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Some distinctions between the inbred P346 line and five somaclonal Zea maize lines (UKCh-5, UKCh-6,
UKCh-7, UKCh-8, and UKCh-9) obtained from it via tissue culture in vi tro have been found through RAPD
analysis. The somaclonal lines were shown to differ from each other by the magnitude of genetic distances
from the original P346 line as well as by the level of intraline heterogeneity. Positive interrelationship was
revealed between these indices. The subset of polymor phic amplicons which distinguish the somaclonal
lines from the original one proved to be common for some of them. The results obtained, along with the earlier studies on the individual phenotypic selection and genetic traits, demonstrated that the employment of
the tissue culture in vi tro together with the appropriate selection methods allow attaining desirable genetic
changes.
Keywords: maize, tissue culture in vi tro, somaclonal lines, RAPD analysis, genome rearrangements

Introduction. Maize is important agricultural crop,
global acreage planted and croppage of which top the
lists in worldwide production (1st and 2nd places respectively). Both maize grain and vegetative mass are
used in agricultural and food industries. Maize is
known to be the source of up to 500 products, main
and derivative [1]. In Ukraine maize is traditionally
important food crop. Moreover, it supplies necessary
amounts of green fodder for livestock farming. Maize
as an intertilled crop favours eliminating weeds from
the fields, and due to this fact maize is widely used in
crop rotation as the predecessor of winter and spring
cereals.
In the recent years Ukrainian breeders aimed their
efforts at rearing the hybrids of early-, mid-, and
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late-ripening groups of maize [2]. One of the factors,
hindering the improvement of varieties and hybrids of
maize, is the limitation of genetic variety of samples,
applicable for selection. The use of tissue culture in
vitro, due to its inherent somaclonal variability, is the
promising way to overcoming this obstacle [3].
Somaclonal variability is known to rise in long-term
cultured tissues [4]. At the same time regeneration capacity of long-term tissue cultures dramatically declines, thus limiting the possibility of this approach to
expand the diversity of available genetic material.
Generation of maize lines showing enhanced regeneration potential may improve the application of
somaclonal variation in plant breeding.
Previously, at Institute of Plant Physiology and
Genetics of NAS of Ukraine via artificial selection including the control over the phases of induction of callus-formation and plant regeneration somaclonal vari-
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ants of inbred Zea maize line P346 were generated from
callus cultures showing spontaneous variation [5, 6].
Based on these variants, UKCh-5, UKCh-6, UKCh-7,
UKCh-8, and UKCh-9 Zea maize lines were obtained,
which in addition to improved series of agronomically
valued traits were distinguished by the increased regeneration potential as compared to original P346 line [5]. The
results of analysis, performed at V. Ya. Yurjev Institute
of Plant Production of Ukrainian Academy of Agrarian
Sciences (UAAS), revealed the presence of genetic differences in various agronomic indices between developed somaclonal lines and P346 line (Gurjeva, unpublished data).
Current work presents the genomic analysis of P346
line and its somaclonal variants using the methods of
RAPD-PCR with the purpose of studying molecular and
genetic changes, induced by cultivation of maize tissues
in vitro.
Materials and Methods. The seeds of inbred Zea
maize P346 (Pioneer 346) lines – UKCh-5, UKCh-6,
UKCh-7, UKCh-8, and UKCh-9 – were kindly granted
by the National Centre for Plant Genetic Resources of
Ukraine (NCPGRU), V. Ya. Yurjev Institute of Plant
Production (Kharkiv, Ukraine), NCPGRU Registration
No.
UB0102873,
UB0103498,
UB0103499,
UB0103500, UB0103501, UB0103359, respectively.
Maize seeds were sterilized in 70% ethanol solution
(2 min) and then in 20% Domestos aqueous solution (20
min). Then the seeds were washed 6 times with sterile
distilled water and put for germination on agarose medium with half amount of salts according to
Murashige-Skoog [7].
DNA was isolated from
14-day-old seedlings using cetavlon (CTAB) according
to the method described in [8].
Concentration and quality of the obtained preparations were assessed visually by the intensity of fluorescence of DNA-ethidium bromide complexes in UV light
after electrophoresis in 1.5% agarose gel in relation to the
control with known concentration (phage l DNA).
PCR reaction mixture, 20 ml, contained the following
ingredients: 1xPCR-buffer with 2 mM MgCl2
(Medbioservice, Ukraine), dNTP 0.2 mM of each, 1 unit
of Taq-polymerase (AmpliSense, Russia), 0.25 mM of
primer (Litech, Russia), 20 ng of DNA. The reaction
mixture was layered with 20 ml of mineral oil. The following PCR program was used for DNA amplification:

denaturation – 94°C, 2 min; 5 cycles of: denaturation – 94°C, 30 sec; renaturation 38°C, 30 sec;
elongation – 72°C, 1 min; 35 cycles of: denaturation 94°C, 20 sec; renaturation – 38°C, 20 sec;
elongation – 72°C, 40 sec; elongation – 72°C, 2.5
min. The reaction with each primer was repeated
two times. The reaction products were fractionated
in 2% agarose gel with ethidium bromide in
1xTBE-buffer. Band size was estimated by comparison to a DNA size marker 100 bp+1.5 Kb
(SibEnzyme, Russia).
For statistical analysis the RAPD-profiles of
the investigated objects were presented as a binary
matrix, where the presence of a band was recorded
as 1 and the absence as zero (only clear and reproducible fragments were taken into account). On the
basis of the matrix, genetic distances according to
Nei [9] were calculated using POPGENE 1.31 software [10].
Results and Discussion. We studied interline
distinctions and intraline polymorphism at the level
of individual plants in Zea maize line P346 and its
somaclonal lines, obtained on the basis of plants regenerated from tissue culture in vitro. Thus, we
analysed DNA samples of 9 P346 plants, 10 plants
of UKCh-5, UKCh-6, UKCh-8, UKCh-9, and 8
plants of UKCh-7. Molecular and genetic analysis
was carried out using PCR with arbitrary primers,
namely RAPD-PCR. One of the advantages of this
method is the possibility to evaluate a lot of regions, randomly distributed across genome. Analysed primers were selected from those successfully applied in previous studies on genetic polymorphism of maize [11, 12]. Totally we used 10
decanucleotide primers, data on which are presented in Table 1. Nine primers showed polymorphism between the analysed objects.
PCR run with abovementioned primers invariably produced clear amplification products, the
number of which varied from 3 to 13 (Table 1). Total number of amplicons for all objects was 89, of
which 68 were revealed in the initial P346 line and
21 were specific to somaclonal variants. The number of polymorphic amplicons was 42, i.e. 47.2% of
total number of calculated amplification products.
Typical polymorphism pattern of PCR-fragments
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of the investigated maize line is presented on
electrophoregrams (Fig.1).
Analysis of RAPD-spectra of individual plants allowed singling out two groups of polymorphic fragTable 1

Characteristics of primers used for RAPD analysis of
inbred maie lines and their products
Primers, revealing
Primer

Nucleotide sequence

polymorphism

Number of amplicons

(5'-3')
Interline

Intraline

Ð346

Somaclon
al lines

À-01

CAGGCCCTTC

+

+

6

8

À-12

ATCGCACACT

+

+

7

7

Ag-01

AGGTCACTGA

+

-

8

9

Â-01

GTTTCGCTCC

+

+

3

ÀÍ-30

TGGTCACTGT

-

+

5

10

Ì-06

CTGGGCAACT

+

+

6

6

Ì-07

CCGTGACTCA

+

+

13

15

ÎÐÀ-02 TGCCGAGCTG

+

-

9

10

ÎÐÀ-04 AGTCAGCCAC

+

-

8

9

Total

8

6

68

89

12

Note: the number of amplicons for somaclonal lines indicates the
number, detected in the plants of all lines.

ments. One of them included the amplicons specific
for intraline polymorphism. The example of such
polymorphism for plants of UKCh-6 line is given in
Fig.2. Generalisation of the results of intraline polymorphism (Table 2) revealed that the analysed
somaclonal lines differ in the level of genetic heterogeneity, in particular in the number of plants with
polymorphic spectra and the number of variable fragments. UKCh-6 and UKCh-8 lines reveal the highest
heterogeneity, while UKCh-5 was the least heterogeneous. At the same time plants of the inbred P346 line
exhibited similar spectra.
Polymorphic amplicons, belonging to the second
group, showed interline distinctions, but were found
to be stable within individual somaclonal lines (Table
3). As it is seen from Table 3, the lines involved differ
from each other in the number of fragments of this
group and, hence, in Nei’s genetic distances from the
original line P346. The highest number of polymorphic amplicons and the maximal genetic distance from
P346 were revealed in UKCh-6 and UKCh-8, while
UKCh-5 showed the least values. UKCh-7 and
UKCh-9 had hardly any differences from P346 in the
genetic distances and occupied the mid position. It is
noteworthy that some amplicons of this group, which

Fig.1 RAPD spec tra of investigated maize line DNA samples, obtained with three primers. Polymorphic fragments are marked by arrows.
M – DNA size marker; 1 – P346; 2 – UKCh-5; 3 – UKCh-6; 4 – UKCh-7; 5 – UKCh-8; 6 – UKCh-9. The names of primers are written at the
bottom of each electrophoregram
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Fig.2 RAPD spectra of DNA of
individual
plants
of
somaclonal
maize
line
UKCh-6,
ob tained
using
AH-30 primer. Polymorphic
fragments are marked by arrows. M – DNA size marker.
Numbers of lines correspond
to the numbers of UKCh-6 line
plants.

distinguished the somaclones from the initial P346 line,
were specific for individual somaclonal lines, whereas
others were specific for several lines. Amplicons, equally
changed in 3 of 5 somaclonal lines, were formed with
Ag-01, M-06, OPA-02 primers (Table 3, amplicons
marked by arrows).
Thus, RAPD analysis revealed the differences between the initial P346 line and its somaclonal variants,
namely UKCh-5, UKCh-6, UKCh-7, UKCh-8, and
UKCh-9 lines. The procedure of somaclonal lines generation included the induction of callus-formation from immature embryos. The resultant callus cultures distinguished by the spontaneous variability were selected by
the phenotypic characters – capacity to form totipotent
callus and regeneration capacity [6]. Molecular markers
used did not show interline polymorphism in initial P346
line, thus allowed excluding possible contribution of this
factor to the somaclonal variability at the stage of obtaining callus cultures. Hence, the differences found in
somaclonal lines suggest that cultivation of maize tissues
in vitro may induce genomic rearrangements at the level
of DNA sequences.
Investigated somaclonal lines, unlike initial P346
line, revealed intraline heterogeneity. Analysed plants of
each line are direct descendants of one regenerant plant,

obtained via self-pollination, and such heterogeneity may be explained by the transition of genome
into the heterozygous state and segregation in the
course of further sexual reproduction. The transition into the heterozygous state could result from
spontaneous variability induced by in vitro culture
or in vitro cultivation could result in destabilisation
of genome, which was remained in descendants of
the regenerant plant. However, available results
fail to ascertain the realization of any of the described mechanisms. Meanwhile, the existence of
the other group of polymorphic fragments, which
did not show intraline variability, but distinguished
somaclonal lines from the initial genotype, indicate
the possibility of mutations in homozygous form or
their selection in further propagation. Similar results were obtained using RAPD-markers on another maize line [11].
We have established some details of genomic
changes, which contributed to the formation of
somaclonal variants, used for development of the
inbred line. Somaclonal lines differ by both the degree of differences from the initial line and in the
level of intraline heterogeneity. Besides, there is a
correlation between these indices, i.e. UKCh-6 and
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Table 2

RAPD fragments, revealing individual differences of plants of certain somaclonal maize lines
Somaclonal maize lines and the number of plants with changes revealed
Size of
Primer

fragments,
b. p.

UKCh-5

UKCh-6

UKCh-7

UKCh-8

UKCh-9

(n = 10)

(n = 10)

(n = 8)

(n = 10)

(n = 10)

2
À-01

8

2

4

5

6

9

10

6

8

À-12

2200

Â-01

400

+

5

1

3

9

10

+

–
+
+
+

+

+

630

–

–

–

1800

+

3000

+

300

–

–

450

–

470

+

360

+

380

+

430

–

–

–

–

560

+

620

–

630

–

750

+

800

+

820
Polymorphic
amplicons total

4

620

900

ÀÍ-30

3

–

600

Ì-07

2

370
580

Ì-06

1

22

–
2

8

4

–
5

3

Note: + and – in di cate the pres ence or ab sence of cer tain size amplicons (b. p.) compared to the spec trum of initial line
P346; n – number of analysed plants.
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Table 3

RAPD fragments, revealing the differences of
somaclonal lines from maize output line P346 and remaining stable within some somaclonal lines
Somaclonal lines

Size of
Primer

amplicons,
b. p.

UKC

UKC

UKC

UKC

UKC

h-5

h-6

h-7

h-8

h-9

+

+

À-01

1200

À-12

460

–

1030

–

Àg-01

Â-01

470

+

500*

–

710

–

290

–

+

–

+

480

+

520

Ì-06

+

570

+

610

–

900*

–
–

1600
Ì-07

+

630

–

700

+
–

440

+

840*

–

1020*

–

ÎÐÀ-04

500

+

Polymorphic
amplicons
total

20

Nei’s
Genetic
distances
from Ð346

–

–

780
ÎÐÀ-02

–

–
–

–

–
+

1

11

5

10

6

0.01
31

0.15
42

0.06
71

0.13
91

0.08
11

Note: + and – indicate the presence or absence of certain size
amplicons (b. p.) com pared to the spectrum of initial line P346; * indicate the fragments, polymorphic in 3 of 5 somaclonal lines at the
same time.

UKCh-8, showing the highest level of intraline
polymorphism, are also characterised by the highest number of polymorphic fragments, which distinguish them from P346 line.
And vice versa, UKCh-5 with the least intraline
heterogeneity reveals the least differences from
P346. Such positive correlation may be explained
by the fact that the changes, induced by in vitro cultivation, lead to the transition of genome to heterozygous state: the more changes occur in genome,
the higher number of loci become heterozygous and
higher heterogeneity would occur among the seed
descendants of the regenerant plant.
One more peculiarity of RAPD-spectra polymorphism of somaclonal lines is displayed in the
fact that subset of polymorphic amplicons, which
distinguish them from original P346 line, undergoes paralleled changes in several somaclonal
lines. The availability of common characters may
result from direct selection used upon generation of
these lines, however, it can not be excluded that
they occur due to existence of mutation in the genome “hot-spots”, which undergo changes in condition of stress upon culture initiation and further in
vitro cultivation [13].
Molecular and genetic changes in genome, induced by cultivation of tissues in vitro, were also
revealed in other representatives of flora. In particular, high level of genetic polymorphism with
RAPD-markers was revealed in callus clones of tomatoes, which differed in their ability to grow on
hormone-free medium [14]. Variability of RAPDand ISSR-amplicons has been revealed through
genomic analysis of Codonopsis lanceolata, obtained by micropropagation [15]. At the same time,
insignificant polymorphism has been revealed for
the ginseng lines [16], and in almond and
Chlorophytum arundinaceum, obtained by
microclonal multiplication in vitro, RAPD and
ISSR spectra variability was not determined at all
[17, 18]. Such significant disagreements in the
published data may be explained by different conditions of in vitro cultivation, as well as by the differences in goals, set by the authors. In particular,
genome variability, the increase in which was observed at tissue culture in vitro in some cases, may
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be undesirable (for instance, in the case of plant
micropropagation) and in other cases useful (due to increase in genetic variability of original material). By
the way, the latter was demonstrated during the formation of new somaclonal inbred maize lines. The results of our investigation, along with the study of certain phenotypic selection-genetic features ([6] and
some unpublished data) showed once more that the application of tissue culture in vitro together with the
corresponding methods of selection allows obtaining
the desired genetic changes.
Conclusions. Distinctions between the inbred
maize line P346 and its derivative somaclonal lines,
obtained using in vitro culture, have been established.
Somaclonal lines were determined to differ between themselves from the initial line by the degree of
distinctions and by the level of intraline heterogeneity.
Positive correlation between these indices has been revealed.
A subset of polymorphic amplicons, which distinguish somaclonal lines from P346, was shown to be
common for several of them.
The authors are grateful to T. M. Checheneva (Institute of Plant Physiology and Genetics of NAS of
Ukraine) and I. A. Gurjeva (V. Ya. Yurjev Institute of
Plant Production of UAAS) for the presented seed material. The work was partially supported by Department of Science and Technology Programmes of Ministry of Science and Education of Ukraine as part of
project No.03.02.03/0014128.

Ãåíåòè÷åñêèé ïîëèìîðôèçì ñîìàêëîíàëüíûõ ëèíèé êóêóðóçû,
ïîëó÷åííûõ îò ëèíèè Ð346
Ä. Í. Ìàéäàíþê, È. Î. Àíäðååâ, Å. Â. Ñïè ðèäîíîâà, Â. À. Êóíàõ

Ðåçþìå
Ìåòîäîì RAPD-àíà ëèçà óñòàíîâëåíû îòëè÷èÿ ìåæäó èíáðåäíîé ëèíèåé Ð346 è ïÿòüþ ñîìàêëîíàëüíûìè ëèíèÿìè êóêóðóçû
Zea mays, ïîëó÷åííûìè èç íåå ÷åðåç êóëüòóðó òêàíåé in vitro:
ÓÊ×-5, ÓÊ×-6, ÓÊ×-7, ÓÊ×-8 è ÓÊ×-9. Ïîêàçàíî, ÷òî ñîìàêëîíàëüíûå ëèíèè ðàçëè÷àþòñÿ ìåæäó ñîáîé ïî âåëè÷èíå ãåíåòè÷åñêèõ ðàññòîÿíèé îò èñõîäíîé ëèíèè Ð346, à òàêæå ïî
óðîâíþ âíóòðèëèíåéíîé ãåòåðîãåííîñòè. Ìåæäó ýòè ìè ïî êàçàòåëÿìè íàáëþäàåòñÿ ïîëîæèòåëüíàÿ âçàèìîñâÿçü. ×àñòü
ïîëèìîðôíûõ àìïëèêîíîâ, îòëè÷àþùèõ ñîìàêëîíàëüíûå ëèíèè
îò èñõîäíîé ëèíèè, îêàçàëèñü îáùèìè äëÿ íåñêîëüêèõ èç íèõ.
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Ïîëó÷åííûå äàííûå íàðÿäó ñ ðåçóëüòàòàìè ïðîâåäåííîãî
ðàíåå èçó÷åíèÿ îòäåëüíûõ ôåíîòèïè÷åñêèõ ñåëåêöèîííî-ãåíåòè÷åñêèõ ïðèçíàêîâ åùå ðàç ïðîäåìîíñòðèðîâàëè, ÷òî ïðèìå íåíèå êóëüòóðû òêàíåé in vitro â ñî÷åòàíèè ñ
ñîîòâåòñòâóþùèìè ìåòîäàìè îòáîðà ïîçâîëÿåò ïîëó÷àòü
æåëàåìûå ãåíåòè÷åñêèå èçìåíåíèÿ.
Êëþ÷åâûå ñëîâà: êóêóðóçà, êóëüòóðà òêàíåé in vitro, ñîìàêëîíàëüíûå ëèíèè, RAPD-àíà ëèç, ãåíîìíûå ïåðåñòðîéêè.
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