7.4) (12.9) (13.1)
PB 57:13 | 66217 | 32+10° | 87:24 | 62:14
(11.4) (136) (6.4) (17.4) (12.3)

AX = dhoot guex, ST = shoat tip, CN = cotyledonary node, SCN = slit cotyledonary
node, PB = petiole base explant.

*Data scored after 9 weeks (3 weeks on MS1 medium and 2 passages of 3 weeks each on
on MS 2 medium).

(Processed data, to express the potential of 2 nodes originally present in seedling.)

Means followed by the same superscripts within a column do not differ Sgnificantly a p £
0.05.

ANOVA Table

Source df SS MSS F F-Tab%% | FTab1%

Totd 74 33751 456 040

Treat 24 270.39 127 8.39 15 * | 19 **
E 4 5328 1332 9.92 252 * 365 **
G 4 145.11 36.28 2703 237 * 334 **

ExG 16 7200 450 335 168 * | 22 **

Error 50 6712 134

* Sgnificant at p £ 0.05 ** Sgnificant at p £ 0.01
E - Explat G - Cultiver



428 Effect of the culture vessd on induction of multiple shoots from split

cotyledonary node (SCN) and petiole base (PB) explants

From the previous experiment, it was clear that among the five explant types
it cotyledonary node (SCN) and petiole base (PB) are the best explants for induction of
multiple shoots Thus further experiments on the effect of culture vessd on induction of
multiple shoots was caried out with these two explant types A maked difference was
observed in the number of multiple shoots produced from SCN and PB explants when
cultured in two different culture vessds (test tubes and conicd flasks), keeping the media
compogtions and incubation conditions unchenged  (Table 4.9). lrrespective of the
cultivars, explants in conicd flasks produced higher number of multiple shoots compared
to test tubes (Fig. 4.7 A & B. The differences in these two vessdls were in the shape,
volume and quantity of medium. The maximum number of shoots (19.7) were observed
in the SCN explants of the cultivar LRK-516 when cultured in flasks. The lowest number
of shoots (3.2) were observed in the PB explants of the cultivar DHY-286 when cultured
in test tubes (Table 4.9). The cdculated F vadue confirms the differences in the induction
of multiple shoots irrespective of the cultivars and the two explants. Pogtive influence of
larger culture vessel on induction of higher number of multiple shoots and their better
growth in cotton (Agrawd et al., 1997) and five woody species (Mc Cldland and Smith,
1990) has earlier been reported.
4.3.9. Maintenance of shoot cultures

During the incubation period of 6 weeks on M2 medium, new shoot buds
gopeared from the base of the duder of shoots in addition to Smultaneous dongation of
shoots (Fg. 4.8). As many as 7-8 shoots eongated a a time to a height of 6-8 cm in the
cultures grown in 250 ml capacity conicd flak. These dongated shoots were used for in
vitro rooting experiments.



Fig. 4.7
Effect of culture vessd on induction of multiple doots in split cotyledonary node

explat (A) explant cultured in tube (B) explant cultured in 250 ml capacity conicd
flasks.






Fig.4.8
Shoot culturesin flask.
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Fig,4.8




Table 49: Effect of culture vessd on induction of multiple shoots from split

cotyledonary node (SCN) and petiole base (PB) explants.

Explant type - PB Explant type -SCN

Cultivar Avg. No. of shoats/ Avg. No. of shoots/

responding explant* responding exdant*

Tubes Flasks** Tubes Flasks*

NHH-44 57+12 126+33 60+15 137+3.6
DCH-32 66+ 17 135+36 59+17 104+19
DHY-286 32+10 69+ 11 38+12 70+16
LRA-5166 63+21 144+41 69+19 179 +4.7
LRK-516 6.2+ 16 130+£30 65+19 197+4.6

* Average of 4 batches each with 20 explants per trestment + d.

*Data scored after 9 weeks (3 weeks on MS1L medium and 2 passages of 3 weeks each on
on MS 2 medium)
** Sgnificant a p £ 0.01

ANOVA Table
Source Df SS MSS F-Ca FTadle
Replicates 3 61741 205.80 0.65 274 Ns
Cultiver 4 2571 514.25 162 2.35 Ns
Explant 1 432 432.99 137 398 Ns
Vessel 1 2793 2793 882 398 *k
CxE 5 1845 369.03 117 235 Ns
CxV 5 2013 402.63 127 2.35 Ns
ExV 1 474 47490 150 398 Ns
CxExV 5 1658 33173 105 235 Ns
Error 69 21853 316.71
Tota 95 34260 360.63
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4.39. Roating of in vitro shoots

Initigtion of roots on the dongated shoots occurred after 8-10 days of incubaion
on MS basd medium Eg. 49 A). Rooting percentages (69.8 - 93.8 %) varied among the
various cultivars tested. Secondary roots with prolific branching gppeared after another 2-
3 weeks The maximum percentage of rooting (93.8 %) was obsarved in cultivar DCH-32
followed by DHY-286 (90.1 %), LRK-516 (79.8 %), LRA-5166 (783 %) and NHH-44
(69.8 %) (Table 4.10).

Table 4.10: Percentage of rooting of shoots

Cultivar No. of shootstested No. of shoots rooted % of shoots rooted +
for rooting sd

NHH-44 36 25 698+ 3.0

DCH-32 78 72 938+5.8

DHY-285 56 51 01t 146

LRA-5166 48 38 783+ 7.7

LRK-516 57 45 798+ 7.1

Data scored after 20 days on MS medium devoid of phytohormones.

4.3.10 Hardening and survival of plantlets

Out of the fifty rooted shoots (10 rooted shoots of eech cultivar) transferred to
eathen pots containing sand:soil (1:1) under greenhouse conditions, 90 % survived after
2 months (Fg. 49 B). On trander to fidd, normd boll formation was obsarved in dl
plants after 34 months (Fg. 49 C). Smilar to our ealier report (Agrawad et al., 1997),
there were no condraints to the surviva of tissue culture raised cotton plants in soil.
(Schematic representation of regeneration from explants derived from pre-existing
meristems of in vitro grown seedlings in the following pageQ).



Fig. 4.9

A. In vitro rooted shoot.

B. Hardened tissue culture plant in pot.
C. Mature tissue culture plant in fied.
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4.4. Conclusion

In the present chapter, a Smple and efficient method for cdond propagetion usng
explants with preexising merigems derived from in vitro grown seedings of five Indian
cotton cultivars was dandardized. The results obtained suggest that the optimized
sequence of two media i.e MSL (MS basd medium + BA 1.0 mgl + NAA 02 mgl +
ucrose 2%) for the initid culture of 3 weeks followed by M2 (MS basd medium + BA
1.0 mg/l + glucose 3%) for the second and third passages (of 3 weeks each) were the best
for the induction of multiple shoots from cotyledonary node explants derived from in
vitro grown seedlings of cotton cultivar NHH-44. The response varied with the age of the
seedling. The best response from the cotyledonay nodes was observed when the
explants were exdsed from  21-d od seedings Among the different explants and
cultivars tested, the morphogendtic response varied greatly with both cultivar and explant
types. The increased morphogenetic response from split cotyledbnary nodes compared to
the intact ones is intriguing. Out of the five explant types tested, the best shoot
multiplication rate was obsarved with split cotyledonary node and petiole base explants in
dl the five cultivars The type of culture vessd dso influenced the induction of multiple
shoots in the two explant types teted. The larger culture vessd with more medium
favored more number of shoots compared to test tubes in dl the five cultivars Like
previous sudies, there were no condrants to the herdening of tissue culture raised cotton
plants and their survivd in soil.

In nutshdl, the ability to multiply, dongate and maintain the shoot cultures on a
sequence of two media makes this protocol a more degant two step method for clond
propagetion of cotton usng explants with pre-exiging merisgems. Due to an efficient
multiplication rate and high frequency rooting, this method may find its gpplicaion in
rapid propagation of mae gerile hybrid lines of cotton.
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Chapter 5

Clonal propagation using nodal segments from
field-grown plants




5.1 Introduction

Use of explants (with pre-exising meristems) obtained from field grown plants is an
aternate approach for clond propagation of cotton plants. The agpical meristems present in the
main or laterd shoots are less differentiasted and geneticaly more stable than those of other
meature tissues. Thus, the plants regenerated from such meristems exhibit greater genetic stability
(Kartha, 1984). The shoot meristemn Stuated at the tip of the shoot is a dome of totipotent cells
and is a center of activity for various developmenta programs in the life of higher plants. The
firg successful meristemn culture and plant formation was achieved in Nasturtium (Tropaeolium
manjus) (Bal, 1946). Mored and Martin (1952, 1955) were first to postulate the hypothess
that it might be possible to obtain virus-free plants by culturing the isolated meristems. Their
hypothesis was based on the sgnificant observations of Limmaset and Cornuet (1949) that
viruses are not uniformly digtributed in a plant and is often absent or not detectable in the apicd
meristem. The use of merigem for rgpid clond propagation was described by Mord with
multiple protocorm formation in Cymbidium (Mord, 1960). The meristem culture is viewed as
acommercialy viable technology for mass propagation of numerous crop plants.

The dgnificance of clond propagation of mature plant lies in its use for rgpid
propagation of identified and/or genetically transformed cotton plants. Kaur et. al. 1998
obtained alarge number of true to type plants tleng nodal segments of sdected ‘dite’ Khair tree
(Acacia catechu Willd.). Smilarly, geneticdly uniform plants were obtained from nodd
segments of mulbery Morus Spp.) (Pattnaik and Chand, 1997) and a woody ornamental,
fraser photinia (Photinia x fraseri) (Ramirez-Maagon et. al., 1997).

There is only one report (Bgjg and Gill, 1986) on clond propagation of cotton using
explants from field grown plants. They used excised merisems (1 mm) and shoot tips (1 cm) of
G.arboreum, G. hirsutum and three embryo-derived inter- Specific hybrids. The response in
culture was found to be genotype dependent and the degree of success varied from 22 —72 %
depending on the genotype.

The morphology of cotton plant is rather complex because of its indeterminate growth
habit. Repested efforts by researchers over the years have yielded a grest ded of literature on
the anatomy and morphology of cultivated cottons (Mauney, 1984). In a growing cotton plant,
there are three types of leaves cotyledons, prophylls, and true leaves The prophyll is
inconspicuous and not ordinarily observed. An axillary meristem developsin the axil of each leef
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of the branch. Thisis true of a prophyll as wel as the true leaves. There is no internode below
the prophyll. Therefore the axillary bud of the prophyll ssemsto liein the axil of the main leef on
the sem. Mauney and Bal (1959) have identified the main stem legf axillary bud as the first
axillary bud and the axillary of its prophyll the second axillary (Mauney, 1984). The prophyll
axillary bud is aso cdled “extra axillary bud’ or the “accessory bud’ (Mauney, 1984). We
have used the same terminology in the present chapter. These accessory buds in ther
devdopmentd stages are smilar to that of the axillay merigem. These merigtens remain
dormant unless forced to elongate by pruning the branches. It is presumed (Mauney, 1984) that
a plant which was forced by pruning to form new branches could develop an indefinite number
of axillaries in vivo. Therefore, the objective of the present investigations was to induce in vitro
multiple shoots by pruning of the primary shoot. There are no reports on clona propagation of
cotton with the axillary meristem or “extra axillary buds’. In this chapter we have described the
protocol of plant regeneration from the accessory buds/extra axillary bud present in the axil of
noda segments of mature field grown cotton plants of cultivar DCH-32 and NHH-44. The
influence of the culture vessd on induction of multiple shoots was aso sudied.
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5.2. Material and M ethods

5.2.1. Plant material

Noda segments of two cotton cultivars DCH-32 and NHH-44 grown in the campus
field were used as explants for the present study.
5.2.1.1. Explant preparation

Twigs 18 - 24 cm in length were collected from the fidd-grown plants of cultivars
DCH-32 and NHH-44 after flowering. Twigs were defoliated and washed thoroughly under
running tap water for 2 h to wash off leaching phenolics. The noda segments of approximately
2.5 cm each were isolated and used as explants.
5.2.1.2. Surface sterilization of the nodal segments

The noda segments were washed with 1 % (v/v) liquid detergent (Labolened,
Qudigens, Indi@) for 5 min. The explants were dipped in 1 % (w/v) solution of fungicide
(BaviginO, BASF, India) for 15 min with intermittent shaking. These were again washed
thoroughly in running tap water and treated for 10 min with 10 % (v/v) solution of SaviorD,
(NR Jet enterprises, India), a commercia disnfectant containing chlorhexidine gluconate 1.5%
(Viv) and cetrimide 3% (w/v). Traces of Savlon were removed by 2 - 3 rinses with double
digtilled water. The explants were then surface-gterilized with 0.1 % (w/v) mercuric chloride
(Qudigens, India) solution for 10 min and washed repeatedly with sterile water in aseptic
conditions to remove the traces of mercuric chloride. The explants were transferred asepticaly
to 250 ml flasks containing 0.25 % (wi/v) activated charcod in 50 ml of sterile double distilled
water and were trested for 3 h with intermittent shaking. This was followed by a mild surface
Sexilization with 0.1 % (w/v) mercuric chloride solution for 5 min.  Traces of mercuric chloride
were diminated by repested washing of the explants with sterile water and were spread on
dexile filter papersin the laminar hood for 15 min to diminate the surface moisture.
5.2.2. Culturemedium and incubation conditions

Murashige and Skoog's (MS) medium containing minera sdts and vitamins (Murashige
and Skoog, 1962) was used as the basal medium (hereinafter referred as MS basa medium).
Phytohormones supplemented in the media have been described in the respective sections. All
the media were supplemented with 2% sucrose and gdlled with 0.65 % agar. The pH of dl the
media was adjusted to 5.8 before autoclaving. The cultures wereincubated at 30 + 2 °C witha
16 h photoperiod under cool fluorescent light of intengity 40 nE m2s?.
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5.2.3. Effect of basal medium on sprouting response of the nodal segments

Initidly, this experiment was carried out with only one cultivar DCH- 32 to evaluate the
sprouting response. Isolated noda segments were cultured in four media compositions: (1) Full
drength of MS sdts + vitamins (2) Haf strength of MS sdlts + vitamins (3) Full strength of MS
+ B5 vitamins and (4) Haf strength of MS sdlts + B5 vitaminsin test tubes (150 x 25 mm). The
cultures were incubated for 3 weeks under conditions mentioned in section 5.2.2. After 3
weeks, the explants were transferred to fresh medium of smilar compositions and incubated for
another 3 weeks. At the end, the number of explants showing sprouting was scored. The
experiment was repeated twice with twenty noda segments for each treatment.

5.2.4. Effect of phytohor mones on mor phogenetic response of nodal segments

Inapreiminary set of experiments, two phytohormones (BA and kinetin) were tested to
asess the morphogenetic response of the nodal segments of cultivar DCH-32. The explants
were cultured in MS basd medium supplemented with BA (0.5 — 10 mg/l) or kinetin (0.5 — 10
mg/l). After 3 weeks of incubation under conditions mentioned under section 5.2.2, the explants
were trandferred to fresh medium of similar combinations and further incubated for 3 weeks. At
the end, observations on the morphogenetic response of cultures were recorded. The
experiment was repeated twice with twenty explants for each trestment.

5.2.5. In vitro induction of multiple shootsin nodal segments

Noda segments of cotton cultivar DCH-32 with axillary buds were inoculated verticaly
in test tubes containing 20 mi of full strength MS basal medium devoid of phytohormones. After
6 weeks of incubation under culture conditions mentioned under section 5.2.2, the number of
noda segments sprouted was recorded. This experiment was repested three times with 258,
263 and 250 number of nodal segments respectively.

After Sx weeks of incubation, the single shoots, elongated from the axillary merisems of
each explant, were excised and discarded. The origind mother explants now devoid of the
sprouted shoot and having the dormant “accessory buds’ were re-cultured on MS basd
medium with or with out BA (0.5 - 5.0 mg/l) singly or in combinations of BA (1— 2 mg/l) and
NAA (0.2 - 0.5mg/l). After Sx weeks of incubation, the number of explants forming shoots and
the number of shoots developed per explant were scored. The length of elongated shoots was
aso measured. The shoots approximately of 1.5 cm and above were isolated and used for the
rooting experiments. The mother explants were re-cultured for the second time on the fresh
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medium for further proliferation and elongation of shoots. Each treetment had 20 explants. The
experiment was repeated thrice and the data was andyzed Satidticaly usng ANOVA and
Student’st test.

To test the reproducibility of the method in other cultivars, the nodal segments o cultivar
NHH-44 were subjected to the same protocol used for cultivar DCH-32. Noda segments
were cultured in an agar-solidified MS basal medium. This experiment was repeated thrice with
atotal of 90 nodal segments. After 6 weeks of incubation the sprouted shoots were excised and
discarded. The "mother explants’, bearing the dormant “accessory buds’, were inoculated on
MS basd medium supplemented with BA 0.5 mg/l. The experiment was repeated three times
with 20 replicates. Data on the number of shoots formed and elongated per responding explant
was scored after 6 weeks of incubation in light. Elongated shoots were asepticaly cut and used
for rooting experiments and the origind mother explants were re-cultured on the fresh medium
for further proliferation, € ongation and maintenance of shoot cultures.

5.2.6. Influence of culture vessal (test tube vs. conical flask) on induction of
multiple shootsin mother explants

In the present study, the origind mother explants devoid of the sprouted shoot were
cultured in test tubes and 250 ml capecity conica flasks containing 20 ml and 50 ml of MS
basd medium supplemented with BA 0.5 mg/l. The experiments were carried out with two
cultivars NHH-44 and DCH-32. Each culture vessd had only one mother explant. The
experiment was repegted thrice with 20 replicates. The response of explants and the number of
shoots formed per mother explant was scored after six weeks of incubation.

5.2.6. Rooting of in vitro shoots

Fifty dongated shoots of cultivar DCH32 and thirty four elongated shoots of cultivar
NHH-44, obtained from the proliferation and multiplication of the accessory bud of the origina
mother explants were transferred to MS basa medium devoid of phytohormones and containing
2% sucrose for rooting. The cultures were incubated under the conditions mentioned in section

5.2.2. The percentage shoots rooted were recorded after 20 d.
5.2.7. Hardening of plantlets and transfer of plantsto soil
Twenty five plantlets from each cultivar were transferred to earthen pots (8 cm

diameter) containing sand:soil (v/v) and hardened for 3 weeks under green house conditions as
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described in chapter 2 (Materials and method). Then the hardened plants were transferred to
fidd.
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5.3. Results and Discussion

This section describes the effect of the basd medium on sprouting of the merigem
present in noda segments, the morphogenetic response of the nodd segments with the
phytohormones BA and kinetin. The induction and elongation of the multiple shoots from the
“accessory buds’ have been described. Preliminary study on the effect of the culture vessel on
enhancement of the number of multiple shoots has aso been described.

5.3.3. Effect of basal medium on sprouting response of nodal segments

The objective of this experiment was to optimize the basd medium so thet it can be
used in further experiments to induce multiple shoots from noda segment explants (Fig 5.1 A).
In the present study, the sprouting response varied among the four media tested (Table 5.1).
There was heavy leaching of phenolicsin dl the four media tested. Therefore, after 3 weeks of
incubation, it became necessary to trandfer the explants to fresh media of smilar compositions.
The maximum sprouting response (82.5 %) was observed in full strength MS basa medium
(Fig. 5.1 B) and the minimum (57.5 %) in haf strength MS sdts + B vitamins. There was very
margind difference in percentage of response between haf MS basal and full strength MS salts
+ B5 vitamins ( Table 5.1).

Table 5.1; Effect of basal medium on sprouting of the shoot in the nodal segments
of field grown plants of the cultivar DCH-32.

Media Explant response (%) Nature of Response
MS (sdts & Vitaming) 82.5 Single eongated shoot
% MS (sdts & Vitamins) 70.0 Single elongated shoot
MS + B; Vitamins 725 Single shoot
Y% MS + B vitamins 57.5 Single shoot

Experiments were repeated twice with 20 explants in each trestment.
Data scored after Six weeks of incubation.

5.3.3. Effect of phytohor mones on mor phogenetic response of nodal segments
Reaults on the effect of BA and kinetin on morphogenetic response of noda segments

of cultivar DCH-32 are presented in Table 5.2. The percentage response varied with the
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concentrations of BA and kinetin in the media. Of dl the concentrations of BA and kinetin tested,
BA 0.5 mg/l was the most effective and induced 2-3 shoots per
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Fig. 5.1

A. Nodd segmentsisolated from field-grown plants.

B. Sprouting and dongation of single shoots from noda segments after 6 weeks of culture
on phytohormone-free M S basd medium.
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responding explant in 83.3% of the cultures. BA (1.0 —5.0 mg/l) induced only 1-2 shoots per
explant (Fig. 5.2 A - E). Kinetin from 0.5 to 10 mg/l was not effective in induction of multiple
shoots (Fig. 5.3 B - F). The only concentration of kinetin, which could induce more than 1 shoot

in some explants, was 5.0 mg/l.

Table 5.2: Effect of phytohormones on morphogenetic response of nodal
segmentsof cotton cultivar DCH-32.

Phytohormones | Conc. (mg/l) Explant response (%)  Nature of response
0.0 82.5 Single dongated shoot
05 83.3 2-3 elongated shoots
10 63.3 1-2 shoots
BA 20 775 1-2 shoots
50 47.1 1-2 stunted  shoots,
Cdlus
10.0 46.1 Sngle sunted shoot,
Cdlus
05 58 Single dongated shoot
10 45.0 Single dongated shoot
Kinetin 2.0 40.5 Single shoot
50 355 1-2 shoot
10.0 20 Single shoot

Experiments wererepested twice with 20 explants in each trestment.
Data scored after 6 weeks of incubation.

3.2.4. In vitro induction of multiple shoots from nodal segments

Since only limited number of shoots could be obtained from noda segments with the
tested concentrations of BA and kinetin in the previous experiment, we decided to test more
combingtions of BA and NAA for induction of multiple shoots from the explants. Also our
results obtained in the previous chapter on explants derived from in vitro grown seedlings

prompted us to test these combinations (Table 4.2 & 4.3) and remove the
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Fig. 5.2
A—E. Induction of shoots from noda segments of cultivar DCH-32 in MS basal medium

with (A) BA 0.5mg/l, (B) BA 1.0mg/l, (C) 1.5 mg/l, (D) 2.0 mg/l and (E) 5.0 mgll.
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Fig.5.3

A-F. Induction of shoots from nodd segments of cultivar DCH-32 in (A) MS basal
medium, MS basal medium with @) kinetin 0.5 mg/l, (C) kinetin 1.0 mg/l, ©)
kinetin 2 mg/l, (E) kinetin 5.0 mg/l and (F) kinetin 20.0 mg/l.
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elongated shoot from the axillary buds to overcome gpicd dominance and induce multiple
shoots.

The sprouting of the firgt axillary buds from the nodal segments of cotton was affected
adversely by the rdease of exudates (phenalics) into the medium from the cut ends of the
explants. This limitation was overcome effectively by incubating the explants with 0.25%
activated charcod in water, prior to culturing in the medium. Use of charcod to remove growth
retarding phenolics released by explants in culture has been previoudy reported (Fridborg et al.
1978).

Use of nodd segments for in vitro propagation of plantsis a routine practice (Kaur et
al., 1998; Ajitkumar and Seeni, 1998; Sujatha and Dhingra, 1993). In an earlier report on
clond propagetion from fidd-grown cotton plants, development of plants occurred from
cultures established from shoot tips. Shoots originated from the new axillary outgrowths after the
leaves withered from the shoot tip explant (Bgg and Gill, 1986). In the present study, noda
segments obtained from the branches of fidd-grown mature (flowered) plants were used as
explants. As per the exigting literature (Mauney, 1984) these nodes bear two meristematic buds.
The firgt axillary buds in 82.3 % of the initid noda explants sprouted to form shoots in MS
basd medium, after incubation for 6 weeks in light. These explants produced a single shoot of
approximately 2 - 4 cm in length. No multiple shoot development was observed & this stage.
This gep was aimed to differentiate the firgt axillary merisem and make it accessible for pruning
(Fig. 54 A, a - b). The cultures were incubated for 6 weeks to get optimum sprouting of the
meristem in nodd segments.

Origind explants devoid of the shoot (Fig. 5.4 B) which developed from thefirst axillary
meristem but containing the dormant accessory bud, when further cultured on M S basd medium
with or without BA and NAA demonstrated varied response (Table 5.3). The positive influence
of these two growth regulators on induction of merigemdtic activity in seeding- derived cotton
explants is described in our earlier report (Hazra et al., 2000). The explants (46.5 %) in MS
basd medium devoid of growth regulators developed single shoots. Compared to MS basd
medium, incorporation of BA induced more number of shoots per responding explant (Fig. 5.5
A - E) and percentage of explant response was aso dgnificantly higher (Table 5.3). Keegping in
view the pogtive influence of the combinaions of BA and NAA (Hazra et al., 2000) on



seedling cultures, various formulations were (Table 4.2 & 4.3) tested for induction of multiple

shootsfrom the

Fig. 5.4
A. (a) Blongation of primary shoot (ps) from noda segment (ns) cultured in MS basdl
medium.
(b) Mother explant (m) after pruning of primary shoot (ps).
B. Mother explants obtained after pruning of primary shoots.
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Fig. 55

A —E. Induction of multiple shootsfrom the “mother explant” (devoid of sprouted shoot) of
cultivar DCH-32 on MS basal medium containing (A) BA 0.5, mg/l, (B) BA 1.0
mg/l, (C) BA 1.5mg/l, (D) BA 2.0mg/l and (E) BA 5mg/l.






second axillary bud. The response in these trestments was higher compared to the MS basd

medium devoid of growth regulators (Table 5.3). Multiple shoot induction was optimum in MS
basa medium supplemented with BA 0.5 mg/l. The number of explants responding (98 %) and
the number of shoots developed per explant after 6 weeks of incubation was highest (5.1 shoots
per explant) in this medium. Multiple shoots were induced from the axil of the explant. The
number of shoots developed from each explant ranged from 1-5. Induction of multiple buds and
their differentiation to form shoots occurred in the same medium. Higher concentrations (1.0 —
5.0 mg/l) of BA were inhibitory for both sprouting and multiple shoot formation. This inhibitory
effect was more pronounced in media containing BA 2 mg/l and above (Table 5.3). Compared
to other cytokinins, BA is reported to be a more effective growth regulator for induction of
multiple shoots from pre-exising merigems of in vitro grown seedlings of cotton (Hazraet al.,
2000; Gupta et al., 1997; Hemphill et al., 1998). The positive influence of lower levels of BA
on the induction and proliferation of multiple shoots has been reported for Salix (Agrawd and
Gebhardt, 1994) and Morusspp (Pettnaik and Chand, 1997).

Induction of multiple shoots by removd of apicd merigems from cotyledonary node
explants of seedlings has been achieved earlier in cotton (Hazra et al., 2000; Agrawal et al .,
1997). The response has been attributed to enhanced branching due to remova of apical
dominance (George and Sherrington, 1984). The multiple shoot development observed in the
present study from the mature plant derived nodd explants devoid of sprouted shoots could be
due to proliferation of a second axillary bud which is located in the axil of the prophyll. In
cotton, the axillary buds pertaining to the prophyll remain dormant unless forced to eongate by
pruning of the main branch (Mauney, 1984). Presumably, remova of the primary shoot and
presence of a low concentration of BA stimulated the dormant axillary bud of the prophyll to
form multiple growth centres, which subsequently differentiated to form multiple shoots.
Inclusion of cytokinins in the medium has previoudy been reported to form a clona sector in
cotton meristems which causes the development of mulltiple shoots (Hazra et al., 2000).

On an average 5.1 shoots developed from each explant cultured in MS basal medium
containing BA 0.5 mg/l. Out of these, onan average 2.6 shoots (Table 5.3) elongated to more
than 3 cm. The number and the length of shoots decreased with the increase of BA
concentration in the medium. Media supplemented with BA 1.0, 1.5 and 2.0 mg/l supported
shoot multiplication, but had limited eongation of shoots. Addition of NAA to the medium



neither supported shoot multiplication nor shoot el ongation as compared to media supplemented
with BA aone (Table 5.3).

Table 5.3: Effect of BA and NAA on in vitro induction and elongation of multiple
shoots from original nodal segments (devoid of sprouted shoot) of
cotton cultivar DCH-32.

Explant | Avg. no of Elongation of shoots
BA | NAA| response | shootsrespo |, 1.030cm <1cm
(%) nding
explant
Mgl | Mgl | Mean+d | Mean+ Mean+ o Mean + Mean+ o
00 | 00 46-525“—“5)25-6 1.0+0.0 0.0+ 0.0 03+0.1 07+0.1
05 | 00 98"()52)3'0 51401 26401 14401 11+ 01
10 | 00 94-352)5-3 354+ 0.4 0.0+ 0.0 18402 16+ 03
15 | 00 91'(35 ;3—’)3'2 31402 0.0+ 0.0 13402 1.8+ 0.1
20 | 00 69-?52)7-6 20+01 0.0+ 0.0 06+0.1 1.3+ 0.1
50 | 00 74'z5i5)7'7 15401 0.0+ 0.0 03401 12401
10 | 02 75-?52)2-7 17+01 0.0+ 0.0 054+0.1 12+0.1
20 | 02 70-(()63)5-0 21+03 0.0+ 0.0 07+01 12+ 05
10 | 05 75"2512)13'9 15401 0.0+ 0.0 04401 11402
20 | 05 47-52515)15-2 13+01 0.0+ 0.0 02+0.1 11+01

Data scored after 6 weeks of incubation.

Average of three batches of 18-20 replicates + SD.

The number in parenthesi s indicates the total number of explants used.

The difference of response among the trestments was ggnificant & p £ 0.01 for the
average number of shoots per responding explant in various media combinations
tested (The least Significant difference = 0.412).

The optimized protocol for DCH-32 was later tested with cultivar NHH-44 primarily to
evauate its reproducibility. On an average 77.8 % of the initid nodd explants of cultivar NHH-




44 sprouted to form a single shoot on phytohormone free MS basd medium. Multiple shoot
formation was observed when the noda explants (after pruning the shoot) were re-cultured on
MS basd medium supplemented with BA 0.5 mg/l and 2 %sucrose. On an average 4.3 shoots
per explant were observed in 65% of the explants, and 2 shoots per explant e ongated (above 3
cm) smultaneoudy (Table 5.3; Fig. 5.6). This confirms the extrgpolaion of the method
sandardized with cultivar DCH-32 for induction of the second meristem from the axillary buds
to proliferate and €longate after remova of the dominance of the first meristem-derived shoot to
cultivar NHH-44. The morphogenetic response of the pre-existing merisems of nodd segments
varied between cultivars DCH-32 and NHH-44. The noda segments of DCH-32 were more
responsive (95%) compared to NHH-44 (65%) (Table 5.3 & 5.4). It is relevant to mention
here that DCH- 32 is an interspecific hybrid whereas NHH-44 is an intra hirsutum hybrid. Both
arewidely grown in southwestern states of India

Table 5.4: In vitro induction and dongation of multiple shoots from mother
explants (devoid of sprouted shoot) of cotton cultivar NHH-44.

BA Explant Avg. no. of Elongation of Shoots
(mg/l) | response (%) | shoots'respond g
ing explants >3cm 1-3cm < 10cm

0.5 65.00+8.66 |4.31+ 0.16 187+0.04 | 1.26+0.24 | 1.17+ 0.09

Data scored after Six weeks of incubation.
Average of three batches of twenty replicates each + <d.

3.2.5. Effect of culturevessel (test tubes vsflasks) on induction of multiple shoots
from mother explants

In concurrence to our earlier study with plumular axis and in vitro grown seedling
derived explants, postive influence of larger culture vessd was aso observed with noda
segments (Fig. 5.7 A - B). The origind mother explants devoid of sprouted shoots, when
cultured in larger culture vessdl (250 mil flasks) resulted in 7.1 shoots/ explant in DCH-32,
6.2 in NHH-44 compared to 5.1 in DCH-32 and 4.3 shoots/ explant in NHH-44 in test
tubes (Table 5.5). The difference in percentage of explant response was more obvious in
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cultivar  NHH-44 where 95 % of explants responded in flasks compared to only 65 % in
test tubes (Table 5.5).



Fig. 5.6
Induction of multiple shoots from the “mother explant” (devoid of sprouted shoot) of
cultivar NHH-44 on M S basd medium supplemented with BA 0.5 mg/l.



Fig56
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Fig. 5.7

A-B. Effect of culture vessd: Multiple shoots from the “mother explant” (devoid of
sprouted shoot) taken out from test tube @) and flask (B) containing MS basa
medium + BA 0.5 mg/l.
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Table 5.5: Effect of culture vessel on induction of multiple shoots from mother
explants of cultivarsDCH-32 and NHH-44.

Cultivar ® DCH-32 NHH-44
Culture vessel ® Test Tube Flask Test Tube Flask
Explant response (%) 98 100 65 95

Avg. no. of shoots per 51+0.1 71+123 | 43+ 016 | 62+1.34
Responding explants

Data scored after 6 weeks of incubation on MS basal medium with BA 0.5 mg/l.
Experiments were repeated thrice with 20 explants per trestment.

3.2.6. Rooting of in vitro shoots

Root initiation was observed in eongated shoots of 1.5 cm and longer after 10 d of
incubation in light on phytohormone- free semi-solid MS basal medium. After 20 d of incubation
root induction (Fig. 5.8 A) was achieved in 91% of the shoots of DCH-32 and 85% of the
NHH-44 shoots. In conformity with the present observations, rooting of in vitro shootsin MS
basa medium has been achieved earlier in cotton (Hazra et al., 2000), Gentiana kurroo
(Sharmaet al., 1993) and Jatropha integrrima (Sujathaand Dhingra, 1993).
3.2.7. Hardening of plantlets and transfer of plantsto soil

Eighty-seven percent of the rooted plantlets survived following transfer to earthen pots
(Fig. 5.8 B) containing amixture of soil and sand (1:1). All plants transferred to the field showed
normal growth and boll formeation (Fig. 5.9).
(Schematic representation of regeneration from nodal segments from field-grown mature

plants has been given in the following page).
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Fig. 5.8

A. In vitro rooting of shoots on MS basal medium devoid of phytohormones.

B. Hardened tissue culture plants established in sand: soil mixture (1:1) in earthen pots kept
in green house.
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Fig. 5.9
Flowering regenerated plant in field with dehisced bolls.
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5.4. Conclusion

In this present chapter, a protocol of plant regeneration from noda segments obtained
from mature fidld grown plants has been developed. The percentage sprouting of noda
segments varied with basd medium combination and concentration of BA or kinetin in the
medium. BA was found to be mog effective in induction of multiple shoots. The maximum
number of multiple shoots from noda segments of cultivar DCH-32 and NHH-44, devoid of
sprouted shoot was achieved in MS basd medium with BA 0.5 mg/l. Higher concentrations of
BA (1.0 - 5.0 mg/l) and incorporation of NAA did not improve induction of multiple shoots
from the mother explants. The multiple shoots dongated on the same medium. In vitro shoots
could be rooted on MS basal medium devoid of phytohormones. The hardened plants
trandferred to field showed norma growth and boll formation.

To the best of our knowledge, this is the first report on in vitro propagation of cotton
using noda segments from mature (flowered) fidd - grown plants. As the second crop of shoots
is obtained after re-culturing the same node after pruning the initidly differentiated first shoat, it
appears that these shoots develop from the meristem present in the axil of the prophyll which is
otherwise dormant. The method can be used for a production of large numbers of true-to-type
plants after the plants are evduated in the fiedld a maturity for yield, fiber qudity, insect
resistance etc. It can dso supplement breeding by reducing the period to establish stable lines
and will be useful in propagation of serile hybrids of cotton. The shoots produced by this
method can be used for preservation of germplasmin vitro in gene banks.

A manuscript entitled “Induction of multiple shoots and plant regeneration from
“accessory buds’ of noda segments from field grown mature cotton plants (Gossypium
hirsutum L.) ” by Sulekha Hazra, Dinesh C.Agrawd, Anjan K. Banerjee, Kaza V.
Krishnamurthy and Satish M. Nalawade has been accepted in In vitro Cdlular and
Dev. Biology Volume 37; Issue 6 (Nov/Dec) 2001 (In Press).
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Chapter 6
Application of embryo axis explants in

transformation of cotton via particle
bombardment approach




6.1. Introduction

The gendtic improvement of crop plants is a condant requirement for
devdopment of better qudity crop. Traditiond breeding programs utilize the naturdly
exiging genetic vaiaions by usng recombinations between sdected parent lines
folowed by progeny sdection (Puonti-Kaerlas 1993). Although conventiond plant
breeding methods have resulted in a spectacular improvement in crop production,
there are drong pressures for further improvement in crops due to exploson in
populaion, socid demands hedth reguirements, environmenta dresses and
ecologicad condderations (Kung 1993). Convertiond plant breeding techniques have
the following limitations (1) Severa back crosses are required for the establishment
of new breading lines (2) Not dl the desrable charecters are naturdly found (3)
Dependence  on the sexud compatibility of plant species (Puonti-Kaerlas 1993; Pauls
1995). These limitations have gimulated the need of more advanced technologies like
genetic enginearing (transformation) of plants.

Genetic transformation can be defined as the transfer of foreign genes isolated
from plants viruses becteria or animds into a new genetic background. In plants
successful  gendtic  trandformation  requires the production of normd, fertile plants,
which express the newly inseted genes. The process of gendic transformation
involves svead didinct dages namdy insertion, integration, expresson and
inheritance of the new DNA. The process of gene insertion can involve the use of
bacterid (Agrobacterium species) or vird vectors or direct gene transfer methods
(Webb & Morris 1994).

Gendic enginesring hes dlowed explosve expandon of our underganding in
the fiedd of plant biology and provides us with the technology to modify and improve
crop plants. A remarkable progress has been made in the development of gene transfer
technologies (Gesser & Frdey 1989) which ultimady have resulted in production of
a large number of transgenic plants both in dicots and monocots. Potentid  benefits
from thee tranggenic plants indude higher vyidd, enhanced nutritiond vaues,
reduction in pedicides and fetilizr use and improved control of soil and water
pollutants. Some of the important characters like resstance to herbicide (Smith 1994),
diseese (Smith 1994), insect (Perlek et al. 1990), high protein content (Habben &
Lakins 1995), cold tolerance (Georges et al. 1990), fruit qudity (Fray & Grierson
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1993), biodegradable pladtics (Poirier et al. 1995), antibodies and vaccines (Mason et
al. 1992) etc. have been incorporated in the geneticaly engineered plants
6.1.1. Higory of genetic transformation

It took more than 2000 years to detect the causa principle of the crown gdl
discase after it was fird described by Arigotles and Theophrastus (Semens &
Schieder 1996). Smith & Townsend (1907) were the fird to report that Agrobacterium
tumefaciens is the causative agent of the widespread neoplagtic plant dissese crown
gdl. Since then a large number of scientigs throughout the world have focused their
research to underdand the molecular mechanism of crown gdl induction. The soil
becterium A. tumefaciens and A. rhizogenes ae conddered as natura genetic
engineers due to ther ability to trandfer and integrate DNA into plant genomes
through aunique integrative gene transfer mechanism (Jouanin et al. 1993).

The firg tranggenic plants were developed in 1983 usng a disamed verson of
the Ti plasmid of Agrobacterium tumefaciens, a pahogenic bacterium, which can
transfer part of its “T-DNA” into the plant genome (Smith 1994). Agrobacterium
mediated gene trandfer became the method of choice due to convenience and high
probability of dngle copy integration. The production of transgenic plants depends on
the gable integration of the foreign DNA into the plant genome followed by plant
regeneration from the host cdls with introduced gene/s (Waden and Wingender
1995). Independently, severd transgenic tobacco plants were produced to express
foreign genes enginered by the Agrobacterium tumefaciens vectors (Mura et
al1983; Horsch et al. 1984; De Block et al. 1984). Initidly successes in genetic
tranformation were limited to the species of Solanaceae, especidly tobacco (N.
tavacum L.). However, this dtuation changed dramaticdly in bte 80's and early 90's
and resulted in trandormation of a wide range of plants for agronomicaly important
trats (Songsad et al.1995) usng gendicdly engineered avirulent drans  of
Agrobacterium as vectors (Herrera-Edtrela et al. 1983).

To ovecome the hogt range limitations of Agrobacterium mediated
transformation, concerted efforts were made to develop dAternative methods of gene
trander (Potrykus 1995). The method of direct gene ddivery into protoplass was the
next development in genetic tragformation (Dragper 1982), Further many more
techniques such as macroinjection (Zhou et.al. 1983, 19838), soeking pollen in DNA
solution (Ohta 1986), pollen tranformation via pollentube pathway (Luo & Wu
1988), microinjection (Neuhaus & Spangenberg 1990), silicone cabide fibres
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(Kegppler et al 1990), eectroporation (DeKeyser et al.1990), sonication (Joersho &
Brungedt 1990), dectrophoresis (Griesbach & Hammond 1993), lasr mediated gene
trander (Guo e al. 1995) have been devdoped. However, none of these gpproaches
has, s0 fa, been deveoped into a reproducible universd gene transfer technique
(Potrykus 1995)

To achieve genetic transformation in a wide range of plants, next breskthrough
was the devdopment of bidligic gun goproach (Bombardment of DNA coated
particdes on hogt cdls) (Klein et al. 1987; Sanford 1988).

6.1.2. Higory of Particle Bombardment

Mackenzie e al. (1966) deveoped the fird generaion of microprojectile
technique for gene trander into plant cels They used high veocity microprojectiles
to wound plant cdls for feciliteting the entry of vird particles or nudec acids. Later,
Sanford et al (1987) a Corndl Universty developed a range of devices to accderate
tungsten microprojectiles ( 4 mm in diameter) to veodty a (250 mv/s) sufficient to
penetrate plant cell wals and membranes.

Snce the high veocity microprojectiles carying DNA or other substances is
‘shat’ into cdls, it represents a biologicd bdlistics and hence the term “biolistics’ has
been coined by its inventors (Sanford 1988). The technique has dso been refared to
& patide bombardment, microprojectile bombardment, patide accderdtion, the
gene gun method or the particde gun method.

6.1.3. Typesof Partide Guns

The potentid of paticde bombardment mediated transformation of plants and
other organisms has gimulated commercidization of “Partide gun” and has inspired
devdopment of prototype devices by severd laboratories. Sx man devices reported
ae as fdlows 1. Biodligic PDS1000/He 2. Electric discharge particle acceeration
(ACCELL technology) 3. Patide Inflow Gun 4. Airgun device 5. Microtargeting
device and 6. Helios gene gun system

Sanford et al. (1987) were the fird to desdgn a paticle ddivery sysem. The
device employed a gunpowder charge to prope tungsten particles. Though the device
was successful for genetic trandformation of diverse plant species (Sanford 1990),
lack of control over the power of the bombardment and subgtantid tissue damage
limited the number of gdable trandformants Significant technica improvement over
the gunpowder device has been made in the recent modd of PDS-1000/He marketed
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by Bio-Rad laboratories. The PDS-1000/He device is powered by a burs of hdium
gaes that accderates a macrocarrier, upon which millions of DNA coaed microcarriers
have been dried. Compared to the gun powder device, this sysem hes severd
advantages such as it is deaner and safer, dlows better control over bombardment
power, disributes microcarriers more uniformly over target cdls, is more gentle to
target cdls, is more consgent from bombardment to bombardment and increeses the
tranformation frequency (Sanford et al.1991).

The dectric discharge paticde accderation (ACCELL technology) utilizes an
ingrument to accelerate DNA coated gold beads to a desred veocity by varying the
input voltage. McCabe & Chrigou (1993) have described mgor advantages of this
technigue compared to other bombardment sysems in tems of high trandformetion
frequencies for mgor agronamic crops. This methodology has been used for genetic
transformation of soybean (McCabe et al. 1988), cotton (McCabe & Martindl 1993),
rice (Chrisgou et al. 1991, 1992), corn, peanut and woody species The technique
dlows control over paticle penetration to specific cdl layers and tissue damege
through fine tuning.

The next device, Paticle Inflow Gun (PIG) is based on accderaion of DNA-
coated tungsen paticles directly in a hdium dream. Van et al. (1993) have
described this device in deal. Usng this bombardment gpparaus, high leves of
trandent expresson of GUS gene in embryogenic suspenson cultures of maize,
soybean, leaf tissue of cowpea and dable transformation in soybean and maize have
been obtained (Vain et al. 1993).

Air gun device for particle bombardment has been described by Oard (1993).
In this device, compressed ar in a cylinder of a ar gun was used as source of
propulson for DNA coaed tungden or gold paticdes The device has been used
exclusvdy for trangent gene expresson experiments using the GUS marker.

Yet in an another gpproach, Sautter et al. (1991), Sautter (1993) has developed
a microtargeting device for paticde bombardment of meigems In this system,
indeed of a macroprojectile, microtargeing uses the law of Bernoulli for accderaion
of highly unifom-gze gold paticde It is a bdligic goproach which is particulaly
alitable for the controlled delivery of microprgjectiles to merigem cdls in dtu. This
method ddivers 80% of the particles to an area as amdl as 150 mm in diameter, which
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corresponds to the Sze of a merisgem. Sautter et al. (1995) have summarized their
experience with microtargeting of transgenes to wheet shoot gpica merigems cells.

Recently, Bio-Rad laboratories has commercidized the “Hdios gene gun’. It
is a handthed biodlisic device cgpable ddivering DNA into any eukaryotic organiams.
The unique device uses a hdium pulse to accderate gold microcarriers coated with
nudec adds into in vivo and in vitro targets. It provides rapid and direct gene transfer
in vivo. The device is useful for gene thergpy. In plants, meristematic tissues and
leaves are obvioustargets for in vivo transformation.

6.1.3. Applications of partide bombardment technology

Gene ddivay through bidlistic process has been demondrated in a variety of
biologicd sysems ranging from microbes to organdles to agriculturdly important
plants and to animas Severd monocots and dicots such as maize (Fromm et al.
1990), soybean (McCabe et al. 1988), wheat (Vadl et al. 1992), cotton (Mc Cabe &
Matindl 1993) and rice (Chrisou et al. 1991) have been successfully transformed.
Usng the bioligic method, DNA has been reproducibly ddivered into mitochondria
in yeast (Johngon et al.1988) and chloroplasts in Chlamydomonas (Boynton et al.
1989).

Patide bombardment technology has been used in gene transfer to
mammadian cdl cultures and somdic tissues (Yang 1992). The advances made in the
technology may bendfit basic ressarch and lead to possble industrid and chemicd
goplicaions, notably human gene thergpy. Paticde bombardment provides a useful
tool for ex-itro gene trander into a wide variety of surgicdly excised tissues and
cdls. It provides a new goproach to evaduate somatic expresson of thergpeutic genes
in varioustissuesin vivo (Yang & Swan 1994).

6.14. Advantages of Particle bombardment mediated transformation

The bidlisgic method has severd advantages over Agrobacteriummediated
tranformation. It is a direct gene trander method and is capable of drcumventing
hogt-range redtictions of  Agrobacterium (Klein et al. 1987). Plasmid condruction is
amplified, snce DNA sequences essentid for T-DNA replication and trander in
Agrobacterium ae not required Also, fdse podtives resulting from growth of
Agrobacterium in hog tissues are diminated. The introduction of mulitple plasmids
(cotransformaiton) is routindy accomplished with partide bombardment, such tha a
sngle lage plasmid containing multiple transforming DNA seguences is not needed
(Gray & Finer 1993). Usng this method DNA can be ddivered into any tissue and the
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protocols are genotype independent (Waden & Wingender 1995). There is no
gopaent difference in the efficiency of biodligic trandformaion of monocotyledons vs
dicotyledons (Sanford 1990).
6.1.5. Trangent gene expresson

In the process of trandent gene expresson, the microcarier carying DNA is
ddivered to the cytoplasm or to the nudeus. The genes adhering to microcarier are
then taken up by the nudeus and transcribed. This gene expresson is termed as
“trandent gene expresson”. If the foreign gene is introduced into a sufficient number
of cdls its expresson can be quantitatively messured after 12-48 hrs of the
bombardment. Severd thousand copies of each plasmid (gene) can be resident of each
microcarrier. Many of these copies contribute to trangent expresson, however, only
one to saverd copies ae eventudly integrated into the plant genome (Cooley et al.
1995). Blue spots obtained with GUS assay often are not confined to dngle cels. The
sze of the spots can vary condgderably and the margin of the spots diffuse. Therefore
such expresson ae referred as ‘blue fod’ (Van et al.1993), ‘GUS fod’ (Bommineni
et al. 1994), ‘expresson units (Charest et al. 1993) or smply ‘blue spots.
6.1.6. Critical variablesfor partide bombardment

The success of plant transformations through partice bombardment depends
on vaious vaiables The compostion and dSze of the med patides
(microprojectiles), nature, form and concentration of DNA, DNA atachment to the
microprojectiles prior to bombardment, impact veocity of the microprojectilesDNA
complex and degree of tissue damege suffered on bombardment, affect the transent
gene frequency (Birch & Bower 1994). Also, the environmentd factors such as
temperature, photoperiod and humidity of donor plants, explants and bombarded
tissues may adversdy dffect the outcome of trandformation process Some explants
require a heding peiod after bombardment under <specid regmens of light,
temperature and humidity. Biologicd factors include the choice and naure of explan,
pre- and post bombardment culture conditions etc. (McCabe & Christou 1993).
6.1.7. Partide bombar dment mediated transformation studiesin cotton

Finer & McMullen (1990) were the fird to report patice bombardment
mediated trandformation in cotton by bombarding embryogenic cdl suspensons  of
Coker 310 with hygromycin genes using Dupont Biolistics™ Particle Delivery system
(Modd BPG). Hygromycin resgtant transgenic plants were developed via somatic
embryogenes's, five months after the bombardment.
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In an other report, McCabe & Martindl (1993) have described the protocol for
vaigy independent trandformetion in cotton. They bombarded merigems (embryo
axes) udng the dectric dischage gun (ACCELL technology) for gene trander.
Integration of GUS gene was demondraied in RO and R1 transformants. Progeny
andyss showed trangmisson of transgene in a Menddian fashion. Chlan et al. (1995)
introduced the (NPTII) gene into merigems of embryo axis explants of cotton using
the Bio-Rad PDS/1000/He gene gun.

Kdler et al. (1997) deveoped transgenic plants resstant to bidaphos (a gene
encoding phosphinothricin - acetyltranferase)  usng BioradPDS/1000 He gene gun.
Merigems of the seed axes of dite varieties of cotton were bombarded using
ACCELL technology. Integration of the bar gene in transgenic plants was confirmed
by Southern’'s and gene expresson was confirmed by northern blot andyss The gene
isinherited in aMenddian fashion in the progenies of germline transformants.

More recently, Rgasekaran et al.(2000) have achieved high frequency stable
trandformation in cotton by bombarding embryogenic cdl suspenson cultures of
cultivars Acda B1654 and Coker 315 with the PDS 1000/He bidligic device They
observed increased sable transformation frequency of 4% compared to 0.7% in an
ealier report by Finer & McMullen (1990). The high efficiency stable expresson was
due to multiple bombardmet of rapidly dividing cdl suspenson cultures and the
sdection of trandformed cdls was by gradud increese in the concentration of the
antibiotic. Reports on paticle bombardment mediated transformation in cotton have
been given in Chepter 1 (Table 1.13).

Paticle bombardment method has advantages compared to Agrobacterium in
that it is a genotype independent technique and dso any tissue can be used as an
explant. To the best of our knowledge there are no reports on transformation of
Indian cultivars of cotton ether by Agrobacterium or particle bombardment methods.
In the present chapter, we have made an atempt to optimize different parameters of
patide bombardment method for trandent gene expresson in plumular axis explants
of importat Indian cultivar of cotton NHH-44. Yet another objective of this study
was to induce embryogenesis in the transformed callus.
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6.2. Materials and M ethods

6.2.1. I solation of plasmid DNA from E.coli (HB101) for partide bombardment

Pasmid DNA from the E. coli cell line harboring p35SGUSINT was isolated
by usng Sgma High pure TM plasmid preparaion kit (P-MINI250, Sgma, USA) ad
the DNA was quantified.
6.2.2. Methodology of partide bombardment

In the present sudy PDS-1000/He (Bio Rad Laboraories) paticle ddivery
system was used to cary out the experiments (Fig. 6.1). Before carrying out particle
bombardment, the following st up and stock solutions were prepared and kept ready:

0] Preparation of microcarrier,

(i)  Stock solutions of spermidine and Cacium chloride (CaCl2),

(i)  Sterilization of accessories of PDS 1000/He,

(iv)  Precipitation of DNA onto microcarrier,

(V) Preparation of macrocarrier,

(vi)  Preparation of explants.
Details of these are given in the following sections
6.2.2.1. Microcarrier preparation

Take 60 mg of gold partidles ( 1.1 nm) in amicrofuge tube.

Add 600 nh of 100%Ethanol to gold particles
Vortex on high for 2 min and ogtrifugeat 10,000 rpm for 1 min.
Remove the supernatant ang repeat the tep 2 & 3 thrice
Resuspend the partidesin 1 ml of steﬂe didtilled water and repest the step 3
Removethe SJpernata_nt and repeet the step 5
Resuspend the microcarriersiﬂ 1 ml of deriledidilled water

Didribute diquot (100 nh) of microcarrier suspensioninto 1.5 ml of microfuge tubes
while vortexing.

Sorediquotsat 4 °C.
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Fig.6.1
Bidligica PDS — 1000/ He Particle Delivery System &t up.
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6.2.2.2. Preparation of 0.1 M spermidine sock

Disolve 145 mg of spermidine (Cat. No. S 0266, Sigma, USA) in 10 ml of gerile
double ditilled water

Aliquat 40 nh of spermidine solution into 1.5 ml of microfuge tubes.

Soreat — 20 °C.

6.2.2.3. Preparation of 25M CaCl , stock
Dissolve 1.837 g of Cdcium chloride (CaCl2, 2H20) in 5 ml of double ditilled water.

Filter serilize and digpense 100 nh of diquotsin 1.5 ml of microfuge tubes

Store at 4° C.

6.2.2.4. Serilization of various accesories of PDS 1000/He gene gun

All the accessories of particle bombardment like macrocarriers, rupture disks,
dopping screens, macrocarrier holders, macrocarrier cover lid were kept merged in 95
% ethanol for 2-3 hrs before the bombardment. After that, these were spreed on a

deile  Whamen filter pgper for drying in a laminar arflow cabingt. The
bombardment chamber was deaned and sorayed with 95% ethanol. Rupture disk
retaining cap, microcarier launch assembly pats were swabbed with 95% ethanol
and were dlowed to dry in alaminar air flow cabinet.

6.2.2.5. Precipitation of DNA onto microcarriers

Add 10 m of DNA (ng/m) to 100 nh gold partidesin 1.5 ml microfuge tube (as
prepared in section 6.2.1.).

Vortex foriew seconds
Add 100 nh of CaCl2, Z—bO_sqution and mix by vortexing
Add40 nhof qoermidinesdutioiand mix by vortexing for 3 min.
Allow microcarriersto settleto_ bottom of the tube for 10 min.
Carefully pipette out supernatarEas much as possible and discard

Add 200 nh of absolute ethanol (HPLC grade) to the sedimented microcarriers.

Vortex briefly and centrifuge a 5000 rpm for afew seconds.
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Allow the particles to sditle to bottom of the tube.
Pipette out supernatant carefully and discard.

Resuspend the partides in 120 m of absolute ethanal.
6.2.2.6. Preparation of macrocarriers
P PFipete 10 nh of plasmid DNA coated microcariers (while continuous vortexing)
and dispense in the center of each sterile macrocarrier (dready placed in the holder).

P Allow them to dry for @out 5 min in a low rdaive humidity and vibration free
environment (place holders with macrocarrier having DNA coated paticles on a
support, over CaClz in alarge dosad petridish).
6.2.2.7. Explant preparation for the bombardment

Pumular axis explants of the cultivar NHH-44 were obtained as described in
section 32.2. of Chapter 3. Cotyledonary leef bases were removed from plumular axis
explants to expose the merigem. At about 40 explants were arranged on a derile filter
(Whamen filter pgper No. 1) moigened with 1 ml of medium MS sdts + Gamborg's
(Bs) vitamins and 3 % glucose (hereinafter referred as MS0) in a pre-derilized plagtic
petridish (55 mm). The explants were aranged in a manner that their apicd regions
face the trgjectory of DNA coated microcarriers.
6.2.2.8. Variablesusad for the bombar dment

Pasmid p35SGUSINT, gold microcariers (1.1nm), rupture disks (1100,1300
ps and targetcdl digance (6, 8 cm) were used as vaiables in the study. For each
bombardment, chamber vacuum was raised up to 28 Hg before firing.
6.2.2.9. Determination of lethal dose of kanamycin for plumular axis explants

The letha dosage (LDsg) of kenamycin wes determined by inoculating embryo
axis explants on medum MSO and supplemented with various concentrations of
kanamycin (25, 50, 75, 100, 150 mg/l). The cultures were incubated for four weeks a
30 °C under a 16 h photoperiod a alight intenstiy of 40 mmal ni’s™,
6.2.2.10. Culture of plumular axis explants af ter bombardment

After bombardment, the explants were kept in dark for 24 h. Theresfter, these
were trandferred to a semi-solid MSL or M2 medium (describe in section 6.2.2.11)



containing kanamycin (50 mg/l) and were incubated a 30 ° C & a light intensity of 40
mmoal m’s™.
6.2.2.11. Culture medium for the bombarded plumular axis explants

The bombarded explants were randomly cultured in the following two sets of

mediafor plant regeneration and cdlusinitiaion:
1. Culture medium for plant regeneration: MS sdts + Gamborg's (Bs) vitamins +
BA (0.1 mg/l) + NAA (0.02 mgl) and 2 % sucroxe. (herein after referred as MS1
medium, Sandardized medium for induction of multiple shoots from plumular axis
explants)

Leaf bits from the regenerated shoots surviving for 3 months on this sdection
medium were tested for GUS assay.

2. Culture medium for callus initiation: MS sts + Gamborg's (Bs) vitamins
supplemented with TDZ (0.1) + NAA (0.01mg/l) + 3 % glucose (hereinafter referred
as MS2 medium).

The induced cdlus on this sdection medium after 4 weeks of incubation was
tesed for the GUS assay. The cdlus was further incubated for 8 weeks under the
conditions mentioned in section 22210. This 12 weeks old GUS podtive cdlus was
futher used to sudy the effect of various phytohormones on  morphogenetic
responses (as described in section 6.22.13). Both the media were solidified with
0.65% agar (Hi-media, India).
6.2.2.12. Trandent expresson in plumular axis explants (GUS assay)

Higochemicd andyss was caried out to determine the b-glucoronidase
adivity in embryo axis Random samples of plumular axes, after 72 h of incubaion
were immased in ImM  X-Gluc solution in microtiter  multiwel  plates (“Sigma
chemicd CO.”, USA) and incubated overnight & 37 °C for 24 h (Stomp 1992). The
tissues were then bleached in 100 % ethanol before observation. Blue lod, indicative
of trangent GUS expresson were counted under a serioscopic microscope.  Details
of the GUS solution (reagent mix) are given in Table 6. 1.
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Table 6.1: Reagent mix for GUS assay.

Stock solution Final Reagent Mix
concentration mi/mi
1.0 M NaPO4 buffer, pH 7.0 0.1M 100
025M EDTA,pH 7.0 10 mM 40
0.005 M K-ferricyanide pH 7.0 05mM 100
0.005 M K- ferrocyanide pH 7.0 05mM 100
0.002 M X-glucuronide 10mM 50
10 % triton X-100 (optiond) 0.1% 10
Subtotal 400
Didtilled water 600
Fnd vdume 1000

62213 Effect of various phytchormones on morphogendic response in GUS
postive calli

Feces of GUS podtive cdli (100 mg each) were inoculated in 250 ml cgpecity
conicd flasks containing 50 ml of MSO (MS «ts + Bs Vitamins + 3 % glucose)
medium supplemented  with the phytohormone. Vaious phytohormones like 24D
(0.1- 100 mgl), 245T (0.1 100 mgl), NAA (001- 100 mgl), pidoram (0.01-
100 mgl) and TDZ (0.01- 100 mg/l) in different concentrations were tested for
induction of somatic embryogeness. The flasks were shaken (150 rpm) on a rotary
sheker & 25 + 2 °C temperature under a light intensty of 40 mmd m?s™. This
experiment was done once with three replicates of each treatment. The observations
were recorded after 1 month of incubation. The frigble green cdlus (100 — 150 mg)
obtained in TDZ (0.1-1.0 mg/l) were recultured on the fresh medium of smilar
combinations & one month intervals for 6 months.

For devdopment of further dtages, the dructures resembling early stages of
somatic embryos were trandferred to various media combingtion as described in Table
6.7. Obsarvations were taken after 4 weeks of incubation.

Higochemicd andyds was caried out to determine the b-glucoronidase
adtivity in GUS pogtive cdlus and the dructures obtained from the cdlus. Smdl
pieces of cdli and the intact dtructures were immersed in ImM X-Gluc solution in



microtiter multiwell plates (“Sigma chemicd CO.”, USA) and incubated overnight a
37 °C (Stomp 1992). The tissues were bleached in 100 % ethanol before observation.



6.3. Results and Discussion

This section describes the trandent gene expresson in the plumular axis
explants of ocotton cultivar NHH-44 through patide bombardment mediated
trandformation method. The experiments caried out to sudy the morphogenetic
response in a GUS postive calus line have aso been described.

6.34. Isolation of plasmid DNA (p35SGUSINT) from E.coli (HB101) for partide
bombar dment

The yidd of plaamid DNA (p35SGUSINT) (Fig. 6.2) from E.coli isolaed by
Sgma High pure TM plasmid preparation kit (Sgma, USA) was very high (around 3
ng /ml of cells). DNA obtaned was pure in qudity. This highly pure DNA was usd
for particle bombardments
6.3.5. Determination of lethal dose of kanamycin for plumular axis explants

Elongation of embryo axes was obsarved on a medium supplemented with or
without kanamycin (25-150 mg/l). Explants on medium without kanamycin (controls)
devdoped normd shoots after 3 weeks of incubation. Plumular axes cultured on
medium with kanamycin 25 and 50 mg/l showed initid shoot development, however,
these could not grow further and bleached. Survival of a few shoots was observed on
kanamycin 25 mg/l, however, concentrations 50 mg/l and higher were lethd and
inhibited the shoot development completdly. Hence, kanamycin a 50 mg/l was taken
as the sdlection pressure for the explants bombarded with plasmid p35GUSINT.

6.3.6. Trandent gene expression in plumular axis explants (Gus assay)

Trangent gene expresson was achieved in the plumular axis explants of the
cotton cultivar NHH-44 (Fg. 63 A-D). Though we have used plasmid condructs
harboring sdective markers for dable transformation, expresson of GUS in embryo
axes dter 72 hrs of bombardment has been termed as “trangent gene expresson” in
this chapter.

Pumular axis explants when bombarded with gold microcarriers coated with
plasmid p35SGUSINT using rupture disc (1100 ps) and a target digance of 6 cm, the
GUS expresson was observed in 271 % of explants while 226 % of explants
showed GUS expresson when bombarded with 1300 ps rupture disk and 8 cm target
disance (Table 6.2).

For any plat tissue that is used for the firg time for particde bombardment,
optima parameters for transent or stable gene expression are necessary to be



Fig.6.2
Pasmid map of p35SGUIINT






Fig.6.3
A-D. GUS expresson in different regions of plumular axes bombarded with gold
particles coated with plasmid p35SGUSINT.






established. It is because transent expresson of introduced gene can be sudied only
within the firg few days after bombardment. Also it is very useful for optimizing the
vaidbles dfecting the efficiency of DNA trandfer through bombardment of
microprojectiles (Schopke et al.1997).

Gold microcarriers were used in the present study snce these have been used
in earlier reports on devdopment of cotton transgenics through particle bombardment
(McCabe & Matindl 1993; Chdn et al. 1995; Kdler et al. 1997). In an earlier sudy
with rice, Jan et al. (1996) obtained higher frequency of GUS expresson by using
gdd microcarriers compared to tungsten. Gold microcariers are generdly preferred
for bidigic bombardment due to ther sSze uniformity, sphericd shgpe inet nature
and nortoxicity to plant tissues.

There are severd reports on integration of chimeric genes in plants via partice
bombardment mediated transformation. Due to high regeneration potentid and esse in
tissue culture, plumular axis has earlier been used as an explant for gene trandfer by
paticle bombardment method in soybeen (McCabe et al. 1988), peanut (Schndl &
Weissnger 1993), cotton (McCabe & Martindl 1993, Chlan et al. 1995 and
aunflover (Hunold et al. 1995). Trandent gene expresson and optimization of
different parameters of paticle bombardment have dso been reported in pearl millet
(Taylor & Vasl 1991), Cassava (Schopke et al. 1997), sunflower (Hunold et al.
1995), maize (Van e al. 1993), rice (Jan & al. 1996) and peanut (Lacorte et al.
1997).



Table 6.2 Trangent GUS expresson in plumular axes after bombardment.
Cultivar — NHH-44

Explant — plumular axis (2 mm)

Pasmid — p35 GUSINT

Microcarrier — Gdd

Rupture disc — 1100ps / 1300 ps

No. of No. of % of
No. of Rupture Targd explants explants explants
Explants disc (p) disance od f <howi showing
bombar ded PP o) s les e
expresson
%0 1300 8 31 7 22,6
1250 1100 6 48 13 27.1

* Explantstested after 72 h.

6.3.7. Cultureof plumular axisexplantsafter bombardment
Incubation of bombarded explants in dark for 24 hrs before they are shifted to

light is consdered necessary for the heding of tissues (McCabe & Martindl 1993;
Chlan et al. 1995).

Of the 650 explants (Out of the totd 960 explants bombarded with rupture
disc of 1100 ps and taget digance of 6 cm) cultured on MSL medium, 788 %
devdoped dngle shoots in 2 weeks (Table 6.3). Of these only five survived on
kanamycin sdection medium (50 mgl) dter 3 months Lesf samples from these
shoots were found to be GUS negative However, a magindly lower number of
explants (733 %) developed sngle shoots when bombarded with rupture disc 1300
ps and 8 cm target digance. None of the shoots survived on the medium containing
kanamycin sdection pressure (50 mg/l) (Table 6.3).

Shoots which  aurvived on  sdection pressure could be escgpes  of
trandformation event since none of them showed GUS expresson. In an ealier study
on cotton transformetion, McCabe & Martindl (1993) have reported that frequency of
trandformation differs among the cultivarls and the number of gemline plants
produced was one per one thousand bombarded explants. In this report, plants were
sreened for GUS gene activity and GUS podtive buds in the axils of transformed
leaves were forced to develop into plants by pruning away nontransformed primary




shoot tips. A smilar gpproach was used by Kdler et al. (1997) to devedop cotton
tranggenics. This process resulted in two types of trandformants epidermd and
gemline. Even though dable integration and expression of the transgene occurred in
both types of transformants, however, the progeny has not inherited the transgene if
the epidermd cortex cdl layer of a plant is only transformed. In our sudy, though we
could achieve GUS expresson in embryo axis explants dable transformation in
plants has not been achieved.

Table 63: Devdopment of sngle shoots in plumular axis explants after
bombardment.

Cultivar — NHH-44

Explant — plumular axis (2 mm)

Plasmid — p35 GUS INT

Microcarrier — Gdd

Rupture disc — 1100ps / 1300 ps

Culture medium — MS basal medium + B5 vit + BA 0.1 mg/l + NAA 002 mg/l

Number of Rupturedisc No. of Per centage of Number of
explants (ps) explants axes shoots
bombarded developed developed survived on
single shoots sngleshoots | kanamycinup
after 2 weeks after 2 weeks to 12 wks
530 1300 330 73.6 -
650 1100 512 78.8 5

In another st of experiments cdlus initigtion in 4 out of 600 explants
(bombarded with 1100 ps rupture disc and target distance 6 cm) was observed when
cltured on the MS2 medium containing kanamycn 50 mgl, after 4 weeks of
incubation. Out of these four, only one cdlus line survived and proliferated on further
incubation on MS2 medium containing kanamyadn 50 mg/l (Teble 64) (FHg 64 A-
B). This cdlus showed intense blue colour when tested for GUS assay (Fig. 6.5 A-B).
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Fig. 6.4

A-B. GUS pogtive cdlus (deived from bombarded plumular axis) mantained on
medium MS + B5 vitamins + TDZ (0.1 mg/l) + Kan (50 mg/ll) + glucose
3%.






Fig.6.5
A-B. Gus postive cdlus (intense blue colour)






Table 64. Devdopment of calus in

bombar dment.

the plumular axis explants after

Cultivar — NHH-44

Explant — plumular axis (2 mm)

Plasmid — p35 GUS INT

Microcarrier — Gdd

Rupture disc — 1100ps / 1300 pd

Culture medium — MS basd medium + B5 vit + TDZ 0.1 mg/l + NAA 0.02 mg/l

Number of callus
Number of Rupture disc (ps) Number of linessurvived on
explants explantscallused kanamycin up to
bombarded after 4 wesks 12 wks
430 1300 - B
600 1100 4 1

6.38. Effect of various phytohormones on morphogendic reponse o GUS

postive callus

Among the various phytohormones tested to induce morphogenetic response,
fridble, green cdlus was obsarved in MS basal medium containing TDZ (0.1 — 1.0)
(Table 65). In the medium containing 24-D (01 — 10 mgl) , 245-T (01 — 1.0
mgl) NAA (001 — 0.1 mg/l) pidoram (0.01 — 0.1 mg/ll) white loose cdlus formation
was obsaved wheress in other concentrations of these phytohormone the cdlus
tuned brown/black and did not proliferate. The profuse cdlus growth was obtained
on the nedium containing TDZ (0.1 mg/l) on trander to fresh medium every 4 weeks.
The cdlus proliferated into large dumps (Fg. 6.6 A-B). There are severd reports on
induction of somatic embryogeness by incorporation of TDZ in culture medium for
Geranium(Qureshi & Saxena 1992), groundnut (Saxenaet al. 1992).



Fig. 6.6

A-B. Gus podtive cdlus line proliferding as dumps in sugpenson cultures
(medium MS + B5 vitamins + TDZ (0.1 mg/l) + Kan (50 mgl) + glucose
3%).
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Table 65. Effect of various phytohormones on morphogendic response of GUS

positive callus.

SNo Phytohormones (mg/l) Response

1 24-D(0.1) Whiteloose cdlus

2. 24-D(0.5) White cdlus

3. 24-D(1.0) White calus

4. 24-D(2.0) Brown cdlus

5. 24-D(5.0) Brown cdlus

6. 24-D(100) Black cdlus

7. 245T(0.1) Whiteloose cdlus

8. 245T(0.5) White cadlus

0. 245T(1.0) White cdlus
10. 245T(20) Brown cdlus
1 245T(5.0) Brown cdlus
12 245T(10.0) Black cdlus
13 NAA (0.01) White loose cdlus
14. NAA (0.1 White loose cdlus
15. NAA (0.5 Brown cdlus
16. NAA (10) Brown cdlus
17. NAA (5.0) Black cdlus
18 NAA (10.0) Black callus
19. Fic (0.01) White loose cdlus
2. Fic(0.1) White loose cdlus
2L Fic (0.5 Brown cdlus
2 Fic (1.0) Black cdlus

23 Fic (50) Black cdlus

24, Fic (10.0) Black cdlus

5. TDZ (0.02) Green loose cdlus
2. TDZ (0.2) Fricble green cdlus
21. TDZ (0.5) Frigble green cdlus
28, TDZ (1.0) Frigble green cdlus
2. TDZ (5.0) Hard green cdlus
0. TDZ (10.0) Hard green cdlus




Structures of various shapes (globular, rod and torpedo) and Szes resembling
ealy dages of somaic embryos were observed after 6 months in the suspenson
culture medium containing TDZ (0.1 mg/l) (Fg. 6.7 A-C) . All our efforts to develop
these dructures into laer dages of somatic embryos were not successful. These
dructures ether reverted to cdlus or turned brown in semisolid and/or liquid media
containing different phytohormones (Table 6.6; 6.7).

Embryo mauretion and gemindion ae the mod difficult teps in  cotton
regeneration (Gawed and Robacker 1995). Somatic  embryogeness  has  been
achieved in cotton in semi-lid andlor in liqud medium. (Chapter 1 Table 1.10).
Gavd and Robacker (1990) could achieve higher number of embryos from
embryogenic cdlus (obtained from petiode in cotton) when cultured as liquid
sugpenson cultures than on semi-solid medium. Finer (1988) has dso obtained a high
rale of embryo proliferation with suspenson cultures of cotton. The durry of cdls
formed in sugpenson cultures has a higher levd of accesshility to nutrients and are
exposed to more gradud pH changes than those cultured on a semi-solid medium.
Also the toxic metabolites that may have been produced by the proliferating cdls gets
dilued in the suspenson cultures (Stevenson et al. 1982, George and Sherinton
1984) and endogenous embryogeness inhibiting hormones may be leached into the
medium more quickly (Gawd & Robacker 1995).

Structures resembling the initid sages of somaic embryos when tested for
GUS assay showed intense blue colour (Fig. 6.7 D). Bacterid b-glucoronidase gene
(uidA, gusA) commonly referred to as GUS gene, has become the mgor reporter gene
and usd as a todl for the andyss of plant gene expresson (Waden & Schell 1990).
The assay is extremdy senstive and uses X-gluc (5-bromo-4-chloro-3-inddlyl-b-D-
glucuronide), which can quditativdy show codl- and tissue specificity (Jefferson
1989). Cleavage of 5-bromo, 4 chloro, 3indolyl, b-D-glucoronide (X-gluc) by the
enzyme b-glucoronidese  produces the find insoluble blue colour precipitate
dichlorodibromoindigo  (CIBr-indigo). It is readily detectable a low concentrations.
The find deavage product is insoluble in water; the reaction proceeds to an insoluble
intermediate which on oxiddive dimerization gives intense blue colour, and this
product dlows precise cdlular locdization and litle loss of enzyme product on tissue

processing.



Fig. 6.7
A-C. Structures resembling early stages of somatic embryos
D. GUS expresson in the somatic embryo like sructures (intense blue colour).
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Table 66. Effect of different supplements in

liquid media tested for

development of somatic embryos from embryo like sructures.

the

No. Media + supplementsin liquid cultures Response
1 MS+ Bs (Vit) Cdlus

2 MS + Bs (Vit) + Glu (15 mM) Brown cdlus
3 MS + Bs (Vit) + KnO3 (1.9 g/l) + Glu (15 mM) Brown cdlus
4 12 MS+ Bs (Vit) + Glu (15 mM) Greenish cdlus
5 1A MS+ Bs (Vit) + Glu (15 mM) Greenish cdlus
6 VAMS+ Bs (Vit) +Glu (15 mM) + KnO; Greenish cdlus
7 VAMS + Bs (Vit) + GA3 (0.1 mgll) Greenish cdlus
8 1/AMS+ Bs (Vi) +GA3 (0.2 mg/) Greenish cdlus
9 1AMS+ Bs (Vi) + GA3 (05 mgll) Greenish cdlus
10 | MS+Bs (Vit) + GA3 (0.1 mg/) Greenish cdlus
11 | MS+Bs (Vit) + GA3 (0.2 mg/) Brown cdlus
12 | MS+Bs (Vit) +GA;z (05 mgl) Brown callus
13 | MS+ Bs (Vit) +Glu (15 mM) + GA3z (0.1 mgll) Brown cdlus
14 | MS+ Bs (Vit) + Glu (15 mM) + GA3 (0.2mg/l) Brown cdlus
15 | MS+Bs (Vi) + Gu (15mM) + GA3 (05 mgll) Greenish cdlus
16 | V2MS+Bs (Vit) + GA3 (0.1 mgl) Greenish cdlus
17 | Y2MS+ Bs (Vit) + GA3 (0.2 mgl) Greenish cdlus
18 | 1/2MS+Bs (Vi) + GA3 (0.5 mgl) Greenish cdlus
19 | V2MS+ Bs (Vit) + Glu (15 mM) + GA3 (0.1 mg/l) Brown cdlus
20 | 2MS+Bs (Vit) + Glu (15 mM) + GA3 (0.2 mgl) Greenish cdlus
21 | 12MS+Bs (Vit) +Glu (15 mM) + GA 5 (05 mgll) Greenish calus
22 | JAMS+Bs (Vi) + GA3(0.1 mgl) + KnO3 1.9/ Brown cdlus
23 | YAMS+Bs (Vi) + GA3 (0.2 mg/ll) +KnOs 1.99/1 Brown cdlus




24 | JAMS+ Bs (Vit) + GA3 (05 mgl) + KnO3 1.99/l Greenish cdlus

25 | VAMS+Bs (Vi) +Glu (15 mM) + GA3 (0.1 mgll) Brown cdlus

26 | VAMS+Bs (Vit) +Glu (15mM) + GAz (02 mg/l) Brown cdlus

27 | YAMS+Bs (Vit) +Glu (15 mM) + GA 3 (0.5mg/l) Greenish cdlus

28 | MS+ Bs (Vit) + Glu (15mM) + KnO; 1991 + GA 3 (0.1 Brown callus
mg)

29 | MS+ Bs (Vit) + Glu (15 mM) + KnOs 1991 + GA3 (0.2 Brown cdlus
mg)

30 | MS+Bs (Vit) + Glu(15mM) + KnO; 1991 + GA3 Brown cdlus
(05mgll)

31 | MS+Bs (Vit) + AgNOs (5 nM) Cdlus

32 | MS+Bs (Vit) + AgNOs (10 nM) Cdlus

33 | MS+Bs (Vit) + AgNO; (15 M) Brown cdlus

34 | MS+Bs (Vit) + AgNO; (20 M) Brown cdlus

35 | MS+ Bs (Vit) + ABA (0.1 mg/l) Tumed pae

36 | MS+Bs (Vit) + ABA (02 mg/) Turned pde

37 | MS+Bs (Vit) + ABA (05 mg/l) Tumed pae




Table 6.7. Effect of different supplements in semisolid media tested for the
devdopment of somatic embryos from embryo like sructures.

SNo. Media + supplements (semi-solid cultures) Response
1 MS+ Bs (Vit) + GA3 (0.1 mg/) Calus
2 MS+ Bs (Vit) + GA3 (02 mg/) Cdlus
3 MS+ Bs (Vit) + GA3 (05 mgl) Calus
4 MS + Bs (Vit) + Glu (15 nM) + GA3 (0.1 mg/) Cdlus
5 MS + Bs (Vit) + Glu (15 nM) + GA 3 (0.2 mg/l) Cdlus
6 MS + Bs (Vit) + Glu (15 nM) + GA 5 (05 mg/l) Calus
7 MS + Bs (Vit) + KNOs (19g/1) + GA3 (0.1 mg) Calus
8 MS + Bs (Vit) + KNOs (L9g/) + GAs (0.2 mg/l) Calus
9 MS+ Bs (Vit) + KNO;+ GA3 (05 mgl) Cdlus
10 MS+ Bs (Vit) + Glu (15 ntM) + KNOs (L9 gl) Cdlus
11 MS + Bs (Vit) + Glu (15 nM) + KNO3 (1.9 g/l Calus




6.4. Conclusion

Trandent expresson of b-glucoronidese gene by patide bombardment in
plumula axis of cotton cultivar NHH-44 has been achieved with plasmid
p35SGUSINT. The GUS expresson was achieved in large number of explants when
bombarded with 1100 ps rupture disk & 6 cm target distance.

Leaf hits taken from the shoots survived on sdection pressure for 12 weeks
were found to be GUS negdive GUS podtive cdlus was obtaned from the
bombarded explants on MS salts + B vitamins + TDZ 01 mgl + NAA 00lmgl + 3
% glucoe in 12 weks The cdlus proliferated as cdumps and devdopment of
dructures resembling early dages of somaic embryos was achieved in liquid medium
supplemented with TDZ 01 mg/l. These dructures faled to deveop into further
stages of somatic embryosand plantlets.

A pat of this chapter entitted “Trandent expresson of b-glucuronidese in
embryo axes of ootton (Gossypium. hirsutum L.) by Agrobacterium and particle
bombardment methods’ by Banerjee A. K., Agrawd D. C., Ndawade S M., and K.
V. Krishnamurthy has been communicated for publication to Biologia Plantarum
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Summary

Cotton is one of the mogt important multipurpose crops vadued for its lint (fiber),
oil, seed med, hulls and severd other by-products. The cultivated and wild varigties of
cotton belong to genus Gossypium (family Mavacese). Cotton is grown in 90 countries
on 326 million hectares and aout 180 million people around the globe ae involved with
the fiber industry, which produces raw cotton worth 20-30 hillion US ddlars
(Anonymous 1997). India is one among the top five cotton producing countries in the
world.

To meet the increesing demands of superior qudity cotton by textile industry and
ads0 to redrict the damage caused to environment by excessve use of pedicides, there
has been an increesed interes in quantitaive and quditaive improvement of cotton
varidies. Conventiona breeding techniques have limitations to meat these objectives
often due to incompatibility bariers between cotton species The gpplication of
biotechnologica techniques in breeding programs provide dternative avenues for cotton
improvement through direct manipulation of genes and yidd improvements not possble
to achieve through cdasscd breeding techniques However, an efficdent plant
regeneration protocol is essentid pre-requidte for development of transgenic plants. The
mgority of the reports published mainly from the USA are on Coker varieties that are not
cultivated in India There were no reports on in vitro plant regeneraion from juvenile
explants of Indian cutlivars of cotton when the sudy was initiated. Therefore, the present
sudy was undertaken to develop an effident plant regeneraion protocol usng various
explants derived from seeds in vitro raised seedlings and fidd-grown mature plants. Yet
ancther objective of the work was to sudy application of explants with pre-exiding
meristems for genetic transformation in cotton by particle bombardment method.

The main findings of the entire work have been summarized as below:

A: In vitro propagation and plant regeneration from embryo axis explants

1 A gmple and rapid plant regeneration protocol from intact embryo axis and split
embryo axis explants of Sx Indian cultivars of cotton has been deve oped.



2. Incorporation of charcod (0.25 %) in the culture medium and incubation of cultures
a highe tempeaures (30 * 2 °C) resulted in higher number of explant forming
shoots.

3. High frequency plant regeneration (68 — 82 %) from the axenic nodd segments has
been achieved in the MS basd medium devoid of phytohormonesin Sx cultivars.

4. Induction of multiple shoots from the plumular axis explants of three cultivars viz.
DCH-32, LRA-5166 and DHY-286 was achieved on a medium containing MS «ts +
B5 vitamins + BA 01 mgl + NAA 002 mgl. Further shoot proliferation was
achieved on trander of multiple shoot bunches to the fresh medium and on further
incubation for 10 weeks.

5. Rooted shoots from dl the experiments survived dfter hardening in greenhouse and
grew to maturity after transfer to field.

[Parts of thiswork has been communicated as two papers (Plant Cell Tissue
and Organ Culture and Biologia Plantarum) and also an Indian patent

has been filed - See author’ s publication section].

B. Plant regeneration from explants consgging of pre-exiging merisems from in
vitro grown seedlings

1. A protocal for dond propagdaion usng explants with pre-exiding merisems derived
fromin vitro grown seedlings of five Indian cotton cultivars has been deve oped.

2. Induction of multiple shoots from five explants derived from in vitro grown seedlings
has been achieved. The sequence of two media MSL (MS sdts and vitamins (MS basd
medium) + BA 1.0 mgl + NAA 02 mgl + sucrose 2%) for the initid culture of 3
weeks followed by M2 (MS basd medium + BA 10 mg/l + glucose 3%) for the
second and third passages of 3 weeks each were found to be best media for induction
of multiple shoots

3. The maximum number of shoots (6.38) per responding explat and the maximum
percentage of response (90%) was achieved with 21-d old seedlings.

4. The morphogenetic response varied greaily among the different explants and cultivars
tesed. The best shoot multiplication rate was observed with split cotyledonary node
and petiole base explantsin dl thefive cultivars.



5. The larger culture vessd with more medium (250 ml cgpacity conica flasks with 50 ml
of medium) favored more number of multiple shoots compared to test tubes (25 mm x
150 mm with 20 ml medium) in dl the five cultivars.

6. The maximum number of shoots (19.7) per responding explants was obsarved in - it
cotyledonary node (SCN) explants of cultivar LRK-516 when cultured in flasks.

7. Rooting of in vitro shoots was achieved on semi-0lid MS basd medium devoid of
phytohormones. All tissue culture plantlets survived after hardening under greenhouse
conditions.

[Part of thiswork has been published (I n Vitro Cellular and Developmental

Biology-Plant) and also has been applied for an Indian patent - See
author’s publication section].

C. Clonal propagation usng nodal ssgmentsfrom field-grown mature plants

1 A protocol has been devdoped for plant regeneraion from nodd segments obtained
from mature field-grown cotton plants of cultivars DCH-32 and NHH-44.

2. The maximum percentage (825 %) of sprouting in explants of cultivar DCH-32 was
recorded in MS basal medium devoid of phytohormones.

3. The maximum number of multiple shoots from nodd segments devoid of Sprouted
shoot (mother explants) of cultivar DCH-32 (5.1 shoots per responding explants) and
NHH-44 (4.3 shoots per responding explants) was achieved in MS basd medium
supplemented with BA 0.5 mg/l. The multiple shoots € ongated on the same medium.

4. Lage culture vessd (250 ml capacity conicd flask) had a pogtive influence on
induction of more number of multiple shoots in the mother explats of both the
cultivars DCH-32 and NHH-44 DCH-32 compared to test tubes.

5. In vitro shoots could be rooted on MS basd medium devoid of phytohormones. The
hardened plants trandferred to fidd showed normd plant growth and boll formation.

[Part of this work has been accepted for publication (In Vitro Cellular and
Developmental Biology-Plant)- See author’s publication section].
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D. Application of embryo axis explants in trandormation of cotton via partide
bombar dment approach
This sudy was caried out to optimize different parameters of partide bombardment

method for trandent gene expresson in plumular axis explants of cotton cultivar NHH-

44,

1 Trangent gene expresson of b-glucoronidase (GUS) in plumular axis explants of
cotton cultivar NHH-44 was achieved with plasmid p35SGUSINT.

2. Structures resembling early sages of somatic embryo were obtaned in suspenson
cultureson MS + Bs vitamins + TDZ 0.1 mg/l.

3. Intense GUS activity was observed in cdlus tissue and in dructures obtained in
suspenson cultures

4. The maximum number of explants (27.1 %) with GUS expresson was achieved in
cultivar  NHH-44 with gold microcariers, 1100 pd rupture disk a& 6 cm target
distance.

[Part of this work has been communicated for publication to Biologia
Plantarum- See author’s publication section].

In nutshdl, efficient and reproducible plant regeneration protocols have been
devdoped with explants having pre-exiding meigems from seeds in vitro rased
seadlings and fidd-grown mature plants. Trangent expresson of GUS gene in plumular
axis explants of cultivar NHH-44 has dso been achieved.
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