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Abstract

Ornithogalum virens is a plant of horticultural importance but recently researches
are focused on its medicinal importance. A simple reliable protocol has been
standardized for micropropagation of O. virens to produce a cytologically stable
progeny with least polysomatic variation of chromosome number. Among
different explants, bulb scales showed the maximum potential for organogenesis.
From a single bulb scale 37 bulblets have been produced within 16 weeks of
inoculation. A low concentration of auxin with different concentrations of
cytokinin is suitable for organogenesis. A higher level of auxin induces callus
formation. Bulblet production was the maximum in the medium supplemented
with 0.5 mg/l NAA and 2 mg/1 2iP. O. virens normally has a chromosome number
of 2n = 6. In nature it shows a common occurrence of polysomaty. The somatic
plates that deviate from normal 2n = 6 specially 2n = 12 are of quite common
occurrence (approximately 18 - 25% per root tip). Strikingly the tissue culture
regenerants show a uniform chromosome number 2n = 6, frequency of
polyploidy being negligible. RAPD profile of the explants and its regenerants are
almost same. Five primer sets give more number of bands with explants’” DNA.
Moreover, the intensity of the bands of source plant is sometimes more than that
of the regenerants. This may coincides with the fact that in the source plant the
somatic chromosome number is 2n = 6 and 12, whereas in regenerants it is 2n = 6.

Introduction

The generic name Ornithogalum is derived from the Greek word “Ornithos”
meaning bird and “gala” means milk. “Birds milk” was frequently used by
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Romans to indicate something wonderful (Smith 1966). The genus Ornithogalum
L. belongs Asparagaceae in the class Liliopsida. It contains 180 species found
in the temperate regions of Africa, Asia and Europe (Obermeyer 1978). The plant
bears the following common names: Star of Bethlehem, Sleepy-dick, Wonder
flower, South African star flower, Chincherinchee etc.

The plant for its beautiful white flowers is used as an ornamental garden
plant. In Kenya, it is being exported every year (Muthoka 2008). In India
Ornithogalum is priced for its beautiful flowers. The price ranges from Rs 5 to Rs
50 (INR) per bulb.

This plant is of immense medicinal importance but this aspect has been less
focused in earlier research work. However, previous studies on some other
Ornithogalum  species revealed the presence of steroidal glycosides
(Komissarenko 1971), monoterpenelactone (Tang et al. 2002) and homoisoflavone
(Kuroda et al. 2002) some of which were found to possess antimicrobial,
cytotoxic, cytostatic, anticancer, antioxidant, mould inhibiting and insect
deterrent properties (Ebrahimzadeh 2010). The naturally occurring compound
3B, 16B, 17a-trihydroxycholest-5-en 22-one 16-O (2-O-4 methoxybenzoyl-3-D-
xylopyranosyl)-(2-O-acetyl-a-L-arabinopyranoside) (OSW-1) is found in the
bulbs of O. saudersiae and is highly cytotoxic against tumor cell lines. It shows
high cytotoxic activity against cancer cells in vitro (Zohu et al. 2005). But those
species are commonly not available in our localities in India. Intensive work on
this aspect is yet to be done in Ornithogalum species available in adjoining
localities.

O. umbellatum is highly valued in homeopathy medicines. The diluted
extracts are useful in the treatment of stomach upsets such as gastric ulcers,
peptic ulcers, duodenal ulcers acidity etc. Thus on the basis of recent
phytochemical research, Ornithogalum is highly valued as an important
medicinal plant.

The species of Ornithogalum are temperate; hence it is quite difficult to work
with it in tropical regions. Moreover, the rate of propagation of the plant is as
slow as 4 - 6 plantlets annually (Nayak 2005). Therefore, to work with a large
population of O. virens, tissue culture is perhaps the only way.

The genus Ornithogalum is normally propagated vegetatively through bulbs.
Propagation through seeds is almost impractical as it takes too long to germinate
and ultimately to flower (Karaguzel et al. 2012). Moreover the propagules,
namely the bulbs often get infected by a soil borne bacterium Erwinia carotovora
causing in some years 100% crop loss (Mbaka 2003). Hence, the convenient way
to propagate the plant, especially in warmer climates is through tissue culture. In
this study, authors have focused on formulating a protocol for direct
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organogenesis of O. virens. Moreover, cytological studies of this plant species
show a great variation in somatic chromosome number, 2n = 6 being normal but
in in vivo system 2n = 12 is of frequent occurrence. Strikingly, the tissue culture
grown plants maintain a uniformity of chromosome number where the somatic
chromosome number is 2n = 6 being almost constant.

Materials and Methods

O. virens is a bulbous perennial plant exotic to India but grows wild in temperate
north and north east. The leaves are linear and basal with long inflorescence
stalks. The bulbs were collected from Surajmukhi Nursery stores, Darjeeling and
were duly identified. A few of the bulbs were planted in the greenhouse, some
were used for tissue culture and rest were wrapped in blotting paper and stored.

For the purpose of in vitro culture of O. virens, five different types of
explants, namely bulb scales, leaf apices, leaf bases and inflorescence stalks, and
small whole bulbs were used. Among all these, scales of small to medium sized
bulbs (L x B: 1 -3.8 x 0.7 - 2.8 cm) gave the best results. The larger bulbs (L x B: 3 -
5 x 3 - 5) remain quiescent for a longer time (17 - 21 days) after inoculation in the
media while the smaller ones respond within 7 days. After removal of the outer
dry scales, bulbs were washed rigorously in tap water followed by rinsing them
several times with distilled water. Thereafter, the bulbs were soaked in 1%
Bavistin solution for about 45 min. The bulbs were again washed thoroughly
with distilled water and soaked in a solution of 0.05% mercuric chloride. After 30
min, the bulbs were washed in sterile double distilled water for 5 times. Some of
the bulbs were cut to pieces to have the scale leaves and some smaller (L x B 0.5 x
0.5 cm) ones were kept intact and all were transferred to MS.

MS was prepared using synthetic media powder (Hi-Media Cat No PT 021).
The medium was supplemented with 3% (w/v) sucrose (Merck) and 0.81% agar
(Qualigen, USA, Bacteriological grade). In accordance with the requirement,
different combinations of plant growth regulators (Sigma Aldrich, USA) like 1-
NAA, IAA, BAP, 2iP, Kn, 2, 4-D were used. The pH was adjusted to 5.74 (+ 0.02).
The media was autoclaved at 121°C temperature and 17 Ib pressure for 20 min.

The cultures were maintained at a temperature of 22°C (+ 2) and at 16 : 8
(Light : dark) photoperiod (Light intensity: 100 pmol/m?/s). The sub-culturing
was done every three weeks. For each set of plant growth regulator
combinations, 3 sets of replica were prepared.

Eighteen week old regenerated plants, with young bulbs each approximately
L xB 05-25x 0.7 -3 cm in size were transferred to MS basal medium
supplemented with 0.8% agar and maintained for two weeks and then



4 Bhattacharya et al.

transferred to pots containing a sterile mixture of soil and soilrites (Keltech
Energies Ltd., India) in 1 : 1. After a month, plants were shifted to the greenhouse
and after another month they were kept in natural weather conditions.

Root tips were collected from the source plants and as well as tissue culture
raised regenerants. The roots were pretreated with a mixture of (0.5%) colchicine
(Sigma- Aldrich, USA): super saturated para-di chlorobenzene (Sigma- Aldrich,
USA) (1 : 2) for 5 hrs at 12°C. Roots were then fixed in 1 : 3 acetic acid:ethanol
and duly stained and squashed following aceto-orcein technique (Sharma and
Sharma 1980). Karyogram and idiograms were prepared using ProGres, Jenoptik
software.

Extraction and purification of the DNA from leaf tissue of the source plant as
well as tissue culture regenerants were done using Qiagen DNeasy mini kit (Cat.
No. 69104). Concentration and purity of the extracted DNA were checked in a
Nanodrop (Eppendorf, Germany). For carrying out PCR a total volume of 25 ul
of reaction mixture for each set of template and primer was prepared. Each
reaction set contained 5 pl of Green Go Taq Flexi buffer (Promega), 3 ul of MgCl,
(Promega), 0.25 pl of Taq polymerase (Promega, USA), 0.5 pul of nucleotide mix
(Biolines, London) of 100 pM concentration, 2 pl of decamer primers (IDT)
(Details of primer sequence and their respective Tm are mentioned in Table: 4) of
10 uM concentration and 25 ng of template DNA. After PCR, the products were
subjected to gel electrophoresis, in a 1.8% agarose (SRL, low EEO) slab using 1X
TAE buffer along with a standard of 100 bp (NEB: N3231S). The visualization
and documentation of the gel were done using gel doc of Kodak Molecular
imaging software.

Results and Discussion

The plant parts those were used as explants on media consisted of leaf tips, leaf
bases, inflorescence stalks, bulb scales and small whole bulbs. Of these, bulb
scales and whole bulbs showed the maximum potential for direct organogenesis
while other explants get browned and withered within two weeks from the date
of inoculation. Fifty per cent of the bulbs sprouted within seven days of
inoculation and within 24 days 90% of the bulb scales and 100% of the whole
bulbs sprouted. The cultures were maintained in different sets with one set in MS
basal while others were supplemented with either 0.5 mg/l NAA or 0.5 mg/l IAA
each in combination with varying concentrations of BAP. For each set 5 replicates
were made. In MS basal medium sprouting started within 7 days and 90% of the
explants showed shoot initiation. In the sets those supplemented with plant
growth regulators, initiation was a little delayed. Within 12 days 60% of the
explants started sprouting. Among total successful shoot initiation, 70% of the
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shooting started as adventitious shoot either from the inner side of the bulb scale
or in between two scale leaves and in rest 30% greening of the adaxial portion of
the scale leaves were noticed which after another week led to shoot initiation.
Strikingly time span for shoot initiation was little shorter in case of the scale
leaves rather than whole bulbs. For scale leaves, it was seven days but for whole
bulbs, shooting started on the 10th day. Shoot initiation was best in the media
supplemented with 0.5 mg/l NAA and 2 mg/l BAP while shoot proliferation was
best in PGR combinations 0.5 mg/l NAA and 1 mg/l BAP (Table 1).

Table 1. Effect of different combinations of plant growth regulators (PGR) on shoot
induction and shoot proliferation.

Sl PGR Shoot induction Shoot proliferation
No. composition (after 2 weeks) (after 3 weeks)
1. MS 2.37 (£ 0.20) 0.9 (= 0.25)

2. 0.5 mg/l NAA + 0.5 mg/l BAP 2.28 (£ 0.79) 7.0 (x0.26)

3. 0.5 mg/l NAA + 1.0 mg/l BAP 2.002 (+0.24) 8.2 (x0.39)

4. 0.5 mg/l NAA +2.0 mg/l BAP 3.02 (+ 0.85) 8.02 (+0.52)

5. 0.5 mg/l NAA + 3.0 mg/l BAP 2.33 (£ 0.66) 5.02 (£ 0.18)

6. 0.5 mg/l IAA + 0.5 mg/l BAP 2.00 (£ 0.23) 1.2 (£0.19)

7. 0.5 mg/l IAA +1.0 mg/l BAP 2.2 (£0.16) 5.9 (£0.32)

8. 0.5 mg/l IAA + 2.0 mg/l BAP 1.4 (£0.02) 6.3 (+0.12)

9. 0.5 mg/l IAA + 3.0 mg/l BAP 1.2 (£ 0.12) 3.2 (x0.70)

Each value represents the mean of five replica sets + standard error. For induction and
proliferation of bulbs p < 0.05, hence, the variation is not significant.

After 14 days when shoots were 3 - 5 cm long in average (Fig 1D) they were
transferred to MS containing 0.5 mg/l NAA or 0.5 mg/l IAA in combination with
a series of Kn. From 25% of the explants grown in a combination of 0.5 mg/l
NAA and 1.0 mg/1 Kn, roots emerged on the 7th day, but for other combinations,
the time span was 12 - 13 days in average. Elongation of root was maximum in
the medium supplemented with 0.5 mg/l NAA and 3 mg/l Kn. It was measured
7.80 cm (+ 0.31) long on the 21st day. Root multiplication was maximum in the
medium containing 0.5 mg/l NAA and 1mg/l Kn (Table 2).

After one month the shoots with 3 - 4 cm root length approximately, were
transferred to MS supplemented with 0.5 mg/l NAA or IAA each in combination
with 2iP of gradual increasing concentration (0.5, 1, 2 and 3 mg/l 2iP). Small
bulbs of 0.4 - 0.5 cm diameter appeared after 28 days when grown in
combination of 0.5 mg/l NAA and 0.5 mg/1 2iP (Table 3).
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When the medium was supplemented with 2,4-D in different concentrations,
callus was formed. Calli were whitish in color, soft and fragile in nature (Fig. E
and F). The first undifferentiated mass was formed after 14 days of inoculation.
Callusing was highest in MS supplemented with 2 mg/12,4-D.

Table 2. Effect of different combinations of plant growth regulators (PGR) on root
induction and root proliferation (after 3 weeks).

Sl PGR Root Root

No.  composition induction proliferation
1. 0.5 mg/l NAA + 0.5 mg/l Kn 3.20 (£ 0.36) 3.70 (x0.2)

2. 0.5 mg/l NAA +1.0 mg/l Kn 3.34 (£ 0.42) 6.30 (+ 0.40)
3. 0.5 mg/l NAA +2.0 mg/l Kn 8.00 (x 0.69) 17.20 (+ 0.15)
4. 0.5 mg/l NAA + 3.0 mg/l Kn 6.26 (+ 0.36) 13.50 (+ 0.65)
5. 0.5 mg/l IAA +0.5mg/l Kn 2.31(x0.12) 3.52 (+0.15)
6. 0.5 mg/l TAA +1.0 mg/l Kn 2.75 (£ 0.25) 4.25 (£ 0.52)
7. 0.5 mg/l IAA +2.0 mg/l Kn 3.32 (£ 0.16) 9.56 (+0.36)
8. 0.5 mg/l IAA + 3.0 mg/l Kn 2.06 (£ 0.62) 7.22 (+0.39

Each value represents the mean of five replica sets + standard error. For induction and
proliferation of bulbs p < 0.05, hence, the variation is not significant.

Table 3. Effect of different combinations of Plant Growth regulators (PGR) on root
induction and root proliferation (after 4 weeks).

Sl PGR composition Bulb induction Bulb proliferation
No.

1. 0.5 mg/l NAA + 0.5 mg/1 2iP 1.00 (x0.316) 4.4 (x0.9)

2. 0.5 mg/l NAA + 1.0 mg/1 2iP 1.80 (x0.374) 7.5 (£0.24)

3. 0.5 mg/l NAA + 2.0 mg/1 2iP 2.00 (x0.316) 7.8 (x0.82)

4. 0.5 mg/l NAA + 3.0 mg/1 2iP 1.00 (+0.32) 3.4 (x.03)

5. 0.5 mg/l IAA + 0.5 mg/1 2iP 1.20 (£0.36) 3.9 (x0.36)

6. 0.5 mg/l IAA + 1.0 mg/1 2iP 1.50 (x0.12) 6.32 (+0.52)

7. 0.5 mg/l IAA + 2.0 mg/1 2iP 1.60 (+0.32) 5.01 (+0.58)

8. 0.5 mg/l IAA + 3.0 mg/1 2iP 0.92 (+0.65) 4.23 (+0.25)

Each value represents the mean of five replica sets + standard error. For induction and
proliferation of bulbs p-value < 0.05, hence, the variation is not significant.

The explants used for the purpose was bulb scales only. The other explants,
namely leaf tip, leaf base, inflorescence stalks get browned within in a week.
Onohua et al. (2011) have also reported typical browning of explants and the
culture media during in vitro propagation of some Musa species. This is perhaps
a consequence of polyphenol secretion in the media by the explant. These
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polyphenols are oxidized by polyphenol oxidases, peroxidases etc. (EI-Shafey
et al. 1999). These ultimately lead to formation of toxic quinines (Hu and Wang
1983) which causes tissue death.

Table 4. RAPD analysis with DNA from explant and tissue culture regenerants: List of
Primers, their banding patterns with molecular weight and annealing temperature.

Sl.  Primer Total no. of  Total no. of Band range Tm  Figure
No. sequence bands in bands in in bp °C  reference
source plant regenerants
1. 5 "TGCCGAGCTG3”’ 10 10 1517 - 15.66 38 7A
2. 5"GAAACGGGTG3” 12 12 1483 - 200 38 7A
3. 5'GTGATCGCAG?3’ 15 13 1503 - 117.8 39 7A
4. 5"CAGCACCCAC3’ 8 8 1500.3 - 120 39 7A
5. 5 CAAACGTCGG3’ 10 10 1533.7 -241.7 38 7A
6. 5 AAAGCTGCGG 3” 8 8 1517 - 142.2 38 7A
7. 5 TGCGTGCTTG 3° 9 9 1450 - 193.3 38 7A
o SCACACICCAGY [ o e w7
10. _. . 10 10 1450.3-73.33 39 7A
11. 5 ; GGGTCGCATC 3 ; 6 7 1550.4-97.78 40 7A
12. O CCACAGCCGA3 11 1567.1-151.1 40  7A
13. 9 GIGCGAGAAC3 9 9 1552-177.1 40 7B
14. 5 TGCGGGTTCC3 15 11 1481-79.17 38 7B
15. 5 CTTCGGTGTG 3’ 13 13 14463-3125 38 7B
16. 5 GTTCGCTCCC3’ 12 12 1481-2125 38 7B
17. 5"GAGCTGGTCC 3" 12 12 1534.6 - 210 39 7B
18. 5" AGGCCGGTCA 3" 11 9 967.5 - 189.6 40 7B
19. 5" AAGTGCCCTG 3" 10 10 1146.6-193.8 38 7B
20. 5"TCATCCGAGG 3~ 6 12 1464 - 77.08 39 7B
21. 5" ACCAGGTCAC3~ 8 7 1522.2 - 280 40 7B

Within seven days of media inoculation, the first shoot was initiated on MS
(Fig. 1B). Supplementation of BAP with a low concentration of NAA also helped
initiation. When NAA was replaced by IAA, the rate of shoot induction was little
slower. These supplementations also resulted in shoot elongation as well as
multiplication. Jafari et al. (2011) have reported similar findings while
micropropagating Musa. According to them a higher concentration of BAP is
required for the purpose of shooting. Theoretically, BAP reduces apical
dominance thus inducing the
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Fig. 1. Micropropagation of Ornithogalum virens. A. 0-day-plant on basal medium, B and
C. Shoot initiation in medium containing 0.5 mg/l NAA and 2 mg/l BAP, D. 14-days-
old callus (2 mg/l 2,4-D), E. 30 days old callus(2 mg/l 2,4-D), F. 45-days-old callus (2
mg/l 2,4-D), G. root induction (0.5 mg/l NAA and 2 mg/l Kn), H. tissue culture
regenerated bulb (0.5 mg/l NAA, 2 mg/l 2iP; I and J. Full grown plant, K. Plants on
hardening, L. Six-Months-old plant with inflorescence.
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formation of either axillary or adventitious shoots (Jafari et al. 2011).
Seyyedyousefi et al. 2013, found similar result in Alstroemeria. While working
with Allium sativum, Roksana et al. (2002) also reported similar results. Culture
medium supplemented with 1.5 mg/l BAP and 0.5 mg/l NAA elicit shoot
initiation response in 90% of the explants. The root was initiated in the media
supplemented with low NAA or IAA in combination with Kn (Fig 1G).
Normally Kn inhibits root initiation. According to Wang et al. (2002) it stimulates
ethylene biosynthesis under some conditions thus preventing rooting. In present
experiment, opposite result is obtained. Kn supplementation in media resulted in
root induction. Sharma (1993) reported induction of root by Kn in Commiphora
wighti and C. agallocha. Ahuja (2000) reported similar results in Tinospora
cordifolia. Deshwal and Trivedi (2011) have also reported similar results i.e., Kn
induces tuberous root formation in Chlorophytum borivilianum.

Normally in tissue culture bulbs are induced by stress. The stresses of
different kinds such as higher sucrose concentration, water stress induced by
mannitol or polyethylene glycol in the media or even temperature shock result in
bulblet formation. In our experiment bulbs were induced in the medium
supplemented with NAA and 2iP. From a single bulb scale, 15 - 37 bulblets have
been produced within 16 weeks of culture (Fig. 1H). Uranbay (2010) reported
similar results in bulb induction in Muscari aucheri in the medium supplemented
with 2iP. Keller (1993) reported bulb formation in onion and leek when grown in
the medium supplemented with 150 g/l sucrose instead of normal 3%. In our
experiments bulb induction took place in MS fortified with 3% sucrose and
supplemented with 0.5 mg/l NAA and 0.5 mg/1 2iP (Fig. 1H).

The karyotype from the root of the source plant of O. virens (Fig. 2) shows
either (2n = 6 or 2n = 12 chromosomes. The frequency of 2n = 6 is higher (70 -
75%) while remaining 25 - 30% show 2n = 12 chromosomes. From the i-values of
the chromosomes, it seems all the chromosomes are acrocentric (St) for both
2n = 6 and 12. The chromosome lengths ranged from 7.684 to 9.84 um for 2n = 6
chromosomes and 6.7082 to 8.933 um. The pair of longest chromosomes of the 2n
= 6 plate has a hook like structure on their short arm. This hook is not prominent
among 2n =12 chromosomes (Fig. 3A).

Cytology of calli revealed a high frequency of numerical abnormality of
chromosomes. The lowest number recorded was 2n = 3 (Fig. 6B) and the highest
was 2n = 76 (Fig. 6A) along with some normal 2n = 6 chromosomes (Fig. 6C).

Cytology of in vitro grown roots reveals only 2n = 6 chromosomes (Fig. 5A),
the frequency of 2n = 12 being almost absent. The morphology of chromosomes
is similar to that found in the source plants.
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Fig. 2. Mitotic metaphase plate of O. virens showing polysomaty, 2n = 6 and 2n = 12. Fig. 3A, B.
Metaphase plate of source plant showing 2n = 6 chromosomes and its idiogram; Fig. 4A,B.
Metaphase plate of source plant showing 2n = 12 chromosomes and its idiogram. Fig. 5A, B.
Metaphase plates of roots of regenerated plant showing 2n = 6 chromosomes and its idiogram;
Fig. 6A,B,C. Callus cytology of O.virens showing hyperploidy (2n = 72), hypoploidy (2n = 3) and
normal 2n=6 chromosome, respectively. Fig. 7A, B. RAPD analysis of source plants and tissue
culture regenerants: The lane marked as marker is a 100 bp ladder in both ;
A,CE,GLKM,0,Q,SUW of figure 7A and A,C,E,GLK,MO,Q of 7B are of source plant DNA
and B,D,F, H,J,L,N,P, R, T, V, Xof figure 7Aand B, D, F, H, ], L, N, P, R of 7B are of DNA
from tissue culture regenerants. Primer details are given in Table 4.
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Ornithogalum is reported to show a high degree of cytological differentiation.
In India the species O. virens, O. thyrsoides and O. umbellatum are found to occur,
the former being a tropical species whereas the latter two remain confined in the
temperate region. Of these, the last two species have been reported to differ
significantly in their karyotype. Such variation has been well studied in several
species outside India. Kushnir and Galil (1977) grouped different species of
Ornithogalum into three different pairs based on karyological differences
correlated with dissimilarities in external morphology. Couderc et al. (1985)
found the chromosome numbers of O. divergens vary within different
populations, different individuals of the same population or between different
organs in the same individual. It is to be mentioned here that O. divergens is a
synonym to O. umbellatum. Rammsdonk et al. (1987) described O. umbellatum
representing a polyploid-complex with chromosome number ranging from 2n =
18 to 2n = 54 (thus having basic chromosome number x = 9). Moretand and
Gallard (1991) identified this polyploidy complex to three morphs (2n = 2x = 18),
triploid morph (2n = 3x =27 ) and ploidy morph above 3x (2n =4x =36 ; 2n = 5x =
45; 2n = 6x = 54). Karyotype study of a haploid set of this species reveals one SAT
chromosome of the medium size, three large and three small chromosomes each
with a submedian centromere (Czapik 1968). Triploidy progenies in this species
show a wide range of chromosome variation from 2n = 18, 30, 32, 36. Griesbach
et al. (1993) studied the karyotype of O. thyrsoides which contains 5 pairs of long
and one pair of short chromosomes having somatic chromosome number 2n = 12.
However, in our lab we have found O. thyrsoides to possess a bimodal karyotype
which varies in having 8 long and 4 short chromosomes or in some plants 10
long and 2 short chromosomes. O. virens contains almost symmetrical karyotype
having 2n = 6 with acrocentric chromosomes. However, some cells of the same
plant was found to possess 2n = 12 chromosomes indicating polysomaty. From
the morphology of the chromosomes, it seems that 2n = 12 may be a whole
genome duplication of 2n = 6 chromosomes.

The basic chromosome number of Ornithogalum in sub-Sahara members was
found to be x = 6 but the Eurasian members have the base number of x =7, 8, 16
(Goldblatt and Manning 2011). O. umbellatum polyploidy series show a base
number x = 9. It is evident that as Ornithogalum is chiefly propagated
vegetatively, it might be one of the reasons for such chromosomal variation.
Keeping in mind about the different basic numbers, the occurrence of smaller
number of aneuploids in this genus is possibly due to the elimination of
additional chromosomes (Czapik 1968).

The cytological study of the callus shows a great variation in chromosome
number that ranges from 3 to 72. Hence, aneuploidy, as well as polyploidy
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prevails in callus condition. Significantly, such variations in the ploidy level in
this species are not found from the roots grown in vitro. Perhaps it is due to
selection pressure during organogenesis, whereby cellular totipotency has
selectively played the role in formation of organ. The cells which are highly
polyploid lose their potential to differentiate (Jha and Sen 1987). The presence of
polysomaty in the roots of the source plant but its absence in the tissue culture
derived regenerants is quite unusual. This aspect needs further investigation.
The RAPD analysis of the source plant and its regenerants shows that the
regenerants and source plant give almost equal number of bands when annealed
with similar primer. Five primer sets produce a greater number of bands in
which the DNA of the source plant is used as a template (Table 4). Moreover, the
intensity of the bands of the source plant was observed to be more than that of
the regenerants. This perhaps is in agreement with the fact that in the source
plant the somatic chromosome number is 2n = 6 and 12, whereas in regenerants it
is always 2n = 6.
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