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INTRODUCTION

Orchid flowers are the most fascinating among all ornamentals. They are
highly priced and they account for 8.0 per cent share of the global floricultural trade,
worth 44 billion US dollars, with an annual growth rate of 10 to 20 per cent. Orchids
exhibit remarkable diversity in form and growth habit viz., terrestrial, epiphytic,
lithophytic, saprophytic and even sub-aquatic. The attractive flower forms also make
these perennials one of the strongest choice for breeding programmes. Bewildering
colours, shapes and sizes of these flowers, persistence of bloom and their ability to
withstand long distance transport made these flowers one of the top ten cut flowers in
the international market. Potted blooming orchids are gradually becoming an
important feature of orchid business worldwide. Besides the ornamental value,
orchids are used for medicinal purposes and a large number of alkaloids have been
isolated from them. The first one, dendrobine was isolated from Dendrobium nobile.
Besides, orchids are valued as jewellery, decorating dresses and also for decorative

weavings.

India is home to about 1300 orchid species, a large number of them are
important floriculturally. A substantial number of Indian indigenous speeies figured
prominently in international breeding programmes to develop superior orchid
hybrids. India’s varied climatic conditions offer it an unique advantage over the other
orchid-growing countries of the world. All tropical, temperate and intermediate types
of orchids can be grown easily in the country. Thus, India has a great potential of
becoming a major exporter of orchids at global level. Its main strength lies in the rich
gene pool, varied climatic zones, availability of trained scientific man power, good
institutional infrastructure, lesser cost of production compared to that in the other

major orchid-growing countries.



Among the different epiphytic orchids grown in India, Dendrobium has its
prime position owing to its free flowering habit and attractive blooms which are in
high demand in the domestic and international market. More than hundred species of
Dendrobium arc grown in India. Dendrobium hybrids arc thc most suitable and
popular among the commercial orchids grown in Kerala. Some of the popular
Dendrobium hybrids grown here are Sonia, Sabine, Ekapol, Emma White, Thailand
White, Kasem White, Walter Omae, Mary Trowse and Candy Stripe. Sonia

(D. caesae x D. Tomie Drake) is the most free flowering among the Dendrobium

hybrids.

Breeding of Dendrobiums using traditional methods like hybridization is
res;cricted due to the long growth cycle (three years from seed to flower), slow seed
maturation process and difficulty in seed germination ex vitro. One effective alternate
method is the molecular breeding or genetic transformation. Advances in the
recombinant DNA technology provide new opportunities for manipulation of the
| genome. Genetic engineering is entering a period of very rapid application and offers
a means of expanding the market for ornamentals in the near future

(Rajmohan, 2003).

N

Genetic transformation can be attempted either by direct delivery of genes into
plant cells by specific methods such as particle bombardment, electroporation etc., or
by indirect method through the mediation of Agrobacterium tumefaciens. Genetic
modification of Dendrobiums for disease and stress resistance, precocious flowering,
improvement of flower colour and floral architecture is of commercial importance.

So far, there are only a few reports on the genetic transformation of Dendrobium.

The first work on genetic transformation of orchids was taken up in 1992 by
Kuehnle and Sugii (1992) and the earlier works were only on direct DNA transfer by
particle bombardment. The poor suitability of Agrobacterium for infection of this

monocot was assumed as a major limitation, in the late nineties. Further difficulties



encountered by workers are that the orchid cells had a low rate of proliferation,
in vitro. Second, the orchid cells are recalcitrant to tissue culture manipulations and
plant regeneration from de-differentiated cells had not been achieved for orchids
(Yang et al., 1999). Further, the orchids cells in tissue culture exude a large quantity
of phenolics that become toxic to the cells when oxidized. Orchids are resistant to the
commonly used aminoglycosides such as kanamycin and often require high dose of
antibiotics to select thé transgenic cells, and in most cases sensitivity response can be
detected only after five weeks. All these hurdles led to limited scientific work in this
aspect. But in this millennium several workers had undertaken Agrobacterium
mediated transformation system in orchid to standardize the various requirements for
transformation, as orchids are substantially different from other plants in their
requirements for a transformation system. Hence, the present study was undertaken
with the main objective of standardizing the various techniques for Agrobacterium

mediated genetic transformation in Dendrobium, Sonia 17.



2. REVIEW OF LITERATURE

Methods of traditional breeding have been used in the production and
improvement of the diverse array of commercially available orchids. There remains a
huge reservoir of traits including flower colour, scent, size, floral architecture,
precocious flowering nature, growth habit, stress tolerance and disease and pest
resistance that may be amenable for further genetic enhancement of orchids.
Dendrobiums are one of the léading cut and potted floricultural crops grown in the
tropics. Breeding of ‘Dendrobium using hybridization is restricted due to the long
generation’ time (generally three years from seed to flower), slow seed maturation
process, and lack of useable genetic variability. One effective alternate procedure for
Dendrobium improvement is based on gene transfer technology either by direct

delivery of genes into the plant cells or by indirect methods through the mediation of

Agrobacterium.

The first report on plant genetic transformation using Agrobacterium
tumefaciens was in tobacco (Bewan et al., 1983). Since then, this gene delivery
system has been widely used for the transfer of desirable genes in several crop plants
like cotton, tomato, sunﬂowér, beans etc. Success of Agrobacterium mediated
transformation has been reported to be dependent on the variety, type of explants,
delivery system, Agrobacterium strain, conditions of co-cultivation, selection method
and mode of regeneration (Mathis and Hinchee, 1994). Earlier, Agrobacterium
mediated transformation was considered difficult in monocotyledons.  Recent
advances in the understanding of the biology of the infection process and the
availability of efficient gene promoters and selectable markers improved the progress

of genetic transformation in monocotyledons (Smith and Hood, 1995).



The identiﬁéation and availability of genes of horticultural interest are
increasing, and ‘molecular breeding therefore appears as an attractive method for
varietal improvement in orchids. In éddition, increasing consumer interest in florist
products worldwide signals that tremendous economic benefits may be gained by the
“creation of new and improved orchid hybrids. As a result, applied projects on orchid
molecular biology ‘and genetic engineering were being pursued initially with
Phalaenopsis and Neoﬁnétia in Japan, Dendrobium at the University of Hawaii,
Honolulu (Kuehnle and Sugii, 1992; Nan and Kuehnle, 1995), Cymbidium in Korea,
Phlaenopsis at the Taiwan Sugar Research Institute, Calanthe at the US Department
of Agriculture, Beltsvil_le (Griesbach, 1994) and Dendrobium at the National
University of Singapore in conjunction with Rockfeller University (Chia et al., 1994).
The épplication_of genetic transformation technique in orchids is fairly young and

there are ohly a few reports on this aspect.
2.1. IN VITRO PRODUCTION OF PROTOCORMS

For molecular breeding to be feasible, the tissue to be genetically engineered
must give rise to plants. In Dendrobium, the protocorm derived from the seeds,
excised shoot tip, lateral buds, and protocorm-like bodies (PLB) derived from tissue
explants are the tissues suitable for reliable orchid plant production. Protocols for the
establishment of cultures in vitro and direct formation of plants from these
meristematic tissues are available for many orchid genera (Arditti and Ernst, 1993).

Other tissues capable of plant regeneration like etiolated shoots are suitable for

Dendrobium hybrids (Kuehnle, 1997).

Protocorms are derived from germinating seeds. Sterilisation priof to
inoculation of orchid seeds is very important, as orchid seeds have to be cultured
under completely aseptic conditions for the development of protocorms. Since
mature orchid seeds have tough seed coats, chemical treatments for sterilization can

be safely employed (Jordan, 1965).



2.1.1 Surface Sterilisation of Pods

Green pod culture was proved to be the best, as the seeds directly transferred
to the medium without exposure to the outside germinated well and produced strong
seedlings within eight to ten weeks (Rao and Avadhani, 1964). Mature seeds of
Vanda Miss. Joaquim pretreated with 5.0 per cent Chlorox for ten minutes and rinsed
with sterile water prior to inoculation produced seedlings in ten to twelve weeks
whereas mature seeds without pretreatment were lost due to contamination.
Mitra (1971) used chlorine water to sterilise capsules and seeds. Pods were dipped in
absolute alcohol (12 seconds) and chlorine water (45 minutes), whereas seeds folded
in filter paper were dipped in chlotine water for ten minutes and rinsed with three

chémges of sterile water.

"Rosa and Laneri (1977) used 70 per cent ethanol for sterilising pods. Pyati and
Murthy (1995) achieved pod sterilization in Dendrobium ovatum by dipping in
alcohol foilowed by flaming. Pod sterilization of Vanda coerulea was effected by
pretreatment in 0.1 per cent mercuric chloride for five minutes, followed by alcohol

dip and flaming.
2.1.2 Seed Germination and Development In Vitro

Knudson (1946) showed that the seeds of Cattleya, Laelia and Epidendrum
germinated freely on sugar and mineral containing agar medium under aseptic
condiﬁons without fungal association. Arditti (1979) reported in four orchid genera
including Dendrobium that only a few apical cells of protocorms divided to form a
promeristem which gave rise to shoot apex and structures homologous to cotyledons.
Mathews and Rao (1985) reported that the differentiated protocorms had to be
subcultured within a period ranging from 70 to 80 days for proper in vitro growth.
OverCrowding without transfer resulted in stunted growth. According to Yam and

Weatherhead (1988) the seeds had germinated only when protocorms either green or



white, were observed in cultures. Rubulo ef al. (1989) defined germination as the
| presence of protocorms with one leaf primordium one month after culture. Pathak et
al. (1992) in Goodyera biflora reported that the protocorms, on emergence from the
testa were white and hairy. The first signs of chlorophyll development were apparent
in leaf initials. Singh (1992) reported that depending upon their genotype, the seeds

develop chlorophyll within 10-20 days on the nutrient medium.

Krishnan et al. (1993) observed the visible protocorm formation from the
embryos by the second and third week of culture in Spathoglottis plicata and the first

leaf primordium was intitiated between the fifth and sixth week of culture.

Nagashima (1993) studied the seeds of 47 orchid species and reported that the
germination rate ranged from 0.8 to 100 per cent and the number of days from sowing
to germination ranged from 3 to 305 depending on the stage of embryogenesis. Singh
(1993) found that inoculation of seeds into a nutrient medium under in vitro
conditions not only improves the per cent of germination, but also reduces the time

for differentiation of orchid seeds, both biochemically and morphologically.

Hazarika and Sarma (1995) reported that immature seeds of Dendrobium
transparens showed the signs of swelling, in 16-18 days after inoculation. Ninety per
cent germination was observed after 25 days of inoculation. Lekharani (2002)

reported that in Dendrobium the seed germination per cent ranged from 8.00 to 70.73.
2.1.3 Effect of Culture Media on Seed Gemination

Many media have been used for the axenic germination of terrestrial and

epiphytic orchids. However, none of these media is universal.

The commonly used nutrient media for orchid seed culture are those proposed

by Knudson (1946) (KC), Vacin and Went (1949) (VW) Murashige and Skoog



(1962) (MS), Raghavan and Torrey (1964), Nitsch (1969), Mitra et al., (1976) and
Rosa and Laneri (1977) (RL).

Seed germination and morphogenesis studies in Epidendrum radicans and
Dendrobium Jaquelyn Thomas clearly indicated the superiority of MS medium over
KC and VW media (Sangama, 1986). Reddy et al. (1992) observed that the South
Indian orchids exhibited a sigﬁiﬁcant interaction between the media and the species.
Dendrobium crepidatum yielded better results in MS and RL media than in KC
medium. Zhang et al. (1993) reported that since MS medium contained high ionic
concentration of nutrient salts half-strength MS could adequately support rapid
protocorm production in orchids. Hazarika and Sarma (1995) conducted in vitro
germination studies in Dendrobium transparens (Lindl) and reported that best growth

of seedlings was obtained in supplemented MS medium.

Bhaskar (1996) found that supplemented quarter strength MS could produce
seedlings with maximum number of shoots, leaves and roots in Phalaenopsis after a
12 week culture period. The basal medium MS half strength was found to be the best
for early germination and raﬁid in vitro development as compared to MS quarter
strength and MS, KC and VW full strengths (Lekharani, 2002). Xiang et al. (2003)
reported that the best medium for in vitro regeneration of Cymbidium sinensis was

MS medium supplemented with 4.0 mg BA + 1.0 mg NAA /L

Devi et al. (1990) pointed out that the prefered medium for Dendrobium seed
germination varied with the species. D. farmeri and D. Primulinum gave 50-60 per

cent higher germination on VW medium.

Kumaria and Tandon (1991) were of opinion that high ionic concentration of
nutrient salts and vitamins in the medium was inevitable for the germination of

Dendrobium fimbriatum var Oculatum seeds. On inoculating four-month old seeds,



the highest germination (91%) was obtained on Nitsch medium, followed by

MS (85%).

2.1.4 Effect of Organic Additives on Protocorm Establishment

The most frequently used complex organic additive in the production of
orchid protocorms is coconut water (CW), the liquid endosperm of coconut. It
induces cell division in otherwise non-dividing cells and promotes morphogenesis

and mass multiplication of protocorms in orchids (Intuwong and Sagawa, 1973).

Morel (1974) had enumecrated the beneficial cffects of coconut water in
bringing about rapid protocorm multiplication in orchids. Mc Intyre er al. (1974)
found that addition of coconut water (15%) to KC medium led to increased growth of
both epiphytic and terrestrial orchids. Vigorous root growth was observed in
epiphytes. Coconut water (10%) when added to KC medium along with
micronutrients, gave satisfactory germination in five orchid genera (Rosa and Laneri,
1977). ‘Sahid (1980) reported that growth rate of Dendrobium hybrids could be

improved by adding potato and pea extracts to KC medium.

Soediono (1988) found that supplemented VW medium (CW 15% + NAA 10
ppm) led to rapid protocorm proliferation followed by enhanced seedling growth in
Dendrobium Jaquelyn Thomas. According to Rubulo ef al. (1989) supplementing
KC medium with 10 per cent coconut water gave the best germination in Bletia
Urbana. Addition of 15 per cent CW enhanced germination and accelerated seedling
growth in Dendrobium farmeri and D.Primulinum (Devi et al, 1990). Immature
seeds of Rhyncostylis retusa and Vanda Coerulea gave 20 per cent enhanced
germination when VW media was supplemented with CW, banana pulp, pineapple

juice and vitamin stock of Nitsch medium (Nath e al., 1991).
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Sharon et al. (1992) used the basal medium supplemented with 15 per cent
CW for raising protocorms of Dendrobium Snowfire from immature seeds.
Enhanced growth in different-orchids has been reported to occur in the presence of
coconut water (CW), banana pulp, peptone, apple juice and peptone, fish extract and
peptone, pineappl¢ and tomato fruit (Arditti and Ernst, 1993). For Cattleya, Encyclia
and Oncidium 25 per cent CW was the best additive (Villolobes and Munoz, 1994).

Bhasker (1996) had pointed out the beneficial effects of peptone and CW on
in vitro seedling growth in Phalaenopsis. Peptone 1000 rhg 1" along with BA 20 mg
1! and NAA 1 mg I maximised shoot leaf and root productioh after 12 weeks of
culture. Foliar growth was enhanced by the addition of CW. Lekharani (2002)
réported that coconut water 200 mgl™ was the best for early protocorm differentiation
and rapid seedling growth. According to Mathews and Rao (1980) yeast extract was
successfully used for seed germination and protocorm proliferation in many orchid

species.
2.1.5 Effect of Charcoal on Protocorm Establishment

Emst (1974), Rosa and Laneri (1977) recorded that seedlings grew well on
culture media to which activated charcoal was added. Fridborg er al (1978)
attributed the beneficial effects of activated charcoal to its adsorption of inhibitory
phenolic and carboxylic compounds produced by the tissues in culture. They further
observed that charcoal has the tendency to absorb hormones and vitamins and thereby
inhibit growth. Hence it should be used with caution in culture media. The initial
formulations of charcoal-contgining medium for seed germination of Hong Kong

orchids gained wide acceptance (Yam and weatherhead, 1988).

Pierik et al. (1988) found that in Paphiopedilum ciliolare when activated
charcoal 2 gl' was added to the medium after protocorm formation, induced

significant increase of shoot and root development. But it was inhibitory during seed



1"

germination. chording to Hinnen ef al. (1989) activated charcoal strongly enhanced
the growth and development of Phalaenopsis seedlings. Yam et al. (1990) observed
that activated charcoal exerted a beneficial effect on culture media by adsorption and
removal of phytotoxic metabolites. They further pointed out that it can also be

detrimental due to the removal of additives such as auxins or cytokinins,
2.1.6 Effect of Carbon Source on Seed Germination

Orchids must have an external supply of carbohydrates to continue their
growth and differentiation. Orchid seeds and young seedlings have the ability to
utilize various carbohydrates. However, different species have their own preferences
(Arditti, 1967). Glucose, fructose or oligosaccharides containing these sugars alone
could adequately satisfy the eﬁergy requirements of Phalaenopsis protocorms (Ernst
et al., 1971). In Dactylorrhiza purpurella, the results with dextrose and sucrose were

essentially similar (Harvais, 1972).

Of the sugars tested on the growth of Cymbidium protocorms,vsucrose was
better thar'lvmaltose, glucose and fructose. The optimum concentration of sucrose
ranged from 3.0 to 4.0 per cent (Fonnesbech, 1972). Harrison and Arditti (1978)
found that sucrose induced germination and enhanced chlorophyll development 1n
certain species that failed to germinate on sugar-free medium. Sucrose could be

replaced by glucose.

In hybrid Vanda, Mafhews and Rao (1985) and in Cypripedium reginae,
Bellard (1987) tested different carbon sources and found that 2.0 per cent sucrose was
the best source. Absence of sucrose stopped the growth of protocorms and 10.0 per
cent sucrose caused tissue necrosis. Pierik et al. (1988) concluded that in
Paphiopedilum ciliolare an extraordinary low sugar concentration was optimal for

germination, higher concentration being inhibitory.
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High sucrose concentration (4.0) reduced germination in Bletia Urbana, but
no significant difference could be observed in the response between 2.0 and 3.0 per
cent sucrose (Rubulo et al., 1989). Sharma and Tandon (1990) reported that among
the various carbon sources tested, sucrose, fructose and glucose at 2.0 to 3.0 per cent
gave the best germination and "seedling growth in Cymbidium elegans and Coelogyne

sp. In sugar-free medium, the germination and growth were negligible.

Lekharani (2002) observed that sucrose 30 gl showed significantly early
development of first leaf and root primordia. Xiang ef al. (2003) reported that 30g

sugar/l was the optimum dose for the in vitro regeneration of Cymbidium sinensis.
2.1.7 Effect of pH Of Media on Seed Germination

Knudson (1951) noted the inability of Cattleya seeds to germinate if the initial
pH of medium is below 4.5. Dendrobium nobile germinated better within a pH
range of 4.0 to 5.0. (Ito, 1955) where as many other orchid species responded
fa{/ourably to media with pH between 5.0 and 6.0 (Scott and Arditti, 1959; Kotamori
and Murashige, 1965). Maintaining the pH at 5.2 to 5.5 was favourable for successful

germination in Cymbidium mastersii (Prasad and Mitra, 1975).

Rosa and Laneri (1977) observed that pH of 5.2 for Cattleya, and
Phalaenopsis and 6.0 for Cymbidium and Paphiopedilum were satisfactory for
germination. Reyburn (1978) recorded in Cymbidium that germination in the dark
was optimal at pH 5.5 — 6.0 and a pH of 7.0 was strongly inhibitory. Orchid seeds
germinated well within a pH range of 4.8 to 5.2 with gerrhination commencing at pH

3.6 and tapering off at 7.6 (Arditti, 1979).

Maximum germin‘atidn and optimal growth of protocorms at pH 5.0 was
reported in Dendrobium chrysanthum and Sarcanthus pallidus (Raghuwanshi et al,

1986). Optimal germination of Paphiopedilum ciliolare occured at a pH of 6.0
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(Pierik ef al., 1988). Ichihashi (1990) obtained good germination of Blettia striata
seeds when the pH was adjusted to 5.1 =+ 0.1. George (1997) found that optimal

growth of protocorms in Dendrobium osterholt resulted when the pH was adjusted

to 5.8.

22 ESTABLISHMENT OF PROTOCORM LIKE BODIES

Protocorm like bodies (PLBs) are obtained from the culture of shoot apices
in vitro. | Sagawa and Shoji (1967) opined that shoot tip cultures necessiated the
sacrifice of the entire new growth or a whole plant for a procedure which at best
might be successful with 66.7 per cent of the explants. As with Cymbidium
and other sympodials shoot tips remained the most commonly used explant

(Goh, 1970; Teo et al., 1973).

Stewart and Button (1975) reported that plantlets and callus which
subsequently gave rise to plantlets could be differentiated from a single
Paphiopedilum stem apex if bacterial-free cultures could be obtained.  Shoot tip
explants of Dendrobium fimbriatum produced a compact callus after two weeks of
inoculation. Following transfer to plant growth regulator free medium, the callus
further proliferated with side by side regeneration of PLBs (Jonojit and Nirmalya,
2003).

The totipotent callus of Cypripedium formosanum an endangered slipper
orchid was induced from the seed derived protocorm segments. The callus
proliferated well and on an average 13 PLBs were obtained from a piece of 4 mm

callus (Lee and Lee, 2003).
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2.2.1 Effect of Culture Media on the Development of PLBs

The most commonly employed media for shoot tip culture are Knudson’s C

(Knudson, 1946), MS (Murashige and Skoog, 1962), and VW (Vacin and
Went 1949).

Trawati ef al. (1977) reported that the best growth and survival rates were
obtained in Dendrobium when cultured in Knudson’s C medium. Shoot tip explants
of Dendrobium fimbriatum produced PLBs when cultured on modified nutrient

solution of Knudson’s C to generate the PLBs (Jonojit and Nirmalya, 2003).

Based on studies with Aranda, Cattleya, Dendrobium and Ascocenirum in
three different media, Fu (1978) found that the best medium for proliferation was MS
salts. Lee and Lee (2003) used quarter strength MS medium for producing the PLBs
from the totipotent callus of Cypripedium formosanum Inflorescence tips of Mokara
Cv Chark Kuan cultured on Vacin and Went medium produced PLB’s
(Abdulkarim and Hairani, 1992).

222 Effect of Plant Growth Substances on the Development of PLBs

When excised apices of Rhyncostylis gigantea were cultured on a composite
agar medium supplemented with NAA and coconut milk, plantlets could be produced
in three and half months (Vajrabhaya and Vajrabhaya, 1970). A higher concentration
of NAA and BA induced maximum proliferation of shoots in Cattleya (Kusumoto,
1979). Addition of low concentration of NAA (below 0.1 mg /1) promoted shoot
formation (George and Sherington, 1984). Callusing was recorded in the presence of
0.5 mgl! NAA and 1 mgl”" BAP. But the callus proliferated with side by side
regeneration of PLB’s when it was transfered to plant growth regulator free medium

(Jonojit and Nirmalya, 2003).
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Appliéation of BA to the axillary buds increased the shoot proliferation in
: ‘Dendrobium antennathum (Kukulczanka and Wojciechowska, 1983). Shimasaki and
Uemoto (1987) found that application of BA to axillary bud explants of Calanthe

promoted shoot growth.

Ichihashi (1992) reported rapid proliferation of lateral buds on ybung flower
stalks of four hybrids of Phalaenopsis cultivar in the absence of growth regulator.

The totipotent callus-of Cypripedium formosanum was induced from the seed
- derived p_rotocorm segment on a quarter strength MS medium_cbntaining 4.52 uM ‘2,
4-D and 4.54 uM thidiazuron. The callus proliferated well and was maintainéd by
subculturing on the same medium. On an average 13 PLBs were obtained. from a
* piece of four mm callus after being transferred to the same medium with 4.44 pM BA

after eight weeks of culture.
2.2.3 Effect of Carbon Source on the Development of PLBs

According to Hew et al. (1988) and Hew and Math (1989) when apicai
meristems of Dendrobium were cultured in a VW medium, fructose was more readily
utilised than other sugars. Honjo et al. (1988) observed that the _incréase in fresh
weight of PLB’s of Cymbidium was markedly affected by suc_rdse. concentration. The
béneﬁcial effect of CO, enrichment was observed only in the case of low sucrose

concentration.

- Sucrose [5.0% (w/v)] concentration was found to be the most effective in
shoot induction (Paek and Yeung, 1991). Sucrose 3.0 per cent was found to be the
best for shoot-growth from shoot meristems of Dendrobium Joannie Ostenhault

(Madhuri and Vasundhara, 1990).
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., 2,’2’,‘4 ' Effect of Organic Additives on the Development of PLBs

Coconut water has been proved to promote the growth and differentiation of
i exéised tissues and organs of several crops. The beneficial effect of coconut water has

been attributed to the presence of cytokinin like substances.

~ The optimum concentration of coconut water in the medium was 10 - 15 per
, :cenf. It is ‘added before autoclaving (Morel, 1965, Intuwong and Sagawa, 1973).
Coc,onut‘ water 15.0 per cent differentiated more number of plantlets within a short
| _. périod_- in Dendrobium (Soediono, 1983). In Dendrobium fimbriatum modified
. putrient solution of Knudson’s C supplemented with 10% V/V coconut water, 0.5 mg
l'l'.niacin and 0.5 ‘mgl'1 pyridoxine HCI resulted in the production of compact callus

' _Wh-ich\further proliferated into PLBs (Jonojit and Nirmalya, 2003).

~ Kusumoto (1979) reported that yeast extract retarded organogenesis and
b-accelerated the production of protocorms in Cymbidium. Addition of 5.0 per cent
p1neapple juice to VW medium enhanced germination and accelerated leaf and root

| o growth (Devi et al.,'1990).

_ ~ Agarwal et al. (1992) found that in Vanilla walkeri MS medium supplemented
: 7'w1th 0.5 mg I kinetin, 1.0 mg I"' BA and 1000.0 mg I'! caesin hydrolysate supported

g ‘rapld prol1ferat10n of multiple shoots from stem node segments.
‘2.2".5 - Effect of Gelling Agent oli the Development of PLBs

-+ Kusumoto (1980) reported that in KC basal solution containing 15 gl agar,
Cymbidium protocorms proliferated best when 10 to 25 per cent coconut milk was

added. PLBs from inflorescence tips of Mokara were cultured on solid Vacin and

o 'W_entvmedium supplemented with 0.5 to 7.0 per cent agar. Increasing the agar

- concentration above 1.4 per cent resulted in reduction in the number of plantlets and
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Jeaves (Abdulkarim and Hairani,1992). Xiang et al. (2003) reported that the best

concentration of agar for in vitro regeneration of Cymbidium was 8 g I
2.2.6 Effect of pH of the Medium on the Development of PLBs

The pH in the medium greatly influences plantlet growth (Knudson, 1951).
Vanda explants were grown best on White’s medium with pH 5.5 (Sagawa and
Sehgal, 1967).  Epidendrum leaf tips were best grown at pH 5.5 on modified MS
medium (Churchill ef al., 1970). Mosich et al. (1974) recommended a pH of 5.5 for
Dendrobium. The same author reported a higher pH of 5.8 when modified MS

medium was used for Dendrobium culture.

Epidendrum root tips were reported to grow on modified Ojima and Fujiwara
medium with a pH of 5.0 (Churchill et al., 1972). Cattleya shoot tips when cultured
on a solid medium turned brown and died eventually. Tests conducted on polyphenol
oxidase activity showed that the leaves tuned brown due to this activity. The activity

was greatest at pH 6.5 and was inhibited at lower pH (Ichihashi and Kako, 1977).

The genes bracketed by the border sequence in a T-DNA, eventhough they are
of prokaryotic origin, contain eukaryotic promoters and regulatory sequences. As a
result, these genes do not express inside the bacterial cell. It is precisely because of
this, the génes encoded by the T-DNA can be replaced without interfering with the
transfer of the T-DNA to the plant cell. Agrobacterium is able to transfer 10-20 kb
DNA to the plant cell. The T-DNA is organised in two distinct regions called TL
(left T-DNA) and TR (right T-DNA). The removal of oncogenes from T-DNA of the
Ti plasmid and replacement with the desired gene perrnits the use of this bacterium

for the genetic transformation of plant tissue (Bernard and Jack, 2001).
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2.3 MARKER AND REPORTER GENES

Selection of transformed cells is a key factor in developing a successful
genetic transformation system. (Chia et al., 1994). Single dominant genes encoding
suitable resistance to a selective agent is used as a marker. The reporter genes are
used to analyse the function of promoters and other gene regulatory sequences.

These genes do not disrupt the plant regeneration, but allow the selection of

transformed cells.

Neomycin phosphotransferase II (npt II) gene from transposon Tn 5, detoxify
neomycin, kanamycin and G 418 by phosphorylation. It is widely used in dicotyledon
system, including tobacco, potato and tomato (An ef al., 1986), legumes such as
white clover (White and Greenwood, 1987) pea (Puontikaertas et al., 1987) and

woody species such as Pseudostuga menziesii (Ellis et al., 1989).

The ‘bar’ gene codes for phosphinothricin acetyltransferase (PAT) which
inactivates PTT, an irreversible inhibitor of glutamine synthase. This gene has been
inserted and expressed in rape (De Block et al., 1989), rice (Dekeyser et al., 1989)
and alfalfa (Krieg et al., 1990).

Hygromycin phosphotransferase (hpt 1) governs resistance to hygromycin.
This gene isolated from E.coli has been placed under various promoters and has been
successfully used in rice (Dekeyser ef al., 1989; Shimamoto ef al., 1989). Dekeyser
et al. (1989) evaluated the efficiency of various selectable markers. They reported
that while phosphinothricin and bleomycin were effective at lower concentrations,
G 418 and hygromycin were required at higher concentrations for selection of
transformed rice cells. Nehra ef al. (1990) had reported the use of Aptr II gene as a

marker in strawberry.
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An alternative to antibiotic selection is the use of the firefly luciferase gene,
luc (Chia ef al., 1994) as a marker. This was used in Dendrobium orchid. The

product of this gene producés light upon reaction with luciferin, which can be

detected with a camera photomultiplier.

The green fluorescent protein (GFP) is efficiently expressed in plant cells and
it is used as a selectable marker by Mercuri et al. (2001) in Lisianthus and in

Dendrobium, Sonia 17 by Tee et al. (2002).

24 AGROBACTERIUM MEDIATED GENETIC TRANSFORMATION

There is a substantial interest in the genetic improvement of orchids. Orchids
form the largest family of flowering plants with more than 800 genera and over
25,000 species that are commercially grown globally (Arditti, 1992). Genetic
modification of orchids for disease and stress resistance, precocious flowering and the
improvement of flower colour and morphology is thus of major commercial
importance. The advent of transgenic technology allows for accelerated modification

and improvement of orchids.

In orchids the first report on genetic transformation was made by Kuehnle and
Sugii (1992). They obtaint transgenic Dendrobium plants from protocorm like bodies
(PLBs) using particle bombardment. Professor Chia was the first to genetically

engineer an orchid with firefly luciferase gene (Chia et al., 1994).
2.4.1. Explant for Genetic Transformation

For molecular breeding to be feasible the tissue to be genetically engineered
must give rise to plants. In turn, the gene transfer method and the gene expression
vectors to be used must be compatible with the plant genotype and the tissue to be

treated. Integral to the process should be a means of identifying and selecting for
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organ genesis from engineered tissue. Together, these factors determine the

effectiveness of 2 particular plant genetic engineering system.

Kuehnle and Sugii (1992) recovered stable transformants of Dendrobium
Jaquelyn Thomas from the protocorms bombarded by microparticles coated with the
plasmid, PGA482GG/cp PRV4). Outgrowths resembling protocorms from cultured
leaf segments of phalaenopsis were used as explants to generate stable transformants
by Anzai et al. (1995). Nan and Kuehnle (1995) reported the electroinjection of
50 — 100 protocorms of Dendrobium UH 44 inbred, aged two to three months, with
PBI 121 DNA, to generate the transformants. Chen and Kuehnle (1996) obtained

transformed plants in Authurium by cocultivation of etiolated internodes with 4.

tumefaciens.

PLB of Dendrobium White Angel were bombarded with tungsten
microparticles coated with PUC 19-LUC or pMONS530-LUC (Chia et al., 1994) and
the bioluminescent orchid was obtained. A cocultivation method was developed for

transforming Phalaenopsis varieties in vitro with Agrobacterium tumefaciens using

PLBs as explants (Hsieh et al., 1997).

One transgenic plant of Dendrobium Jaquelyn Thomas ‘Uniwai Blush’ (UH
44) was recovered from an etiolated shoot explant bombarded with PBI 121 coated
tungsten particles (Nan and Kuehnle, 1995). According to Vergauwe ef al. (1998)
transformation of Artemisia annua was accomplished by co-cultivation of sterile leaf,
stem and root explants from 12 to 18 week-old plants, cotyledons and hypocotyls

from eight day old seedlings with A. tumefaciens.

Protocorms” of orchid (Dendrobium hybrid) were transformed by
microprojectile bumbardment (Yu et al., 1999). Yang et al. (1999) used the PLBs to
transform the Cymbidium orchid using particle bombardment. ~ Protocorms and

protocorm like bodies of three genera Brassia, cattleya and Doritaenopsis were
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genetically transformed via micro projectile bombardment (Knapp et al., 2000).
Transgenic orchid (Dendrobium Madame) plants were obtained by the co-cultivation

of thin-section explants from PLBs with 4. tumefaciens (Yu et al., 2001).

Leaf tissues were used as target explants for establishing a stable
transformation system for the ornamental plant Datura meteloides (Curtis ef al.,
1999). Leaf derived embryogenic calli were inoculated with 4. tumefaciens for
producing transgenic  plants of Agapanthus praecox ssp. orientalis
(Suzuki et al., 2001). Leaf discs were co-cultured with A. tumefaciens to generate the
transformants in chrysanthemum (Shinoyama et al., 2002), in cape daisy (Morbel et
al., 2002) and in rhododendron (Dunemann et al., 2002). Gerbera leaves with two to
three mm lamina lengths were transformed by A. tumefaciens LBA 4404
(Korbin et al., 2002).

Callus initiated from the in vitro grown cormel slices of Gladiolus Cv Jenny
Lee and the suspension cells were bombarded to generate transgenic plants (Kamo
and Blowers, 1999). Cormels of 1.0 to 1.5 cm diameter cut into 2-3 mm thick slices,
and in vitro deérived bisected shoot tips were used as target explants for
Agrobacterium mediated genetic transformation of gladiolus (Babu and Chawla,
2000). Belarmino and Mii (2000) obtained genetically transformed plants of
Phalaenopsi’s orchid after co-cultivation of cell clumps with 4. tumefaciens.
Li et al. (2002) used undifferentiated callus, and primary embryogenic callus as
explants for Agrobacterium mediated genetic transformation in rose. Three different
morphological callus types identified as type A, B, C and tips of in vitro
inflorescenses were us;/d,és target tissues, for genetic transformation of Dendrobium

02

Sonia 17 (Tee et al., 2002).

Genetically transformed plantlets of Phalaenopsis were obtained after co-

cultivation of PLBs with Agrobacterium tumefaciens strain LBA 4404 containing the
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vector PTOK 233 that harbours genes for B-glucuronidase (GUS) and hygromycin
resistance (Chai ef al., 2002).

Transgenic plants of Cymbidium niveomarginatum were regenerated after
co-cultivation of their rhizome sections with A. tumefaciens (Chan et al., 2003). In
Arabis hypocotyl explants were cocultivated with Agrobacterium tumefaciens strain
GV 3101 (Taskin et al., 2003). Dendrobium phalaenopsis and D. nobile were
genetically transformed by particle bombardment using calluses and PLBs as target

explants (Men et al., 2003).

Liau et al. (2003) used PLBs from protocorms as target explant for the
Agrobacterium mediated genetic transfofmation of Oncidium. For Phalaenopsis Cv
Taisuco Crane the PLBs were used as explants for the two types of genetic
transformation (Chan et al., ’2003). The effective genetic transformation for five
carnation cultivars was established and optimized using the leaf explants, by

Lin et al. (2003).
2.4.2. Agrobacterium Infectivity

Agrobacterium infectiv-ity is a result of the interaction between the plant cell
and the bacterial cell. The infectivity is improved by the use of right strain of the
bacterium, varying host genotype, manipulating explant physiology, inoculation and
co-cultivation conditions  (Godwin et al, 1992). Agrobacterium mediated
transformation has been reported to be dependent on the variety, type of explants,
delivery system, Agrobacterium strain, conditions of co-cultivation, selection method,

and mode of regeneration (Mathis and Hinchee, 1994).

Earlier, Agrobacterium mediated transformation was considered difficult in
monocotyledons. Recent advances in the understanding of the biology of the

infection process, and the availability of gene promoters and selectable markers
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improved. the progress of genetic transformation in monocotyledons (Smith and
Hood, 1995).  Agrobacterium mediated gene transfer is usually generalised to
produce simpler integration patterns, less rearrangements within inserts and reduced
problems with cosuppression and instability over generations, compared to methods

based on direct gene transfer (Komari and Kudo, 1999).

In Agrobacterium mediated genetic transformation in barley most of the
transgenic lines that expressed both marker and reporter genes showed simple
integration patterns and Mendelian inheritance of the transgenes in Ty progeny
(Trifonova et al., 2001). Agrobacterium based DNA transfer system offers many
unique advantages such as the simplificity of Agrobacterium gene transfer. It allows
a precise transfer and integration of DNA sequences with defined ends. It ensures a
linked transfer of genes of interest along with the transformation marker. This
method results in a higher frequency of stable transformation with many single copy

insertions (Veluthambi et al., 2003).
2.4.3. Strain Specificity

Agrobacterium tumefaciens mediated transformation had been successful with
a broad range of dicotyledonous plants and few monocotyledons. There are
differences in the susceptibility between species and even between cultivars and
genotypes of the species. So the best method is to try transformation with different
strains harbouring a good selectable marker, till we get the genotype / strain
combination. Several A. tumefaciens strains varying in chromosomal background, vir
helper plasmid and binary vector plasmid should be tested for their competence to
transform. Chen and Kuehnle (1996) obtained transformed plants is Authurium by

the co-cultivation of etiolated internodes with 4. tumefaciens strain LBA 4404.

Hsieh et al. (1997) in Phalaenopsis developed a method for transformation in

vitro with Agrobacterium strain EHA 105. In Artemisia annua A. tumefaciens strain
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EHA 101, C 58C1 Rif Rb (Vergauwe et al., 1998) and in Datura the supervirulent 4.

tumefaciens strain 1065 were used to get transformants (Curtis et al., 1999).

Belarmino and Mii (2000) used the strain LBA 4404 (PTOK233) and
EHA 101 (pIG121Hm) for cocultivation of cell clumps to generate transformants.
In Chrysanthemum cultivars (Seiun, Shohounotikara, Tenju and Houkou)
A. tumefaciens strains EHA 101 and LBA 4404 with C 58C1 promoter was used to
study the several factors including the chrysanthemum cultivars and A.tumefaciens
strains which affebt the stable transformation. They reported that EHA 101 was the
best (Kudo et al., 2002). In Cyclamen precultured etiolated hypocotyls of Cv Sierra
Rose were infected with Agrobacterium tumefaciens strains LBA 4404 and EHA 105

to produce successful transformants (Boase ef al., 2002).

A. tumefaciens strain LBA 4404 was used to get successful transformants in
gladiolus (Babu and Chawla, 2000) Dendrobium (Yu et al., 2001), Agapanthus sp.
(Suzuki et al., 2001), African violet (Kushikawa ef al., 2001), chrysanthemum
(Shinoyama et al., 2002) and gerbera (Korbin ef al., 2002). In an ornamental plant
. Osteospermum ecklonis genetic transformation was performed using A.tumefaciens

GREEN

strain AGL 1 harbouring the expression vector p under the control of the

constitutive promoter 35S (Giovannini et al., 2002).

(Kim et al., 2002) reported the first successful Agrobacterium tumefaciens
mediated transformation in Alstroemeria Cv VV024 by the infection of friable
embryogenic callus lines and leaves with A.tumefaciens strain LBA 4404 (PTOK
233). The same strain was successfully used in Phalaenopsis (Chai et al., 2002). In
rose 4. tumefaciens strain GV 3101 (Li et al., 2002) and in Coleus blumei the wild
type bacterial strain B 6 S3 gave maximum efficiency. The strains C 58 C 1, GV
3101, 8196 and A 281 were also effective (Bauer ef al., 2002).
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Kishimoto et al. (2002) reported the transformation with young leaf discs of
Begonia on infection by 4. tumefaciens strain LBA 4404 and AGLO LBA 4404 was
used to get the transformants in Cymbidium niveomarginatum (Chen et al., 2002). In
Arabis gunnisoniana the hypocotyl explants were co-cultivated with A. tumefaciens
strain GV 3101 (Taskin ef al., 2003). A. tumefaciens strain LBA 4404 (pBIN19) was
used to generate the transgenic dwarf and early flowering lilies (Meréuri et al., 2003).
LBA 4404 (pBIN19) generated transgenic African violets with antifungal properties
(Ram and Mohandas, 2003).

2.4.4. Gene Transfer Methods

The gene transfer method and the gene expression vectors to be used must be
compatible with the plant genotype and the tissue to be treated. Several gene transfer
methods can be used. The methods tested with orchids include microparticle
bombardment (Kuehnle and Sugii, 1992), seed imbibition (Chia et al., 1994), pollen
tube mediated DNA delivery and electroinjection (Nan and Kuehnle, 1995 a).
Yu et al. (1999) transformed Dendrobiums and Yang et al. (1999) transformed

Cymbidiums using particle bombardment.

Chen and Kuehnle (1996) obtained transformed plants in Anthurium, a
monocot by co-cultivation of etiolated internodes with 4. tumefaciens. In
Phalaenopsis Hsieh et al. (1997) and in Artemisia Vergauwe et al. (1998) used

A. tumefaciens for transferring the gene.

A stable transformation system was established in the ornamental plant
Datura meteloides using A. tumefaciens (Curtis ef al., 1999). Belarmino and Mii
(2000) in Phalaenopsis and Babu and Chawla (2000) in galdiolus sp Yu et al. (2001)
in Dendrobium reported the Agrobacterium mediated genetic transformation.
Transgenic Agapanthus (Suzuki et al, 2001) and transgenic chrysanthemums

(Shinoyama er al, 2002) were by A. tumefaciens mediated genetic transformation.
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A. tumefaciens mediated genetic transformation was reported in gerbera (Korbin et
al, 2002), rose (Li et al, 2002); sedum (Yoon et al, 2002), Rhododendron sp
(Dunemann ef al., 2002) and Phalaenopsis (Chai et al., 2002). In Arabis sp Taskin
et al. (2003); carnation, Lin et al. (2003); Oncidium (Liau et al., 2003) established an

efficient 4. tumefaciens mediated genetic transformation system.

Gladiolus Cv Jenny Lee was bombarded to generate transgenic plants (Kamo
and Blowers, 1999).  Knapp et al (2000) transformed Brassia, Cattleya and
Doritaenopsis by micro projectile bombardment. Dendrobium phalaenopsis and
D. nobile (Men et al., 2003) and Dendrobium, Sonia 17 (Tee et al. 2002) were
genetically transformed by particle bombardment.  Chan er al. (2003) reported
transformation by both the methods viz., particle bombardment and sonication

assisted Agrobacterium mediated transformation in Phalaenopsis.
2.4.5. Bacterial Density

Concentration of bacterial cells in the induction medium is another important
factor to be considered for efficient transformation. Very low ‘density of bacterial
population could lead to ineffective transformation, whereas very high density may
lead to necrosis and death of the explant. Some species are very sensitive to bacterial

infection and hence very low density of bacterial population is used.

Curtis et al. (1999) reported in Datura meteloides that the treatments
involving either a 1:20 (vol:vol) or 1:10 (vol:vol) bacterial dilution for inoculating
explants regenerated (P<0.05) more GUS positive shoots than 1:5 (vol:vol) dilution.
Belarmino and Mii (2000) followed a two step co-cultivation method. The first step
involved the incubation of 1.0g suspension cells obtained from the friable calli of
Phalaenopsis in 20ml solution consisting of 1:10 (vol / vol) A. tumefaciens
suspension. After 10h of 30 rpm agitation at 28°C all suspension cells were collected

on a nylon mesh (20uM pore size), washed with sucrose free NDM medium and
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plotted dry with sterile filter paper. In the second step the cells were spread on a
piece of sterile filter paper placed on 20ml of co-cultivation medium consisting of
NDM-20s supplemented with 500 uM acetosyringone and solidified with 0.8gl" agar

in 90 x 20mm petriplates and co-cultivated for three days in the dark.

Agrobacterium suspension for co-cultivation was prepared by picking a single
colony from a YEP plate and inoculated in 5Sml of liquid YEP medium containing
acetosyringone and antibiotics as per the binary vectors. After two days of growth
the bacterial suspension were spun down (5000 rpm, 10min) and resuspended in MS
medium supplemented with 100 UM acetosyringone. The OD of the culture was
measured at A 600 nm and adjusted to 0.1 by dilution or concentration (Babu and

Chawla, 2000).

Mishiba er al. (2000) used the bacterial suspension diluted to one-tenth
concentration with the liquid callus induction medium. Lavender calli were put on a
40pM nylon mesh in a funnel and Agrobacterium suspension was poured on the calli,
immediately blotted on filter papers and plated on agar-solidified callus induction
medium for co-cultivation. Suzuki ef al. (2001), attempted transformation from the
cultured bacterial cells obtained from the bacterial suspension by centrifugation and
resuspended in liquid MS medium and the final OD value was adjusted to 0.2.
Embryogenic calli of Agapanihus were immersed into this bacterial suspension for
one minute, and blotted on sterile filter paper and then co-cultivated to generate the

transformants.

Seo et al. (2003) reported that in Chrysanthemum cv Puma, transformants
were obtained when leaf discs were immersed in A. tumefaciens inoculated at 1:50
dilution ratio for five minutes. Chan et al. (2003) soaked the PLBs of Phalaenopsis
in Agrobacterium inoculum for one hour and then co-cultivated the PLBs, to generate

transgenic plants.
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2.4.6. Genes Transformed by Various Methods.

A variety of gene expression vectors with selectable marker or reporter genes
for identification of transformed shoots have been used in orchids. Genes of interest,
including marker or reporter genes, are vectored on short units of DNA called
plasmids. The plasmids have various gene promoters and other sequences which
affect the ability of the .plant cell td transcribe the gene and to translate it into a
protein product. This, in turn, affects detection of transformation of the plant cell.
Thus use of a plasmid with inappropriate promoters, marker or form (circular or
linear) may mask the effectiveness of a specific gene transfer method in delivering

DNA plasmids into cells (Kuehnle, 1997).

Stable transformants of Dendrobium Jaquelyn Thomas were recovered from
protocorms bombarded by microparticles coated with the plasmid, pGA 482GG/ cp
PRV4, which contains Nos-npt II encoded by ‘neo’ gene and papaya ringspot virus
coat protein genes (Kuehnle and Sugii, 1992).

Chia et al. (1994') transformed Dendrobium with the firefly luciferase gene,
luc. The product of this gene produces light upon reaction with luciferin, which can

be detected with a camera photo multiplier.

Phalaenopsis was bombarded by a pneumatic gene gun using gold
microparticles coated with the plasmid pMSP 38 containing the bar gene, which
codes for resistance to the herbicide bialaphos, driven by CaMV35S promoter.
(Anzai et al., 1995). Kamo and Blowers (1999) in gladiolus and Knapp et al. (2000)
in three orchid genera, Brassia, Cattleya and Doritaenopsis transformed the bar gene
from Streptomyces hygroscopicus calli of Lilium formolongi were bombarded with
the plasmid pACT 1-F which harbour the Uid 4 (GUS) gene driven by the rice actinl
promoter and pDM 302 harbouring the bar gene and selected for bialaphos resistance

(Irifune et al., 2003).
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One transgenic plant of Dendrobium Jaquelyn Thomas ‘Uniwai Blush’
(UH 44) was recovered from an etiolgted shoot explant bombarded with PBI 121 (npt
1T and gus A) coated tungsten particles (Nan and Kuehnle, 1995). Hsieh et al. (1997)
in Phalaenopsis varieties transferred the bacterial neomycin phospho transferase II

(npt II) gene and B-glucuronidase (GUS) gene, as a selection marker and reporter

gene, respectively.

Chen and Kuehnle (1996) obtained transgenic Anthurium plants with good
disease toierance by using 4. tumefaciens containing ,ca 2 A++, ,ca213 and ,ca274
vectors. These vectors carry genes for antibacterial peptides, cecropia attacin, phage
p22 and phage T 4 lysozyme gene. Protocorms of Dendrobium hybrid were
transformed by microprojectile bombardment. Gold particles coated with plasmid
DNA containing GUS and hygromycin phospho transferase (hipf) marker genes were
used (Yu et al, 1999). Belarmino and Mii (2000) genetically transformed
Phalaenopsis by the co-cultivation of A. tumefaciens LBA 4404 (pTOK233) and
EHA 101 (pIG121Hm) that harboured GUS and hygromycin resistance (hpt) genes.

Yang et al. (1999) introduced a plasmid DNA (" 2" carrying the GUS INT
and npt II genes into the meristematic cells of PLBs by particle acceleration. Babu
and Chawla (2000) co-cultivated the cormel slices and in vitro derived bisected shoot
tips with Agrobacterium strain LBA 4404 harbouring the binary vectors PBI121 and
pTOK 233 which contained gus reporter gene with rice actin and 35S promoters,

respectively.

Cymbidium niveomarginatum were regenerated after co-cultivation of their
rhizome sections with 4. tumefaciens strains LBA 4404 with PBI 121 which has gus
and npt II (Chen et al, 2002). The pCAMBIA 2301 plasmid containing the
Uid A gene coding for gus gene and npt II, was immobilized into 4. fumefaciens
strain GV 3101 and used in rose (Li et al., 2002). In Cyclamen, A. tumefaciens strains

LBA 4404 and EHA 105 containing the binary vectors p MOG 410 or PART 27-10
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was used. Both has NOS-npt II gene and 35s gus A intron (Boase ef al., 2002). In

Arabis gunnisoniana the hypocotyl explants were co-cultivated with 4. tumefaciens

strain GV 3101 harbouring PBI 40 which contained npt II, as a selectable marker
(Taskin et al., 2003). The plasmid PIG121Hm, harboured npt II, hpt and gus A gene
(Kudo ef al, 2002). This was transformed to chrysanthemum (Kudo ef al., 2002);

begonia (Kishimoto e? al., 2002) saintpaulia (Kushikawa ez al., 2001).

In a cut flower plant Osteospermum ecklonis Mercuri et al. (2001) introduced
Green Fluorescent Protein (GFP) and is efficiently expressed in plant cells. Five
different DNA plasmids carrying a synthetic (gfp) gene driven by different promoters
CcaMV35S, HBT and Ubil were tested for the efficiency of transformation.
In Dendrobium Sonia 17, 35 ss gfp TYG-nos (P35S) with the CaMV35S promoter
showed the highest GFP transient expression rate (Tee ef al., 2002)

In cape daisy, Morbel et al, (2002) obtained virus resistant plants by
transferring the genes for 6k2 and Nla (Nuclear Inclusion protein a). After the
successful transformation with GUS gene as a reporter, non-chimeric plants could be
obtained. Tomato spotted wilt virus (TSWV) was identified as a casual agent of an
important disease in ornamentals. The TSWV nucleo protein gene was introduced
into gerbera genome. An expression vector (containing the CaMV35S promoter, the
selecfable npt II gene and N-gene of the virus normally infecting gerbera) was
constructed in pBIN 19 plasmid and placed in 4. tumefaciens, LBA 4404. gerbera
explants (shoots, bases of shoot clumps, and 2-3mm length pieces of leaf lamina)
were co cultivated with LBA 4404 to generate transgenic  gerberas

(Korbin et al., 2002).

Shinoyama et al. (2002) transformed chrysanthemum Cv Shuho-no-Chikara
using a disarmed strain of A.tumefaciens, LBA 4404, carrying a binary vector
PIAbT,, that harboured a cry I Abgene encoding an insecticidal crystal protein
fragment of Bacillus thuringiensis. A significantly higher feeding inhibition or
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groW’th inhibition of insect was observed in transformed plants compared to those on
the non-transformed control plants. A modified delta endotoxin gene modified
cry ] Ab of Bacillus thuringiensis Was introduced into Chrysanthemum.
Cv Shuho-no-Chikara. A. tumefaciens strain EHA 101 carrying a binary vector
pIG121 mebt that harboured the mcbt gene encoding an insectidal crystal protein
(ICP) fragment of Bacillus thuringiensis var Kustaki HD 1 was used. Transgenic
plants showed significantly higher feeding inhibition compared to the untransformed

(Shinoyama et al., 2003).

Different combinations of antifungal defence genes were introduced into the
garden rose cultivars, Heckenzauber and Pariser Charme, by Dohm et al. (2002).
Eight true transgenics plants were analysed for the expression of their transgenes and
resistance to black spot caused by Diplocarpon rosae. The secretion of the ribosome
inhibiting protein into the extracellular space, however, reduced the susceptibility

against black spot to 60 per cent on an average.

Kim et al. (2002) reported the first successful transformation in Alsiroemeria
Cv VV 024. They used A. tumefaciens, LBA 4404 with PTOK 233. The marker and
reporter genes transformed were hpt and gus, respectively. Genetically transformed
plantlets of Phalaenopsis were regenerated after co-cultivation of PLBs with
A. tumefaciens strain LBA 4404 containing the vector PTOK — 233 that harbours
genes gus and hpt (Chai et al., 2002).

In Phalaenopsis Cv Taisuco Crane (Chan et al, 2003); carnation
(Lin et al., 2003); Oncidium (Liau et al., 2003) and Dendrobium (Men et al,, 2003),
an efficient A. tumefaciens mediated genetic transformation system using npt II and
gus gene as selectable marker and reporter genes, respectively was established.
Condylife et al. (2003) optimised the 4. rumefaciens mediated transformation of rose

from embryogenic callus using the gus (Uid A) gene.
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Petunia was transformed with boers, a mutated allele of BOERS, an ethylene
receptor Sensor gene of Brassica oleracea. Hygromycin resistant regenerants were
tentétively confirmed as transformants. Transgenic flowers retained turgidity and

pigmentation for longer time than the untransformed controls (Shaw ez al., 2002).

Rosati et al. (2003) modified the flower colour in Forsythia by introducing
anthocyanin synthesis in petals through sequential Agrobacterium mediated
transformation with dihydroflavonol 4 reductase from Antirrhinum majus (Am DFR)
and anthnocyanidin synthase from Matthiola incana (MiANS) genes. The double
transformants (Am DFR + MiANS) displayed a novel bronze orange petal colour
caused by the de novo accumulation of cyanidin derived anthocyanins over the
carotenoid yellow background of wild type (Wt) and intense pigmentation of

vegetative organs.

African violet (Saintpaulia ionantha) leaf explants were inoculated with the
strain LBA 4404 of A. tumefaciens harbouring the binary vector pPNAR carrying
glucanase-chitinase genes and npt II as selectable marker (Ram and Mohandas,

2003).

In Lilium longiflorum Cv Snow Queen, the embryogenic calli derived from
flower styles and pedicels were inoculated and co-cultivated for seven days with a
cell suspension of 4. tumefaciens LBA 4404 harbouring the binary vector pBIN 19
containing the npt II gene driven by NOS promoter. The transformed plants were

dwarf and early flowering (Mercuri et al., 2003).
24.7. Co-cultivation

The explant chosen, in its most receptive stage, is exposed to the
Agrobacterium culture in the induction media at an optimum bacterial density. Both

the composition of the induction media and the time of induction play a key role in
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the efficiency of transformation. For induction, regeneration medium of the explant
which can support bacterial growth like MS medium is used. It can also be the
bacterlal culture medium. The P" of the medium usually ranges from 5.5 to 5.7. For.
inoculation the explants are mostly immersed in the induction medium for a specific

period of time, which depends on bacterial population, type of vector and type of

explant used.

Hsiech ef al (1997) developed a co-cultivation method for transforming
Phalaenopsis varieties in vitro with 4. tumefaciens strain EHA 105. They reported
that PLBs at the ten-day proliferating stage were the optimal materials for infection.
Scanning electron microscopy (SEM) revealed that Agrobacterium attached very well

to the surface cells of PLBs.

Murashige and Skoog salts and vitamins Were used for the preparation of
induction mediﬁm by Nagaraju et al. (1998) during their experiments with Gerbéra
hybridd. They immersed the explants in induction medium for five minutes and got
successful transformants. In Agapanthus the embryogenic calli were immersed in the
bacterial suspension for one minute and blotted on sterile filter papers. They were
co-cultivated with Agrobacterium at 25°C in the dark, for seven days. Several
hygromycin resistant cell clusters were obtained (Suzuki et al.,, 2001). In Cymbidium
niveomarginatum higher efficiency of transformation was observed with 1.5 hours
from the time of Agrobacterium infection and also within six days of co-culturing
with A. tumefaciens. The GUS expression was almost 100 per cent. The
GUS expression fell off sharply as the infection time and duration of co-culture
increases. (Chen ef al., 2002). In Coleus blumei Bauer et al. (2002) reported that the
incubation of excised leaf explants immediately in bacterial suspension for five
minutes and then co-cultivation with Nicotiana tabacum crowhgail callus for two

days was the efficient treatment, which increased the transformation efﬁciéncy.
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Curtis et al. (1999) reported that in Datura meteloides a co-cultivation period
of two to three days, using a 1:20 or 1:10 v/v dilution of an overnight bacterial culture
and in lavender (Mishiba ef al.,2000) a co-cultivation period of two days using 1:10
dilution, resulted in transformed plants. The efficiency of transformation was
markedly increased by co-cultivation of cell clumps with A. tumefaciens for ten hours
together with 200 pM acetosyringone and by inclusion of 500 UM acetosyringone in

the co-cultivation medium (Belarmino and Mii., 2000).

Yu et al. (2001) reported Agrobacterium mediated genetic transformation of
Dendrobium with the class 1 knox gene DOH 1. The transformation was performed
through two consecutive stages of co-cultivation, with the first stage occurring on
ahtibiotic free medium for three days and the subsequent stage on medium containing
50 mgl'1 carbenicillin for 3-4 weeks. In Saintpaulia ionantha, Kushikawa et al,
(2001) generated transformants after 48 hours of co-cultivation with
A. tumefaciens strain LBA 4404 (PTOK 233) harbouring the intron — gus A reporter

gene and hpt, npt 11 as selective markers.

In Chrysanthemum, Kudo et al. (2002) reported that four days of
co-cultivation at 24°C was the optimum when using EHA101 and PIG121Hm
plasmid. Co-cultivation of Agrobacterium for three days generated transformants
from the leaf explants of Sedum erythrostichum (Yoon et al., 2002). The
embryogenic calli of Lilium longiflorum cv Snow Queen derived from flower styles
and pedicels were inocul_ated and co-cultivated for seven days with a cell suspension
of 4 tumefaciens, LBA 4404, harbouring the binary vector pBIN19 containing the npt
11 gene for kanamycin resistance, driven by NOS promoter. The transformed plants
showed altered ornamental traits such as dwarfness and early flowering which are

highly desirable (Mercuri ef al., 2003)
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In Oncidium Liau et al. (2003) performed transformation through two stages
of co-cultivation, one on antibiotic free medium for three days and a subsequent stage

on medium containing 100mg™ timentin for one month.

In Phalaenopsis, the PLBs were soaked in bacterial inoculum for one hour
and then transferred to medium with 5 per cent glucose and 100uM acetosyringone
and co-cultivated for three days. For sonication assisted Agrobacterium mediated
transformation, the PLBs were sonicated for upto five minutes at 30 second intervals
and then co-cultured with Agrobacterium. Maximum GUS expression was noticed
when the PLBs were sonicated for 150 seconds and co-cultivated for three days at

26°C (Chan et al., 2003).

2.4.8. ADDITION OF ACETOSYRINGONE

Agrobacterium tumefaciens respond to certain phenolic .compounds such as
acetosyringone and hydroxyacetosyringone which are excreted by wounded plants.
These small molecules act to induce the activity of virulence (vir) genes that are
encoded on the plasmid. The. ‘vir’ genes are located on 35Kb region of the plasmid
that lies outside the T-DNA region. When 4. tumefaciens get attached to a plant cell,
and the ‘vir’ genes are induced, then ‘“T-DNA’ (which contains the gene of interest) is

transferred to plant cell.

Acetosyringone showed no effect and in some cases inhibitory effect on
regeneration as in carrot (Pawlicki ef al., 1992). Torres et al. (1993) found no effect
of acetosyringone or syringaldehyde during their transformation works in lettuce.
Rashid ef al. (1996) found that addition of acetosyringone in co-cultivation media did
not help in attaining the objective of transformation and no GUS expression was
obtained. On the other hand supplementing co-cultivation medium with tobacco

feeder cells alone could give transient GUS expression. It may be presumed that
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tobacco suspension culture contains some substances, other than acetosyringone

which may facilitate T-DNA tranfer.

Babu and Chawla (2000) spun down the bacterial suspension after two days of
growth, and resuspended in MSK medium (MS medium supplemented with
18.6mM Kinetin) supplemented with 100uM acetosyringone. Gladiolus explants
were transferred to this medium and were incubated on a platform shaker at 100 rpm
for 2 hours at 25°C. Then the explants were blot dried on sterile filter paper and then
co-cultivated for three days. Addition of acetosyringone generated transgenic

gladiolus

The transformation frequency of lavender was improved by the presence of
acetosyringone (100 pM) in co-cultivation medium. The effectiveness of
acetosyringone might be assumed due to the vir G gene harboured by pTOK233 was
activated by the presence of acetosyringone (Mishiba et al., 2000). Belarmino and
"Mii (2000) reported that the efficiency of transformation in Phalaenopsis was
markedly increased by ten hour co-cultivation of cell clumps with 4. tumefaciens that
had been induced with 200 pM acetosyringone, and by inclusion of 50 uM

acetosyringone in the co-cultivation medium.

Suzuki e al. (2001) obtained best results when embryogenic calli of
Agapanthus were co-cultivated with LBA 4404/pTOK 233 for seven days in the
presence of 20mgl™" acetosyringone. Chan et al. (2003) soaked the PLBs in bacterial
inoculum for one hour and then transfered them to a medium with 5.0 per cent
glucose and 100 pM acetosyringone for co-cultivation for three days to obtain

transformants in Phalaenopsis.
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2.4.9. ELIMINATION OF BACTERIA AFTER CO-CULTIVATION

Complete elimination of bacteria from the explant after co-cultivation is very
essential; otherwise it will interfere with the growth and organogenesis of the explant.
Overgrowth of bacteria causes death of the explant and disrupts the experiment.
Elimination of bacteria from the explant is done by the use of antibiotics. The
antibiotic chosen should be such that it efﬁcienﬂy kills the bacteria; at the same time
it does not affect the growth and organogenesis of the explants. The most commonly
used antibiotics for this purpose are carbenicillin and cefotaxime. However, their
effect on the explant has to be studied before choosing any one of them as they are

also reported to have detrimental effect on some species.

Vergauwe et al. (1996) working on transformation of Artemisia annua
L. found that cefotaxime at 50 mg 1" was effective as a decontaminating antibiotic;
but it caused retardation in callus formation. Then they tried vancomycin at
750 mgl™ which was not toxic to the tissue. But it could not control the bacteria
effectively. Belarmino and Mii (2000) used 300 mgl™? cefotaxime to eliminate the

bacteria after the co-cultivation of the Phalaenopsis cell clumps with A. tumefaciens.

After three days of co-cultivation with A. tumefaciens, the leaf explants of
Sedum were transferred to MS medium supplemented with 300mgl™ cefotaxime to
eliminate the bacteria (Yoon et al., 2002). In Datura after two days of co-cultivation
period, the leaf explants were transferred to the shoot regeneration medium
supplemented with 200 mgl” kanamycin sulphate and 200 mgl’ cefotaxime.
“ Cefotaxime was used as the bacteriostatic agent (Curtis ef al., 1999). In Agapanthus
500 mg I"' cefotaxime was used to eliminate A.tumefaciens after the co-cultivation of
embryogenic calli (Suzuki ef al, 2001). Babu and Chawla (2000) used 100 mg I
cefotaxime after co-cultivation and incubated the explants for three days to arrest

Agrobacterium growth.
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m lavender the co-cultivated calli and leaf explants were transferred to the
pacterial elimination medium, which was callus induction medium containing
500 mgl' cefotaxime. After seven days culture, the calli and leaf explants were
transferred to the selection medium, which comprises callus induction medium
containing 50 mgl'1 hygromycin and 200 mgl'1 cefotaxime (Mishiba et al., 2000).
In African violet, cefotaxime 800 mgl'1 was used to eliminate the A. tumefaciens

strain LBA 4404 after co-cultivation of leaf explants (Ram and Mohandas, 2003).
2.4.10. Selection of Transformed Cells

Screening of untransformed cells or selection of transformed cells is an
important aspect of transformation work (Chia et al., 1994) several factors affect the
choice of chemicals used for selection. The selection agent must be toxic to plant
cells, though not so toxic that the products from the dying, non-tranformant cells kill
adjacent transformed cells. Thus the most effective toxins are those which either
inhibit growth of untransformed cells or slowly kill the untransformed cells. Optimal
selection pressure will use the lowest level of toxin needed to kill the untransformed

tissues.

Kuehnle and Sugii (1992) identified the potentially transformed tissues of
Dendrobium by the growth and green colour on half-strength MS medium
supplemented with 2% sucrose and 50-100 mgl'l kanamycin sulphate. Kanamycin
concentrations that prevented growth of non transformed tissues could not be used for
long term selection because such levels suppressed the regeneration of potentially
transformed tissues. Levels of 100-200 mgl” kanamycin were later found adequate
for Dendrobium by Nan and Kuehnle (1995). Hsieh et al. (1997) obtained the
transformant of Phalaenopsis from the proliferating proembryoids of the explant
which were selected in regeneration medium containing 100 pg/ml kanamycin after

30 day culture period. Babu and Chawla (2000) transferred the explants of Gladiolus
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to selection media with 100 mgl™ kanamycin and 100 mgl” hygromycin depending

upon the vector PBI141 and pTOK 233 used for co-cultivation. Thus the transformed

plants are selected.

Potentially transformed tissues were identified by active growth on
MS medium supplemented with 50 mg hygromycin/litre, for four to six months
(Yu et al, 1999). Belarmino and Mii (2000) used hygromycin at 50 mgl’

concentrations to select the transformants.

Knapp et al. (2000) selected for transformed cells using bialaphos. PLBs
which proliferated on selection medium containing 3 mgl'll bialaphos were selected as

transformants.

Kushikawa et al., (2001) selected transformants in African violet after four
months of subculture on the selection medium supplemented with 50 mgl’
hygromycin B. Kim et al. (2002) selected the friable embryogenic callus and leaf
with axil tissues on different hygromycin concentrations. As a result 20 mgl’
hygromycin was identified as the best concentration to select both FEC lines and
leaves with axil tissues. In Phalaenopsis, Chai et al. (2002) carried out selection on

regeneration medium containing 3 mgl” hygromycin for two months.

Transgenic Gerbera plants were selected on medium with the maximum
concentration (7 mgl™!) of kanémycin at (Korbin et al.,, 2002). In sedum (Yoon et al.,
2002) and carnation (Lin e al,, 2003) 25 mgl” kanamycin was used to select the
transformants. Boase e al. (2002) selected the transformed cells with kanamycin
50 mgl'. The transgenic shoots produced were rooted in the presence of 100 mgl™
kanamycin. Leaf disc explants were cultured on selection medium containing
100 mgl! kanamycin and 5 mgl™ hygromycin or 300 mgl” kanamycin for selection

and regeneration of transformants in Begonia (Kishimoto et al., 2002).
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In Arabis gunnisoniana the transgenic shoots were selected on MS medium
supplemented with 50 _mgl'l kanamycin (Taskin et al., 2003). The antibiotic
concentrations used for selecting the transformants varied according to the cultivars
in chrysanthemum (Seo et al., 2003). They identified the suitable concentration of
kanamycin to select the transformants in two different culivars. It was 20 mgl”
kanamycin in Puma and 50 mgl'1 in Subangryeok. In Puma, the callus formation was
most efficient in the medium containing kanamycin. Ram and Mohandas (2003)

selected the transformants of African violet on the selection media containing

kanamycin 70 mgl'l.

Men et al. (2003) obtained putatively transformed plantlets by selection and
fegeneration on medium supplemented with 30 mgl™ hygromycin. Chan e al. (2003)
optimized the hygromycin concentration for selection of Phalaenopsis transformants.

They reported that hygromycin 50 mg 1" was the optimum.
2.4.11 Histochemical GUS Expression

Some reporter gene products can be detected in intact plant tissues. The most
popular of these systems is the E.coli B-D-glucuronidase (GUS) gene. It encodes a
stable enzyme that is not normally present in plants and that catalyzes the cleavage of
a range of B-D-glucuronides. ‘The GUS activity in transformed plant tissues can be
localized by observing the blue colour that is formed after hydrolysis of the

uncoloured substrate 5-bromo4-chloro3-indolyl B-D-glucuronic acid.

Nan and Kuehnle (1995) reported that in Dendrobium, tissue genotype and
type of microparticle significantly affected transient GUS activity. Higher expression
was seen in PLBs and in hybrid UH 44, compared to etiolated shoots and protocorms
and to hybrids M61 and K1329-39. Nan and Kuehnle (1995) obtained on an average
10-16% transient GUS expression using PBI 121. Hsieh e al. (1997) observed the

histochemical GUS activity in the transformed tissues of Phalaenopsis. A difference
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in GUS activities occured among genotypes and proliferating stages of explants. The
cultivar Brother Mirage A79-69 had the lowest frequency of GUS gene expression.
True Lady A76-13 at the 10 to 12 days proliferating stage had 50-80% frequency of
GUS expression. However, the highest frequency (100%) occurred at the 10 day
proliferating stage of Asian Elegance B 79-11 and Taisuco Kaalatian F 80-13.

Steinhart et al. (1997) detected the transient expression of P-glucuronidase
following the plasmid delivefy into Cattleya protocorms and their protoplasts by
particle bombardment. Transient expression was observed histochemically in the
protocorms for up to three weeks. In Alstroemeria Cv VV024 the transformed friable
embrogenic callus lines showed five times higher rate in transient GUS gene

expfession, than those of leaves with axil tissue (Kim et al., 2002).

Belarmino and Mii (2000) confirmed the successful transformation in
Phalaenopsis orchid by histochemical GUS assay. Kushikawa et al. (2001) observed
in African violet that the cells transformed with A. tumefaciens strain LBA4404
(pTOK233) showed the highest GUS activity.

In Sedum, Yoon et al. (2002) reported that out of 640 co-cultivated leaf
segments, 24 (3.75%) produced kanamycin resistant shoots. Out of the total, 2.5 per
cent shoots were GUS positive. Among the GUS positives 94 pef cent were
transferred to soil and they produced flowers. In Cyclamen Boase et al. (2002)
observed that 112 transformed shoots were produced and they were rooted in the

presence of 100 mg 1! kanamycin. Out of them 47 per cent were positive for GUS.

Leaves, roots and some newly formed PLBs were taken from hygromycin
(3 mg I'") resistant rooted plantlets of Phalaenopsis and then subjected to GUS assay.
Newly formed PLBs from GUS positive plants were regenerated on the regeneration
medium containing a lower concentration of hygromycin (1.5 mg/1). When the PLBs

regenerated to plantlets, the original PLBs were subjected to GUS assay. This
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procedure was repeated monthly for four cycles and it was found that a long selection
period with low hygromycin concentration yielded stable transformants

Histochemical GUS assay indicated successful transformation (Chai et al., 2002)

Around 72.1 per cent of the transformed carnation plants rooted in the
medium containing kanamycin at 25 mg 1. Around 55 per cent of the plants showed
GUS activity (Lin et al.,, 2003). Liau ef al. (2003) obtained 28 independent transgenic

Oncidiums from which six were positive for B-glucuronidase.

Chen et al. (2002) observed 100% GUS expression. GUS expression fell off |
sharply as the infection time and duration of co-culture increase. GUS gene was
detected even from the new rhizome as well as from the shoots derived from a
thizome in which the GUS gene had been introduced. Younger rhizomes had strong
GUS expression. Although transmission of the GUS gene in the original transgenic
explant to the next subculture explants was almost 100% in the first sub culture, the
expression decreased in subsequent subcultures. Successful transformation was

confirmed by GUS histochemical assay.

Transient GUS expression was the highest when Rhododendron, PJM hybrid
leaf explants were incubated on the regeneraﬁon medium 9-12 days before
bombardment. Transient GUS expression by Iridon Chrysanthemum leaf explants
was relatively hlgh (>42%) for leaves incubated 3-18 days before bombardment.
Exposure of Rhododendron leaf explants to media containing different concentrations
of sucrose decreased transient GUS expression by 71 per cent, compared to those on
sucrose free medium. In Chrysanthemum, 27 per cent more explants transienﬂy
expressed GUS, compared to those on sucrose free medium and the number of spots
per GUS positive explant increased from five to thirteen. Transient GUS expression
increased almost three fold when the Rhododendron leaf explants were placed in the

dark for six days, compared to those in the light. In contrast, the dark treatment had
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inconsistent effects on transient GUS expression by chrysanthemum Iridon explants

(Moore and Tripepi, 2003).

2.4.12. PCR Analysis

PCR analysis is used to analyse the presence of transgene in the genome of
the transformed plant. PCR analysis of the transgenic plants of Dendrobium J aquelyn
Thomas showed that eight of the nine regenerated UG 800 plantlets contained both
neo and gus A fragments. This suggested that the plasmid DNA may be fragmented
or rearranged during this procédure (Kuchnle and Sugii, 1992). Similar observations
were also reported in Dendrobium White Angel (Chia ef al,, 1994). Griesbach (1994)
reported the GUS activity in 3 to 6 week old protocorms and in one year old seedlings
of Calanthe. In this atleast two plants were positive for gus 4 by PCR analysis, one
year after the treatment. In Phalaenopsis, Belarmino and Mii (2000), and

Chai et al. (2002) confirmed the presence of transgene by PCR analysis.

Presence of bar gene in the transformed plants of Brassia, Cattleya and
Doritaenopsis was confirmed by PCR analysis (Knapp et al., 2000). In Dendrobium
the presence of transgene was assessed by PCR analysis (Yu ef al,, 2001). Mishiba et
al. (2000) supported the transgenic nature of regenerated plants of lavender by PCR
analysis of the DNA of putative transgenic plants obtained. The 1.2 kb and 0.7 kb
fragments which were expected to be amplified by primers for introduced gus and npt
genes, respectively, were observed in each transgenic plant. No amplification of the
expected band was observed in the non-transformed control plant. Successful
transformation in Cymbidium was confirmed by PCR analysis of transformants
(Chen Li et al, 2002). In cape daisy, transformation with lettuce mosaic virus
derived constructs was confirmed by PCR (Morbel et al., 2002). The presence of the

transgene in gerbera genome was confirmed by PCR (Korbin et al., 2002).



3. MATERIALS AND METHODS

The experiments on Agrobacterium mediated genetic transformation in
Dendrobium were carried out at the Plant Molecular Biology and Biotechnology
Centre, College of Agriculture, Vellayani during January 2002 to October 2004.
Details regarding the experimental materials used and methodology adopted for

various experiments are presented in this chapter.

3.1 SOURCE OF EXPLANT

Seeds were collected from the pods of Dendrobium, Sonia 17 at three-fourth
maturity stage. Protocorms produced from the germinating seeds were used as
explants for the experiment. Protocorm is a small storage organ formed from the

germinating embryo, possq:ssiﬁg an apical meristem and a leaf primordium.

Protocorm like bodies (PLBs) were established by culturing two-year old
shoot apices of Dendrobium. The shoot apices were collected, trimmed and subjected
to various surface sterilization treatments with mercuric chloride (0.08 and 0.1 per
cent). The in vitro raised PLBs were also used as the source explant for the study.
PLBs are somatic protocorms derived from in vitro culture of apical or axillary bud
meristems. Primary PLBs are induced by culturing apical meristem tips. Secondary
PLBs are the PLBs formed on the surface of a primary PLB. Proliferate PLBs are the
PLBs proliferating on the surface of either primary or secondary PLBs

3.2. CULTURE MEDIUM

3.2.1. Chemicals

All the chemicals used for the preparation of the culture media were of
analytical grade and procured from Sisco Research Laboratories (SRL), India. The
antibiotics and plant growth substances were obtained from Himedia Laboratories,

Mumbai.
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3.2.2. Glassware

Borosilicate glassware of Borosil brand and disposable sterile petridishes of

Tarson’s and membrane filters from Sartores, Germany were used for the

experiments.
3.2.3. Composition of Media

Basal MS medium (Murashige and Skoog, 1962) and modifications of the
media supplemented with various plant growth substances and organic supplements,
were used for plant tissue culture experiments. Yeast Extract Peptone (YEP) medium
(An et al., 1988). Yeast Extract Maltose (YEM) medium, Luria Burtani (LB) medium
and AB medium were used for bacterial culture during the study. The composition of

these media is given in Appendix I and II.
3.2.4. Preparation of Medium

Standard procedures (Murashige and Skoog, 1962) were followed for the
preparation of the plant tissue culture media. After mixing appropriate quantities of
the stock solutions and making up the volume to the required quantity by using
double distilled water, the pH of the medium was adjusted to 5.7 .using
0.IN NaoH/HCl. Agar was then added at the rate of 6-7g 1" and the medium was
heated to mix agar. Then the medium was dispensed to the culture vessels at the rate
of 15ml/culture tube, and 25ml/petriplate. The test tubes were plugged with
non-absorbent cotton. Autoclaving was done at 121°C and 1.06 kg/cm? pressure for
20 minutes (Dodds and Roberts, 1982) to sterilize the medium. Activated charcoal
was added to the medium, and it was shaken gently before solidification, for uniform
distribution of charcoal throughout the media. The medium was allowed to cool to

room temperature and stored in culture room until used.
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For bacterial culture, the pH of the medium was adjusted to 7.0. Solidification
of the medium was done using agar at the rate 20gl'l. The medium was sterlized by
autoclaving for 20 minutes at 1.06kg/cm® and 121°C. The medium was prepared in

conical flasks and stored in culture room.
3.3. TRANSFER AREA AND ASEPTIC MANIPULATIONS

All the aseptic measures were carried out under the hood of a clean laminar air

flow cabinet (Thermodyne) fitted with UV lamp.
3.4 CULTURE CONDITIONS

The cultures were incubated at 26°C in an air-conditioned culture room with
16h photoperiod (1000 lux) supplied by cool white fluorescent tubes. Humidity in

the culture room varied between 60 and 80 per cent.
3.5 ' PRODUCTION OF PROTOCORMS

The protocorms were obtained by the germination of Dendrobium capsules.
Capsules of Dendrobium were collected, dipped in water containing a few drops of
Labolin, for 30 minutes and rinsed four to five times with water. The capsules were
taken to the laminar airflow -cabinet and surface sterilized with HgCl, (0.08 and
0.1%) for ten minutes. They were washed free of HgCl, by rinsing with five changes
of sterilized distilled water. Then the capsules were dipped in alcohol and flamed in a
bunsen burner. They were then cut open and the yellow seeds were scooped out. The
seeds were inoculated on half-strength MS medium supplemented with different
doses of coconut water, sucrose 30gl™" and agar 6.0gl’’. The cultures were incubated
in the culture room, in darkness. Observations on the germination per cent and time

taken for germination, were recorded.



47

3.6 ESTABLISHMENT OF PROTOCORM LIKE BODIES (PLBS)

Primary protocorm like bodies were induced by culturing shoots apices. The
shoots were collected and the shoot apices were cut out and washed in running tap
water, followed by washing in water containing a few drops of Labolin and rinsed
with four or five changes of water. Then the explants were trimmed using blade and
taken to the laminar airflow chamber and surface sterilized with
HgCl, (0.08 and 0.1%) for ten minutes. They were then washed free of HgCl, by
rinsing with four changes of sterile distilled water. Then the explants were transfered
to sterile filter paper for absorbing the excess moisture. The meristems were
inoculated in culture bottles containing half-strength MS semisolid medium
supplemented with sucrose 30gl”, agar 6.Og1'1, different combinations of organic
supplements, and growth substances viz., NAA and BA. The cultures were incubated
at 26°C in the culture room with 16h photoperiod (1000 lux). Observations were
recorded on the number of primary PLBs, secondary and proliferating PLBs formed
on the surface of the primary PLBs.

3.6.1. Proliferation of Protocorm Like Bodies (PLBs)

The primary and secondary PLBs formed were cut and divided into individual
PLBs using sterile scalpel blade and cultured in bottles. The cultures were
maintained in the culture room at 26°C. The cultures were changed to fresh media
before the PLB started to form shoots. Observations were recorded on the number of

PLBs formed at weekly intervals.

3.7 EVALUATION OF ORCHID CULTURES FOR SENSITIVITY TO
ANTIBIOTICS

Sensitivity of orchid cultures to antibiotics was evaluated to utilize itasa

marker system for selection purposes. Both protocorms and PLBs were tested for
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their sensitivity to various antibiotics viz, ampicillin, rifampicin, carbenicillin,
cefotaxime, kanamycin and hygromycin at varying concentrations ranging from 5 to
500 mgl™". Both protocorms and PLBs were pre-cultured for a period of 15 days and

the newly formed tissues were used.
3.7.1 Ampicillin

The PLBs proliferation medium, viz.,, half-strength MS supplemented with
coconut water 150mll’!, activated charcoal O.Sgl'l, sucrose 3Ogl'1, agar 6.0gl'l and
BA 0.2mgl” was used for the PLBs. For testing the protocorms, half-strength
MS medium supplemented with coconut water 150mll”, sucrose 30 gl and agar
6.0gl'l was used. The medium was prepared in conical flasks of suitable size and

stored in culture room until use.

| On the day of the experiment, the medium was melted and then cooled to a
temperatufe of 40°C. Ampicillin stock was prepared by dissolving ampicillin in
water. The melted and cooled medium, and the ampicillin stock were taken to the
laminar airflow cabinet. The required antibiotic solutions at various concentrations
ranging from 5 to 500 mgl” were diluted from the stock, filter-sterlized and added to
the medium as per the treatments and mixed thoroughly by gentle swirling. The
gentle swirling avoided the production of air bubbles. The medium containing the
antibiotic was dispensed to sterilised empty petridishes (90 mm) and allowed to cool
and solidify. When the medium was cooled to room temperature and solidified, the
explants viz., protocorms and uprotocorm like bodies (PLBs) were inoculated. The

petridishes were sealed with parafilm and kept in the culture room.
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The culture response of the explants to different antibiotic concentrations was

evaluated at periodic intervals (weekly) based on scoring as follows:

Score Culture Response
RS _ Fully green
IR, Partial discoloured

SR Bleached tissues

“p Tissues turning brown and dead

3.7.2. Rifampicin

Ethanol/methanol was used to dissolve rifampicin. The stock solution of
rifampicin was prepared by _dissolving it in sterile water. On the day of the
experiment the medium was melted and allowed to cool to 40°C before adding the
antibiotics. The antibiotic solutions at varying concentrations ranging from 5
to 500 mgl”’ were prepared fresh from the stock, filter sterilised and added to the
cooled medium before it solidified. In order to avoid the production of air bubbles,
the medium with the antibiotics was swirled. The medium from the conical flask was
dispensed to sterile petridishes (90 mm). Sweating of the plates was avoided by
keeping the petriplate lids half opened in the laminar airflow cabinet. When the
medium cooled down, and solidified, the explants viz., protocorms and PLBs were
inoculated. The petridishes sealed with parafilm and kept in the culture room. The

culture response of the explants was scored at weekly intervals.
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3.7.3. Cefotaxime

The stock solution of cefotaxime was prepared by dissolving it in sterile
water. On the day of the experiment the medium was melted and allowed to cool to
40°C before adding the antibiotics.  Then antibiotic solutions at varying
concentrations ranging from 5 to 500 mgl™ were prepared fresh from the stock, filter
sterilised and added to the cooled medium before it solidified. In order to avoid the
production of air bubbles, the medium with the antibiotics was swirled. The medium
from the conical flask was dispensed to sterile petridishes (90 mm). Sweating of the
plates was avoided by keeping the petriplate lids half opened in the laminar airflow
cabinet. When the medium cooled down, and solidified, the explants viz., protocorms
and PLBs were inoculated. The petridishes sealed with parafilm and kept in the

culture room. The culture response of the explants was scored at weekly intervals.

3.7.4. Carbenicillin

Carbenicillin stock solution was prepared by dissolving disodium carbenicillin
in water. The antibiotic solutions at varying concentrations ranging from
5 - 500 mgl" were prepared fresh from the stock, filter-sterilised and added to the
cooled medium before it solidified. ~Then the medium was poured in sterile
petridishes. When the medium in the petridish cooled down and solidified, the
explants were inoculated and the petriplates sealed and kept in culture room. The

culture response of these explants was scored at weekly intervals.
3.7.5. Kanamycin

Kanamycin stock solution was prepared by dissolving kanamycin in water.
The antibiotic solutions at varying concentrations ranging from 5 to 500 mgl'1 were
prepared fresh from the stock, filter-sterilised and added to the cooled medium before

it solidified. Then the medium was poured in sterile petridishes. ‘When the medium
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in the petridish cooled down and solidified, the explants were inoculated and the
petriplates were sealed and kept in culture room. The culture response of these

explants was scored at weekly intervals.

3.7.6. Hygromycin

Hygromycin stock solution was prepared by dissolving hygromycin in water.
The antibiotic solutions at varying concentrations ranging from 5 to 500 mgl” were
prepared fresh from the stock, filter-sterilised and added to the cooled medium before
it solidified. Then the medium was poured in sterile petridishes. When the medium
in the petridish cooled down and solidified, the explants were inoculated and the
petriplates sealed and kept in culture room. The culture response of these explants

was scored at weekly intervals.
3.8. BACTERIAL STRAINS AND BINARY VECTORS

Two strains of Agrobacterium tumefaciens viz., LBA 4404 and EHA 105 were

.

used for the study. EHA 105 by virtue of harbouring the ‘supervirulent’ ‘vir’ gene,
exhibit broader host range and higher transformation efficiency. The bacterial
kanamycin reistance gene in EHA 101 was deleted to develop the ‘vir’ helper strain

EHA 105.

Two Agrobacterium strains with three different binary vectors were used for

the study.
1. PBI121 (Chen et al., 2003)

The T-DNA of PBI 121 contain the gusA4 reporter gene under the control of
CaMV35S promoter and the selectable marker gene nptl]
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2. pCAMBIA 1301 (Hajdukiéwicz et al., 1994)

The T DNA of pCAMBIA 1301 harbours the gene gus A. The MCS (matrix
coding sequence) is between gus A (proximal to the right T DNA border) and
hygromycin resistance gene Apr II (proximal to the left T-DNA border). These two

genes are under the control of CaM V35S promoter.
3. pCAMBIA 2301 (Hajdukiewicz ef al, 1994)

The T-DNA of this binary vector contains the gus A gene and the

npt II (Kanamycin resistance) gene under the control of CaMV35S promoter.

The pPZP vector backbone (A new series, small and stable) was used to
construct the pCAMBIA series of vectors with #npr II, hpt and bar as selection
markers and gus or gfp as reporters (Veluthambi er al., 2003). The pCAMBIA
vectors are widely used for transformation experiments. One other important element
that has been used is the promoter for the 35S RNA from cauliflower mosaic virus
(CaMV35S Promoter). In most systems this promoter is constitutively expressed and
it is 30-50 times stronger than the Nos promoter. This permits higher level of

expression of the gene of interest.
3.8.1. Culturing of Bacteria with the Vectors

The Agrobacterium tumefaciens strains LBA4404 and EHA105 harbouring
different binary vectors-were cultured on plates with YEP, YEM and AB medium.

The time taken for the growth of the different strains with the vectors was observed.
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3.9. SCREENING OF AGROBACTERIUM STRAINS FOR SENSITIVITY TO
ANTIBIOTICS

The YEP medium was prepared in required volume in conical flasks and kept
in the culture room until use. On the day of the experiment the medium was melted

and then cooled to 40°C.

3.9.1. Ampicillin

Ampicillin stock was prepared by dissolving ampicillin in water. When the
YEP medium was cooled and solidified the bacterial strains with the vectors were
spread on the medium with an L rod and then the petriplates sealed with a parafilm

and kept in the culture room. The growth of different bacterial strains was recorded.

3.9.2. Rifampicin

Ethanol/methanol was used to dissolve rifampicin. The stock solution of
rifampicin was prepared by dissolving it in sterile water. When the melted YEP
medium cooled down, and solidified, the bacterial strains with the vectors were
spread on the medium with an L rod and then the petriplates sealed with a parafilm

and kept in the culture room. The growth of different bacterial strains was recorded.

3.9.3.Cefotaxime

The stock solution of cefotaxime was prepared by dissolving it in sterile
water. When the melted YEP medium cooled down, and solidified, the bacterial
strains with the vectors were spread on the medium with an L rod as in 3.9.2. and
then the petriplates sealed with a parafilm and kept in the culture room. The growth

of different bacterial strains was recorded.
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3.9.4. Carbenicillin

Carbenicillin stock solution was prepared by dissolving disodium carbenicillin
in water. The antibiotic solutions at varying concentrations ranging from
5to 500 mgl'1 were prepared; filter-sterilised and added to the cooled medium before
it solidified. Then the medium was poured in sterile petridishes. When the medium in
the petridish cooled down and solidified, the bacterial strains with the vectors were
spread on the medium with an L rod. The sealed with a parafilm and kept in the

culture room. The growth of different bacterial strains was recorded.

3.9.5. Kanamycin

Kanamycin stock solution was prepared by dissolving kanamycin in water. To
the melted and cooled YEP medium the bacteria was spread as in 3.9.2. then the
petriplates sealed with a parafilm and kept in the culture room. The growth of

different bacterial strains was récorded.
3.9.6. Hygromycin

Hygromycin stock solution was prepared by dissolving hygromycin in water.
When the medium in the petridish cooled down and solidified, the bacterial strains
with the vectors were spread ‘on the medium with an L rod as in 3.9.2. Then the
petriplates were sealed with a parafilm and kept in the culture room. The growth

response of different bacterial strains was recorded.
3.9.7. Test for Bacteriocidal Activity of Cefotaxime

Twenty-five ml of the' regeneration media of protocorrns (half-strength MS
media supplemented with coconut water 150mll” and sucrose 30gl’) and PLB
proliferation medium (half-strength MS supplemented with coconut water 150mll™”,

activated charcoal 0.5gl”, sucrose 30gl”, and BA 0.2 mgl'l) were taken in 100ml
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conical flasks. To these 5.0 ml of the bacterial suspension raised in YEP medium
with an O.D. of 0.9 was added and incubated in shaker (rpm 110) at 28°C for
48 hours. All the cultures developed an O.D. of 1.1. Cefotaxime at concentrations
ranging from 100 to 500 mgl'1 was added to these cultures. One flask was kept
without the addition of cefotaxime. These cultures were again incubated in shaker
(rpm 110)'at 28°C for 48 hours. These suspension were spread on petriplates with L
rod, and the petriplates sealed and kept in the culture room. - Observation on bacterial

growth were recorded.

3.10. PRODUCTION OF AGROBACTERIUM TRANSFORMANTS BY
- TRIPARENTAL MATING

The binary plasmid was transferred to Agrobacterium by a triparental mating

process. This mating was facilitated by a conjugative plasmid PRK 2013.

On the first day Agrobacterium tumefaciens was streaked on plates with AB
minimal medium supplemented with 20 pg/ml rifampicin. This was kept for growth
at 28°C for 48 hrs. On the next day E.Coli strains (PRK 2013) and (PPE 2113) were
streaked on plates with LB medium supplemented with kanamycin 50 pg/ml. On the
third day triparental mating was performed by mixing all these three strains (Two
E-coli strains one with the binary vector, the other with helper plasmid, PRK 2013,
and the Agrobacterium strain). This mating was done in AB minimal plate without
antibiotics. This plate was incubated at 28°C for 48 hours. Then the transformants
were selected by streaking the mixture of strains obtained by triparental mating on
AB minimal plate containing rifampicin (20 pg/ml) and kanamycin 50 pg/ml.
Simultaneously two control plates were also streaked with AB minimal and
rifampicin (20 pg/ml) and AB minimal plate with kanamycin 50 pg/ml. These two
plates were kept at 28°C for three days. No growth was observed in these two control

plates. On those plates with rifampicin (20 pg/ml) and kanamycin (50 pg/ml), the
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transformed Agrobacterium survived. A single colony was picked up for further

experiments.
3.11. GENETIC TRANSFORMATION OF DENDROBIUM
3.11.1. Preparation of Agrobacterium Suspension for Co-cultivation

The two Agrobacterium strains with the three binary vectors were grown on
petriplates with AB medium. Agrobacterium suspension for co-cultivation was
prepared by picking a single colony from a plate. This was inoculated in 20 ml liquid
medium containing the required antibiotics and 50, 100, 150, 200 pM acetosyringone.
The liquid medium was kept in a shaker overnight. Then the bacterial suspension
was spun in a centrifuge at 5000 rpm at 4°C for 5 minutes. The pellets obtained were
resuspended in half-strength liquid MS medium, with 50, 100, 150, 200 pM
acetosyringone. The overnight grown culture was also diluted to 1:5 (v/v) with the
fresh medium and the optical density (OD) of the culture was measured at A 600 nm

and the bacterial concentration was adjusted to 0.1 by dilution or concentration.
3.11.2. Preparation of Plant Material

Protocorms and PLBs were used as explants for the co-cultivation
experiments. These explants were precultured fifteen days before co-cultivation to
initiate new growth and to be in active cell division. Explants of different sizes,
protocorms (0.1, 0.2 cm) and the PLBs (0.1, 0.2, 0.3, 0.4, 0.5 cm) were co-
cultivated to standardise the optimum size for maximum transformation efficiency.
The optimurh number of explants (20, 30, 40, 50) that should be kept in a single
petridish (90 mm) during co-cultivation was standardised, by co-culturing (20, 30, 40,

50) explants in a single petriplate.
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3.11.3. Co-cultivation

The precultured protocorms and PLBs were used for the co-cultivation
experiments. They were cut by sterile knives and wounded to facilitate the infection
process. The initial step in the infection process is the attachment of 4. fumefaciens
to a plant cell at the site of an open wound. 4. tumefaciens responds to certain
phenolic compounds such as acetosyringone and hydroxyacetosyringone, which are
exuded by wounded plants. These small molecules act to induce the activity of

virulence (vir) genes that are encoded on the plasmid.

For co-cultivation the explant pieces were placed in a sterile petridish kept in
a laminar airflow cabinet. The drying of explants was avoided by wetting them with
liquid half strength MS medium. Then the explants were mixed thoroughly with the
prepared Agrobacterium suspension and acetosyringone (50, 100, 150, 200 pM) by
gentle swirling. This gentle swirling was done for 10, 15 and 20 minutes so as to

standardise the optimum time required for the infection process.

3.11.4. Addition of Acetosyringone

After mixing, the explants were blotted with sterile filter paper and placed in a
petriplate containing half-strength MS medium and acetosyringone at concentrations
(50, 100, 150, 200 pM) which ranged according to the treatments. Explants were
blotted and kept in petriplate without blotting to standardise the blotting
requirements. Then the petriplates were sealed with parafilm and bacteria with the
binary vectors and the plant tissues were co-cultivated in dark for two, three, four and
five days at 26°C in a culture room. The effect of number of days of co-cultivation

on maximum transformation efficiency was standardised.
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3.11.5. Incubation on Non-selection Medium

After co-cultivation, the tissues were washed in half-strength liquid
MS medium containing 200 mgl” cefotaxime. They were blotted dry with sterile
filter paper. Then they were transfered to sterile petriplates containing half- strength

MS medium with 200 mgi™ cefotaxime for eradication of excess Agrobacterium.
3.11.6. Selection of Transformed tissues

The transformed tissues were selected on half-strength MS medium
containing kanamycin 200 mgl™ (for the tissues cocultivated with vectors PBI 121,
and pCAMBIA 2301) and hygromycin 100 mgl” (for the tissues transformed with
pCAMBIA 1301). The bacteriostatic agent cefotaxime was also added in the initial
subcultures. The tissues were maintained by subculturing once in ten days. In eight
weeks, the transformed tissues developed green sprouts along the cut edges. The
control plants on the same culture media bleached. The kanamycin concentration
was gradually increased upto 400 mgl™” and the bacteriostatic agent is removed after
the third subculture. The transformed tissues were grown in medium containing

antibiotic for a period of eight months.
3.12. GUS HISTOCHEMICAL ASSAY

A histochemical assay (Jefferson et al, 1987) was used to detect the
expression of the gus gene (B - glucuronidase). Transient expression of the
GUS gene was visualized 24 to 30 hours after staining the explants for GUS activity.
The transformed tissues were incubated in GUS substrate X-gluc, for 24 hours at
37°C in the dark. The X-gluc solution was prepared by mixing 10 mg X-gluc in 100
ul dimethyl formamide, 50 mM sodium phosphate buffer, 0.1% (v/v) Triton X 100.
X-glue is a well;established chromogenic substrate used for measuring gus activity.

The enzyme converts this substrate to an insoluable, intense indigo-blue
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chromophore. Gus expressing cells were detected as blue spots on the explant under
a microscope (Nikon, smz-10A, Type 115). Each spot was scored as one

transformation event, regardleés of its size (Puddephat ef al., 1999).
3.13. PCR ANALYSIS
3.13.1. DNA Extraction

The extraction protocol was modified from that of Mondal et al. (2000) with
out the use of cTAB. Leaf material (0.5 g) was pulverized in liquid nitrogen with
20.0 (uIp - mercaptaethanol in a pre-cooled mortar by rapid grinding to a fine power.
Then 7.5 ml of hot (65°C) extraction buffer (100 mM Tris — Hel, 20 mM EDTA,
2 M NaCl, 2 per cent (w/v) SDS, pH = 8) and a pinch of polyvinyl pyrrollidone
(PVP) were added. The fine shurry of grounded plant material was transfered to a 50
ml conical flask and incubated in water bath at 65°C for 20 minutes with occasional
gentle shaking. The lysate was then squeezed through four layers of sterile muslin
cloth into a sterile centrifuge tube. After that an equal volume of chloroform:
Isoamyl alcohol (24:1) was added and thoroughly mixed. The mixture was
centrifuged at 1000 rpm for 10 minutes at 20°C. The supernatant was transferred to
another sterile centrifuge tube With a wide bore sterile pipette tip. To this again equal
volume of chloroform : Isoamyl alcohol (24 : 1) was added and centrifuged as in the
previous step after thorough mixing. After that to the supernatant, 1/10™ volume of
chilled absolute alcohol was added. It was mixed gently and then centrifuged at
10,000 rpm for 10 minutes at 4°C to pellet the DNA. The supernétant was discarded
and the pellet was washed in 70 per cent ethanol. The pellet was air dried and then
dissolved in 0.5 ml of 1X Tris and EDTA buffer (10mM Tris HCl, lmM EDTA,
p" 8) stored at 4°C.
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3.13.2 Quantification of DNA

Quantification of DNA is necessary before it is subjected to amplification.
Quantification of DNA was carried out with the help of UV — Vis spectrophotometer
(Spectronic Genesys 5).

The buffer in which the DNA was already dissolved was taken in a cuvette to
calibrate the spectrophotometer at 260 and 280 nm wavelengths. The optical density
(OD) of the DNA samples dissolved in the buffer was recorded at both 260 and

280 nm. The concentration of DNA was found out using the formula.

Amount of DNA (ng/pl) = Azeo x 50 x dilution factor / 1000

Where Ajgp— absorbance at 260 nm

The quality of the DNA could be judged from the ratio of the OD values
recorded at 260 nm and 280 nm. The A,¢o/Azgo ratio between 1.8 and 2.0 indicates
best quality of DNA, where Aag is the absorbance at 280 nm.

3.13.3 Agarose gel electrophbresis

Agarose gel electrophoresis was carried out in a horizontal gel electrophoresis
unit. Required amount of agarose was weighed out (1.0 per cent) and melted in
1 x TAE buffer (0.04 M Tris acetate, 0.001 M EDTA, pH 8.0) by boiling. After
cooling to about 50°C, ethidium bromide was added. The mixture was then poured to
a present template with appropriate comb. After solidification of agar, the comb and
the sealing tapes were removed and the gel was mounted in an electrophoresis tank.
The tank was loaded with 1 x TAE buffer, so that it jsut covered the entire gel.
Required volume of DNA sample and gel - loading buffer (6.0 x loading dye viz.,
40 per cent sucrose, 0.25 per cent bromophenol blue) were mixed. Each well was

loaded with 20 pl of sample; One of the wells was loaded with 5.0 pl of PCR
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molecular weight marker along with required volume of the gel loading buffer.
Electrophoresis was petformed at 75 volts until the loading dye reached 3/4™ of the
length of the gel. The gel was visualized using an ultraviolet visible (UV - Vis)

transilluminator.
3.14. Statistical analysis

The collected data were subjected to the analysis of variance to test the

significance of the difference among the treatment means.
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4. RESULTS

The results of the experiments on Agrobacterium mediated genetic
transformation techniques in Dendrobium Sonia [7 carried out in the Plant Molecular
Biology and Biotechnology Centre, College of Agriculture, Vellayani during January
2002 to October 2004 are presented below.

4.1. ESTABLISHMENT OF IN VITRO CULTURE
4.1.1. In vitro Establishment of Protocorms

4.1.1.1. Surface Sterilization

The culture establishment with 0.08 per cent mercuric chloride was 80.8 per
cent while it was 45.9 per cent with 0.1 per cent mercuric chloride (Table 1). After
0.08 per cent mercuric chloride treatment for 10 minutes, flaming the pods in burner
after dipping in 70 per cent ethanol was found to be effective. The highest

establishment percentage (84.5) was obtained with two stroke flaming treatment.

4.1.1.2.  Effect of Coconut Water on in vitro Germination and Protocorm
Initiation

Effect of different doses of coconut water on germination and number of days

taken for protocorm initiation was studied (Table 2). Out of the six treatment with

coconut water, CW 150 ml 1" was found to be the best in terms of per cent

germination (84.84) and early initiation of protocorms (50.62 days). All the

treatments with coconut water resulted in early initiation and better germination

compared to the control.
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Table 1 Effect of pod sterilisation treatments on in vitro establishment of protocorm

S No. Sterilant Concentration Per cent
(%) establishment
1. | Mercuric chloride 0.08 80.80
2. | Mercuric chloride 0.10 45.90
3. Flaming One stroke 78.80
4. | Flaming Two strokes 84.50

Table 2 Effect of coconut water on germination and time taken for
protocorm initiation in Dendrobium

Medium : MS ( % strength) + sucrose 30 gl ! + agar 6g 1"

Concentration of Time taken for '
S.No. coconut water Per cent germination Protocorm initiation
(mlI'h ’ (days)
1. 100 82.03 54.30
2. 150 84.84 50.62
3. 200 83.45 50.60
4. 250 78.67 49.97
5. 300 77.50 49.50
6. Nil 70.00 66.20
SEn 2.19 1.50
CD (0.05) 6.76 4.65
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4. 1.1.3.  Effect of Charcoal on in vitro Germination and Protocorm
Initiation
There was significant difference on the germination percentage with various
concentration of charcoal (Table 3). The highest germination (72.35%) was recorded
with the addition of charcoal at 0.5 g I'". But increasing the concentration of charcoal

t01.0,1.5,20¢g I'! resulted in lesser germination percentage.

Significant difference could be observed with respect to the time taken for
protocorm initiation. Early initiation of protocorms (65.18 days) was observed in 0.5
g I'" which was on par with the control (66.20). The initiation of protocorms was
found to slow down with the progressive increase in the concentration of charcoal

from 1.0t0 2.0 g 1.
4.1.2. In vitro Establishment of PLBs

4.1.2.1.  Surface Sterilization

Surface sterilization of the shoot tips with 0.10 per cent mercuric chloride for
ten minutes was the most effective treatment (Table 4). The culture establishment
with 0.1 per cent mercuric chloride treatment was 96.33 per cent, while the

percentage establishment with 0.08 per cent mercuric chloride was 75.68.
4.1.2.2.  Effect of Coconut Water on in vitro Proliferation of PLBs

There was significant difference on the percentage establishment and the
proliferation rate of the PLBs with different concentrations of coconut water (Table
5). The maximum establishment percentage was observed with coconut water 150 mi

rt (95.0%). The control recorded only 66.7 percentage.
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Table 3 Effect of charcoal on in vitro seed germination and protocorm initiation, in

Dendrobium
Medium : MS ( % Strength) + sucrose 30g "' + agar 6g 17 + CW 150mi 1"
N Concentration of - . Time taken for protocorm
S.No. Charcoal (g1 ™) Per cent germination initiation
1. 0.5 72.35 65.18
2. 1.0 71.95 68.90
3. 1.5 71.09 70.50
4. 2.0 70.92 72.15
5. Nil 70.0 66.20
SEnm 2.42 1.48
CD (0.05) 4.47

7.29

Table 4 Effect of surface sterilization on the establishment of shoot tip

cultures
SL.No. Sterilant Concentration (%) | Per cent establishment
1. Mercuric chloride 0.08 75.68
2. Mercuric chloride 0.10 96.33
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Figure 1 Effect of coconut water on germination and time taken for protocorm initiation
in Dendrobium
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Figure 2 : Effect of charcoal on in vitro seed germination and protocorm initiation, in
Dendrobium
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Table 5 Effect of coconut water on in vitro proliferation of the

protocorm like bodies

Medium: MS ( % strength) + sucrose 30g 1" + agar 6g 1"
r'— Coconut Percent Proliferation rate of PLBs (weeks)
S.No. | waterml I’ .
1 establishment \ ¢ |y | g | v | v | vi | vo | v
1. 100 83.30 3301567 | 769 | 933 {11.20] 13.60( 5.70 { 17.80
2. 150 95.00 40018251250 16.0 | 18.50 | 21.20 | 24.20 | 26.01
3. 200 82.30 3.60 ] 6.60| 925 | 11.67 ] 13.70| 16.50 { 18.20 | 20.50
4, 250 80.50 3.60 ) 7.67 | 10.10 | 13.58 | 15.50 | 17.20 ] 19.50 | 21.30
5. 300 70.20 3.50 { 8.00 } 11.25 ] 14.33 | 16.20 | 18.40 ] 20.00 | 22.40
6. Nil 66.70 3.00 | 5001 560 { 630 | 830 | 10.20 | 12.50 | 14.70
Shmo 1215 |030[025| 043 | 046 | 034 | 110 | 111 | 094
: 6.40 0881075 129 § 1.38 | 099 | 3.26 | 3.29 | 2.81
(0.05) k
Table 6 Effect of activated charcoal on in vitro proliferation of the protocorm like
bodies
Medium: MS ( % strength) + sucrose 30gl™" + CW 150 ml I+ agar 6gl
g, | Concentation | Percent Proliferation rate of PLBs (Weeks)
N " 1 ofcharcoal | establish
0. @ ment 2 3 4 5 6 7 8
1. 0.5 87.50 [4.20]8.7013.7116.3119.20 | 21.90 | 24.70 | 27.90
2. 1.0 75.00 [3.80|8.25|12.8|15.8]18.70|19.50{ 21.20 | 24.50
3. 1.5 72.03 |3.7015.50(825)11.3114.60 1520 17.80 | 19.80
4, 2.0 70.10 |3.50]4.20|7.00)9.50|12.80| 13.90 | 15.50 | 16.20
5. Nil 62.50 |3.301535(57316.70| 8.50 | 10.50 | 13.10 | 15.50
SEn 1.07 10.26(0221041|045] 0.63 | 040 | 1.0l | 0.82
C.D (0.05) 324 10.80]067(124]1.38| 1.89 | 1.20 | 3.05 | 2.47
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Figure 3: Effect of Coconut water on the in vitro proliferation of protocorm like
bodies
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Table 7 Effect of growth regulators on in vitro proliferation of the protocorm like

bodies

Medium: MS ( % strength) + sucrose 30gl” + CW 150 ml I+ agar 6gl™! + activated

charcoal 0.5g 1"
S Growth | Percent Proliferation rate of PLBs (Weeks)
N " | regulators | establish
[ (mgt") | ment 1 2 3 4 5 6 7 8
NAA 1.5 :
1. +BA 10 88.02 [4.20(9.30(13.70 | 13.90 | 14.20 | 14.50 | 14.90 | 15.30
2. | BA 1.0 89.12 [4.20(9.40}14.20 | 15.00 | 16.30 | 16.50 | 19.30 | 20.20
3. | BA 02 90.05 {5.40]19.80|14.4018.70 [ 21.50 | 24.90 | 26.10 | 28.30
4, Nil 87.50 [4.20(8.70 | 13.70 | 16.30 | 19.20 | 21.90 | 24.70 | 27.90
%FB’ 277 102610201025 ( 037 ] 052 1 041 | 096 | 0.84
© 65) 853 1081)0.63] 077 | 1.15 | 1.62 | 1.26 | 2.95 | 2.58




BA 0.2 Nil

Growth regulators (mg ')

1 Week Il Week DIl Week D11V Week BV Week L1VI Week BVt Week [IVill Week

Figure 5: Effect of growth regulators on the in vitro proliferation of protocorm like bodies
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Out of the various treatments the highest proliferation rate (26.01 in eight
weeks) was recorded with coconut water 150 ml I''. The treatments with coconut
water 200 and 250 ml I"' were on par. The control, without the addition of coconut

water, recorded the least proliferation rate (14.7).
4.1.2.3.  Effect of Activated Charcoal on in vitro Proliferation of PLBs

Significant variation was observed on the establishment percentage and
proliferation rate, with the different doses of charcoal (Table 6). Maximum
establishment percentage (87.5) was recorded with a concentration of 0.5 g I'. The
highest proliferation rate (27.9 PLBs in eight weeks) was observed with activated

charcoal 0.5g I". Lesser number of PLBs (15.5) were obtained in the control.

4.1.2.4.  Effect of Growth Regulators on in vitro Proliferation of PLBs

Data recordéd on the effect of different growth regulators on the
establishment and proliferation rate of PLBs are presented in Table 7. There was
significant difference between the various treatments. The maximum culture
establishment percentage (90.05) was recorded with BA 0.2 mg I"'. The maximum
proliferation rate (28.3) was also observed with BA 0.2 mg I and it was on par with
the control (27.9). The minimum proliferation rate (15.3) was observed in NAA 1.5
and BA 1.0 mgl™.

4.2.  SENSITIVITY OF ORCHID TISSUES TO ANTIBIOTICS

Experiments were carried out to evaluate the sensitivity of both the
protocorms and PLBs to different doses of antibiotics.
4.2.1. Ampicillin

Protocorme were feated for their sensitivity to ampicillino Clable 8y The

protocorms were {ully green and no change was observed in the first two weeks, in all



A - Protocorms

B - Protocorm like bodies

PLATE 1: Protocorms and Protocorm like bodies



69

the treatments. A partial discoloration was observed in the protocorms from the third
week onwards and no bleaching was observed upto the sixth week. In the seventh
week, bleaching was observed in the protocorms at ampicillin 450 and 500 mg 1. I
the eighth week, the protocorms in ampicillin 400 to 500 mg 1! bleachéd. After eight
weeks protocorms in ampicillin 5 mg 1" recorded the highest survival per cent (58.1)
whereas the least (3.5%) was recorded in ampicillin 500 mg 1" . The protocorms in
ampicillin 450 to 500 mg 1" did not survive (Table 10).

PLBs were tested for their sensitivity to ampicillin (Table 9). No change was
observed in the PLBs during the first four weeks. From the fifth week onwards the
PLBs in ampicillin 200 to 500 mg 1"' showed partial discoloration. In the eighth week
PLBs in ampicillin 400 and 500 mg I bleached. Among the PLBs, maximum
survival rate (64.5%) was observed in the treatment with ampicillin 5 mg I, which
was followed by ampicillin 50 mg 1" (60.7) after eight weeks. The minimum survival

percentage was recorded in ampicillin 500 mg I
4.2.2. Rifampicin

Sensitivity of Dendrobium protocorms to different doses of rifampicin is
presented in Table 11. In the first two weeks the protocorms in 5-500 mg It
rifampicin were green in colour. Partial discoloration was observed in the
protocorms from the third week onwards. In the fifth week, bleaching was observed
in protocorms with rifampicin 450 to 500 mg 1", In the seventh week, bleaching was
observed in protocorms in 400 mg I'!. Browning was recorded in the protocorms
with 450 and 500 mg 1" at the end of eighth week. The maximum survival rate of
protocorms (56.9%) was recorded with rifampicin 5 mg 1" (Table 13). The minimum
(10.9%) was observed with rifampicin 400 mg I"!. The protocorms in rifampicin 450

and 500 mg 1" did not survive.
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Table 8  Sensitivity of Dendrobium protdcorms to different doses of ampicillin

: Ampicillin Sensitivity (weeks)

No.| (mgl™ I 1 m v | v | vi| v v
1. | Control | ++++ | ++++ 4+ el B B e Il EE S S
2. 5 -+ | ++ i B B e R A
3. 50 | +++ | | | |
4. 100 | +++ +H+ | | | A |
5. 150 +HH+ | +H+ B S B B B s
6. 200 | e+ | +++ | | | |
7. 250 A | +++ o B B e o
8. 300 4+ | +++ 4+ | | A [ A |
9. 350 4+ | +++ +++ | A | | [
10. 400 Ft+ | +++ ++ | | A | ++
11. 450 | +++ | | ++ ++
12, 500 | A+ +H+ H+ | | ++ ++

Mean of three replications
++++ Fully green
+++  Partial discoloured
++ - Bleached

+ Turning brown and dead
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Table 9  Sensitivity of Dendrobium PLBs to different doses of ampicillin

B Sensitivity (weeks)

S. | Ampicillin '
' -1
No.| (mgl™) 1 1 m | v v vl | vO | VIO
Week | Week | Week | Week | Week | Week | Week | Week

1. Nil | ) | e | e | e | et
2. 5 Ft+ | | | e | | | e |
3. 50 el e B = IE S RN SSTR R
4. 100 e e B B Bl B o B o I o B
5. 150 e el B o B Bl B e o B o B
6. 200 e S B o B el B e B B e B s
7. 250 e e e el R e R s N
8. 300 | | | A | e | |
9. 350 R o e e e o o o B I
10. 400 e B o I o e ol o S S S e e S
11. 450 R N e I ol o o o N o o B o o S e ++
12 500 e i e e o o B ++

Mean of three replications
++++ Fully green
++  Partial discoloued
++  Bleached
+ Turning brown and dead




Table 10 Survival of Dendrobium tissues in ampicillin

Survival Per cent

SNo | Ampicillin (after 8 weeks)
(mg I PLBs Protocorms

1. 0 100.0 100.0
2. 5 64.5 58.1
3. 50 60.7 575
4. 100 51.4 48.9
5. 150 492 44.7
6. 200 41.8 352
7. 250 35.2 228
8. 300 222 20.0
9. 350 12.1 11.5
10. 400 9.8 8.0
11. 450 5.2 0
12. 500 35 0
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Table 11 Sensitivity of Dendrobium protocorms to different doses of rifampicin

’;_ Rifampicin Sensitivity (weeks)

No. | (mgl") 1 | o0 | m | v | v | vi|vo|vm
1. Nil e B e e Bl B I e [
2. 5 e il B o B e B e Ml TG e o B S TS
3. 50 Sl B B B o T e S B
4. 100 el B I o e B e B a i B e a B s
5. 150 A+ | A | A [ | | [ |
6. 200 A | A | | | e | ]
7. 250 ol B o e B e o e I B
8. 300 b [ | e | e | e | e | e | e
9. 350 PN VIR (FINFES [N VUAPES R NTRES
10. 400 e ol s o o o R o o ++ ++ +
11. 450 A | A ++ ++ ++ +
12. 500 | | | ++ |+ ++ ++

Mean of three replications
+++ Fully green
+++  Partial discoloured
++  Bleached
+ Turning brown and dead




A - Control B — Ampicillin 500 mg 1"’

C - Ampicillin 5mg 1’ D — Ampicillin 500 mg 1"’
PLATE 2 : Sensitivity of Dendrobium tissues to ampicillin
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Table 12 Sensitivity of Dendrobium PLBs to different doses of rifampicin

s. | Rifampicin Sensitivity (weeks)

No.| (mgl™ 1 | o | m | v | v | vi| vl v
1. Nil e ol Bl o e o ol o e e e I
2. 5 | A | A | | | | |
3. 50 | A | | | e | e | e |
4, 100 | | A | | | e | e |
5. 150 el B B e B o e o I T e o o (e
6. 200 e e B e B e i B e B e i 2
7. 250 | | | | | | e
8. 300 e ol B B B o T e o T S B o S
9. 350 | ] | ] | ) e |
10. 400 S o o e o o o S R o o T o o B o +++
11. 450 bt | A | | | e | e | e ++
12. 500 e ol B e B o B o B o B B ++

Mean of three replications
+++ Fully green
+++  Partial discoloured
++ Bleached

+ Turning brown and dead
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Table 13 Survival of Dendrobium tissues in rifampicin

Survival Per cent

§No | Rifampicin (after 8 weeks)
(mg1™)
PLBs Protocorms

1. 0 100.0 100.0
2. 5 63.8 56.9
3. 50 63.0 54.1
4, 100 49.8 49.0
5. 150 472 452
6. 200 45.6 43.1
7. 250 442 403
8. 300 35.8 31.7
9. 350 26.7 25.0
10. 400 154 10.9
11. 450 10.2 0
12. 500 8.8 0
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No change was observed in Dendrobium PLBs with rifampicin 5-500 mg 1
during the first two weeks (Table 12). In the third week, the PLBs in 200 - 500 mg]”
rifampicin were partially discolored. Bleaching was observed in the PLBs in
rifampicin 450 and 500 mg 1" in the eighth week. The PLBs in rifampicin 5 mg 1"
recorded the maximum 63.8 percentage survival (63.8%). The survival per cent of
the PLBs was reduced gradually with progressive increase in the concentration of the
antibiotic and the highest dose of rifampicin 500 mg 1" showed the minimum survival

per cent (8.8%).
4.2.3 Cefotaxime

Sensitivity of Dendrobium protocorms to different doses of cefotaxime was
studied and the data are presented in Table14. In all the treatments the protocorms
were green in colour in the initial two weeks. In the third week, the protocorms in
cefotaxime 500 mg 17 showed partial discoloration. Partial discoloration was
recorded in protocorms in cefotaxime 400 - 500 mg 1" in the fourth week. From the
sixth week, onwards the protocorms in cefotaxime 350 mg 1* bleached. The
protocormé in cefotaxime 500 mg 1" turned brown in the seventh week. In the eighth
week protocorms in cefotaxime 350-500 mg 1" turned brown and died. It was
observed that the protocorms in cefotaxime 5 mg 1" recorded the highest survival rate
(66.3%). The protocorms in cefotaxime 300 mg I showed the lowest survival
(45.8%). Browning was recorded on the sides of protocdrms which extended to the
centre of the tissues and subsequent death was observed with cefotaxime 350-500 mg
I''. No change was observed in the Dendrobium PLBs in cefotaxime 5-500 mg 1" in
the initial three Weeks (Tablel5). In the fourth week, the PLBs in cefotaxime 500 mg
I'" showed partial discoloration. Partial discoloration and bleaching were observed
with the PLBs in cefotaxime 350-450 and, 500 mg I”' respectively in the sixth week.
The PLBs in cefotaxime 350-500 mgl™ bleached in the seventh week. Browning of
the PLBs‘was observed with cefotaxime 450 and 500 mg I”* in the eighth week.
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Table 14 Sensitivity of Dendrobium protocorms to different doses of cefotaxime

—; Cefotaxime Sensitivity (weeks)

Noof me™ " p Topg [m [ v [ v [ vi]vo][ v
1. Nil | A | | | | e | |
2. 5 | | A | | | e | |
3. 50 o+ | A | | A | A e | e |
4. 100 T | A | A | | A | e | |
5. 150 e il B Bl B e o ol B e B o e
6. 200 el B Bl o e e B el B e B e e e
7. 250 | | | e | | | e |
8. 300 | | | e | | R | |
9. 350 | | A | | ++ ++ +
10. 400 | | | ++ ++ +
11. 450 -+ | | ) e | ++ ++ +
12. 500 D sl o e s o S S o o S B e ++ + +

Mean of three replications
++++ Fully green
+++  Partial discoloured
++ Bleached
+ Turning brown and dead
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Table 15 Sensitivity of Dendrobium PLBs to different doses of cefotaxime

s. | Cefotaxime Sensitivity (weeks)
No.| (mgl") I nm | m | v | v | vi|vo]| v
1. Nil e ol I e el B e o ol [ e R o RS
2. 5 o+ | | A | A | A | e | e | R
3. 50 e ol B B B el B Bl e e B S
4. 100 e ol B e o o B ol el B oo ol o
5. 150 e o B o e Bl Il B e
6. 200 e R e I o B R S S I s
7. 250 el B T B el B o ol B B e B
8. 300 el Il o B B B el I o o e
9. 350 ot | | | | A | | ++
10. 400 el B e B B el B o ++ ++
11. 450 ++++ | | | ) | ++ +
12. 500 | | | | | ++ +

Mean of three replications
++++ Fully green
+++  Partial discoloured
++  Bleached
+ Turning brown and dead
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Table 16 Survival of Dendrobium tissues in cefotaxime

Survival Per cent

gNo | Cefotaxime (after 8 weeks)
(mg ')
PLBs Protocorms

1. 0 100.0 100.0
2. 5 69.6 66.3
3. 50 68.4 63.8
4. 100 66.4 63.1
5. 150 65.0 60.6
6. 200 60.7 58.2
7. 250 55.3 534
8. 300 53.2 45.8
9. 350 49.60 0
10. 400 42.7 0
11. 450 0 0
12. 500 0 0
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The maximum survival rate (69.6%) was recorded with the PLBs in
cefotaxime 5 mg 1. The rate of survival decreased with progressive increase in the
concentration of cefotaxime. The minimum survival rate (42.7) was recorded with
the PLBs in cefotaxime 400 mg I\, At high concentration of cefotaxime 450 to 500
mg 1", none of the PLBs survived. In these PLBs, darkening of the tissues was

observed which extended to the centre and death of the PLBs occurred.
4.2.4 Carbenicillin

Protocorms were green in all the treatments for the first two weeks .In the
third week the protocorms in carbenicillin 400 mg 1" showed partial discoloration.
Partial discoloration was recorded in the protocorms with carbenicillin  350-500 mg
l'lin the fourth week. Discoldration and bleaching were observed with carbenicillin
200-300 and 350-500 mg 1" respectively in the sixth week. In the seventh week the
protocorms in carbenicillin 250-500 mg It got bleached. Browning was recorded in

protocorms with carbenicillin 350-500 mg 1" in the eighth week (Table 17)

At the end of the eighth week, 66.9 per cent protocorms survived with
carbenicillin 5 mg 1" (Table19). The survival rate decreased with progressive
increase in the concentration of carbenicillin and the minimum survival (49%) was
recorded with carbenicillin 300 mg 1. High concentration of carbenicillin from

350-500 mg "' completely suppressed the growth of the protocorms.
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Table 17 Sensitivity of Dendrobium protocorms to different doses of carbenicillin

s. | Carbenicillin Scoring for sensitivity (weeks)

No.| (mgl") I 0 | m | v | v | vi]|vo| v
1. Nil | | A | | | e | e |
2. 5 bt | | | R | | e | e |
3. 50 | e | e | e | e | e | e |
4, 100 et | | e | e | e | e | e |
5. 150 | b | | e | e | e | |
6. 200 At | | | e | | e | | e
7. 250 | e | e | e | e | ++ ++
8. 300 I B R e T e i B o s ++
0. 350 b | | ] ] A | ++ +
10. 400 el IE = = = I S R A R T ++ +
11. 450 e I e e e ++ +
12. 500 ol B el B o B B S ++ +

Mean of three replications

++++ Fully green

+++  Partial discoloured

++ Bleached

+ Turning brown and dead




120 ~

100

80 -

60 -

40 -

Survival per cent

20 1

0 T T T T

0 5 50 100 150 200 250 300 350 400 450 500
Cefotaxime concentration (mg ")

—o— PLBs —%— Protocorms

Figure 6. Survival of Dendrobium tissues in cefotaxime
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Table 18 Sensitivity of Dendrobium PLBs to different doses of carbenicillin

s. | Carbenicillin Scoring for sensitivity (weeks)

No.| (mgl) 1| o | m | v | v | vi]|vr]| v
1. Nil oo ol B o o o o e e ol B o B el I
2. 5 FHHt | | | A | | A | R | e
3. 50 Ft+ | bt | e | e | e | R | e |
4, 100 FH+t+ | | A | A | e | R | e |
5. 150 el e B Il B Bl B e
6. 200 el Bl B Bl B B I e B S S
7. 250 el e ol B B B B e
8. 300 el Bl e Bl B T R
9. 350 el I B B I e B ++
10. 400 Frbt | | A | | e | | ++
11. 450 IR NIIFIIY U (IVIS VIR IS +
12. 500 ol B L e S B o B +

Mean of three replications

++++ Fully green

+++  Partial discolouration

++ Bleached

+ Turning brown and dead
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Table 19 Survival of Dendrobium tissues in carbenicillin

Survival Per cent .

SNo | Carbenicillin (after 8 weeks)
(mg 1) PLBs Protocorms

B 1. 0 100.0 100.0

2. 5 68.6 66.9

3. 50 67.2 64.8

4. 100 63.8 . 62.2

5. 150 614 60.1

6. 200 60.4 57.2

7. 250 58.7 53.5

8. 300 55.9 490

0. 350 46.5 0

10. 400 43.8 0

1. 450 0 0

12, 500 0 0
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No change was recorded in PLBs in all the treatments for the initial three
weeks (Table18). In the fourth week, the PLBs in carbenicillin 450 and 500 mg I
showed a partial discoloration. Partial discoloration was observed in PLBs with
carbenicillin 400-500 mg 1" in the fifth week and 300-500 mg I"" in the sixth week. In
the seventh week bleaching was observed in the PLBs in carbenicillin 400-500 mgl™.
At the end of eighth week the PLBs in carbenicillin 5-250 mg 1" remained green.
The PLBs in 300mgl" were partially discoloured. The PLBs in 350 and 400 mg 1"
got bleached and the PLBs in carbenicillin 450 and 500 mg I'! turned brown.

The PLBs in carbenicillin 5 mg 1" showed the highest survival rate (68.6%).
The minimum survival rate (43.8%) was recorded with the PLBs in carbenicillin 400
mg I”'. The PLBs in carbenicillin 450-500 mg 1"' showed browning and subsequently

death was observed with high concentration of carbenicillin.
4.2.5. Kanamycin

The sensitivity of Dendrobium protocorms to different doses of Kanamyéin
was studied (Table 20) Partial discoloration was observed in the protocorms, with
kanamycin 300-500 mg I"' in the first week. In the second week, partial discoloration
was observed from kanamycin 150 to 500 mg I'". Bleaching was observed from the
third week onwards in the protocorms with kanamycin 400 mg I, In the fourth week
bleaching was recorded with the protocorms in kanamycin 350 mg ™. Bleaching was
recorded with kanamycin 300 mg I'" in the fifth week. In the sixth week, the
protocorms with 100 mg I"' kanamycin bleached, and those with 400 to 500 mg 1"
kanamycin turned brown and died. From the seventh week the protocorms in

kanamycin 50 mg I bleached and those in kanamycin 350 mg 1" turned brown and
died.
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Table 20  Sensitivity of Dendrobium protocorms to different doses of kanamycin

. Kanamycin Sensitivity (weeks)

No. | (mg ") pln | m | v | vl ovi| v | v
1. Nil Bl B e e e o ol B e T o ol B o o e
2. 5 el B B e el Tl e el B o o o B
3. 50 el B B e e Bl B e o B ++ ++
4, 100 Sl B B e B e ++ ++ ++
5. 150 Sl B S B B B ++ ++ ++
6. 200 e B e o e B o o ++ ++ ++
7. 250 4+ | A [ ) | + |+t +
8. 300 i B B e e ,‘ ++ ++ ++ +
9. 350 4+ [ A ] ++ ++ ++ + +
10. 400 +++ | ++ ++ ++ + + +
11. 450 4+ | ++ ++ ++ + + +
12. 500 4+ | 4 ++ ++ ++ + + +

Mean of three replications

++++  Fully green

+++  Partial discoloured

++ Bleached

+ Turning brown and dead




86

Table 21 Sensitivity of Dendrobium PLBs to different doses of kanamycin

. - Sensitivity (Weeks
S. | Kanamycin y( )
No (mg 1)
: I II Il v A% VI Vil VI
1. Nil I o e B e B e I o o B o e B T e i o s
2. 5 T+ | | A e | e | e | e |
3. 50 | | e | | e ] ++ ++
4. 100 el B o e B ol R S S B ++ ++
5. 150 sl B e B B o B ++ ++
6. 200 Attt | A+ [ A | A ] ++ ++ ++
7. 250 e ame R N B R e B ++ ++ ++
8. 300 el B B e e e ++ ++ +
"9, 350 el S A I RS ++ ++ +
10. 400 A+ [ | | ++ ++ ++ +
11. 450 el S I ++ ++ + +
12. 500 e+ | A | |+ ++ ++ + +
Mean of three replications
++++ Fully green
+++  Partial discoloured
++ Bleached

+

Turning brown and dead
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Table 22 Survival of Dendrobium tissues in kanamycin

Kanamycin Survival per cent
5No (mg ' (after 8 weeks)
~PLBs Protocorms

0 0 100.0 00,0
L 5 65.6 62.7
2 50 50.8 43.9
3. 100 45.7 305
4. 150 32.9 237
>. 200 22.0 14.4
6. 250 15.1 0
7. 300 — 500 0 5
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It was observed at the end of eighth week that the PLBs in kahamycin 5mgl’
recorded the highest survival rate (65.6%). The lowest survival rate (15.1) was
recorded with the PLBs in kanamycin 250 mg 1" (Table 4.2.1.5). Increased
concentration of kanamycin from 300 to 500 mg I’ suppressed the growth of PLBs.

No change was recorded in the PLBs with kanamycin 50 to 350 mg 1" in the
first week (Table 21). The PLBs with 400 to 500 mg I kanamycin showed partial
discoloration. Partial discoloration was observed in the PLBs with kanamycin 200 —
500 mg 1" in second week, and from 150-500 mg 1" in the third week. Bleaching
was observed during fourth week in the PLBs with kanamycin 400 to 500 mg 1" Inr
the fifth Week, bleaching was recorded in the PLBs with kanamycin 200 mg I''. The
PLBs with kahamycin 100-500 mg 1" bleached in the sixth week. From the seventh
week, bleaching was observed in the PLBs with kanamycin 50 mg I"". Browning and
death of the tissues was recorded with kanamycin 300 to 500 mg I"' in the eighth
week. In the eighth week, a maximum of 62.7 per cent protocorms survived at the
concentration of kanamycin, 5 mg I'.  The survival rate decreased with the
progressive increase in the concentration of the antibiotic and a minimum rate of
survival (14.4) was observed with kanamycin 200 mg 1" None of the protocorms

survived at a higher concentration of kanamycin 250 - 500 mg 17",
4.2.6. Hygromycin

Sensitivity of Dendrobium protocorms to varying cdncentrations of
hygromycin was studied (Table 23). The protocorms in hygromycin 5 to 150 mg 1!
were partial discolored. Bleaching was observed in the protocorms with hygromycin
200 to 500 mg 1" during the first week. From the third week, bleaching was observed
with hygromycin 50 mg 1"'. Browning was recorded in the fifth week in protocorms
with hygromycin 400 to 500 mg I"' and in 300 to 500 mg I in the sixth week. By the
eight week browning and death of protocorms was observed with hygromycin 150

mg |
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Figure7. Sensitivity of Dendrobium PLBs to different doses of kanamycin



Table 23 Sensitivity of Dendrobium protocorms to different doses of hygfomycin

s. | Hygromyein Sensitivity (weeks)

No.|  (mgl’) 1o | m | v | v | ovi| v | v
1. 0 ol L B e ol B el B B o g e
2. 5 el I (R e T B o B o S ++
3. 50 Saclll B o B ++ ++ ++ ++ ++
4, 100 SR ++ ++ ++ ++ ++ ++
5. 150 Sl IR S ++ ++ ++ ++ +
6. 200 ++ ++ ++ ++ ++ ++ + +
7. 250 . ++ ++ ++ ++ ++ ++ + +
8. 300 ++ ++ ++ ++ ++ A + +
9. 350 ++ ++ ++ ++ ++ + + +
10. 400 ++ | ++ ++ ++ + + + +
11. 450 ++ ++ ++ ++ + + '+ +
12. 500 ++ ++ ++ ++ + + + +




Sensitivity of Dendrobium tissues
to Rifampicin

A - Rifampicin S mgl-1
B - Rifampicin 250 mg I-1

C - Rifampicin 500 mg 1-1

D — Kanamycin 50 mg I

E — Kanamycin 250 mg I’

F — Kanamycin 500 mg i
PLATE 3

Sensitivity of Dendrobium tissues
to kanamvcin
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Table 24 Sensitivity of Dendrobium protocorms to different doses of hygromycin

s. | Hygromycin Sensitivity (weeks)

No. (mg 1) I 11 )| 1\Y \Y% vi | v | v
1. Nil b | A | | e | | A e | et
2. 10 il B e I e i B e o o B i
3. 20 el e B e e e B e B naa
4. 30 ++ | A+ | e [ A | | ++ ++
5. 40 -+ | | ++ ++ ++ ++ | 4+
6. 50 | | ++ ++ ++ ++ ++
7. 60 | | ++ ++ ++ ++ ++
8. 70 e o I B ++ ++ ++ ++ +
9. 80 H+ [ A | ++ ++ ++ o+ ++
10. 90 | [ ++ ++ ++ ++ ++
11. 100 | ++ ++ ++ ++ ++ ++

Table 25 Survival Dendrobium tissues in hygromycin

Final survival Per cent

S1.No H%%;Z?}’;m (after 8 weeks) -
PLBs Protocorms
L. 5 57.4 516
2. 50 26.4 20.2
3. 100 20.0 10.3
4. 150 -500 0
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A further study was conducted in protocorms with varying concentrations of
hygromycin from 10-100 mg It (Table 24). In the initial two weeks the protocorms in
all the treatments were partially discoloured. During the third week, the protocorms in
hygromycin 50 mg I showed bleaching. Bleaching was observed with protocorms

in hygromycin 40 mg I! from the fourth week onwards.

The protocorms in hygromycin 5 mg 1" recorded the maximum survival rate
(51.6%). There was a progressive decrease in the per cent of protocorms showing
survival when the concentration of hygromycin was increased (Table 25). With
hygromycin at 150-500 mg I there was no fresh growth and the PLBs turned brown
at the sides from the fifth week onwards and subsequently the darkening extended

towards the centre and finally the protocorms were dead.

PLBs showed partial discoloration in the treatments with hygromycin
5-450 mg 1" in the first week (Table 26). The PLBs in hygromycin 500 mg I
bleached in the second week. From the third week, the PLBs in hygromycin
200-500 mg 1" bleached. Bleaching was observed in the PLBs with hygromycin 100
mg I from the fourth week. During the fifth week, the PLBs in hygromycin 50 to
250 mg 1! bleached and those with hygromycin 300-500 mg I"' turned brown. At the
end of eight week PLBs in hygromycin 5 mg I'! were partially discolored. Bleaching
was recorded with PLBs in hygromycin 50 and 100 mg I"'. The PLBs in hygromycin
150 to 500 mg I"! turned brown and died.

Further sensitivity studies with lower doses of hygromycin revealed that the
PLBs with hygromycin 10 to 100 mg 1" were partial discolored in the initial three
weeks. In the fourth week the PLBs in hygromycin 100 mg 1" showed bleachihg.
Bleaching was observed with the PLBs in hygromycin 50-100 mg 1" in the fifth
week. PLBs in hygromycin 40 mg 1" exhibited bleaching in the seventh week and by
eight week the PLBs in hygromycin 30 mg I"' showed bleaching.
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Table 26 Sensitivity of Dendrobium PLBs to different doses of hygromycin

s. | Hygromycin Sensitivity (weeks)

No.| (mgl™ 1 n | m | v | v [ vi|vr] v
1. Nil 4 | | | A | A | e | A |
2. 5 N T o e I e T ol BT S S S S BT S B
3. 50 NI IR [ I (e 4 o+ ++
4. 100 S I R B S S ++ ++ | 4+ ++
S. 150 ++ | A+ | ++ ++ ++ ++ +
6. 200 4+ | ++ ++ ++ ++ + +
7. 250 4+ | 4+ ++ ++ ++ 4+ + +
8. 300 +++ | ++ ++ + + + +
9. 350 +++ ) ++ ++ + + + +
10. 400 | | ++ + + + +
11. 450 +++ |+t ++ ++ + . + + +
12. 500 ++ ++ ++ ++ + + + +




93

Table 27 Sensitivity of Dendrobium PLBs to different doses of hygromycin

s. | Hygromycin Sensitivity (weeks)

No.|  (mgl) I b | w [ wv | v | vi|ve|vm
1. Nil ot | [ [ A | e | b | e | e
2. 10 | | A | | | e | e | et
3. 20 NETNY NIFSTANY NNIVIVES NUIIS) (VAT [NNIHINTN (IR [N
4, 30 A+ | A | | | A | ++
5. 40 el I B B = o ++ ++
6. “50 R T B S S e e = s B o ++ ++ ++
7. 60 +++ | A | ++ ++ ++ ++
8. 70 FH+ | A | A | A | + |+ ++
9. 80 4+ | A | | ++ ++ ++ ++
10. 90 el B I e e s ++ ++ ++
11. 100 4 | | ++ ++ ++ ++ ++
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Table 28 Survival of Dendrobium tissues in different doses of hygromycin

Hygromycin Survival Per cent
>No Mg 1™ (after 8 weeks)
PLBs Protocorms

0 100.0 100.0
L 10 65.5 185
= 20 43.4 73
3. 30 39.3 27.0
4 40 374 26.8
: >0 264 202
6. 60 235 200
L 70 210 3.6
it il 207 13.2
- 9 205 o
10. 100 20.0 10.3
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Figure 9 : Sensitivity* of Dendrobium PLBs to different doses of hygromycin
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PLBs survival to freshly prepared hygromycin at varying concentrations from
5 to 500 mg 1" was tested (Table 27). The minimum survival rate (20.0) was
observed at hygromycin 100 mgl'. Growth was not seen at concentrations of
hygromycin 150 mg I'" and above. Thus hygromycin at a concentration of 150 to
500 mg 1" completely suppressed the PLBs growth. The progressive increase in the
concentration of hygromycin from 10 to 100 mgl’ decreased the survival rate

(Table 28).
43. ESTABLISHMENT OF BACTERIAL CULTURE

4.3.1. Growth of Agrobacterium

The Agrobacterium tumefaciens produced white slimy and smooth colonies.
The strain LBA 4404 harbouring PBI 121, pCAMBIA1301 and pCAMBIA 2301 took
38, 35 and 30.8 hours, respectively for growth with colonies. The 4. tumefaciens
strain EHA 105 harbouring the binary plasmids viz., PBI 121, pPCAMBIA 1301 and
pCAMBIA 2301 showed growth with colonies in 36.5, 30.0 and 29.9 hours
respect'ively (Table 29).

44. SCREENING OF AGROBACTERIUM STRAINS FOR ANTIBIOTIC
SENSITIVITY

The sensitfvity of the bacterial strains LBA 4404 and EHA 105 barbouring the -
plasmids PBI 121, pCAMBIA 1301 and pCAMBIA 2301 to different doses of
antibiotics, viz., ampicillih, rifampicin, cefotaxime, carbenicillin, kanamycin and
hygromycin was studied. The results of the tests were used in the selection of

bacteria with the vectors.
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Table 29 Growth of Agrobacterium strains

Time taken for growth
S.No Bacterial strains Plasmids (Colony formation)
(hrs)
1. PBI 121 38.0
2. LBA 4404 pCAMBIA 1301 35.0
3. pCAMBIA 2301 30.8
4. PBI 121 36.5
5. EHA 105 pLAMBIA 1301 30.0
6. pCAMBIA 2301 - 299




A - Hygromycin - 50 mgl’ D - Hygromycin - 500 mg i
B - Hygromycin - 250 mg P E - Control tissues (0 mg i)
C - Hygromycin - 400 mg ¥ F - Bleached tissues (500 mg )

PLATE 4: Sensitivity of Dendrobium tissues to hygromycin
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Among the different antibiotics studied PBI 121 was sensitive only to
rifampicin and kanamycin. On the third day, the bacterial growth was observed at
rifampicin 50 mg 1" and kanamycin50 mg 1. On the third day the growth of
Agrobacterium strains, LBA 4404 and EHA 105 harbouring pCAMBIA 1301 was
present on plates with rifampicin and hygromycin at 50 mgl! and kanamycin
100 mgl™. Bacterial growth was observed in YEP plates with rifampicin 50 mg I
and kanamycin 100 mg 1" for both the strains, LBA 4404 and EHA 105 harbouring
the binary vector pPCAMBIA 2301.

4.4.1. Test for the bacteriocidal activity of cefotéxime

In the present study the bacteriocidal effect of cefotaxime was tested by
culturing A4. tumefaciens in YEP liquid medium containing different doses of
cefotaxime ranging from 50 to 500 mg 1. The bacterjal growth was recorded from
50-150 mg 1! . At concentrations 200 mg 1" and above there was absence of bacterial
growth. At these concentration the Dendrobium explants also did not show any

discoloration or bleaching.
4.5. TRIPARENTAL MATING

On the first day of experiment 4. tumefaciens strain EHA 105 was streaked on
AB minimal plate with 20 pg/ml rifampicin. This plate was kept for growth at 28°C
for 48 hours. On the second day E-coli strain PRK 2013 and PPE 2113 were streaked
on LB plates supplemented with kanamycin 50 pg/ml. On the third day triparental
mating was performed by mixing EHA 105, PRK 2013 and PPE 2113 in a AB
minimal plate without antibiotics. This plate was incubated at 28°C for 48 hours.
This mixture was streaked on AB minimal plate with rifampicin 20 pg/ml and

kanamycin 50 pg/ml. Simultaneously two control plates were also streaked, one with



A, B — Triparental mating

C — Plate with Agrobacterium growth

PLATE 5: TriParental Mating
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Table 30 Test for the bacteriocidal activity of cefotaxime

Bacterial growth

CAMBIA CAMBIA -
5. No. Cefotax_ilme PBL 121 i 1301 ’ 2?(/?13 A
Mg 1) EHA | LBA | EHA | LBA | EHA | LBA
105 4404 105 4404 105 4404
1. 0 + + + + +
2. 50 + + + + + +
3. 100 + + + + S+ +
4, 150 + + + + + +
5. 200 - - - - - -
6. 250 - - - - - -
7. 300 - - - - - -
8. 350 - - - - - -
9. 400 - - - - - -
10. 450 - - - - - -
11. 500 - - - - - -

Mean of three replications
+ bacterial growth
- no bacterial growth
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AB minimal and rifampicin 20 pg/ml and the other with AB minimal and
kanamycin 50 pg/ml. All the plates were inoculated. No growth was observed in
two control plates. On the plate with rifampicin 20 pg/ml and kanamycin 50 pg/ml,
the transformed Agrobacterium survived. A single colohy was picked up for further

experiments.
4.6.  GENETIC TRANSFORMATION IN DENDROBIUM
4.6.1. Effect of Size of Explant

Explants of different sizes were co-cultivated to standardize the optimum size

for maximum transformation efficiency Table 31.

The use of protocorms as explants did not yield any transformants in all
binary plasmids PBI 121, pCAMBIA 1301 and pCAMBIA 2301. The maximum
2.0 percentage are transformants were obtained when the PLBs of 0.2 cm were
co-cultivated with EHA 105 harbouring pCAMBIA 2301. The transformation
efficiency of 0.5 per cent was obtained when the same plasmid pCAMBIA 2301 was
in LBA 4404 and the PLBs of 0.4 and 0.5 cm size were co-cultivated. With
LBA 4404 (pCAMBIA 1301), the transformation efficiency of 0.5 per cent was

obtained when 0.2 cm PLBs were used for co-cultivation.
4.6.2 Effect of Number of Explants

The optimum number of explants that should be kept in a single petridish (90
mm) during co-cultivation was studied and the results are presented in Table 32. The
explants were infected by two methods. One method was the infection with the
bacterial pellets obtained after centrifugation of the overnight grown bacterial culture.

The second method was infection with 1:5 v/v bacterial suspension and fresh

medium.
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Explants retained after co-cultivation (98.2) was maximum when the explants
were infected by using bacterial suspension. But the transformation efficiency was
the highest (1.0) in the pelleting method. The explants infected with the bacterial
suspension recorded only 0.5 percentage success. In the experiment carried out with
20 explants the transformants (0.5%) were obtained only with the infection of the
explants with pellets whereas no transformant was obtained when bacterial

suspension was used for infection.

When 30 and 40 explants were kept per (90mm) petridish the transformation
efficiency (0.5 to 1 per cent) was the same in both: But when 50 explants were kept
in a (90 mm) petrlplate over-crowding occurred and the infection spread to the nearby
explants and thus overgrowth of bacteria was recorded This overgrowth was dense
and it was not possible to eradicate the overgrown bacteria with the addition of

cefotaxime. The orchid tissues were also vitrified.
4.6.3 Effect of Infection Time

The infection was carried out for 10, 15 and 20 minutes so as to standardize
the optimum time required for infection (Table 33). Among the different treatments
transformants were reported only with 15 minutes infection period. Transformants
were obtained with LBA 4404 (PCAMBIA 1301) and EHA 105 (PCAMBIA 2301).
In the 15 minutes infection period, transformants of LBA 4404 (PCAMBIA 2301)
were obtained only with the infection process by using bacterial pellets. The

infection by diluting the bacterial suspension did not produce any transformants.

There was variation in the transformation efficiency with the two methods of
infection process at the same infection period. In the experiment with 15 minutes
infection time, the maximum efficiency (1.0) was with pelleting method. In the same

15 minutes infection with LBA 4404 (PCAMBIA 1301) the transformation efficiency



A & B - Transformed Tissues (green)

PLATE 6 : Tissues in Selection Medium



PLATE 7: Transgenic tissues in different growth stages
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A, B, C - Transgenic Plants

PLATE 8: Transgenic Plants



A - Tissues with bacterial overgrowth

B,C,D - Transgenic plant

PLATE 9 : Transgenic Plants



A, C to G - Gus Stained Transformed Tissues

B - Untransformed Tissues (Control)

PLATE 10 : Gus Staining
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- with suspension was 0.5 percentage while the same vector produced 1.0 per cent

transformants by using pellets.

The per cent PLBs resistant to kanamycin (PBI 121, PCAMBIA 2301) and
hygromycin (PCAMBIA 1301) were high (18.9) when wounded PLBs were used for
infection with bacterial suspension 1:5 v/v. Even when the infection was done with

. the bacterial pellets the wounded PLBs showed the best response with the recovery of |

maximum number of resistant PLBs (20.1) when compared to the unwounded (5.3).

- 4,6.4 Effect of Co-cultivation Days

Agrobacterium with the binary vectors and the plant tissues were
co-cultivated in dark for two, three, four, five and six days at 26°C in a culture room.
The effect of number of days of co-cultivation on the maximum transformation

efficiency was standardized (Table 34).

Among the different treatments, transformants were obtained from the
explants co-cultivated with Agrobacterium in the dark for 2.0 and 3.0 days. No
transformant was produced from the explants co-cultivated for more than three days.
Heavy over growth of the bacteria was seen surrounding the explants co-cultivated
for more than three days, and when the pertriplates were opened it produced an off

smell and the plant tissues were turgid and fragile.

The maximum transformation efficiency (2.0%) was obtained when LBA
4404 (PCAMBIA 1301) and EHA 105 (PCAMBIA 2301) were co-cultivated for
three days and the infection was carried out with bacterial pellets obtained by

centrifugation of the overnight grown bacterial culture.
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Transformation efficiency of 1.0 per cent was obtained when the PLBs were
co-cultivated with EHA 105 harbouring PCAMBIA 2301, when the bacterial
suspension method was used. The same strain with the same vector gave a
transformation efficiency of 1.5 percentage when the pelleting method was used for

infection.
4.6.5 Effect of Incubation Period

The maximum transformation efficiency of 1.5 percentage was obtained when
the tissues were incubated for four days. No transformant was recovered from the
tissues incubated for two days. For the tissues incubated for eight and ten days the

transformants efficiency of 0.5 percentage was obtained (Table 35).
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4.6.6 Elimination of Overgrown Bacteria

The overgrown bacteria after co-cultivation was eradicated with the addition
of cefotaxime. Washing with cefotaxime 200 mg 1" resulted in 32.8 per cent explants
with over growth of bacteria whereas after the second washing with cefotaxime 200
mg 1", only 0.8 explants were with bacteria (Table 36). Further increase in the
concentration of cefotaxime at 250 and 300 mg 1" also reduced the bacterial growth
and percentage explants with overgrowth of bacteria after co-cultivation was 30.1 and
29.7 per cent respectively. After washing with 250 and 300 mg I cefotaxime and in
non-selective media the per cent explants with bacterial over growth was 0.3 and 0.1

respectively.
4.6.7 Effect of Acetosyringone

Among the different treatments, the maximum trans.formation efficiency of
3.0 was recorded with acetosyringone 100 puM in the plasmid PCAMBIA 2301
(EHA 105). The other treatments with 50, 150 and 200 uM acetosysingone did not
produce 0.5 per cent transformants. The maximum transformation efficiency of 3.0
was also obtained with the plasmiud PCAMBIA 2301 .(EHA 105) in the control.
Acetosyringone 100 pM recovered 0.5 per cent transformants in EHA 105
(PCAMBIA 1301), 1.5 percentage transformants in LBA 4404 (PCAMBIA 1301)
and 2.5 percentage with LBA 4404 (PCAMBIA 2301). In the control transformants
were obtained from the strains EHA 105 and LBA 4404 with PCAMBIA 2301 .

With 50, 150, 200 pM acetosyringone treatments = the maximum
transformation efficiency produced was only 0.5 per cent with the different vectors.
So the total number of transformants isolated with 100 pM acetosyingone was

maximum when compared to that in the other treatments.
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4.6.8 Effect of Different Bacterial Strains

Among the two strains LBA 4404 and EHA 105 the maximum peréentage of
transformants (3.0) were obtained with EHA 105. With the vector pPCAMBIA 1301
1.0 percentage transformants were obtained in LBA 4404 whereas 1.5 percentage
transformants were obtained with EHA 105. With pCAMBIA 2301, 2.0 percentage
transformants were obtained with LBA 4404 and 3.0 percentage with EHA 105.

4.7 GUS STAINING

Out of the total kanamycin resistant PLBs, 69.23 per cent showed GUS
activity (Table.39). The X-gluc staining pattern varied among the PLBs from those
fully stained to partially stained and stained in a particular loc_ation.‘ The staining
- pattern also differed with the PLBs co-cultivated with different strains of
Agrobacterium viz., LBA4404 and EHA105 containing the vector pPCAMBIA2301.
The distribution of GUS expression (blue spots and blue patches) over the surface of
the individual PLBs was even. In contrast to these observations, the PLBs from the

non co-cultivated cells (control) did not stain blue.
4.8 PCR ANALYSIS

Amplification of DNA of all the four plants which stayed green and grew in
the presence of kanamycin revealed the expected 0.7 kb fragment. Genomic DNA
from four plants gave good PCR amplification. No amplification of the expected

band was observed in the non-transformed control plant.
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. Table 38 Transformation frequency and number of primary transformants obtained

with different bacterial strains and plasmids.

Number of primary

Bacterial strains & plasmids Number .Of PLBs transformants Per cent -
co-cultivated . transformants
obtained

PBI 121 200 0 0
| 1BA4404 pCAMBIA 1301 200 2 1.0
pCAMBIA 2301 200 4 2.0
pCAMBIA 1301 200 3 1.5
: ‘llEvHAIOS pCAMBIA 2301 200 6 3.0

| PBI 121 200 0 0

Table 39. Transient GUS expression of Dendrobium PLBs

. ‘. Explant 4 Plasmid 'fmd No. of explants No. of GUS Average number
grobacterium . ..
. stained positives of spots/field
strains
. LBA 4404
| PLBs (pCAMBIA 1301) 3 1(33.3) 1
EHA 105
| FLBs (PCAMBIA 2301) 13 9(69.23) 3
g LBA 4404
PLBs (pCAMBIA) 3 2 (66.6) 1
‘ 2301
EHA 105
{ PLBs (PCAMBIA 3 2(66.6) 1
1 1301)
|PLBs Without 3 Nil Nil
T cocultivation
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4.9 TRANSFORMED PLANT

The height of one year old transformed plants ranged from 0.8 to 1.8 cm. The
transformed plants produced 1-3 leaves in one year growth in vitro under stringent
antibiotic selection conditions. The root length ranged between 0.5 to 1.5 cm and the

leaf length from 0.5 to 1.1.cm (Table 40).
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Table 40 Morphology of transformed plants

Treatments Plantlet height No. of Root length Leaf length
(cm) leaves (cm) (cm)
Transl":‘l’rmed 1.0 1 1.0 1.1
T, 0.8 2 0.5 0.8
Ts 1.7 2 1.2 1.0
T4 1.5 2 0.9 0.5
Ts 1.8 3 1.5 0.5
Control 5.9 5 1.8 4.5
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S. DISCUSSION

The genus Dendrobium is a renowned sympodial epiphytic orchid currently
enjoying very high popularity among the commercial orchids. Many species of this
second largest orchid genus produce very showy and attractive flowers of great
ornamental value. Dendrobium is a widely cultivated cutflower in Kerala with much
contribution to the agribusiness activity. The unique flower shapes and the long vase
life contribute to the popularity of these flowers. There is an increasing demand for
Dendrobium both in the domestic and international markets. Developing novel
varieties for quality traits like flower colour, floral scent and increased vase life are
essential for the cut flower industry. Further, new varieties will remain in high
demand for a short period only. Evolving new varieties through traditional breeding

is a time consuming process.

Molecular breeding, a supplement to traditional breeding is under way in cut
flowers. It is being used for the improvement of flower crops the world over. Since
floricultural and ornamental crops are grown for aesthetic and non-edible purposes,
there is likely to be less concern in biosafety issues compared to other food crops.
Hence there is considerable potential for developing transgenics in ornamental crops.
Advances in transgenic technology provide new opportunities for manipulation of the
genome. These will have significant impact on expanding and diversifying the gene
pool of crop plants, introducing specific genes and shortening the time required for
the production of new varieties or hybrids. Molecular breeding is beneficial to
increase the production and quality by creating plants with enhanced resistance to
diseases, insects or viruses and increased tolerance to environmental stresses like
salinity, temperature or drought. Vegetative traits such as better growth habit, foliage
and stem colour, adaptability to low light and successful environmental conditions

may also be improved. Through these technique genes for shelf life, flower, colour
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and architecture may be directly transferred so as to develop new varieties that are

tailor made to customers preferences.

Among the different gene delivery systems available, Agrobacterium
tumefaciens mediated one is the mostly widely used to introduce foreign genes into
dicots (Weising et al., 1988) and in some monocots (Eady et al., 2000). Earlier
Agrobacterium mediated transformation was considered difficult in monocotyledons.
Recent advances in the understanding of the biology of the infections process, and the
availability of gene promoters and selectable markers improved the progress of
genetic transformation in monocotyledons (Smith and Hood, 1995). High frequency
of transformation, broad host range, high rate of expression and stable integration of
inserted genes have made Agrobacterium based gene transfer system the most

| popular one.

There are only a limited number of reports on the genetic transformation of
Dendrobium. The initial reports were only in early nineties (Kuehnle and Sugii,
1992) and the particle bombardment method was mainly used for the transfer of
genes. Only in recent past Agrobacterium tumefaciens is used to insert genes: in

Dendrobium.

The present study was undertaken at the Centre for Molecular Biology and
Biotechnology, College of Agriculture, Vellayani to standardize the method of
genetic transformation in Dendrobium through Agrobacterium tumefaciens. The

various requirements for transformation were optimized so as to evolve a protocol.

The first requirement for molecular breeding is that the tissue to be genetically
engineered must give rise to plants. In Dendrobium the protocorm derived from
seeds, and the protocorm like bodies (PLB) derived from shoot apices are the tissues
suitable for reliable plant production. For obtaining protocorms three-fourth mature

Dendrobium pods were collected and subjected to various surface sterilization
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treatments. Surface sterilization with mercuric chloride 0.08 per cent for ten minutes
was the most effective. The percentage of aseptic cultures obtainéd with 0.08 per
cent mercuric chloride was 80.8. With mercuric chloride 0.1 per cent, the survival
percentage was low (45.9) due to browning and death of seeds. Mercuric chloride is

the prefered surface sterilant for the crops grown in humid tropical conditions.

In order to improve the percentage of aseptic cultures this method was
combined with alcohol dipping and flaming. It was observed that flaming the pods
in two strokes, after dipping in alcohol, was an efficient treatment which reduced the
contamination percentage. The percentage of aseptic cultures obtained by this
method was 84.5. Over-ripe capsules were not suitable for flaming, as they burst
during flaming. Lekharani (2002) also reported that harvesting pods after 90 per
cent maturity resulted in the bursting of the over-ripe capsules during flaming, prior

to inoculation.

Seed germination of the embryo culture, was observed after 50.6 days and
subsequently protocorms were formed. The inherent genetic and physiological
features were found to play a direct role in, in vitro seed germination. Nagashima
(1993) studied the seeds of 47 orchid species and reported that the germination rate
ranged from 0.8 to 100 per cent and the number of days from sowing to germination

ranged from 3 to 305 depending on the stage of embryogenesis.

Inorder to establish PLBs, the shoot apices of two year old Dendrobium plants
were collected, trimmed and subjected to various surface sterilization treatments.
The surface sterilization with mercuric chloride 0.1 per cent ten minutes was found
to be effective. The establishment percentage of aseptic cultures was 96.33.
Mercuric chloride has been used by several workers and has been often observed to

be more effective than sodiumhypochlorite (Sherly, 1997)



117

Use of coconut water was found beneficial, for the proliferation of PLBs.
Coconut water 150 mll" in the PLB proliferation medium enhanced the proliferation
rate and 26.01 PLBs were produced in eight weeks. When coconut water was not
added, only 14.7 PLBs were produced. The coconut water contains kinetin,
aminoacids, organic acids and vitamins. These nutrients might be responsible for the
growth enhancement. Coconut water has been used by several workers and ther
beneficial effect of coconut water in growth enhancement has often been established
(Morel ,1974; Bhasker ,1996; Lekharani,2002). The concentration of cdconut water
used was 10 to 15 per cent (Intowong and sagawa, 1973; Madhuri and Vasundhara,

1990).

Exudation of phenolic compounds into the culture medium was observed
which subsequently led to tissue necrosis. Addition of activated charcoal 0.5gl™" was
found to be beneficial for the adsorption of phenolic compounds. With the addition
of activated charcoal 0.5 gl”' 27.9 PLBs were produced in eight weeks whereas only
15.5 PLBs were produced without the addition of charcod. Several workers viz.,
Fridborg et al., (1978), Yam and Weatherhead (1988) had enumerated the beneficial

effects of activated charcoal in the control of phenolics.

In order to increase the production of secondary and proliferating PLBs
growth substances were combined with 150ml 1" coconut water and -O.Sg 1" activated
charcoal in the half-strength MS medium. A maximum of 28.3 PLBs were obtained -
with the addition of BA 0.2 mgl™. S‘everal workers had observed that, the
proliferation of PLBs in vitro was regulated by the interaction and balance between
the growth substances supplied in the medium and produced endogenously by

cultured cells (Shimasaki and Uemoto, 1987; Sherly 1997)

Selection of transformed cells is a key factor in developing a successful
method of genetic transformation. Screening of transformed cells is very important;

otherwise the untransformed cells would overgrow leading to the loss of transformed
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cells. Normally the plant cells are sensitive to certain antibiotics and so the genes
conferring resistance to those antibiotics are generally used a selectable markers.
Once the plant is transformed with that antibiotic resistant gene and then if it is grown
in the medium containing the concerned antibiotic, only the transformed cells can
thrive. Only those transformed cells could multiply and grow normally, where as the

untransformed ones are killed.

Several factors influence the efficiency of an antibiotic as a selection agent. -
The antibiotic used must be toxic to the plant cells; but the products from the dying,‘
untransformed cells should not kill the adjacent transformed cells. Thus the most
effective selection agents are those which either inhibit growth or slowly kill the
untransformed tissues. Optimal selection pressure will use the lowest level of
antibiotic needed to kill the untransformed tissues. All these factors necessitate the
evaluation of sensitivity of plant tissue to different antibiotics and to select the
optimum concentration of antibiotic that is required to inhibit growth. - Hence, the
sensitivity of both the protocorms an PLBs to different doses of ampicillin,

rifampicin, cefotaxime, carbenicillin, kanamycin and hygromycin were evaluated.

It was observed that among the six antibiotics tested, the Dendrobium tissues
were sensitive to kanamycin and hygromycin, at lower concentrations. Bleaching of
protocorms and PLBs was observed with kanamycin 100mgl™” from the sixth week of
treatment. Kanamyecin is a widely used marker for plant transformation and it is been
used by several workers ( Nagaraju et al., 1998). Kanamyéin was used at a strength
of 100 to 200 mgl" for selection of Dendrobium transformants(Nan and Kuehnle,
1995 a). Yang et al. (1999) observed in Cymbidium that all the PLBs cultured on

kanamycin 100 mgl™” or above died 45 days after the subculture.

Protocorms and PLBs of Dendrobium showed total inhibition of growth at
hygromycin 50 mgl'. Hygromycin had often been used in various Crops.

Hygromycin was used at a strength of 50 mgl™" to select the transformants in
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Phalaenopsis (Belarmino and Mii, 2000) and in African violet (Kushikawa et al.,
2001). Men et al. (2003) selected the Dendrobium transformants with hygromycin
30mgl™. This indicates that there is variation in the sensitivity/resistance to antibiotic
depending on the genotype, physiological condition, size and type of explant and the
tissue culture conditions (Yang et al., 1999). Both the protocorms and the PLBs are
in active stage of growth and they have fast dividing cells.They therefore require

more quantity of antibiotic to prevent further growth.

Elimination of bacteria from the plant tissues after co-cultivation is very
important. Further, survival of bacteria in plant tissue may affect the growth and
regeneration of transformed tissues. The bacterial elimination is done by using
appropriate concentrations of antibiotics. Hence, there is a need to standardize the
optimum concentration of a bacteriostatic agent. Cefotaxime 200 mgl”' was used for
the elimination of Agrobacterium. At this concentration, the orchid tissues remain
unchanged. This concentration was selected as the optimum dose for the elimination
of bacteria. Cefotaxime had been used successfully for the elimination of
Agrobacterium in transformation work with a number of crops. It was successfully
used at the strength of 200 mgl™ in eliminating Agrobacterium from the inoculated
explant during transformation in white clover (Voisey et al.,, 1994). In casuarina, 250
mgl™! strength of cefotaxime was used (Le et al., 1996). In sedum, cefotaxime 300 .
mgl” (Yoon et al., 2002), lavender 500 mgl™” (Mishiba ef al., 2000) and in Africian
violet 800 mgl” (Kushikawa et al ., 2001) was used.

Once an efficient in vitro regeneration protocol and the sensitivity levels of
antibiotics have been developed, the next requirement for a successful genetic
transformation is the selection of an efficient gene delivery system (Kuehnle, 1992).
Agrobacterium tumefaciens mediated transformation was selected. Two strains of
Agrobacterium viz., LBA 4404 and EHA 105 were used. There are differences in the

susceptibility between speciés (Desgagnes et al., 1995) and even between cultivars
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and genotypes of the species. Hence, transformation with different strains harbouring
a good selectable marker was tried. As Dendrobium tissues were sensitive to
kanamycin and hygromycin the vectors with kanamycin and hygromycin resistance |
were selected. The PBI 121 and pCAMBIA 2301 contain the kanamycin resistance
gene and pCAMBIA 1301 harbour the hygromycin resistant gene as markers

Experiments were carried out to standardize the suitable size of the explant for
the genetic transformation in Dendrobium. No transformant was obtained when
protocorms were used as explants. Successful transformants (2.0 per cent) were
isolated from the co-cultivation of PLBs of 0.2 ¢cm size. When PLBs of 0.4 and
0.5 cm were co-cultivated, 0.5 percentage transformants were obtained. PLBs were
used as explants for different transformation experiments in orchids. In Dendrobium
(Yu et al, 2001); Cymbidium (Yang et al, 1999); Brassia, Cattleya and
Doritaenopsis (Knapp et al., 2000); Phalaenopsis (Chai et al., 2002); Oncidium (Liau
et al., 2003).

Successful transformants could be obtained from the co-cultivation of the
PLBs. In the PLBs shoots developed directly from the primary and secondary
meristems without an intervening organogenesis phase. This minimized the necessity
of the treatment with phytohormones and thus the opportunity' for somaclonal
variation. When the PLBs were 1.0 mm in diameter, the newly formed PLBs were
visible. PLBs contain more number of actively dividing cells. These cells were
competent for transformation as reported by Braun (1975) and Iida ef al. (1991) in
tobacco. These cells were more susceptible to Agrobacterium infection. Thus greater
the number of actively dividing cells in the explant to be infected with Agrobacterium
tumefaciens, the higher was the probability of obtaining stable expression of the

transformed gene.

An experiment was taken up to standardize the optimum number of PLBs

that should be kept in a single petridish during the co-cultivation process. The number
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of PLBs kept per petridish ranged between 20 and 60.Transformants could be
obtained from the petriplates with 20 and 30 explants. In plates with more than 30
PLBs as the distance between two explants is less there was rapid spread of
Agrobacterium which led to the overgrowth of the bacteria. Elimination of that
overgrowth was very difficult and the co-cultivated PLBs were lost due to this

bacterial overgrowth.

During the infection process, the Agrobacterium gets attached to the plant cell.
Experiments were undertaken to standardize the optimum time required for the
infection process. Among the different treatments, the explants immersed in bacterial
suspension for 15 minutes gave the maximum percentage (2.5) of transformants. The
length of the time that the explants were immersed in the Agrobacterium suspension
influenced transformation. Several workers treated the plant tissues and the
Agrobacterium suspension for a particular period of time and it varied according to
the plant species and the bacterial strains. In Gerbera five minutes (Nagaraju et
al., 1978) and in Agapanthus one minute (Suzuki ef al., 2001), and in Cymbidium 1.5

hours treatment (Chan et al., 2003 ) resulted in transformants.

Wounding of PLBs with a scalpel was found beneficial. It was observed that
wounding of PLBs helped in the recovery of maximum number of kanamycin 25.7
and hygromycin (30.2) resistant PLBs. Wounding the PLBs with a scalpel facilitated
efficient infection of Agrobacterium tumefaciens to the explants. Generally in
monocots co-cultivation with Agrobacterium requires tissue wounding. The
maximum per cent transformants (2.0) were obtaihed with wounded explants. The
friable nature of the Dendrobium PLBs made them susceptible to bacterial infection.
Mishiba et al. (2000) observed that the friable nature of lavender callus made it
susceptible to bacterial infection. Wounded cells release polyphenolic compounds
like acetosyringone, which activate the Agrobacterium vir genes (Zambryski, 1992).

When the vir genes were activated they facilitate the transfer of T DNA (which
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contain the gene of interest) to the plant cell. Thus maximum transformants were
obtained from the wounded PLBs. The wounded explants showed less bacterial
overgrowth than the unwounded ones probably because of the good penetration of
cefotaxime to the interior of the tissue. Homey (2000) also recorded similar

observation in pepper.

Infection was carried out by two methods. The first method was by using
pellets of bacterial cells, which were obtained on centrifugation of the overnight
grown bacterial suspension. The second method was by using overnight grown
bacterial suspension in 1:5 (v/v) dilution. Highest number (1.0) of transformants
were recovered when the infection was carried out with pellets of bacterial cells. The
same vector produced 0.5 percent transformants when the infection was carried out
with 1:5 (v/v) dilution of overnight grown bacteria. The excess number of
Agrobacterium in the pellets of bacterial cells might be responsible for the increased
number of transformants. The number of Agrobacterium in the inoculum was a
critical factor in the transformation of some species. In lettuce excessive number of
bacteria stressed the plant cells (Michelmore et al. 1987). Alternatively if the number
of Agrobacterium is low, the number of transformed cells is reduced. In Datura, a
1:10 or 1:20 (v/v) dilution of an overnight culture of bacteria, resulted in more

transformed shoots compared to a 1:5 (v/v) dilution (Curtis ef al., 1999).

To standardize the number of days required for the co-cultivation,
experiments were done. Transformants were obtained from the explants co-
cultivated with Agrobacterium in dark for 2.0 and 3.0 days. No transformant was
produced from the explants co-cultivated for more than three days. When
co-cultivated for more than three days overgrowth of bacteria was noticed visibly. In
a few petriplates a pinkish exudation was observed .The tissues were very soft and
they broke down easily when touched with a sterile forceps. The tissues with such

bacterial overgrowth were washed in liquid MS medium or sterile water with
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cefotaxime 200 mgl' and then subcultured. This practice reduced the number of
explants with bacterial overgrowth. After three washings the percentage of explants

with overgrowth of bacteria was reduced to 3.0 per cent.

After bacterial infection and washing with cefotaxime to eliminate the excess
bacteria after co-cultivation, the explants were blotted dry on sterile filter papers. The
unblotted explants were lost due to contamination by fungal and bacterial pathogens.
Complete elimination of bacteria from the explant after co-cultivation was essential.
Otherwise it interfered with the growth and organogenesis of the explant, and
resulted in the death of the explant and disrupted the experiment. Elimination of
bacteria from the PLBs was done by the use of cefotaxime 200 mgl”. This
antibiotic was chosen as it efficiently killed the bacteria, at the same time did not
affect the growth of the PLBs. PLBs did not show any discoloration, bleaching or
browning at this concentration. Cefotaxime was used by several workers for this
bacterial eliminaton. Vergauwe et al. (1996) working on transformation of Artemisia
annua found that cefotaxime at 50 mg I'' was effective as a decontaminating
antibiotic; but it caused retardation in callus formation. Then they tried vancomycin
at 750 mg 1" which was not toxic to the tissue. But it could not control the bacteria
effectively. Belarmino and Mii (2000) used 300 mg”" cefotaxime to eliminate the

bacteria after co-cultivation of Phalaenopsis cell clumps with A. tumefaciens.

In spite of the commercial importance of this crop there are only a limited
number of reports in the case of Dendrobium, a monocot. This may be because in
monocot species such as rice and maize generally plant phenolic compounds like
acetosyringone and hydroxy acetosyringone have not been produced in nature.
Acetosyringone play a key role in the gene transfer process by Agrobacterium.
Agrobacterium tumefaciens respond to certain plant phenolic compounds like
acetosyringone and hydroxy acetosyringone. These small molecules act to induce

activity of virulence (vir) genes that are encoded on the plasmid. The phenolic signal



124

molecules bind to the Vir 4 gene product, the Vir 4 protein. Vir A functions in
conjugation with the protein ChvE ( a sugar binding protein) which. is located m the
inner membrane of Agrobacterium. The Vir’ genes are located on 35Kb region of
the plasmid that lies outside the TDNA region. When 4. fumefaciens get attached to
a plant cell, and the Vir’ genes are induced, then “TDNA’ (which contains the gene
of interest) is transferred to plant cell. In monocots acetosyringone, the key factor for -
transformation is not present normally. Dendrobium, being a monocot it was assumed
that acetosyringone was not secreted by nature. But in Dendrobium orchids the
presence of an inducer of 4. rumefaciens virulence genes have been confirmed by
Nan ef al. (1997). So the inducer of the vir gene would have been secreted and that
favoured the infection of 4. tumefaciens which generated 1.0 transformants in the
control treatment without acetosyringone. Maximum transformation efficiency (3.0)
was obtained with the addition of acetosyringone. So addition of acetosyringone in
the co-cultivation medium and in the bacterial suspension might have acted

synergistically to increase the infection and the transformation efficiency.

Several workers had used acetosyringone at the concentration of 20 to 200
uM to generate transformed plants. In Gladiolus (Babu and Chawla, 2000); in
lavender (Mishiba et al, 2000);in Phalaenopsis (Belarmino and Mii., 2000),
(Chan et al, 2003); and in Agapanthus (Suzuki et al., 2001) acetosyringone was

added to obtain transformants.

Four weeks after bacterial infection (subculturing at 10 days interval), the co-
cultivated and non-co-cultivated cells bleached on selection medium containing
kanamycin 200 mgl” and hygromycin 100 mgl™” depending on the vector PBI 121
pCAMBIA 2301, and pCAMBIA 1301. At third subculture the transformed cells
turned to light green colour while the non transformed cells turned brown and died.
Fresh sprouts initiated on these light green colour PLBs. Screening of transformed

cells was done by several workers by using various antibiotics according to the
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antibiotic resistant genes in the vector. Kuehnle and Sugii (1992) identified the
potentially transformed tissues of Dendrobium by the growth and green colour on
half-strength MS medium with 50-100 mg 1" kanamycin sulphate.  Kanamycin
concentrations that prevented growth of non transformed tissues could not be used for
long term selection because such levels suppressed the regeneration of potentially
transformed tissues. Levels of 100-200 mg I’ kanamycin were later found adequate
for Dendrobium by Nan and Kuehnle (1995). Kanamycin 100 ug/ml was used by
Hsieh et al (1997) and 100 mg I by Babu and Chawla (2000) to select the

transformed plants of Phalaenopsis and Gladiolus, respectively.

Yu et al. (1999) and Belarmino and Mii (2000) identified the transformed
tissues of Cymbidium and Phalaenopsis with 50 mgl™ hygromycin . Kushikawa et
al. (2001) in African violet, and Kim et al (2002) selected the Alstroemeria
transformants with 50 and 20 mgl" hygromycin. In Phalaenopsis Chai et al. (2002)
carried out selection with 3 mgl™” hygromycin. Transgenic Gerbera (Korbin et al.,
2002), Sedum (Yoon et al., 2002) and Carnation (Lin ef al., 2003) were selected with
kanamycin 7,25, and 25 mgl' respectively. Boase et al., (2002) selected the

transformed cells of Cyclamen with kanamycin 50 mgl™

There were differences in the transformation efficiency with respect to the
different strains of Agrobacterium. Maximum percentage (3.0) of transformants
were obtained with the strain EHA 105. In the vector pCAMBIA 1301, the
transformants obtained with LBA 4404 and EHA 105 were 1.0 and ‘1.5 per cent
respectively. With pCAMBIA 2301, 2.0 and 3.0 per cent transformants were
obtained with LBA 4404 and EHA 105. Thus differences in the transformation
efficiency according to the bacterial strains was evident. This is because; the
Agrobacterium infectivity is a result of the interaction between the plant cell and fhe
bacterial cell. The infectivity is improved by the use of right strain of the bacteria,

varying host genotype, manipulating explant physiology, inoculation and
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co-cultivation conditions (Godwin et al, 1992) Agrobacterium mediated
transformation has been reported to be dependent on Agrobacterium strain,
conditions of co-cultivation, selection method and mode of regeneration (Mathis and

Hinchee, 1994)

Confirmation of transformants is very important. Histochemical Gus assay
and PCR analysis were often used by workers to confirm the transgenic (Nan

and Kuehnle, 1995, Yang et al., 1999; Yoon et al., 2002).

The PBI 121, pCAMBIA1301 and pCAMBIA2301 harbour the gus gene as
repoter gene. Some reporter gene products can be detected in intact plant tissues. The
most popular of these systems is the E.coli B-D-glucuronidase (GUS) gene. It
encodes a stable enzyme that is not normally present in plants and that catalyzes the
cleavage of a range of B-D-glucuronides. Thus the GUS activity in transformed plént
tissues can be localized by observing the blue colour that is formed after the
hydrolysis of the uncoloured substrate 5-bromo4-chloro3-indolyl B-D-glucuronic

acid. Further confirmation was done by PCR analysis.

Among the antibiotic resistant PLBs, 69.23 per cent showed GUS activity.
GUS activity was detected in more than 50 per cent PLBs. As not all the cells of
PLBs produce plants, the calculation of roughly one third of those PLBs with
transient GUS activity may serve as a maximum approximation of PLB with potential
to produce stable transformants (Nan and Kuehnle, 1995). The X gluc staining
pattern varied among the PLBs from those fully stained to partially stained and
stained in a particular site. The staining pattern also differed with the PLBs
cocultivated with different strains of Agrobacterium viz., LBA4404 and EHA105
containing the vector (pCAMBIA2301). The distribution of GUS expression (blue
spots and blue patches) over the surface of the individual PLBs was even. In contrast

to these observations the PLBs from the non co-cultivated cells (control) did not
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stain. Kanamycin selection screens the relatively rare stable in.tegration- events, from
high transient activity levels. Transgenic PLBs survived the antibiotic screening
whereas untransformed PLBs were effectively killed. Among those PLBs selected by
antibiotic screening, only a few were GUS negatives. It is possible that the GUS
negatives among the selected shoots may be the escapes (Yang et al,, 1999). The
same workers observed that some GUS negative plants turned out to be positive in
the PCR analysis for npt II gene. Yoon et al. (2002) reported that out of the total
kanamycin resistant shoots, only 2.5 per cent and in Cyclamen Boase et al. (2002)
reported that 47 per cent were positive for GUS. In Carnation (Lin et al., 2003)
around 55 per cent of the plants and in Phalaenopsis (Chan et al., 2003) 100 per cent
showed GUS activity (Lin e al,, 2003). Liau et al. (2003) obtained 28 independent

transgenic Oncidium from which six were positive for f-glucuronidase

Variation in the transgene expression level in Dendrobium was observed by
the variation in intensity and distribution of the blue staining with the GUS assay énd
the degree of colour change in PLBs. This is in conformity to. the findings of
Trifonova et al. (2001). Young proliferating PLBs regenerated from the putative
transgenics gave consistent GUS expression while older PLBs stained exclusively
along the wounded edge. Satyavathi et al. (2002) also observed similar GUS staining
pattern in cotton and it is evident that the young and tender tissues showed good
expression of GUS activity. Histochemical GUS expression is consistent in actively

dividing cells.

DNA was isolated from the transformed and the control (untransformed)
plants. DNA samples were ampliﬁéd by PCR with the gus, npt and hpt primers
designed for gus, npt and hpt genes. The amplified products were run on gel
electrophoresis. DNA from transformed plants of Dendrobium were found by PCR
analysis to contain a distinct band for 0.7 kb nptll gene fragment. The 1.2kb Uid
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A gene fragment was not noticed. Integration of transgene was confirmed by PCR by
several workers. Nan and Kuehnle (1995) also observed a distinct band for 0.7 kb
nptll gene fragment. Several reasons may account for what appears to be a high level
of nptll expression. First, a dosage effect may arise from gene duplication and / or
multiple insertions. PCR analysis was used to confirm the transformants in rose
(Li et al., 2002), sedum (Yoon et al, 2002), coleus (Bauer et al, 2002), petunia
(Shaw et al.,, 2002) and chrysanthemum (Seo et al., 2003). PCR analysis verified the
presence of the npr 1] gene in the plant DNA isolated from antibiotic resistant shoots
(Taskin et al., 2003).

The transformed plants were maintained in continuous antibiotic selection for
one year. So the growth was reduced by more than 50 per cent compared to the
plants on non-selective medium. Kuehnle and Sugii (1992) and Belarmino and
Mii (2000) also observed that of slow growth of the transformed plants compared to
the untransformed ones. In the present study the height of the transformed plants
ranged from 0.8 to 1.8 cm. The transformed plants produced 1-3 leaves in one year
growth in vitro. The root length ranged between 0.5 to 1.5 cm and the leaf length
from 0.5 to 1.1 cm. According to Kuehnle and Sugii (1992), the one year old
transformed plants of Dendrobium had healthy green leaves and green roots with total

lengths ranging from 0.5 to 2.9 cm after the first year on selection medium.

Molecular breeding of Dendrobium is very exciting due to the wealth of new
orchid varieties that may be created. During this study various techniques for genetic
transformation in Dendrobium were optimized. Type of explants, size of explants,
co-cultivation time, infection time, incubation time, acetosyringone concentration,
selection agents efc. were optimized. Based on the results of this study several areas
are identified, as requiring particular attention for successful Dendrobium
transformation. Also there exist some inherent problems associated with the in vitro

response of orchids which needs further investigations. In the present study the
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transgenic tissues exhibited a very slow growth rate @ 8 PLBs of 4mm size were
formed in 45 days of in vitro culture, where as 25 PLBs of 4mm size were formed in
45 days by the untransformed PLBs. The growth was reduced by more than 50 per
cent compared to untransformed plants. The assessment of sensitivity to antibiotics
needs longer time (more than 6 weeks) in Dendrobium when compared to other
crops. Dendrobium is poorly sensitive to certain aminoglycosides like kanamycin
which is commonly used for selection of transformants. The sensitivity to
aminoglycosides like kanamycin could be observed only in the sixth week. So all
these factors necessitate long period for selection of the transformed tissues. Owing
to these limitations, in a commercially important crop like Dendrobium the
transformation technique, would be of much significance. In this study a maximum
of 3.0 per cent transformants where obtained. The transformants were confirmed by
GUS histochemical assay and PCR analysis. In Dendrobium, a monocot, which is not
sufficiently subjected to genetic transformation, this study providéd a protocol for
successful genetic transformation. Further improvement of transformation efficiency
can be made possible by adopting certain techniques like addition of ‘Vir’ gene,
inducing compounds (stimulants), use of various promoters, alternate selection agents
or positive selection agents etc. Dendrobium orchids with our optimised conditions
of explant selection, co-cultivation, infection, incubation and screening procedures
can be effectively engineered to produce desirable traits. By using these improved
transformation procedures, genes for modifying the floral architecture, precocious
flowering, improved flower colour, size, fragrance, extended vase life and viral

resistance can be engineered into Dendrobium.
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6. SUMMARY

A study on Agrobacterium mediated genetic transformation techniques in
Dendrobium, Sonia 17 was carried out in the Plant Molecular Biology and
Biotechnology Centre, College of Agriculture, Vellayani during 2002 to 2004. The

salient findings of the above studies are summarised in this chapter.

Surface sterilization of the pods with mercuric chloride 0.08 per cent for ten
minutes was found to be the most effective treatment. Sterlization by flaming the
pods in burner after dipping in 70 per cent ethanol was also tried. Mercuric chloride
(0.08 per cent) treatment together with two stroke flaming resulted in rapid initiation

of protocorms (50.62 days).

Effect of different doses of coconut water on germination and number of days
taken for protocorm initiation was studied. Out of the six treatments coconut water
150 mll” proved to be the best interms of per cent germination (84.84) and early

initiation of protocorms (50.62 days).

The studies revealed that the treatment with activated charcoal 0.5 gl

recorded the maximum germination per cent.

Surface sterilization of the shoot tips with 0.10 per cent mercuric chloride for

ten minutes was found to be the best, with the maximum establishment (96.33%).

Significant difference was observed among the different concentrations of
coconut water on the per cent establishment and the proliferation rate of PLBs. Out
of the various treatments, the maximum establishment (95.0%) and the maximum

proliferation rate (26.01) were observed with coconut water 150 ml 1™

Effects of different doses of activated charcoal on the establishment and

proliferation rate of PLBs were studied. The maximum establishment (87.5%) and
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the maximum proliferation rate (27.9) were observed with activated charcoal 0.5 mgl
I

The plant growth substance BA 0.2 mgl’ supplemented in the PLB
establishment medium could induce maximum number of PLBs (28.3) in eight

weeks.

Experiments were conducted to evaluate the sensitivity of both protocorms

and PLBs to different doses of antibiotics.

Increased doses of ampicillin 400 to 500 mgl™' caused bleaching of protocorm
tissues, and ampicillin 450 and 500 mg!” induced bleaching of the PLBs. However,
no browning and death were observed at higher concentrations of amplicillin 450 and

500 mgl™ even after eight weeks.

In the seventh and eighth week, bleaching was observed in protocorms with
rifampicin 400 mgl™” and browning and death with rifampicin 450 and 500 mgl™.
With PLBs, increased doses of 450 and 500 mgl ™ induced only bleaching.

Increased doses of cefotaxime 450 to 500 mgl”' induced browning of the PLBs
in the eighth week. The protocorms in cefotaxime 350 to 500 mgl” turned brown in

the seventh and eighth week.

High concentration of carbenicillin from 350 to 500 mgl™ induced browning

of the protocorms and PLBs in carbenicillin 450 to 500 mg]™ turned brown.

Bleaching of protocorms and PLBs was noticed with kanamycin 100 mgl'1
from the sixth week onwards. Protocorms and PLBs were bleached at 50 mgl™
hygromycin. It was infered that out of the six antibiotics, kanamycin 200 mgl" and

hygromycin 100 mgl™ can be used as selection agents for screening the transformants.
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Effect of cefotaxime in eliminating the growth of Agrobacterium was studied.
It was observed that the Agrobacterium was effectively killed by cefotaxime

200 mgl™.

The Agrobacterium tumefaciens produced white slimy and smooth colonies.
The strain LBA 4404 harbouring, PBI 121, pCAMBIA 1301 and pCAMBIA 2301
took 38.0, 35.0 and 30.8 hours respectively for growth with colonies.

The Agrobacterium tumefaciens strain EHA 105 harbouring the binary
plasmids PBI 121, pCAMBIA 1301 and pCAMBIA 2301 showed growth with
colonies in 36.5, 30.0 and 29.9 hours respectively.

When protocorms were used as explants none of the transformants were

obtained in all the binary plasmids PBI 121, pPCAMBIA 1301 and pCAMBIA 2301.

The maximum of 2.0 percentage transformants were obtained with EHA 105
harbouring pCAMBIA 2301 when the PLBs of 0.2 cm were co-cultivated. The
transformation efficiency of 0.5 per cent was obtained when the PLBs of 0.4 and

0.5 cm size were co-cultivated.

It was observed that in the experiment carried out with 20 explants per
petriplate the transformants (0.5) were obtained only with the infection of explants
with pellets. When 30 and 40 explants were kept per petridish (90mm)
transformation efficiency was from (0.5 to 1 per cent). When 50 explants were kept
in a petriplate, overcrowding occurred and the infection spread to the nearby explants
and overgrowth of bacteria was noticed. This overgrowth was dense and it was not

possible to eradicate the overgrown bacteria with the addition of cefotaxime.

The transformation efficiency was the highest when the infection was carried
out with pellets of bacterial cells (1.0). The explants infected with the bacterial

suspension recorded only 0.5 percentage success.
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The infection was carried out for 10, 15 and 20 minutes so as to standardize
the optimum time required for infection. Among the different treatments,
transformants were observed only with 15 minutes infection period. In the 15 minutes
infection period 1.0 per cent transformants were obtained with the infection process
by using the bacterial pellets. Infection by 1:5 (v/v) dilution produced 0.5 percentage

transformants.

When the infection was done with bacterial pellets the wounded PLBs showed
the best response with a recovery of maximum number of resistant PLBs (20.1)

compared to the unwounded (5.3).

Among the wounded PLBs the per cent PLBs resistant to kanamycin
(PBI 121, pCAMBIA 2301) and hygromycin (pCAMBIA 1301) were high (18.9)

when compared to (1.1) the infection carriedout with bacterial suspension 1:5 v/v.

Among the different treatments, transformants were obtained from the -
explants co-cultivated with Agrobacterium in the dark for 2.0 and 3.0 days. No

transformant was produced from the explants co-cultivated for more than three days.

The maximum transformation efficiency (2.0) was obtained when LBA 4404
(pCAMBIA 1301) and EHA 105 (pCAMBIA 2301) were co-cultivated for three days

and the infection was carried out with bacterial pellets.

The maximum transformation efficiency of 3.0 per cent was recorded with the

addition of acetosyringone 100uM.

Out of the total kanamycin resisted PLBs, 69.23 per cent were positive for

GUS activity. The distribution of GUS expression (blue spots and blue patches) was
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observed over the surface of individual PLBs. The antibiotic sensitive PLBs did not

stain.

Amplification of DNA of the four plants which stayed green and grew in the
presence of kanamycin revealed the expected 0.7 kb fragment. Genomic DNA from
four plants gave good PCR amplification. No amplification of the expected band was

observed in the control.

The height of the one year old transformed plants ranged from 0.8 to 1.8 cm.
They produced 1 — 3 leaves during the one year growth in vitro under stringent
antibiotic selection conditions. The root length ranged between 0.5 and 1.5 cm and

the leaf length from 0.5 to 1.1 cm.
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ABSTRACT

A study on ‘Agrobdcterium mediated genetic transformation’ in Dendrobium,
Sonia 17 was conducted in the Plant Molecular Biology and Biotechnology Centre,
College of Agriculture, Vellayani during 2002 — 2004.

Protocorms were obtained from the in vitro germination of Dendrobium seeds
on half — strength MS medium supplemented with coconut water 150 ml I, sucrose
30gl™" and agar 6 gl'. Protocorm like bodies were produced from the in vitro culture
of the shoot apices on half-strength MS medium with coconut water 150mgl”,

activated charcoal, 0.5 gl”', sucrose 30gl", agar 6gl”' and BA 0.2 gl'l.

Experiments were conducted to evaluate the sensitivity of both protocorms |
and PLBs to different doses of antibiotics viz., ampicillin, rifampicin, cefotaxime,
carbenicillin, kanamycin and hygromycin. It was observed that ampicillin 400 and
450‘mgl'l indﬁced complete bleaching of the protocorms and PLBs, respectively. In -
the seventh and eight week, bleaching was observed in protocorms with rifampicin
400 mgl™, and browning and death with rifampicin 450 mgl™. With PLBs none of the
treatments showed browning and death. Even increased doses of 450 mgl™” induced
only bleaching. Increased doses o cefotaxime 450 mgl” induced broWning of the
PLBs and cefotaxime 350 mgl” ¢; .sed the browning of the protocorms in the eighth
week. Bleaching was observed with carbenicillin 3_50 mgl™. Carbenicillin 450 mgl”
induced browning and subsequent death of PLBs. Bleaching of protocorms and -
PLBs Was noticed with kanamycin 100 mgl™ from the sixth week onwards. Total
inhibition of the growth of the protocorms and PLBs was observed with hygromycin
50 mgl'l. Out of the six antibiotics used the orchid tissues.were highly sensitive to

kanamycin 100 mgl™" and hygromycin 50 mgl™.
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Effect of cefotaxime for the elimination of Agrobacterium was studied. It was

observed that Agrobacterium was effectively killed by cefotaxime 200 mgl™.

Two strains of Agrobacterium viz., LBA 4404 and EHA 105 were used for the
experiments. The strain LBA 4404 habouring PBI 121, pCAMBIA 1301 and
pCAMBIA 2301 took 38.0, 35.0 and 30.8 hours respectively for growth. The strain
EHA 105 harbouring the binary plasmids PBI 121, pCAMBIA 1301 and pCAMBIA
2301 showed growth in 36.5, 30.0 and 29.9 hours respectively.

When the protocorms were used as explants, none of the transformants were
obtained in all the binary plasmids PBI 121, pCAMBIA 1301 and pCAMBIA 2301.
The maximum of 2.0 percentage transformants were obtained when the PLBs of
0.2 cm were co-cultivated. When the PLBs of 0.4 and 0.5 cm size were co-cultivated.
0.5 per cent transformants were obtained. The per cent exp. -ts (98.2) retained after
co-cultivation was maximum when the explants were .afected by bacterial
suspension. But the transformation efficiency was the highest 1.0 in the pelleting
method. Overcrowding occured when 50 explants were kept in a petriplate during |
co-cultivation which led to the overgrowth of the bacteria. (With 20, 30, and 40

explants the transformation efficiency of 0.5, 0.5 and 1 per cent was obtained.)

In a study conducted to optimize the time required for infection, transformants
(1.0 per cent) were obtained with the infection process for 15 minutes using the
bacterial pellets. The infection done by diluting the bacterial suspension to 1:5 (v/v)
produced 0.5 per cent transformants. Wounding was found beneficial and
18.9 kanamycin and hygromycin resistant PLbs were obtained when compared to
unwounded explants (1.1), when the infection was done with bacterial suspension
diluted to 1:5 v/v. With the infection using the bacterial pellets the wounded PLBs
showed best response and maximum of 20.1 antibiotic resistant PLBs were obtained

where as only 5.3 PLBs were recovered with the unwounded explants.
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Transformants were recovered only with the wounded PLBs of 0.2 cm size
co-cultivated in the dark for 2.0 and 3.0 days. None of the transformants were
produced from the explants co-cultivated for more than three days. The maximum
transformation efficiency of 2.0 per cent was obtained when LBA 4404
(pCAMBIA 1301) and EHA 105 (pCAMBIA 2301) were co-cultivated for three days
and the infection was carried out with the bacterial pellets. The loss of explants due to
fungal contamination was avoided by blotting the explants in a blotting paper before
inoculation. This practice helped in the retention of 80.3 per cent explants whereas
only 30.1 per cent explants were retained after co-cultivation when the explants were
not blotted. The transformation efficiency was increased to 3.0 per cent when

acetosyringone 100 pM was added.

Out of the total kanamycin resistant PLBS 69.23 per cent were positive for
GUS activity. The GUS expression was observed as blue spots and blue patches on
the surface of the PLBs. The antibiotic sensitive PLBs did not stain. Amplification of
DNA of the four plants which stayed green and grew in the presence of kanamycin
revealed the expected 0.7 kb fragment. Genomic DNA from those plants gave good
PCR amplification. No amplification of the expected band was observed in the
control. The height of the transformed plants ranged from 0.8 to 1.8 cm. They
produced 1-3 leaves in one year growth in vitro under stringent antibiotic selection
conditions. The root length ranged between 0.5 to 1.5 cm and the leaf length from _

0.5t0 1.1 cm.



APPENDIX -1

Basic Chemical Composition of the Media Employed for

In vitro Culture

Chemical Quanfity (mg/l)
Major élemenﬂ : MS
CaCl,.2H,0 ' 440
FeSos.H;0 27.8
KNO; 1900
KH,PO4 170
MgS0,4.7H,0 370
(NH4), SO4.2H,0 500

Na, EDTA.2H,0 | 373

Minor elements

CoCly.6H:0 0.025
CuS0,4.5H,0 0.025
H;BO; : 6.2
KI 083
MnSO, 12230
Na,MOO4.2H,0 0.25

ZnSO, ' 8.6



Organic Constituents

Glyciné
Myo-inositol
Nicotinic acid
Pyridoxine HCl
Thiamine HCl
Sucrose g/l
Agar g/l

Inositol

2.0

100

0.5

0.5

0.1

30.0

6.0

100



APPENDIX II

Composition of the media émployed for the culture of Agrobacterium

YEP medium (per I)
Yeast extract -
Peptone -

Sodium chloride

pH -

AB Minimal medium
AB Salts

Ammonium Chloride

Magnesium Sulphate

Potassium Chloride
Calcium Chloride
FeSO4.7H,0

pH )
AB Buffer

K,HPO,4 -
NaH,POy4 -

10g
10g
5.0g
7.0

g/l
20
6

3
0.2
0.05
7.0

60g
20g

(Prepare both AB Salts and Buffer, autoclave and store)

AB Glucose

Glucose 0.5g (autoclave and store)

Agar -

1.5



APPENDIX III

" Modified Mondal, Singh and Ahuja’s Method

Leaves were ground to fine powder using liquid nitrogen

!

Hot (65°C) extraction buffer and polyvinyl pyrollidone (PVP) were added to it

!

Slurry of grounded plant material was transferred to extraction buffer kept in water

bath at 65°C for 20 minutes

!

Lysate was squeezed through four layers of sterile muslin cloth
Chloroform : Isoamyl Alcohol (24 : 1) extraction was done

!

To the supernatent, two volume of cold absolute ethanol and 1/10™ volume

Of 3.0 M sodium acetate were added

!

DNA was precipitated

!

70 per cent ethanol wash was given

!

DNA was stored in Tris Hcl-EDTA buffer
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tgaaaagaaa
agcgtcaatt
cggcagctcg
agcgggagag
acggcaacta
tgtaacgatg
aattatcagce
tatgccgaca
tctttagaag
ggtcggggac
tctggggety
gaaccaaagg
attggttect
aagtcctceceg
cttgcgggtce
gccgacagga
gcaaatagcc
gaacacgacc
gtagaccgaa
gatgcgecatc
cgcecggeaac
gaaaacgccg
cgacagccca
ttcagcgaac
tggagcttte
aagccgtcga
ttegtagage
cccgettgtt
cccacaaggce
aggecgetge
cgggtggaat
cggtgcgage
tcecatatga
aggacctgge
gacaccgatt
cgcgacaggce
tggcaaagct
tcecaacacct
gtgatcttca
attttcttgt
atcgtgtecg
ttegtgtgtt
ccggeggttt
gccaaacctg
ggcagggcag
accatcgagce
atggtttcgg
cggtcaaacg
atgtgccectt
tcggeaatga
atcttgecct
tgagagccaa
ttgcgceccaca
ccaatcaggce
atcctecctg
tectceccaaga
caggtcgecg
cagctecgege
cagatcgtta
gggacaatcc
aatcttttca
actcatgagce
cagctttcct

ctctcaggge
aaccacccca
tgtttacacc
gcacaaaatc
ccgttgtaag
agctgceeggg
acagagcgtt
cttcttatte
taataggaaa
tgaacgttga
ccgaagttce
agaaagccca
aagtaggtta
gtaggcatcg
gccgcecagtt
agcacggttc
tctagegetg
ccecaggaccg
atcagcggcet
ataaacaaca
caccagatte
gcccgcecagcea
gacagatgcg
atgatctcge
gcctccatgg
ttecagggceeg
atctgagcct
gcgecegtgeg
cctgaaatge
cctagegttt
ctcgcaacte
ccgatccgea
tgaaatagtc
atttcgtgta
aacgggacgt
ccaggtgcecece
attcetegge
cgtagaacgt
gctgccacac
cgtecettgtt
tgcgegtggt
gccacggcgce
tcagcaacgce
ttegettett
ccgcectecty
ggggagccag
cgacggactg
catcctcegge
tcegattcat
attcctgatt
agtcggtccee
gcacgaatac
aacacttgat
tctaggtact
ttgatcccea
atcgaccgga
tcaataaagc
tgggaaaaga
ggatctttaa
ttcagtaagt
gatatgtcga
gggectttgtt
agattgetce
tccagccata

rag

caggcggtga
gtacattaaa
acaatatatc
accactcgat
gcggcecagact
tttgaaacac
gctgectgtg
atttcteget
tecgetggata
cgatatcaac
gactgtcgge
gtaaggaaac
aacccegctcec
ggattggcgg
gccaggeggt
cgaacgccat
cgtttggtgt
ccatcaatcg
gcacagcgcece
agctccagaa
ccgttggaat
gcataccgge
ccttgtgage
cgtecgatgta
gctttttcte
acaatcggat
taatcacaat
tceccgagega
cagtaaagcg
gcaatgcacc
ttcgcaggcet
catgaggcegyg
gaacatccgt
gtggtcgceca
tttcttgececa
aacgcggtcg
cttcgtgtaa
gaaggtgatc
cagttcgtca
gacgtggaaa
gaacagggca
aatatcgaac
ggcctgettg
ggtcgtcata
ttcgagacga
ttgcacgcetg
gaaggtttcg
ggaaaaccce
tecaecctget
tgacccgect
gtagaccgtce
cagcgacccc
gcggaagaag
agaacaattc
gtaagtcaaa
cgcagaagge
cacttacttt
caagttcctce
atggagtgtc
aatccaattc
tggagtgaaa
catcttcata
agccatcatg
gcatcatgtc



//

12301
12361
12421
12481
12541
12601
12661
12721
12781
12841
12901
12961
13021
13081
13141
13201
13261
13321
13381
13441
13501
13561
13621
13681
13741
13801
13861
13921
13981
14041
14101
14161
14221
14281
14341
14401
14461
14521
14581
14641
14701

cttttececegt
taggttttca
ttttacgcag
catttattat
aacaagacga
gctttttcaa
aaaccacaat
ggtgctccag
gtgcgtaacg
acatggcaac
gatatggcca
aacacgattt
cgggcagtga
aatcgcgceca
acgtattcgg
ttgacgtggt
agctgcacgt
ggcagcacct
atgacaaagt
cccaattatg
catgcaagtt
cttgccceccet
tcagtattgt
tggtagecttt
tcatacctcg
cgaacacgag
gccccgecat
ggccgceegcec
cgtcaatgct
cggcaatggce
ggcgcagecc
ggggcacccce
aggtttataa
gggcggaaac
aggtgcgccc
ctgtcagtag
cacatcatct
cagctccacg
gagtcggccc
gcgaggtatc
ggcgegtttg
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tccacatcat
ttttctecceca
cggtattttt
ttccttecte
actccaattce
agttgtttte
tatgggtgat
tggcttctgt
gcaaaagcac
tgcagttcac
tgaatggcgt
tacgtcactt
cgtcatcgtc
gcgetggetg
tgaacgcact
gatatggatg
aatcagcaag
ggcacggctg
catcgggcat
atagaattta
tttatgettt
gaaatcctta
caatatattc
ttaaatatgg
gtataatctt
cacggcaccc
gaagtccgtg
ctcactgccce
tccgggegte
aaggactgcc
ctggggggat
ccttcggegt
atattggttt
ccttgcaaat
ctcatctgtc
tcgcecgeccect
gtgggaaact
tcgcecggecg
ctcaagtgtc
cacaacgccg
cagggccata

aggtggtccc
ccagcttata
cgatcagttt
ttttctacag
actgttcctt
aaagttggcg
gctgccaact
gtctatcagc
cgccggacat
ttacaccgct
tggatgccgg
aaaaaactca
tgcgcggaaa
ttttacgegt
atggcgacgce
acggatggct
cgatatacgc
ggacggaagt
tatctgaaca
caagctataa
gcccattcta
catacggcga
aaggcaatct
cgcttcatag
acctatcacc
gcgaccacta
aatgccccga
ggcacctggt
gcgctcgggce
agcgctgcca
gggaggcccg
gcgcggtceac
aaaagcaggt
gctggatttt
agcactctgce
caagtgtcaa

‘cgcgtaaaat

aaatcgagcc
aacgtccgcce
gcggcegegyg
gacggccgcce

tttataccgg
taccttagca
tttcaattcc
tatttaaaga
gcattctaaa
tataacatag
tactgattta
tgtccctect
cagcgctatc
tctcaacceg
gcaacagccce
ggccgeagtce
tggacgaaca
atgacagtct
tggggegtet
ggccgctgta
agcgaattga
cgctgtegtt
taaaacacta
ggttattgtc
tagatatatt
tatcttctat
gcctcectceat
agtaattctg
tcaaatggtt
tgccaagaat
cggccgaagt
cgctgaatgt
tgatcgcecca
tttttggggt
cgttagcggyg
gcgcacaggg
taaaagacag
ctgcctgtgg
ccctcaagtg
taccgcaggg
caggcgtttt
tgccectceat
cctcatctgt
tgtctcgcac
agcccagcgg

ctgtccgtca
ggagacattc
ggtgatattc
taccccaaga
accttaaata
tatcgacgga
gtgtatgatg
gttcagctac
" tctgctctcea
gtacgcacca
gcattatggg
ggtaacctceg
gtggggctat
ccggaagacg
tatgagcetg
tgaatccecge
gcggcataac
ctcaaaatcg
tcaataagtt
ctgggtttca
gataagcgcg
ataaaagata
cctcttcate
taaaggtcca
cgctgggttt
gcccaaggta
gaagggcagg
cgatgccagce
tcecegttact
gaggccgttce
ccgggagggt
cgcagccctg
gttagcggtyg
acagcccecte
tcaaggatcg
cacttatccc
cgccgatttg
ctgtcaacgc
cagtgagggc
acggcttcga
cgagggcaac
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tttttaaata
cttccgtatce
tcattttagce
agctaattat
ccagaaaaca
gccgattttg
gtgtttttga
tgacggggtyg
ctgccgtaaa
gaaaatcatt
cgttggcectc
cgcatacagc
gtcggggceta
gttgttgcgce
ctgtcaccect
ctgaagggaa
Ctgaatctga
gtggagctge
ggagtcatta
agcattagtc
ctgcctatge
tattatctta
ctcttegtet
attctcgttt
atcgcacccc
aaaattgccg
ccgceccacecea
acctgcggcea
gccccgatcece
gcggccgagyg
tcgagaaggg
gttaaaaaca
gccgaaaaac
aaatgtcaat
cgcccectceat
caggcttgtc
cgaggctggce
cgcgecgggt
caagttttcc
cggcgtttet
cagcccgg
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I~ 1: AF234297. Reports Binary vector pCA...[gi:7638068] Links
LOCUS AF234297 11849 bp DNA circular SYN 24-APR-2000

DEFINITION Binary vector pCAMBIA-1301, complete sequence.
ACCESSION AF234297

VERSION AF234297.1 GI:7638068
KEYWORDS
SOURCE Binary vector pCAMBIA-1301

ORGANISM Binary vector pCAMBIA-1301

other sequences; artificial sequences; vectors.
REFERENCE 1 (sites)

AUTHORS Hajdukiewicz,P., Svab,Z. and Maliga,P.

TITLE The small, versatile pPZP family of Agrobacterium binary vectors
for plant transformation

JOURNAL Plant Mol. Biol. 25 (6), 989-994 (199%94)

MEDLINE 95002787

PUBMED 8
REFERENCE 2 (bases 1 to 11849)

AUTHORS Roberts,C., Rajagopal,S.,. Smith,L.M., Nguyen,T.A., Yang,W.,
Nugrohu,S., Ravi,K.S., Vijayachandra,K., Harcourt,R.L.,
Dransfield,L., Desamero,N., Slamet,I., Hadjukiewicz,P., Svab,Z.,
Maliga,P., Mayer,J.E., Keese,P.K., Kilian,A. and Jefferson,R.A.

TITLE A comprehensive set of modular vectors for advanced manipulations
and efficient transformation of plants

JOURNAL Unpublished

REMARK Full description of constructs

REFERENCE 3 (bases 1 to 11849)

AUTHORS Roberts,C., Rajagopal,S., Smith,L.M., Nguyen,T.A., Yang,W.,
Nugrohu, S., Ravi,K.S., Vijayachandra,K., Harcourt,R.L.,
Dransfield,L., Desamero,N., Slamet,I., Hadjukiewicz,P., Svab,Z.,
Maliga,P., Mayer,J.E., Keese,P.K., Kilian,A. and Jefferson,R.A.

TITLE Direct Submission

JOURNAL Submitted (15-FEB-2000) CAMBIA, Clunies Ross St, Black Mountain /
GPO Box 3200, Canberra, ACT 2601, Australia

FEATURES Location/Qualifiers

source 1..11849
/organism="Binary vector pCAMBIA-1301"
/mol type="other DNA"
/db_xref="taxon:118389"

CDS join(11844..11849,1..9,200..2047)
/codon_start=1
/product="GUSA, hexaHis tagged"
/protein_id="AAF65342.1"
/db_xref="GI:7638072"
/translation="MVDLRNRRLVRPVETPTREIKKLDGLWAFSIL.DRENCGIDQORWWE
SALQESRATIAVPGSFNDQFADADIRNYAGNVWYQREVEFIPKGWAGQRIVLREDAVTHY
GKVWVNNQEVMEHQGGYTPFEADVTPYVIAGKSVRITVCVNNELNWQTIPPGMVITDE

file://A:\1301.htm 2/22/05



misc feature
misc_ feature

misc feature

rep_ origin

misc feature

rep origin

CD

[0]

=1

|

isc feature

misc feature

Q
w2

D

promoter

romoter

CbS

file://A:\1301.htm

NGKKKQSYFHDFFNYAGIHRSVMLYTTPNTWVDDITVVTHVAQDCNHASVDWQVVANG
DVSVELRDADQQVVATGQOGTSGTLQVVNPHLWOPGEGYLYELEVTAKSQTESDIYPLR
VGIRSVAVKGQQFLINHKPFYFTGFGRHEDADLRGKGFDNVLMVHDHALMDWIGANSY
RTSHYPYAEEMLDWADEHGIVVIDETAAVGFQLSLGIGFEAGNKPKELYSEEAVNGET
QQAHLQAIKELIARDKNHPSVVMWSIANEPDTRPQGAREYFAPLAEATRKLDPTRPIT
CVNVMFCDAHTDTISDLFDVLCLNRYYGWYVQSGDLETAEKVLEKELLAWQEKLHQPT
IITEYGVDTLAGLHSMYTDMWSEEYQCAWLDMYHRVFDRVSAVVGEQVWNEFADFATSQ
GILRVGGNKKGIFTRDRKPKSAAFLLQKRWTGMNFGEKPQQGGKQASHHHH@HV"
9.,.11844

/note="synthetic first gus exon (modular)"

10..199

/note="Castorbean catalase intron; modified"
200..2047

/note="gsecond gusA exon, His6"

2079..2331

/note="nos (nopaline synthase) 3'UTR (polyA signal)"
2369..2394

/note="right border T-DNA repeat"

complement (3435..4435)

/note="STA region from pVSl plasmid"

complement (5028..6028)

/note="pVS1-REP; replication origin from pvS1l"

complement (6438..6698)

/note="bom site from pBR322"

complement (6838..7118)

/note="pBR322 origin of replication"

complement (7409..8203)

/note="aadA (kanamycin resistance) gene amplified from
pPIG121Hm"

/codon_start=1

/product="aminoglycoside phosphotransferase™"

/protein id="AAF65340.1"

/db_xref="GI:7638070"
/translation="MAKMRISPELKKLIEKYRCVKDTEGMSPAKVYKLVGENENLYLK
MTDSRYKGTTYDVEREKDMMLWLEGKLPVPKVLHFERHDGWSNLLMSEADGVLCSEEY
EDEQSPEKIIELYAECIRLFHSIDISDCPYTNSLDSRLAELDYLLNNDLADVDCENWE
EDTPFKDPRELYDFLKTEKPEEELVFSHGDLGDSNIFVKDGKVSGFIDLGRSGRADKW
YDIAFCVRSIREDIGEEQYVELFFDLLGIKPDWEKIKYYILLDELE"

8628..8653

/note="left border repeat from C58 T-DNA"

8720..8928

/note="CaMVv. 3'UTR (polyA signal)™"

complement (8944..9969)

/note="hptII (hygromycin resistance) gene"

/codon_start=1

/product="hygromycin phosphotransferase"
/protein_id="AAF65341.1"

/db_xref="GI:7638071"
/translation="MKKPELTATSVEKFLIEKFDSVSDLMQLSEGEESRAFSFDVGGR
GYVLRVNSCADGFYKDRYVYRHFASAALPIPEVLDIGEFSESLTYCISRRAQGVTLQD
LPETELPAVLOPVAEAMDATAAADLSQTSGEFGPEGPQGIGQYTTWRDFICATADPHVY
HWQTVMDDTVSASVAQALDELMLWAEDCPEVRHLVHADFGSNNVLTDNGRITAVIDWS
EAMFGDSQYEVANIFFWRPWLACMEQQTRYFERRHPELAGSPRLRAYMLRIGLDQLYQ
SLVDGNFDDAAWAQGRCDAIVRSGAGTVGRTQIARRSAAVWTDGCVEVLADSGNRRPS
TRPRAKK"

complement (10005..10785)

/note="CaMV35352; CaMV 35S promoter, duplicated"
10933..10987

/note="PlacZ; lacZ promoter"

11015..11248

/codon_start=1

/product="LacZ alpha fragment"

/protein id="AAF65339.1"

/db_xref="GI:7638069"
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misc_feature

promoter

ORIGIN

61
121
181
241
301
361
421
181
541
601
661
721
781
841
901
961

1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1801
1861
1921
1981
2041
2101
2161
2221
2281
2341
2401
2461
2521
2581
2641
2701
2761
2821
2881
2941
3001
3061
3121
3181
3241
3301
3361

gatctgaggg
ttttattttt
tggtgtaaat
atgatgatga
aatcaaaaaa
tcagcgttgg
taacgatcag
cgaagtcttt
cactcattac
tacgccattt
cgtttgtgtg
cgaaaacggc
tcgcagegta
gcatgtcgcg
tgtcagegtt
cgggactttg
actcgaagtc
ccggtcagtg
tggctttggt
ggtgcacgac
cccttacget
aactgctgct
gaaagaactg
gattaaagag
caacgaaccg
aacgcgtaaa
tcacaccgat
gtatgtccaa
ctggcaggag
cgggcetgcecac
tatgtatcac
cgccgatttt
cactcgcgac
gaacttcggt
cgtgtgaatt
gtttcttaag
attacgttaa
ttatgattag
caaactagga
atcagtgttt
taacggatat
caaccacagg
gcagtcggct
taagttacgc
agtcgcataa
gccgecgetg

‘caacgggccg

accaggcgcg
gtgacagtga
gagcgcatcc
accacgccgg
tccctaatceca
tttggcccce
caggaaggcc
taccgcgcac
ttccgtgagg
gaggaacaag

file://A:\1301.htm

/translation="MTMITNSSSVPGDPLESTCRHASLALAVVLQRRDWENPGVTQLN
RLAAHPPFASWRNSEEARTDRPSQQLRSLNGEC"
11029..11085
/note="pUC1l8 MCS; polylinker"
11299..11836
/note="CaMV35S; 35S promoter from CaMV"

taaatttcta
ttgagctttg
attacatagc
tagttacaga
ctcgacggcce
tgggaaagcg
ttcgecgatg
ataccgaaag
ggcaaagtgt
gaagccgatg
aacaacgaac
aagaaaaagc
atgctctaca
caagactgta
gaactgcgtg
caagtggtga
acagccaaaa
gcagtgaagg
cgtcatgaag
cacgcattaa
gaagagatgc
gtcggcecttte
tacagcgaag
ctgatagcgce
gatacccgtc
ctcgacccga
accatcagcg
agcggcgatt
aaactgcatc
tcaatgtaca
cgegtetttg
gcgacctcge
cgcaaaccga
gaaaaaccgc
acaggtgacc
attgaatcct
gcatgtaata
agtcccgcaa
taaattatcg
gacaggatat
ttaaaagggc
gttcceccectceg
tctgacgtte
gacaggctgc
agtagaatac
gcctgetyggg
aactgcacgce
accgcccgga
ccaggctaga
aggaggccgg
ccggceccgceat
tcgaccgceac
gccctacccet
gcaccgtgaa
ttgagcgcag
acgcattgac
catgaaaccg

gtttttctcc
atctttcttt
tttaactgat
accgacgact
tgtgggcatt
cgttacaaga
cagatattcg
gttgggcagg
gggtcaataa
tcacgccgta
tgaactggca
agtcttactt
ccacgccgaa
accacgcgtc
atgcggatca
atccgcacct
gccagacaga
gccaacagtt
atgcggactt
tggactggat
tcgactggge
agctgtcttt
aggcagtcaa
gtgacaaaaa
cgcaaggtgc
cgcgteccgat
atctctttga
tggaaacggce
agccgattat
ccgacatgtg
atcgcgtcag
aaggcatatt
agtcggcgge
agcagggagg
agctcgaatt
gttgcecggtce
attaacatgt
ttatacattt
cgcgeggtgt
attggcgggt
gtgaaaaggt
ggatcaaagt
agtgcagccg
cgccctgece
ttgcgactag
ctatgcecege
ggccggcetge
gctggccagg
ccgectggece
€gcgggcectg
ggtgttgacc
ccggagcggyg
cacccecggca
agaggcggct
cgaggaagtg
cgaggccgac
caccaggacg

ttcattttct
aaactgatct
aatctgatta
cgtcecgtcect
cagtctggat
aagccgggcea
taattatgcg
ccagcgtatc
tcaggaagtg
tgttattgee
gactatcccg
ccatgatttc
cacctgggtg
tgttgactgg
acaggtggtt
ctggcaaccg
gtctgatatc
cctgattaac
acgtggcaaa
tggggccaac
agatgaacat
aggcattggt
cggggaaact
ccacccaagce
acgggaatat
cacctgegte
tgtgctgtgce
agagaaggta
catcaccgaa
gagtgaagag
cgcegtegtce
gcgegttgge
ttttctgetg
caaacaagct
tcceecgatceg
ttgcgatgat
aatgcatgac
aatacgcgat
catctatgtt
aaacctaaga
ttatccgttce
actttgatcc
tcttctgaaa
ttttcectgge
aaccggagac
gtcagcaccg
accaagctgt
atgcttgacc
cgcagcaccce
cgtagccetgg
gtgttcgccg
cgcgaggccg
cagatcgcgce
gcactgcttg
acgceccaccyg
gccectggegg
gccaggacgda

tggttaggac
attttttaat
ctttattteg
gtagaaaccc
cgcgaaaact
attgctgtgce
ggcaacgtct
gtgctgcgtt
atggagcatc
gggaaaagtg

ccgggaatgg
tttaactatg

gacgatatca
caggtggtgg
gcaactggac
ggtgaaggtt
tacccgctte
cacaaaccgt
ggattcgata
tcctaccgta
ggcatcgtgg
ttcgaagcgg
cagcaagcgce
gtggtgatgt
ttcgegceccac
aatgtaatgt
ctgaaccgtt
ctggaaaaag
tacggegtgg
tatcagtgtg
ggtgaacagg
ggtaacaaga
caaaaacgct
agccaccacc
ttcaaacatt
tatcatataa
gttatttatg
agaaaacaaa
actagatcgg
gaaaagagcg
gtccatttgt
aaccccteccg
acgacatgtc
gttttcttgt
attacgccat
acgaccagga
tttccgagaa
acctacgccc
gcgacctact
cagagccgtg
gcattgccga
ccaaggcccg
acgcccgcega
gcgtgcatcg
aggccaggcg
ccgccgagaa
accgttttte

ccttttetet
tgattggtta
tgtgtctatg
caacccgtga
gtggaattga
caggcagttt
ggtatcagcg
tcgatgecggt
agggcggceta
tacgtatcac
tgattaccga
ccggaatcca
ccgtggtgac
ccaatggtga
aaggcactag
atctctatga
gcgtecggceat
tctactttac
acgtgctgat
cctecgeatta
tgattgatga
gcaacaagcce
acttacaggce
ggagtattgc
tggcggaage
tctgegacge
attacggatg
aacttectgge
atacgttage
catggctgga
tatggaattt
aagggatctt
ggactggcat
accaccacca
tggcaataaa
tttctgttga
agatgggttt
atatagcgeg
gaattaaact
tttattagaa
atgtgcatgc
ctgctatagt
gcacaagtcc
cgcgtgtttt
gaacaagagc
cttgaccaac
gatcaccggce
tggcgacgtt
ggacattgcc
ggccgacacc
gttcgagcgt
aggcgtgaag
gctgatcgac
ctcgaccctg
gcgeggtgec
tgaacgccaa
attaccgaag
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3421
3481
3541
3601
3661
3721
3781
3841
3901
3961
4021
4081
4141
4201
4261
4321
4381
4441
4501
4561
4621
4681
4741
4801

4861

4921
4981
5041
5101
5161
5221
5281
5341
5401
5461
5521
5581
5641
5701
5761
5821
5881
5941
6001
6061
6121
6181
6241
6301
6361
6421
6481
6541
6601
6661
6721
6781
6841
6901
6961
7021
7081
7141
7201

agatcgaggce
cegtgegget
ccagcttggce
aaaacagctt
gcaaggggaa
gaccatcgceca
cgatteccgat
aaccgttgtc
cgacttcgta
ggcagccgac
cgacctggtg
ctttgtegtyg
ggccgggtac
cactgecgcee
ggtccaggcg
aaaatgagca
gctgcaacgt
ccggeggagy
gagctgctat
tagatgaatt
cgccgtggaa
tgtectgecgg
gcaaaccatc
tgaaggccgce
cgtggcaagce
cgccgtcegat
tctatgacgt
cgaagcgtga
aggtttccge
cggtttecca
gccgegtgtt
gaaagcagaa
tgcagcgtac
tgattagccg
agctagctga
ttcacccecga
gcecgecgecgce
gcagcgcegg
acctgccgga
gctaccgceaa
tagggcaaat
cgtacattgg
agccgtacat
attttteccge
cataactgtc
tgcgcteect
tggctggect
accgceceggeg
ctctgacaca
agacaagccce
cagtcacgta
tactgagagt
gcatcaggcg
ggcgageggt
acgcaggaaa
cgttgctgge
caagtcagag
gctcectegt
tecctteggg
aggtcgtteg
ccttatecgg
cagcagccac
tgaagtggtg
tgaagccagt
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ggagatgate
gcatgaaatc
cgctgaagaa
gcgtcatgceg
cgcatgaagg
accecatctag
ccccagggea
ggcatcgacc
gtgatcgacg
ttcgtgetga
gagctggtta
tcgegggega
gagctgccca
gccggcacaa
ctggeccgcetg
aaagcacaaa
tggccagecet
atcacaccaa
ctgaatacat
ttagcggeta
tgccecatgt
ccctgcecaatg
cggcccggta
gcaggccgcec
ggcegcetgat
taggaagccg
gggcacccge
ccgacgagcet
agggeccggcec
tctaaccgaa
ccgtecacac
agacgacctyg
gaagaaggcce
ctacaagatc
ttggatgtac
ttactttttg
aggcaaggca
agagttcaag
gtacgatttg
cctgatcgag
tgccctagea
gaacccaaag
tgggaaccgg
ctaaaactct
tggccagege
acgccccgec
acggccagge
cccacatcaa
tgcagctcece
gtcagggcge
gcgatagcegg
gcaccatatg
ctetteeget
atcagctcac
gaacatgtga
gtttttccat
gtggcgaaac
gcgctctect
aagcgtggcg
ctccaagcetg
taactategt
tggtaacagg
gcctaactac
taccttcgga

gcggeegggt
ctggeceggtt
accgagegec
gtecgetgegt
ttatcgetgt
ccegegecect
gtgcccecgega
gceecgacgat
gagcgceecca
ttccggtgea
agcagcgeat
tcaaaggcac
ttcttgagte
cegttettga
aaattaaatc
cacgctaagt
ggcagacacg
gctgaagatg
cgcgcagceta
aaggaggcgg
gtggaggaac
gcactggaac
caaatcggceg
cagcggcaac
cgaatccgea
cccaagggceg
gatagtcgea
ggcgaggtga
ggcatggcca
tcecatgaacce
gttgcggacyg
gtagaaacct
aagaacggcce
gtaaagagcg
cgcgagatca
atcgatcceg
gaagccagat
aagttctgtt
aaggaggagg
ggcgaagcat
ggggaaaaag
ccgtacattg
tcacacatgt
ttaaaactta
acagccgaag
gcttegegte
aatctaccag
ggcaccctge
ggagacggtc
gtcagegggt
agtgtatact
cggtgtgaaa
tcectegetcea
tcaaaggcgg
gcaaaaggcc
aggctecgcece
ccgacaggac
gttccgacce
ctttctcata
ggctgtgtge
cttgagtcceca
attagcagag
ggctacacta
aaaagagttg

acgtgttcga
tgtctgatgce
gcegtctaaa
atatgatgcg
acttaaccag
gcaactcgcece
ttgggcggee
tgaccgegac
ggcggcggac
gccaagecct
tgaggtcacg
gcgcategge
ccgtatcacg
atcagaaccc
aaaactcatt
gccggecgte
ccagccatga
tacgcggtac
ccagagtaaa
catggaaaat
gggcggttgg
cececaagecece
cggegetgayg
gcatcgaggce
aagaatcccg
acgagcaacc
gcatcatgga
tcegetacga
gtgtgtggga
gataccggga
tactcaagtt
gcattcggtt
gcctggtgac
aaaccgggcyg
cagaaggcaa
gcatcggecg
ggttgttcaa
tcaccgtgeg
¢ggggcagge
ccgeeggtte
gtcgaaaagg
ggaaccggaa
aagtgactga
ttaaaactct
agctgcaaaa
ggcctatcge
ggcgcggaca
ctecgegegtt
acagcttgtc
gttggcegggt
ggcttaacta
taccgcacag
ctgacteget
taatacggtt
agcaaaaggc
ccectgacga
tataaagata
tgccgettac
gctecacgcetg
acgaaccccee
acccggtaag
cgaggtatgt
gaaggacagt
gtagctcttg

gcecgeecgeg
caagctggcg
aaggtgatgt
atgagtaaat
aaaggcgggt
ggggccgatg
gtgcgggaag
gtgaaggcca
ttggctgtgt
tacgacatat
gatggaaggc
ggtgaggttg
cagcgcgtga
gagggcgacyg
tgagttaatg
cgagcgcacg
agcgggtcaa
gccaaggcaa
tgagcaaatg
caagaacaac
ccaggcgtaa
gaggaatcgg
tgatgacctg
agaagcacgc
gcaaccgcceg
agattttttc
cgtggecegtt
gcttccagac
ttacgacctg
agggaaggga
ctgceggega
aaacaccacg
ggtatccgag
gccggagtac
gaacccggac
ttttctctac
gacgatctac
caagctgatc
tggcccgate
ctaatgtacg
tctetttect
ccegtacatt
tataaaagag
taaaacccgce
agcgcectacce
ggcegetggce
agccgcgecyg
tcggtgatga
tgtaagcgga
gtcggggege
tgcggcatca
atgcgtaagg
gcgctceggte
atccacagaa
caggaaccgt
gcatcacaaa
ccaggcgttt
cggatacctg
taggtatctc
cgttcagceccee
acacgactta
aggcggtgcet
atttggtatc
atccggcaaa

1 ay

cacgtctcaa
gectggecgg
gtatttgagt
aaacaaatac
caggcaagac
ttctgttagt
atcaaccgcet
tcggeeggeg
ccgegatcaa
gggccaccgc
tacaagcggc
ccgaggeget
gctacccagg
ctgccegega
aggtaaagag
cagcagcaag
ctttcagttg
gaccattacc
aataaatgag
caggcaccga
gcggcetgggt
cgtgacggte
gtggagaagt
cccggtgaat
gcagceggtg
gttccgatge
ttcegtetgt
gggcacgtag
gtactgatgg
gacaagcccg
gccgatggeg
cacgttgcca
ggtgaagcct
atcgagatcg
gtgctgacgg
cgecctggeac
gaacgcagtg
gggtcaaatg
ctagtcatgce
gagcagatgc
gtggatagca
gggaacccaa
aaaaaaggcg
ctggectgtg
cttcggtege
cgctcaaaaa
tcgecacteg
cggtgaaaac
tgccgggage
agccatgacc
gagcagattg
agaaaatacc
gttcggctge
tcaggggata
aaaaaggccg
aatcgacgct
cceectggaa
tcegecettte
agttcggtgt
gaccgctgceg
tcgecactgg
acagagttct
tgcgcectetge
caaaccaccqg



7261
7321
7381
7441
7501
7561
7621
7681
7741
7801
7861
7921
7981
8041
8101
8161
8221
8281
8341
8401
8461
8521
8581
8641
8701
8761
8821
8881
8941
9001
9061
9121
9181
9241
9301
9361
9421
9481
9541
9601
9661
9721
9781
9841
9901
9961

10021

10081

10141

10201

10261

10321

10381

10441

10501

10561

10621

10681

10741

10801

10861

10921

10981

11041

ctggtagegg

.aagaagatcce

aagggatttt
ttattttcte
cttececegat
cectgeeget
tgctgtetee
aaaaatcata
ccacategge
tattcgtata
acagctcegat
catcggecte
ttggaacagyg
aggtggtcce
ccagcttata
cgatcagttt
ttttctacag
actgttectt
aaagttggcg
agcaacgctce
aaaccecggcea
cgcettacaa
ggtgattttg
tgtggtgtaa
tactgaatta
aggaattaga
cttatatget
tactcacaca
actctattte
ttctacacag
agtceccegget
gaaattgceg
ccggagtegt
ctecatacaa
cecegaacatce
attgttggag
aagcatcagce
ttgccagtga
ttgaccgatt
agcgategea
caggtettge
aaactecccca
aacataacga
ccetectaca
ggagacgctyg
ctttttecata
agagagactyg
aaggtettge
tcaatccact
99g9tgggggt
tttatcgeaa
gtgacagata
agtctcaata
agtgtcgtge
gtettetttt
agaggcatct
ttecttttet
gtttceegat
atctttgata
tagccaatac
gacaggttte
actcattagg
gtgageggat
ggtacccgyg
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tggttttttt
tttgatcttt
ggtcatgeat
ccaatcagge
atcctcectg
teteceoccaaga
caggtegeeg
cagetegege
cagatcgtta
gggacaatcc
aatctttteca
actcatgagc
cagcettteoet
tttataccgg
taccttagca
tttcaattcce
tatttaaaga
gcattctaaa
tataacatag
tgtecatcgtt
gcttagttge
cggctcteece
tgcegagetyg
acaaattgac
acgccgaatt
aattttattg
caacacatga
ttattatgga
tttgcecteg
ccateggtec
ccggategga
tcaaccaagce
ggcgatcetg
gccaaccacyg
gcetegetece
ccgaaatecy
tcatcgagag
tacacatggg
cettgeggte
tcecatagect
aacgtgacac
atgtcaagca
tctttgtaga
tecgaagetga
tcgaactttt
tctecattgee
gtgatttcag
gaaggatagt
tgctttgaag
ccatctttgg
tgatggcatt
gctgggeaat
gcectttggt
teccacecatgt
tcecacgatge
tgaacgatag
actgtecttt
attacccttt
ttettggagt
gcaaaccgee
ccgactggaa
caccceecagge

aacaatttca

gatcctctag

gtttgcaage
tctacggggt
tctaggtact
ttgatccceea
atcgaccgga
tcaatasage
tgggaaaaga
ggatctttaa
ttcagtaagt
gatatgtcga
gggcetttgtt
agattgctcee
tecagecata
ctgtccegtea
ggagacattc
ggtgatattce
taccccaaga
accttaaata
tatcgacgga
acaatcaaca
cgttettecyg
gctgacgecyg
ccggtegggg
gcttagacaa
aattcggggg
atagaagtat
gcgaaaccct
gaaactcgag
gacgagtgcet
agacggeccge
cgattgegtce
tctgatagag
caagctccgg
gcctecagaa
agtcaatgac
cgtgcacgag
cctgegegac
gatcagcaat
cgaatgggcce
cecgegacagg
cctgtgcacyg
cttceggaat
aaccatcgge
aagcacgaga
cgatcagaaa
ceeccgggate
cgtgtectet
gggattgtge
acgtggttgg
gaccactgtc
tgtaggtgee
ggaatccgag
cttctgagac
tatcacatca
teetegtggy
cctttecttt
tgatgaagtg
gttgaaaagt
agacgagagt
tcteceegeg
agcgggecagt
tttacacttt
cacaggaaac
agtcgacctg

agcagattac
ctgacgctca
aaaacaatte
gtaagtcaaa
cgcagaaggce
cacttacttt
caagttccte
atggagtgtc
aatccaattce
tggagtgaaa
catcttcecata
agccatcatg
gcatcatgtc
tttttaaata
ctteegtate
tcattttage
agctaattat
ccagaaaaca
gcegatttty
tgctaccctce
aatagcatcg
teceggactyg
agetgttgge
cttaataaca
atctggattt
tttacaaata
ataggaaccc
cttgtcgatc
ggggcgteyyg
gcttctygegg
gcategaccee
ttggtcaaga
atgectecge
gaagatgttyg
cgctgttatg
gtgceggact
ggacgcactg
cgegeatatg
gaaccegetce
ttgtagaaca
gcgggagatyg
cgggagcegceg
gcagcetattt
ttettegecee
cttctegaca
tgcgaaaget
ccaaatgaaa
gtcatceett
aacgtcttcet
ggcagaggca
accttcettt
gaggtttcce
tgtatetttg
atccacttge
tgggggtcca
atcgcaatga
acagataget
ctcaatagec
gtegtgeteo
cgttggecga
gagegeaacg
atgetteegg
agctatgacc
caggcatgca

gcgcagaaaa
gtggaacgaa
atccagtaaa
aaatagetceg
aatgtcatac
gececatettte
ttegggettt
ttetteccag
ggctaagegy
gagcctgatg
ctctteegag
ccgttcaaag
cttttccegt
taggttttca
ttttacgcag
catttattat
aacaagacga
gctttttcaa
aaaccgeggt
cgcgagatcea
gtaacatgag
atgggctgcece
tggctggtgy
cattgcggac
tagtactgga
caaatacata
taattecctt
gacagatceg
tttccactat
gcgatttgtyg
tgcgeccaag
ccaatgcegga
tcgaagtage
gcgacctegt
cggccattgt
tcggggeagt
acggtgtegt
aaatcacgcce
gtctggctaa
gcgggeagtt
caataggtca
goecgatgeaa
acccgeagga
tececgagaget
gacgtcgegy
cgagagagat
tgaacttecct
acgtecagtygg
ttttecacga
tcttgaacga
tetactgtcee
gatattaccc
atattcttgg
tttgaagacg
tctttgggac
tggcatttgt
gggcaatgga
ctttggtett
accatgttgg
ttecattaatg
caattaatgt
ctegtatgtt
atgattacga
agcttggcac

1 ag

aaaggatctce
aactcacgtt
atataatatt
acatactgtt
cacttgtceg
acaaagatgt
tcegtoettta
ttttcgeaat
ctgtctaage
cactccgeat
caaaggacgce
tgcaggaccet
tccacatcat
ttttctececca
cggtattttt
ttcettecte
actccaattc
agttgtttte
gatcacaggc
tecegtgttte
caaagtctge
tgtatcgagt
caggatatat
gtttttaatg
ttttggtttt
ctaagggttt
atctgggaac
gtcggeatet
cggcgagtac
tacgcecgac
ctgcatcatc
gcatatacgce
gegtetgetg
attgggaatc
ccgtcecaggac
cctcecggececa
ccatcacagt
atgtagtgta
gatcggeege
cggtttecagg
ggctcteget
agtgccgata
catatccacg
gcatcaggte
tgagttcagg
agatttgtag
tatatagagg
agatatcaca
tgctectegt
tagcectttce
ttttgatgaa
tttgttgaaa
agtagacgag
tggttggaac
cactgtcgge
aggtgccacc
atccgaggag
ctgagactgt
caagctgctc
cagctggcac
gagttaqgcte .
gtgtggaatt
attcgagcetce
tggeegtegt



/7

11101
11161
11221
11281
11341
11401
11461
11521
11581
11641
11701
11761
11821

tttacaacgt
tcececttte
gttgcgcage
ccgecttcag
cgtaaagact
cttcgtcaac
ctcagaagac
cggattccat
ctcctacaaa
cagtggtccc
aaccacgtct
acaatcccac
gagaacacgg
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cgtgactggg
gccagctggc
ctgaatggcg
tttagcttca
ggcgaacagt
atggtggage
caaagggcaa
tgcccagcta
tgccatcatt
aaagatggac
tcaaagcaag
tatccttege
gggactcttg

aaaaccctgg
gtaatagcga
aatgctagag
tggagtcaaa
tcatacagag
acgacacact
ttgagacttt
tctgtcactt
gcgataaagg
cccecacceac
tggattgatg
aagacccttc
accatggta

cgttacccaa
agaggcccgce
cagcttgage
gattcaaata
tctcttacga
tgtctactce
tcaacaaagg
tattgtgaag
aaaggccatc
gaggagcatc
tgatatctcce
ctctatataa

cttaatcgcec
accgatcgcec
ttggatcaga
gaggacctaa
ctcaatgaca
aaaaatatca
gtaatatccg
atagtggaaa
gttgaagatg
gtggaaaaag
actgacgtaa
ggaagttcat
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ttgcagcaca
Cttcccaaca
ttgtcgtttce
cagaactcgce
agaagaaaat
aagatacagt
gaaacctcct
aggaaggtgg
cctectgecega
aagacgttcc
gggatgacgc
ttcatttgga
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[:1: AF234316. Reports Binary vector pCA...[g1:7638149] Links
LOCUS AF234316 ' 11633 bp DNA circular SYN 24-APR~2000

DEFINITION Binary vector pCAMBIA-2301, complete sequence. :
ACCESSION - AF234316

VERSION AF234316.1 GI:7638149
KEYWORDS
SOURCE Binary vector pCAMBIA-2301

ORGANISM Binary vector pCAMBIA-2301

other sequences; artificial sequences; vectors.
REFERENCE 1 (sites)

AUTHORS Hajdukiewicz,P., Svab,Z. and Maliga,P.

TITLE The small, versatile pPZP family of Agrobacterium binary vectors
for plant transformation

JOURNAL Plant Mol. Biol. 25 (6), 989-994 (1994)

MEDLINE 95002787

PUBMED 7919218
REFERENCE 2 (bases 1 to 11633)

AUTHORS Roberts,C., Rajagopal,S., Smith,L.M., Nguyen,T.A., Yang,W.,
Nugrochu, S., Ravi,K.S., Vijayachandra,K., Harcourt,R.L.,
Dransfield,L., Desamero,N., Slamet,I., Hadjukiewicz,P., Svab,Z.,
Maliga,P., Mayer,J.E., Keese,P.K., Kilian,A. and Jefferson,R.A.

TITLE A comprehensive set of modular vectors for advanced manipulations
and efficient transformation of plants

JOURNAL Unpublished

REMARK Full description of constructs

REFERENCE 3 (bases 1 to 11633)

AUTHORS Roberts,C., Rajagopal,S., Smith,L.M., Nguyen,T.A., Yang,W.,
Nugrohu,S.,. Ravi,K.S., Vijayachandra,K., Harcourt,R.L.,
Dransfield, L., Desamero,N., Slamet,I., Hadjukiewicz,P., Svab,?Z.,
Maliga,P., Mayer,J.E., Keese,P.K., Kilian,A. and Jefferson,R.A.

TITLE Direct Submission

JOURNAL Submitted (15-FEB-2000) CAMBIA, Clunies Ross St, Black Mountain /
GPO Box 3200, Canberra, ACT 2601, Australia

FEATURES Location/Qualifiers
source 1..11633
/organism="Binary vector pCAMBIA-2301"
/mol type="other DNA"
/db_xref="taxon:118408"
join(2..16,207..2054)
/codon_start=1 '
/product="GUSA, hexaHis tagged"
/protein id="AAF65404.1"
/db_xref="GI:7638153"
/translation="MVDLRNRRLVRPVETPTREIKKLDGLWAFSLDRENCGIDQRWWE
SALQESRAIAVPGSFNDQFADADIRNYAGNVWYQREVFIPKGWAGQRIVLRFDAVTHY
GKVWVNNQEVMEHQGGYTPFEADVT PYVIAGKSVRITVCVNNELNWQTIPPGMVITDE

@]
(w]
[92]

|
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NGKKKQSYFHDFFNYAGIHRSVMLYTTPNTWVDDITVVTHVAQDCNHASVDWQVVANG
DVSVELRDADQQVVATGQGTSGTLOVVNPHLWQPGEGYLYELEVTAKSQTESDIYPLR
VGIRSVAVKGQQFLINHKPFYFTGFGRHEDADLRGKGFDNVLMVHDHALMDWIGANSY
RTSHYPYAEEMLDWADEHGIVVIDETAAVGFQLSLGIGFEAGNKPKELYSEEAVNGET
QOAHLQAIKELIARDKNHPSVVMWSIANEPDTRPQGAREYFAPLAEATRKLDPTRPIT
CVNVMECDAHTDTISDLFDVLCLNRYYGWYVQSGDLETAEKVLEKELLAWQEKLHQPT
IITEYGVDTLAGLHSMYTDMWSEEYQCAWLDMYHRVFDRVSAVVGEQVWNFADFATSQ
GILRVGGNKKGIFTRDRKPKSAAFLLOKRWTGMNFGEKPQQGGKQASHHEHHERV"

exon 2..16

/note="synthetic first gus exon (modular)"”
intron 17..206

/note="Castorbean catalase intron; modified"
exon 207..2054

/note="second gusA exon, Hiso6"
misc feature 2086..2338
/note="nos (nopaline synthase) 3'UTR (polyA signal)"

misc feature 2376..2401
/note="right border T-DNA repeat"
misc feature complement (3442..4442)
/note="STA region from pVSl plasmid”
rep_origin complement (5035..6035)
/note="pVS1-REP; replication origin from pvVsl"
misc feature complement (6445..6705)
- /note="bom site from pBR322"
rep origin complement (6845..7125) :
B /note="pBR322 origin of replication”
CDS complement (7416..8210)
/note="aadA (kanamycin resistance) gene amplified from
pIG121Hm"

/codon_start=1

/product="aminoglycoside phosphotransferase"”

/protein id="AAF65402.1"

/db xref="GI:7638151"

/translation="MAKMRISPELKKLIEKYRCVKDTEGMSPAKVYKLVGENENLYLK

MTDSRYKGTTYDVEREKDMMLWLEGKLPVPKVLHFERHDGWSNLLMSEADGVLCSEEY

EDEQSPEKIIELYAECIRLFHSIDISDCPYTNSLDSRLAELDYLLNNDLADVDCENWE

EDTPFKDPRELYDFLKTEKPEEELVESHGDLGDSNIEFVKDGKVSGEFIDLGRSGRADKW

YDIAFCVRSIREDIGEEQYVELFFDLLGIKPDWEKIKYYILLDELE"
misc_feature 8635..8660

/note="1left border repeat from C58 T-DNA"

nisc feature 8727..8930
/note="CaMV 3'UTR (polyA signal)™"
Ccbs complement (8968..9765)

/note="nptII (kanamycin resistance) gene"

/codon_start=1

/product="neomycin phosphotransferase"
/protein_id="BAF65403.1"

/db xref="GI:7638152"
/translation="MGIEQDGLHAGSPAAWVERLFGYDWAQQTIGCSDAAVFRLSAQG
RPVLFVKTDLSGALNELQDEAARLSWLATTGVPCAAVLDVVTEAGRDWLLLGEVPGQD
LLSSHLAPAEKVSIMADAMRRLHTLDPATCPFDHOAKHRIERARTRMEAGLVDQDDLD
EEHQGLAPAELFARLKARMPDGEDLVVTHGDACLPNIMVENGRFSGFIDCGRLGVADR
YODIALATRDIAEELGGEWADRFLVLYGIAAPDSQRIAFYRLLDEFFE"

promoter complement (9796..10576)

/note="CaMV35S82; CaMV 35S promoter, duplicated"
promoter 10724..10778

/note="PlacZ; lacZ promoter"
CDS 10806..11039

/codon_start=1

/product="LacZ alpha fragment"

/protein_id="AAE654QlLl"

/db_xref="GI:7638150"
/translation="MTMITNSSSVPGDPLESTCRHASLALAVVLQRRDWENPGVTQLN
RLAAHPPFASWRNSEEARTDRPSQQLRSLNGEC"
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promoter

ORIGIN

61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961

1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1801
1861
1921
1981
2041
2101
2161
2221
2281
2341
2401

2461

2521
2581
2641
2701
2761
2821
2881
2941
3001
3061
3121
3181
3241
3301
3361
3421
3481

catggtagat
tttctetttt
ttggttatgg
gtctatgatg
cccgtgaaat
gaattgatca
gcagttttaa
atcagcgcga
atgcggtcac
gcggctatac
gtatcaccgt
ttaccgacga
gaatccatcg
tggtgacgca
atggtgatgt
gcactagcgg
tctatgaact
tcggcatceg
actttactgg
tgctgatggt
cgcattaccc
ttgatgaaac
acaagccgaa
tacaggcgat
gtattgccaa
cggaagcaac
gcgacgctca
acggatggta
ttctggeetyg
cgttageecgg
ggctggatat
ggaatttcgce
ggatcttcac
ctggcatgaa
accaccacgt
caataaagtt
ctgttgaatt
tgggttttta
tagcgcgcaa
ttaaactatc
attagaataa
tgcatgccaa
ctatagtgca
caagtcctaa
gtgttttagt
caagagcgcc
gaccaaccaa
caccggcacc
cgacgttgtg
cattgccgag
cgacaccacc
cgagcgttce
cgtgaagttt
gatcgaccag
gaccctgtac
cggtgcctte
acgccaagag
accgaagaga
gtctcaaccg
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10820..10876
/note="pUC18 MCS; polylinker™
11090..11627
/note="CaMV35S; 35S promoter from CaMV"

ctgagggtaa
tatttttttg
tgtaaatatt
atgatgatag
caaaaaactc
gcgttggtgg
cgatcagttc
agtctttata
tcattacggc
gccatttgaa
ttgtgtgaac
aaacggcaag
cagcgtaatg
tgtcgcgceaa
cagcgttgaa
gactttgcaa
cgaagtcaca
gtcagtggca
ctttggtcgt
gcacgaccac
ttacgctgaa
tgctgetgte
agaactgtac
taaagagctg
cgaaccggat
gcgtaaactce
caccgatacc
tgtccaaage
gcaggagaaa
gctgcactca
gtatcaccge
cgattttgcg
tcgecgaccgce
cttcggtgaa
gtgaattaca
tcttaagatt
acgttaagca
tgattagagt
actaggataa
agtgtttgac
cggatattta
ccacagggtt
gtcggettct
gttacgcgac
cgcataaagt
gccgcetggec
cgggecgaac
aggcgcgace
acagtgacca
cgcatccagg
acgcecggecyg
ctaatcatcg
ggcececgcece
gaaggccgcea
cgcgeacttg
cgtgaggacg
gaacaagcat
tcgaggcgga
tgcggctgea

atttctagtt
agctttgatc
acatagcttt
ttacagaacc
gacggcectgt
gaaagcgcgt
gccgatgeag
ccgaaaggtt
aaagtgtggg
gccgatgtca
aacgaactga
aaaaagcagt
ctctacacca
gactgtaacc
ctgcgtgatg
gtggtgaatc
gccaaaagcce
gtgaagggcec
catgaagatg
gcattaatgg
gagatgctcg
ggctttcagce
agcgaagagg
atagcgegtyg
acccgtecge
gacccgacgc
atcagcgatc
ggcgatttgg
ctgcatcagce
atgtacaccg
gtctttgatc
acctcgcaag
aaaccgaagt
aaaccgcagce
ggtgaccagc
gaatcctgtt
tgtaataatt
cccgcaatta
attatcgegce
aggatatatt
aaagggcgtyg
cceceteggga
gacgttcagt
aggctgeege
agaatacttg
tgctgggcta
tgcacgcggc
gccecggaget
ggctagaccg
aggcecggege
gcegeatggt
accgecacecg
ctaccctcac
ccgtgaaaga
agcgcagcga
cattgaccga
gaaaccgcac
gatgatcgcg

tgaaatcctg

tttctectte
tttctttaaa
aactgataat
gacgactcgt
gggcattcag
tacaagaaag
atattcgtaa
gggcaggccea
tcaataatca
cgecgtatgt
actggcagac
cttacttcca
cgccgaacac
acgegtetgt
cggatcaaca
cgcacctctg
agacagagtc
aacagttcct
cggacttacg
actggattgg
aCtgggcaga
tgtctttagg
cagtcaacgg
acaaaaacca
aaggtgcacg
gtccgatcac
tctttgatgt
aaacggcaga
cgattatcat
acatgtggag
gcgtcagege
gcatattgcg
cggcggettt
agggaggcaa
tcgaatttecc
gcecggtettg
aacatgtaat
tacatttaat
gcggtgtcat
ggcgggtaaa
aaaaggttta
tcaaagtact
gcagccgtcet
cctgcecettt
cgactagaac
tgcecgegtce
cggctgecacc
ggccaggatg
cctggeecge
gggectgegt
gttgaccgtg
gagcgggcege
cccggcacag
ggcggctgca
ggaagtgacg
ggccgacgcece
caggacggcc
gcegggtacyg
gecggtttgt

attttcttgg
ctgatctatt
ctgattactt
ccgtectgta
tctggatcge
ccgggcaatt
ttatgcgggce
gcgtatcgtg
ggaagtgatg
tattgccggg
tatcccgecg
tgatttcttt
ctgggtggac
tgactggcag
ggtggttgca
gcaaccgggt
tgatatctac
gattaaccac
tggcaaagga
ggccaactcc
tgaacatggc
cattggtttc
ggaaactcag
cccaagcegtg
ggaatatttc
ctgcgtcaat
getgtgectg
gaaggtactg
caccgaatac
tgaagagtat
cgtecgteggt
cgttggeggt
tctgctgcaa
acaagctagc
ccgatecgttc
cgatgattat
gcatgacgtt
acgcgataga
ctatgttact
cctaagagaa

‘tcegttegte

ttgatccaac
tctgaaaacg
tcctggegtt
cggagacatt
agcaccgacg
aagctgtttt
cttgaccacc
agcacccgcg
agcctggcag
ttcgeecggcea
gaggccgceca
atcgcgcacy
ctgettggcy
cccaccgagg
ctggcggeceg
aggacgaacc
tgttcgagec
ctgatgccaa

rage

ttaggaccct
ttttaattga
tatttcgtgt
gaaaccccaa
gaaaactgtg
gctgtgeceag
aacgtctggt
ctgcgttteg
gagcatcagg
aaaagtgtac
ggaatggtga
aactatgccg
gatatcaccg
gtggtggcca
actggacaag
gaaggttatc
ccgettegeg
aaaccgttct
ttcgataacyg
taccgtacct
atcgtggtga
gaagcgggea
Caagcgcact
gtgatgtgga
gcgccactgg
gtaatgttct
aaccgttatt
gaaaaagaac
ggcgtggata
cagtgtgcat
gaacaggtat
aacaagaaag
aaacgctgga
caccaccacc
aaacatttgg
catataattt
atttatgaga
aaacaaaata
agatcgggaa
aagagcgttt
catttgtatg
ccctecegetg
acatgtcgca
ttettgtege
acgccatgaa
accaggactt
ccgagaagat
tacgcectgg
acctactgga

agccgtggge

ttgccgagtt

aggcccgagg
cccgegaget
tgcatcgctce
ccaggcggcyg
ccgagaatga
gtttttcatt
gcececgcegeac
gctggeggee
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tggcecggeca
tttgagtaaa
caaatacgca
gcaagacgac
tgttagtcga
aaccgctaac
gceggegega
cgatcaaggc
ccaccgecga
aagcggectt
aggecgetgge
acccaggeac
ccegegaggt
taaagagaaa
cagcaaggcet
tecagttgecg
cattaccgag
aaatgagtag
gcaccgacgce
getgggttgt
gacggtegea
gagaagttga
ggtgaatcgt
gcecggtgege
ccgatgetet
cgtctgtega
cacgtagagg
ctgatggcegqg
aagecececggee
gatggcggaa
gttgcecatge
gaagccecttga
gagatcgagce
ctgacggttce
ctggcacgec
cgcagtggea
tcaaatgacc
gtcatgeget
cagatgctag
gatagcacgt
aacccaaagce
aaaggcgatt
gecctgtgeat
cggtegetge
tcaaaaatgg
ccactegacc
tgaaaaccte
¢gggagcaga
catgacccag
cagattgtac
aaataccgcea
cggctgeygge
ggggataacg
aaggcegegt
cgacgctcaa
cctggaaget
geettteteo
teggtgtagg
cgectgegect
ccactggcag
gagttcttga
gctctgetga
accaccgcetyg
ggatctcaag
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gettggecge
acagcttgcg
aggggaacgc
catcgcaacce
ttcegatece
cgttgtcegyge
cttegtagty
agccgactte
cctggtggag
tgtegtgtceg
cgggtacgag
tgecegecgec
ccaggegetg
atgagcaaaa
gcaacgttgg
gcggaggatc
ctgetatetg
atgaatttta
cgtggaatge
ctgeceggecece
aaccatcegy
aggccgegea
ggcaagcgge
cgtcgattag
atgacgtggg
agcgtgaccg
ttteeogeagyg
tttececatet
gegtgttecg
agcagaaaga
agegtacgaa
ttagecegeta
tagctgattg
accccecgatta
gegecgeagyg
gcgecggaga
tgcecggagta
acegeaacct
ggcaaattge
acattgggaa
cgtacattgg
tttecgecta
aactgtctgg
gcteectacg
ctggcecctacy
gceggegocee
tgacacatgce
caagccegte
tcacgtageg
tgagagtgca
tcaggegete
gagcggtate
caggaaagaa
tgctggegtt
gtcagaggtg
ccetegtgeg
cttegggaag
tcgttegete
tatceggtaa
cagccactgg
agtggtggee
agcecagttac
gtagcggtgg
aagatcettt

tgaagaaacc
tcatgcggte
atgaaggtta
catctagecee
cagggcagtg
atcgacegece
atcgacggag
gtgctgattc
ctggttaage
cgggecgatca
ctgccecatte
ggcacaaccyg
gccgetgaaa
gcacaaacac
ccagcectgge
acaccaaget
aatacatcge
gcggetaaag
cccatgtgtg
tgcaatggea
cceggtacaa
ggccgeceeag
cgcectgatega
gaagccgeece
cacccgegat
acgagctggce
geeggeegge
aaccgaatcece
tccacacgtt
cgacctggta
gaaggccaag
caagatcgta
gatgtaccge
ctttttgatce
caaggcagaa
gttcaagaag
cgatttgaag
gatcgagggc
cctagecaggg
cccaaagoecy
gaaccggtca
aaactcttta
ccagcecgeaca
ccecegeegcet
gccaggcaat
acatcaaggce
agctcecegga
agggcgegtce
atagcggagt
ccatatgegg
ttecgetteo
agctcactcea
catgtgagca
tttececatagg
gcgaaacccyg
ctctecetgtt
cgtggegett
caagctgggce
ctatcgtett
taacaggatt
taactacggc
cttcggaaaa
tttttttgtt
gatcttttet

gagcgecgeco
gectgegtata
tcgetgtact
gcgecectgea
ccegegattg
cgacgattga
cgeeccaggce
cggtgeagcece
agecgeattga
aaggcacgceg
ttgagtecccy
ttettgaatce
ttaaatcaaa
gctaagtgcece
agacacgeca

gaagatgtac

geagetaccea
gaggeggeat
gaggaacggyg
ctggaacccce
atcggcgegg
cggcaacgca
atccgcaaag
aagggcgacy
agtcgecagcea
gaggtgatcc
atggccagtyg
atgaaccgat
geggacgtac
gaaacctgeca
aacggcegec
aagagcgaaa
gagatcacag
gatceceggea
gccagatggt
ttectgttteca
gaggaggcgg
gaagcatceyg
gaaaaaggtc
tacattggga
cacatgtaag
aaacttatta
gecgaagage
tecgegtegge
ctaccagggce
accctgecte
gacggtcaca
agegggtgtt
gtatactggce
tgtgaaatac
tcgeteactg
aaggcggtaa
aaaggecagce
cteegeecee
acaggactat
cegaceetge
tcteataget
tgtgtgecacg
gagtccaacc
agcagagcga
tacactaqgaa
agagttggta
tgcaagcagce
acgggygtcty

gtctaaaaag
tgatgcgatyg
taaccagaaa
actecgececggg
ggcggeegtyg
ccgcgacgtyg
ggcggacttg
aagcccttac
ggtcacggat
catcggeggt
tatcacgcag
agaacccgag
actcatttga
ggcegtcecga
gcecatgaagce
gcggtacgec
gagtaaatga
ggaaaatcaa
cggttggeca
caagcccegaqg
cgctgggtga
tcgaggcaga
aatccceggea
agcaaccaga
tcatggacgt
gctacgagcet
tgtgggatta
accgggaagy
tcaagttetg
tteggttaaa
tggtgacggt
ccgggeggee
aaggcaagaa
teggeegttt
tgttcaagac
ccgtgcegeaa
ggcaggetygyg
cecggttecta
gaaaaggtct
accggaaccce
tgactgatat
aaactcttaa
tgcaaaaagce
ctategegge
gcggacaage
gegegttteg
gcttgtetgt
ggcgggtgte
ttaactatgce
cgcacagatg
actcgcetgeg
tacggttatc
aaaaggccag
ctgacgagca
aaagatacca
cgcttaccegg
cacgetgtag
aaccccceegt
cggtaagaca
ggtatgtagg
ggacagtatt
gcectettgate
agattacgceg
acgctcagty

gtgatgtgta
agtaaataaa
ggcgggtcag
gccgatgtte
cgggaagato
aaggccatcg
gctgtgtceg
gacatatggg
ggaaggctac
gaggttgecg
cgcgtgagcet
ggcgacgctyg
gttaatgagg
gcgeacgeag
gggtcaactt
aaggcaagac
gcaaatgaat
gaacaaccag
ggcgtaageg
gaatcggegt
tgacctggtyg
ageacgececece
accgecggea
ttttttegtt
ggecegtttte
tccagacggy
cgacctggta
gaagggagac
ceggegagee
caccacgceac
atccgagggt
ggagtacatc
cceggacgtg
tctetaccge
gatctacgaa
gctgatcggyg
ccegatecta
atgtacggag
ctttcectgtyg
gtacattggg
aaaagagaaa
aacccgectg
gcctaccett
cgetggecge
cgcgeegteg
gtgatgacqgg
aagcggatgce
ggggegeage
ggcatcagag
cgtaaggaga
ctcggtegtt
cacagaatca
gaaccgtaaa
tcacaaaaat
ggcgtttece
atacctgtece
gtatctcagt
tcageccgac
cgacttatcg
cggtgctaca
tggtatctge
cggcaaacaa
cagaaaaaaa
gaacgaaaac
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tcacgttaag
taatatttta
tactgttctt
ttgtcegece
aagatgttgc
gtctttaaaa
tcgcaatcca
tctaagctat
tcegcecataca
aggacgccat
aggacctttg
acatcatagg
tctcccacca
tatttttcga
cttcctettt
ccaattcact

tgttttcaaa

cacaggcagc
gtgtttcaaa
agtctgeccge
atcgagtggt
gatatattgt
tttaatgtac
tggttttagg
agggtttctt
tgggaactac
ggatcgatce
gatgcgctge
gccgecaagce
cacacccagce
cggcaagcag
gagcctggeg
atcgacaaga
gtcgaatggg
ggatactttc
caatagcagc
gcecegtegtg
ggacaggtcg
ggcatcagag
agcggecgga
ctgcgaaagce
tccaaatgaa
cgtcatccct
gaacgtcttc
cggcagaggc
caccttcctt
ggaggtttcce
ctgtatcttt
aatccacttg
gtgggggtcce
tatcgcaatg
gacagatagc
tctcaatage
tgtcgtgetce
gcgttggeeg
tgagcgcaac
tatgcttceg
cagctatgac
gcaggcatgce
gcgttaccca
aagaggcceeqg
gcagcttgag
agattcaaat
gtctcttacg

ggattttggt
ttttctceca
cccecegatate
tgcecgettet
tgtctccecag
aatcatacag
catcggccag
tcgtataggg
gctcgataat
cggcctcact
gaacaggcag
tggtcectit
gcttatatac
tcagtttttt
tctacagtat
gttccttgea
gttggcgtat
aacgctectgt
cccggcaget
cttacaacgg
gattttgtgce
ggtgtaaaca
tgaattaacg
aattagaaat
atatgctcaa
tcacacatta
gaaccccaga
gaatcgggag
tcttcagcaa
cggccacagt
gcatcgccat
aacagttcgg
ccggcettcca
caggtagccg
tcggcaggag
cagtccctte
gccagccacg
gtcttgacaa
cagccgattg
gaacctgcegt
tcgagagaga
atgaacttcc
tacgtcagtg
tttttececacg
atcttgaacg
ttctactgte
cgatattacc
gatattcttg
ctttgaagac
atctttggga
atggcatttg
tgggcaatgg
cctttggtet
caccatgttg
attcattaat
gcaattaatg
gctcgtatgt
catgattacg
aagcttggea
acttaatcgce
caccgatcge
cttggatcag
agaggaccta
actcaatgac

catgcattct
atcaggcttg
ctccctgate
cccaagatca
gtcgeegtgg
ctcgegegga
atcgttattc
acaatccgat
cttttcaggg
catgagcaga
cttteccttee
ataccggctg
cttagcagga
caattccggt
ttaaagatac
ttctaaaacce
aacatagtat
catcgttaca
tagttgecegt
ctctcecget
cgagctgccg
aattgacgct
ccgaattaat
tttattgata
cacatgagcg
ttatggagaa
gtcccegcetca
cggcgatacc
tatcacgggt
cgatgaatcc
gtgtcacgac
ctggcgcgag
tccgagtacg
gatcaagcgt
caaggtgaga
ccgettecagt
atagccgege
aaagaaccgg
tctgttgtge
gcaatccatc
tagatttgta
ttatatagag
gagatatcac
atgctccteg
atagcctttce
cttttgatga
ctttgttgaa
gagtagacga
gtggttggaa
ccactgtecgg
taggtgccac
aatccgagga
tctgagactg
gcaagctgct
gcagctggcea
tgagttagcet
tgtgtggaat
aattcgagct
ctggeccgteg
cttgcagcac
cctteccaac
attgtcgttt
acagaactcg
aagaagaaaa

aggtactaaa
atccccagta
gaccggacgc
ataaagccac
gaaaagacaa
tctttaaatg
agtaagtaat
atgtcgatgg
ctttgttcat
ttgcteccage
agccatagca
tcecgtcattt
gacattcctt
gatattctca
cccaagaagc
ttaaatacca
cgacggagcce
atcaacatgc
tcttccgaat
gacgccgtcec
gtcggggagce
tagacaactt
tcgggggate
gaagtatttt
aaaccctata
actcgagcett
gaagaactcg
gtaaagcacg
agccaacgcect
agaaaagcgg
gagatcctcg
ccectgatge
tgctcgetceg
atgcagcege
tgacaggaga
gacaacgtcg
tgectégtec
gcgeccctge
ccagtcatag
ttgttcaatc
gagagagact
gaaggtcttg
atcaatccac
tgggtggggg
ctttatcgca
agtgacagat
aagtctcaat
gagtgtcgtg
cgtcttettt
cagaggcatc
cttecettttce
ggtttcccga
tatctttgat
ctagccaata
cgacaggttt
cactcattag
tgtgagcgga
cggtacccgg
ttttacaacg
atcccecettt
agttgecgecag
ccegecttea
ccgtaaagac
tcttegtcaa

acaattcatc
agtcaaaaaa
agaaggcaat
ttactttgce
gttcctette
gagtgtcttc
ccaattcggce
agtgaaagag
cttecatactc
catcatgccg
tcatgtcctt
ttaaatatag
ccgtatcttt
ttttagccat
taattataac
gaaaacagct
gattttgaaa
taccctcecge
agcatcggta
cggactgatg
tgttggctgg
aataacacat
tggattttag
acaaatacaa
ggaaccctaa
gtecgatcgac
tcaagaaggc
aggaagcggt
atgtcctgat
ccatttteca
cecgtcgggcea
tcttcegtceea
atgcgatgtt
cgcattgcat
tcectgeeceg
agcacagctg
tggagttcat
gctgacagcc
ccgaatagcee
cccatggtceg
ggtgatttca
cgaaggatag
ttgctttgaa
tccatctttg
atgatggcat
agctgggcaa
agccctttgg
ctccaccatg
ttccacgatg
ttgaacgata
tactgtcctt
tattaccctt
attcttggag
cgcaaaccgce
ccecgactgga
gcaccccagg
taacaatttc
ggatcctcta
tcgtgactgg
cgccagcetgg
cctgaatggce
gtttagcttc
tggcgaacag
catggtggag

cagtaaaata
tagctcgaca
gtcataccac
atctttcaca
gggcttttec
ttceccagttt
taagcggcetg
cctgatgcac
ttccgagcaa
ttcaaagtgce
ttcecegttee
gttttcattt
tacgcagegg
ttattatttc
aagacgaact
ttttcaaagt
ccgeggtgat
gagatcatcc
acatgagcaa
ggctgectgt
ctggtggceag
tgcggacgtt
tactggattt
atacatacta
ttcecttate
tctagctaga
gatagaaggc
cagcccatte
agcggtccege
ccatgatatt
tgcgegecett
gatcatcctg
tcgettggtyg
cagccatgat
gcacttecgcee
cgcaaggaac
tcagggcace
ggaacacggce
tctecaccca
atcgacagat
gegtgtcete
tgggattgtg
gacgtggttg
ggaccactgt
ttgtaggtge
tggaatccga
tcttectgaga
ttatcacatc
ctectegtgg
gcecttteett
ttgatgaagt
tgttgaaaaqg
tagacgagag
ctctceecge
aagcgggcag
ctttacactt
acacaggaaa
gagtcgacct
gaaaaccctg
cgtaatagcg
gaatgctaga
atggagtcaa
ttcatacaga
cacgacacac
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ttgtctactce
ttcaacaaag
ttattgtgaa
gaaaggccat
cgaggageat
gtgatatctce
cetetatata
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caaaaatatc
ggtaatatce
gatagtggaa
cgttgaagat
cgtggaaaaa
cactgacgta
aggaagttcea

aaagatacag
ggaaacctce
aaggaaggtg
gcctetgecy
gaagacgttc
agggatgacg
tttecatttgg

tctecagaaga
tcggatteca
gctectacaa
acagtggtcc
caaccacgte
cacaatccca
agagaacacg
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ccaaagggca
ttgececeaget
atgccatcat
caaagatgga
ttcaaagcaa
ctatcctteg
ggggactctt

attgagactt
atctgtecact
tgcgataaag
cceecaceea
gtggattgat
caagaccctt
gac ,
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