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An analysis of five 10-year-old U. victoris cell lines of common origin revealed mixoploidy, significant level
of cell polyploidization, quantitative and qualitative changes in individual RAPD-fragments. No regularity
was observed in the lines clustering depending on the nutrient medium phytohormone composition or
genealogy of the lines. The cytogenetic, molecular and genetic approaches are recommended to ensure
reliable determination of somaclonal changes, because the variations in ploidy levels do not always result
in the RAPD-polymorphism.
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Introduction. The in vitro culture of plant tissue and
cells has received wide application in biotechnology
for   microclonal reproduction and improvement of
plants, obtaining biologically active phytogenous
substances, mutagenesis and selection of cells with
certain properties, cryoconservation, and other
methods of preserving gene pool. Since in vitro
cultivation of plant tissues and cells is known to result
in various changes in genome, the control of genetic
stability of plant material  is of special importance [1,
2]. The polymerase chain reaction with random primers 
(RAPD-PCR) is the most frequently used method of

molecular and genetic analysis [3-7], however, little is
known about the accuracy of this method in estimating
genetic stability of cultivated tissues, since variability
of in vitro culture may be presented by not only
changes in of DNA sequence but reconstructions on the 
level of karyotype as well.

The aim of this work was to compare results of
estimating genetic stability of cultivated plant tissues,
obtained via cytogenetic and RAPD-analysis. In
particular, we presented the results of investigation on
a group of long-time cultivated U. victoris Vved. ex
Artjushenko cell lines, Amaryllidaceae family, which
is a rare medicinal plant, endemic of Pamirs-Altai
region. All the lines analyzed were obtained from one
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bulb and grown on agarose nutrient media of different
composition.

Materials and Methods. We analyzed five lines of 
cultivated U. victoris cells, obtained from one plant out
of natural population (Tajikistan), which were grown
on nutrient media with different composition of
microelements, sucrose, and biologically active
additives for 10 years [8].

A cytogenetic analysis was performed via
calculation of the number of chromosomes in
metaphase plates on preparations, made from different
parts of callus tissue using a modified method of
squashed aceto-orcein  preparations [9]. Callus tissues
were selected at the same time on the 5th, 8th, and 13th

days of passage in the period of high mitotic activity of
cells. The data on chromosome number in three
samples were combined in the general pool.

As U. victoris chromosomes are rather long, the
calculation accuracy depended on their quantity. The
metaphases with up to 3n chromosome number were
counted with accuracy of one chromosome,
metaphases with 4n-6n number –   two chromosomes,
the ones with over 6n number –  three-four
chromosomes. For the purposes of statistical
processing, the row of chromosomal numbers,
obtained in the research, was divided into the following 
classes: near-haploid (up to 17 chromosomes),
near-diploid (17-27 chromosomes), near-triploid
(28-38 chromosomes), near-tetraploid (39-49
chromosomes), near-pentaploid (50-60 chromosomes), 
near-hexaploid (61-71 chromosomes), near-heptaploid 
(72-82 chromosomes), and near-octaploid (83-93
chromosomes), etc.

The significance of discrepancies was defined
according to Student’s t-criterion.

DNA extraction from calli and RAPD-PCR were
performed by the previously described methods; earlier 

selected 24 ten-bases primers of random sequence were 
used [10]. PCR was repeated at least twice, taking into
account only well visible amplicons reproduced in
repeated reactions. Quantitative differences in
amplicon spectra were considered if difference in
fluorescence intensity was at least three times.

The data for quantitative estimation of
RAPD-polymorphism were presented in a binary
matrix, where presence or absence of a fragment of
certain type in spectrum was marked as “1” or “0”,
respectively. The genetic distances were determined
using obtained matrix by Nei’s method [11]; clustering
analysis was performed by UPGMA; PopGen software
was used for calculations [12].

Results and Discussion. The chromosomes of five
10-year-old U. victoris cell lines of common origin,
grown at nutrient media of different composition were
counted   (Fig.1).

The literature data for diploid number of U. victoris
chromosomes is 2n=22 [13]. The analysis revealed
investigated callus lines to be mixoploid cell
populations. The number of chromosomes in specific
cells ranged from haploid to hyperhaploid sets (Fig.2),
except for line No.9a, where maximal number of
chromosomes was only about near-haploid set.
Aneuploid cells of all ploidy levels comprised a
considerable part of the population, their relative
amount in all lines was 50%.

The significant differences were determined in
structure of cell populations of several U. victoris lines, 
obtained from one bulb (Fig.3). The majority of cells in 
lines No. 2 and 9a had di- and near-diploid set of
chromosomes (82.3 and 85.4%, respectively), and the
lines did not differ in distribution of the number of
chromosomes. The lines No.6 and 7 were more
heterogeneous in their composition, their modal class
included tetra- and near-tetraploid cells (57.8 and
49.5%, respectively). Besides, they differed in the size
of near-diploid, near-triploid, and near-pentaploid
classes. The line No.3 proved to be the most
heterogeneous one, as its cells were presented in three
main classes, namely, di- and near-diploid cells
(41.5%), tri- and near-triploid cells (32.1%), tetra- and
near-tetraploid cells (17.9%).

According to the structure of cell populations, the
lines can be divided into three groups: lines No.2 and
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Fig.1 Genealogy of U. victoris cell lines: nutrient media and
number of passages (in brackets)



9a, where the majority of cells had di- and near-diploid
set of chromosomes; lines No.6 and 7 with prevailing
tetra- and near-tetraploid cells, and line No.3,
presented by near-diploid and near-triploid classes
mainly. No connection between such distribution of
lines and their genealogy was observed.

Besides, RAPD-PCR was used for molecular and
genetic analysis of cultivated cells of investigated
U. victoris lines (Fig.4) with 24 decanucleotide
primers, the number of amplified fragments depending
on a primer ranged from 4 to 16 (9.9 per primer on
average), and sizes varied from 280 to 1990 b.p. The
total amount of considered amplicons was 238.
Differences between callus lines were detected in nine
(3.8%) fragments from nine primers spectrum. The
amount of polymorphic fragments, demonstrating
differences between specific line pairs, ranged from
two to seven. It should be noted that polymorphism of
RAPD-products was principally reflected in
quantitative variability of amplicons, namely, in the
changes in fluorescence intensity (Fig.4), except for
two amplicons, where differences were seen in the 
presence of different objects in DNA amplification
spectra.

The genetic distances between callus lines were
calculated on the basis of RAPD-analysis  (Table),
their values varied from 0.84 to 2.99% (average value – 
1.84%).

A dendrogram of genetic similarity, built using
UPGMA according to genetic distances, revealed two
clusters in  the cell lines, the first one containing lines
No.2, 6, and 7, and the second – lines No.3 and 9a
(Fig.5). No regularity was observed in the lines
clustering depending on the growing “history”.  Also
there was no correlation between the changes of some
fragments and th conditions of cultivation.

Therefore, the results of cytogenetic, molecular and 
genetic analysis of five callus lines of U. victoris,
obtained from one plant, gave evidence to their
divergence due to growing on media of different
composition for 10 years. The investigated lines were
presented by heterogeneous mixture of cells of
different ploidy level in different ratio; some lines had
an evident modal class of diploid or tetraploid cells,
while we failed to reveal   a separate modal class in the
rest.

The main interline difference, found by
RAPD-analysis, is a variability of quantitative
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Fig.2 Metaphases with different number of chromosomes in U. victoris tissue culture (2n=22): a – 11 chromosomes; b – about 44
chromosomes. Ruler – 10 µm.
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Fig.3 Distribution of metaphases regarding the number of chromosomes in U. victoris cell lines: a – No.2, N = 328; b – No.9a, N = 281; c –
No.3, N = 340; d – No.6, N= 192; e – No.7, N = 279 (N – number of studied metaphases)

Fig.4 Quantitative (a) and qualitative (b) polymorphism of
fragments in RAPD-spectra of U. victoris cell lines (primers A16
and A11, respectively): 1-5 – lines No. 2, 3, 6, 7, and 9a,
respectively; M – molecular weight marker. Arrows indicate
polymorphic amplicons.

Fig. 5 Dendrogram of genetic similarity of callus lines of U.
victoris, obtained from one plant, built using UPGMA method
according to Nei’s genetic distances



representation of amplicons with some cases of their
presence/absence in DNA amplification spectra. We
believe that the most probable reason of quantitative
variations of separate fragments in RAPD-spectra is a
change of ratio between different classes of cell
population, when some of them contain this fragment,
while others do not. The analysis of random sites
showed the fraction of variable parts of genome to be
3.8% and genetic distances between separate lines
ranged from 0.84 to 2.99%.

Neither cytogenetic nor RAPD-analysis revealed
regularities in the cell line clustering depending on the
medium composition or genealogy. These results
contradict the data of research, showing the influence
of phytohormone composition of nutrient medium on
ploidy of cultivated tissues [14, 15] and formation of
specific RAPD-profiles [16, 17]. We assume the
genome changes, observed on   the level of
chromosomes as well as on the DNA level are not
modulated by the components of nutrient media,
presence, concentration or ratio of phytohormones,
being of accidental nature.

No relationship was observed between the genome
changes of callus lines of U. victoris, determined via
cytogenetic and molecular and genetic analysis (Fig.2,
3); with the exception of lines No.6 and 7, that having
similar RAPD-profiles differed by proportion of cell
classes with different chromosome number, while
RAPD-analysis revealed lines, similar in cytogenetic
structure of cell populations, to be genetically distant.

Our results are in good agreement with the
experimental data of other authors, testifying to the fact 
that cultivation of plant tissues in vitro induces genome
changes, which influence both karyotype and DNA
sequences. However, it should be noted that the

changes in amount of chromosomes and variability of
DNA sequences in tissue culture may be quite
independent.

The analysis of experimental works revealed only
several cases of simultaneous detection of
abovementioned variability types by cytogenetic and
molecular and genetic methods for the purpose of
investigation on somaclonal variability. For instance,
the changes on both chromosome and molecular levels
in in vitro culture were simultaneously observed in
regenerant plants [1, 2]. On the other hand, some data
show the absence of changes in molecular markers
related to the variations in ploidy of callus cultures [5,
7, 18, 19] and regenerant plants [3-7], as well as to the
structural reorganization of chromosomes [6, 7]. Only
one analyzed work described a different picture –
regenerants of Melia azedarach were characterized by
both high chromosome stability and high level of
RAPD-polymorphism [20].

The question remains: how can these discrepancies
in data of different researchers be explained, and of
what consequences may they be for biotechnological
practice? First and foremost, it is related to the
possibilities of both analytical methods   and specificity 
of changes which they may detect. For instance,
karyotype variability, manifested by change in
chromosome number, does not entail changes in DNA
sequences. It is also true that point mutations,
microdeletions, inversions, etc are hardly revealed via
cytogenetic analysis since it allows estimating
heterogeneity of cell population and analyzing its
structure, while molecular and genetic analysis reveals
changes on DNA level, related to the major part of cell
population, but is not sensitive to the emerging and
vanishing of minor cell classes with reconstructed
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No. of callus line
Genetic distances, %

Callus line No.2 Callus line No.3 Callus line No.6 Callus line No.7 Callus line No.9a

2 – – – – –

3 2,55 – – – –

6 1,27 2,12 – – –

7 1,27 2,99 0,84 – –

9à 2,55 0,84 2,99 2,99 –

Nei’s genetic distances between callus lines of U. victoris, calculated using results of RAPD-analysis



genome. These methods characterize different aspects
of genome variability that may be of considerable
impact on the characteristics of cultivated tissues and
regenerant plants. Therefore, accurate and reliable
estimation of genetic stability of plant material,
obtained from in vitro tissue cultures, requires
simultaneous application of several approaches.

Conclusions. Long-term cultivation of the
U. victoris tissue cultures is characterized by
mixoploidy, significant level of cell polyploidization,
divergence of genetic structures of cell populations of
callus lines, obtained from one bulb as well as by
quantitative and qualitative changes in single
RAPD-fragments. There is evident stochastic nature of
certain variations of a genome with no dependence on
the concentration and phytohormone ratio either  at the
level of chromosome number or   the DNA level. The
cytogenetic, molecular and genetic approaches are
recommended to ensure complete and accurate
determination of somaclonal changes, because the
variations in ploidy levels do not always result in
RAPD-polymorphism.

Î. Ì. Áóá ëèê, ². Î. Àíäðººâ, Ê. Â. Ñï³ð³äî íî âà, Â. À. Êó íàõ

Ñî ìàê ëî íàëü íà ì³íëèâ³ñòü Ungernia victoris:

 íå îáõ³äí³ñòü êîì ïëåê ñíî ãî ãå íå òè÷ íî ãî àíàë³çó

Ðå çþ ìå

Àíàë³ç ï’ÿ òè êë³òèí íèõ ë³í³é U. v³ctor³s ñï³ëüíî ãî ïî õîä æåí íÿ,
âè ðî ùó âà íèõ ïðî òÿ ãîì 10 ðîê³â, âè ÿ âèâ ì³êñîï ëî¿ä³þ, çíà÷ íèé
ñòóï³íü ïîë³ïëî¿ äè çàö³¿ êë³òèí, ê³ëüê³ñí³ ³ ÿê³ñí³ çì³íè îêðå ìèõ
RAPD-ôðàã ìåíò³â. Çà êî íîì³ðíîñ òåé ïðè ãðó ïó âàíí³ êë³òèí íèõ 
ë³í³é çà ëåæ íî â³ä ñêëà äó ñå ðå äî âè ùà àáî ³ñòîð³¿ âè ðî ùó âàí íÿ
íå ñïîñ òåð³ãà ëî ñÿ. Îñê³ëüêè çì³íè ð³âíÿ ïëî¿ äíîñò³ íå çà âæäè
ñóï ðî âîä æó þòü ñÿ ïî ÿ âîþ RAPD-ïîë³ìîðô³çìó ³ íà âïà êè, ùîá
íàä³éí³øå ³ ïîâí³øå âèç íà ÷è òè ñî ìàê ëî íàëüí³ çì³íè, ðå êî ìåí -
äóºòüñÿ îä íî ÷àñ íå çà ñòî ñó âàí íÿ öè òî ãå íå òè÷ íî ãî òà ìî ëå êó -
ëÿð íî-ãå íå òè÷ íî ãî ìå òîä³â.

Êëþ ÷îâ³ ñëî âà: ñî ìàê ëî íàëü íà ì³íëèâ³ñòü, Ungernia
v³ctor³s, RAPD-àíàë³ç, öè òî ãå íå òè÷ íèé àíàë³ç.

Å. Í. Áóá ëèê, È. Î. Àíäðååâ, Å. Â. Ñïè ðè äî íî âà, Â. À. Êó íàõ

Ñî ìàê ëî íàëü íàÿ èç ìåí ÷è âîñòü Ungernia victoris: 

íå îá õî äè ìîñòü êîì ïëåê ñíî ãî ãå íå òè ÷åñ êî ãî àíà ëè çà

Ðå çþ ìå

Àíàëèç ïÿòè êëå òî÷ íûõ ëè íèé U. v³ctor³s îá ùå ãî ïðî èñ õîæ äå -
íèÿ, âû ðà ùè âà å ìûõ â òå ÷å íèå 10 ëåò, îá íà ðó æèë ìèê ñîï ëî è -
äèþ, çíà ÷è òåëü íóþ ïî ëèï ëî è äè çà öèþ êëå òîê, êî ëè ÷åñ òâåí íûå
è êà ÷åñ òâåí íûå èç ìå íå íèÿ îò äåëü íûõ RAPD-ôðàã ìåí òîâ. Çà -

êî íî ìåð íîñ òåé ãðóï ïè ðî âà íèÿ êëå òî÷ íûõ ëè íèé â çà âè ñè ìîñ -
òè îò ñî ñòà âà ñðå äû èëè èñ òî ðèè âû ðà ùè âà íèÿ íå íà áëþ äà -
ëîñü. Ïîñ êîëü êó èç ìå íå íèÿ óðîâ íÿ ïëî èä íîñ òè íå âñåã äà
ñî ïðî âîæ äà þò ñÿ âîç íèê íî âå íè åì RAPD-ïî ëè ìîð ôèç ìà è íà î -
áî ðîò, äëÿ íàä åæ íîé îöåí êè ñî ìàê ëî íàëü íèõ èç ìå íå íèé ðå êî -
ìåí äó åò ñÿ ïà ðàë ëåëü íîå ïðè ìå íå íèå öè òî ãå íå òè÷ íî ãî è
ìî ëå êó ëÿð íî-ãå íå òè ÷åñ êî ãî ìåòîäîâ.

Êëþ ÷å âûå ñëî âà: ñî ìàê ëî íàëü íàÿ èç ìåí ÷è âîñòü, U. v³ctor³s,
RAPD-àíà ëèç, öè òî ãå íå òè ÷åñ êèé àíà ëèç.
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