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Some dis tinc tions be tween the in bred P346 line and five somaclonal Zea maize lines (UKCh-5, UKCh-6,
UKCh-7, UKCh-8, and UKCh-9) ob tained from it via tis sue cul ture in vi tro have been found through RAPD
anal y sis.  The somaclonal lines were shown to dif fer from each other by the mag ni tude of ge netic dis tances
from the orig i nal P346 line as well as by the level of intraline het er o ge ne ity.  Pos i tive in ter re la tion ship was
re vealed be tween these in di ces. The sub set of poly mor phic amplicons which dis tin guish the somaclonal
lines from the orig i nal one proved to be com mon for some of them.  The re sults ob tained, along with the ear -
lier stud ies on the in di vid ual phenotypic se lec tion and ge netic traits, dem on strated that the em ploy ment of
the tis sue cul ture in vi tro to gether with the ap pro pri ate se lec tion meth ods al low at tain ing de sir able ge netic
changes.
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In tro duc tion. Maize is im por tant ag ri cul tural crop,
global acre age planted and croppage of which top the
lists in world wide pro duc tion (1st and 2nd places re spec -
tively).  Both maize grain and veg e ta tive mass are
used in ag ri cul tural and food in dus tries.  Maize is
known to be the source of up to 500 prod ucts, main
and de riv a tive [1].  In Ukraine maize is tra di tion ally
im por tant food crop.  More over, it sup plies nec es sary
amounts of green fod der for live stock farm ing.  Maize
as an intertilled crop fa vours elim i nat ing weeds from
the fields, and due to this fact maize is widely used in
crop ro ta tion as the pre de ces sor of win ter and spring
ce re als.

In the re cent years Ukrai nian breed ers aimed their
ef forts at rear ing the hy brids of early-, mid-, and

late-rip en ing groups of maize [2].  One of the fac tors,
hin der ing the im prove ment of va ri et ies and hy brids of
maize, is the lim i ta tion of ge netic va ri ety of sam ples,
ap pli ca ble for se lec tion.  The use of tis sue cul ture in
vi tro, due to its in her ent somaclonal vari abil ity, is the
prom is ing way to over com ing this ob sta cle [3]. 
Somaclonal vari abil ity is known to rise in long-term
cul tured tis sues [4].  At the same time re gen er a tion ca -
pac ity of long-term tis sue cul tures dra mat i cally de -
clines, thus lim it ing the pos si bil ity of this ap proach to
ex pand the di ver sity of avail able ge netic ma te rial. 
Gen er a tion of maize lines show ing en hanced re gen er -
a tion po ten tial may im prove the ap pli ca tion of
somaclonal vari a tion in plant breed ing.

Pre vi ously, at In sti tute of Plant Phys i ol ogy and
Ge net ics of NAS of Ukraine via ar ti fi cial se lec tion in -
clud ing the con trol over the phases of in duc tion of cal -
lus-for ma tion and plant re gen er a tion somaclonal vari -
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ants of in bred Zea maize line P346 were gen er ated from
cal lus cul tures show ing spon ta ne ous vari a tion [5, 6]. 
Based on these vari ants, UKCh-5, UKCh-6, UKCh-7,
UKCh-8, and UKCh-9 Zea maize lines were ob tained,
which in ad di tion to im proved se ries of agronomically
val ued traits were dis tin guished by the in creased re gen er -
a tion po ten tial as com pared to orig i nal P346 line [5].  The 
re sults of anal y sis, per formed at V. Ya. Yurjev In sti tute
of Plant Pro duc tion of Ukrai nian Acad emy of Agrar ian
Sci ences (UAAS), re vealed the pres ence of ge netic dif -
fer ences in var i ous ag ro nomic in di ces be tween de vel -
oped somaclonal lines and P346 line (Gurjeva, un pub -
lished data).

Cur rent work pres ents the genomic anal y sis of P346
line and its somaclonal vari ants us ing the meth ods of
RAPD-PCR with the pur pose of study ing mo lec u lar and
ge netic changes, in duced by cul ti va tion of maize tis sues
in vi tro.

Ma te ri als and Meth ods. The seeds of in bred Zea
maize P346 (Pi o neer 346) lines – UKCh-5, UKCh-6,
UKCh-7, UKCh-8, and UKCh-9 – were kindly granted
by the Na tional Cen tre for Plant Ge netic Re sources of
Ukraine (NCPGRU), V. Ya. Yurjev In sti tute of Plant
Pro duc tion (Kharkiv, Ukraine), NCPGRU Reg is tra tion
No. UB0102873, UB0103498, UB0103499,
UB0103500, UB0103501, UB0103359, re spec tively.

Maize seeds were ster il ized in 70% eth a nol so lu tion
(2 min) and then in 20% Domestos aque ous so lu tion (20
min).  Then the seeds were washed 6 times with ster ile
dis tilled wa ter and put for ger mi na tion on agarose me -
dium with half amount of salts ac cord ing to
Murashige-Skoog [7].  DNA was iso lated from
14-day-old seed lings us ing cetavlon (CTAB) ac cord ing
to the method de scribed in [8].

Con cen tra tion and qual ity of the ob tained prep a ra -
tions were as sessed vi su ally by the in ten sity of flu o res -
cence of DNA-ethidium bro mide com plexes in UV light
af ter elec tro pho re sis in 1.5% agarose gel in re la tion to the 
con trol with known con cen tra tion (phage l DNA).

PCR re ac tion mix ture, 20 ml, con tained the fol low ing
in gre di ents: 1xPCR-buffer with 2 mM MgCl
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(Medbioservice, Ukraine), dNTP 0.2 mM of each, 1 unit
of Taq-poly mer ase (AmpliSense, Rus sia), 0.25 mM of
primer (Litech, Rus sia), 20 ng of DNA.  The re ac tion
mix ture was lay ered with 20 ml of min eral oil.  The fol -
low ing PCR pro gram was used for DNA am pli fi ca tion:

de na tur ation – 94°C, 2 min; 5 cy cles of: de na tur -
ation – 94°C, 30 sec; renaturation 38°C, 30 sec;
elon ga tion – 72°C, 1 min; 35 cy cles of: de na tur -
ation 94°C, 20 sec; renaturation – 38°C, 20 sec;
elon ga tion – 72°C, 40 sec; elon ga tion – 72°C, 2.5
min.  The re ac tion with each primer was re peated
two times.  The re ac tion prod ucts were frac tion ated
in 2% agarose gel with ethidium bro mide in
1xTBE-buffer.  Band size was es ti mated by com -
par i son to a DNA size marker 100 bp+1.5 Kb
(SibEnzyme, Rus sia).

For sta tis ti cal anal y sis the RAPD-pro files of
the in ves ti gated ob jects were pre sented as a bi nary
ma trix, where the pres ence of a band was re corded
as 1 and the ab sence as zero (only clear and re pro -
duc ible frag ments were taken into ac count).  On the 
ba sis of the ma trix, ge netic dis tances ac cord ing to
Nei [9] were cal cu lated us ing POPGENE 1.31 soft -
ware [10].

Re sults and Dis cus sion. We stud ied in ter line
dis tinc tions and intraline poly mor phism at the level 
of in di vid ual plants in Zea maize line P346 and its
somaclonal lines, ob tained on the ba sis of plants re -
gen er ated from tis sue cul ture in vi tro.  Thus, we
ana lysed DNA sam ples of 9 P346 plants, 10 plants
of UKCh-5, UKCh-6, UKCh-8, UKCh-9, and 8
plants of UKCh-7.  Mo lec u lar and ge netic anal y sis
was car ried out us ing PCR with ar bi trary prim ers,
namely RAPD-PCR.  One of the ad van tages of this
method is the pos si bil ity to eval u ate a lot of re -
gions, ran domly dis trib uted across ge nome.  Ana -
lysed prim ers were se lected from those suc cess -
fully ap plied in pre vi ous stud ies on ge netic poly -
mor phism of maize [11, 12].  To tally we used 10
decanucleotide prim ers, data on which are pre -
sented in Ta ble 1.  Nine prim ers showed poly mor -
phism be tween the ana lysed ob jects.

PCR run with abovementioned prim ers in vari -
ably pro duced clear am pli fi ca tion prod ucts, the
num ber of which var ied from 3 to 13 (Ta ble 1).  To -
tal num ber of amplicons for all ob jects was 89, of
which 68 were re vealed in the ini tial P346 line and
21 were spe cific to somaclonal vari ants.  The num -
ber of poly mor phic amplicons was 42, i.e. 47.2% of 
to tal num ber of cal cu lated am pli fi ca tion prod ucts. 
Typ i cal poly mor phism pat tern of PCR-frag ments
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of the in ves ti gated maize line is pre sented on
electrophoregrams (Fig.1).

Anal y sis of RAPD-spec tra of in di vid ual plants al -
lowed sin gling out two groups of poly mor phic frag -

ments.  One of them in cluded the amplicons spe cific
for intraline poly mor phism.  The ex am ple of such
poly mor phism for plants of UKCh-6 line is given in
Fig.2.  Gen er ali sa tion of the re sults of intraline poly -
mor phism (Ta ble 2) re vealed that the ana lysed
somaclonal lines dif fer in the level of ge netic het er o -
ge ne ity, in par tic u lar in the num ber of plants with
poly mor phic spec tra and the num ber of vari able frag -
ments.  UKCh-6 and UKCh-8 lines re veal the high est
het er o ge ne ity, while UKCh-5 was the least het er o ge -
neous.  At the same time plants of the in bred P346 line
ex hib ited sim i lar spec tra.

Poly mor phic amplicons, be long ing to the sec ond
group, showed in ter line dis tinc tions, but were found
to be sta ble within in di vid ual somaclonal lines (Ta ble
3).  As it is seen from Ta ble 3, the lines in volved dif fer
from each other in the num ber of frag ments of this
group and, hence, in Nei’s ge netic dis tances from the
orig i nal line P346.  The high est num ber of poly mor -
phic amplicons and the max i mal ge netic dis tance from 
P346 were re vealed in UKCh-6 and UKCh-8, while
UKCh-5 showed the least val ues.  UKCh-7 and
UKCh-9 had hardly any dif fer ences from P346 in the
ge netic dis tances and oc cu pied the mid po si tion.  It is
note wor thy that some amplicons of this group, which
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Fig.1 RAPD spec tra of in ves ti gated maize line DNA sam ples, ob tained with three prim ers.  Poly mor phic frag ments are marked by ar rows.
M – DNA size marker; 1 – P346; 2 – UKCh-5; 3 – UKCh-6; 4 – UKCh-7; 5 – UKCh-8; 6 – UKCh-9.  The names of prim ers are writ ten at the
bot tom of each electrophoregram

Ta ble 1

Char ac ter is tics of prim ers used for RAPD anal y sis of
in bred maie lines and their prod ucts

Primer
Nucleotide sequence

(5'-3')

Primers, revealing

polymorphism
Number of amplicons

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
12

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

Note: the num ber of amplicons for somaclonal lines in di cates the
num ber, de tected in the plants of all lines. 
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dis tin guished the somaclones from the ini tial P346 line,
were spe cific for in di vid ual somaclonal lines, whereas
oth ers were spe cific for sev eral lines. Amplicons, equally 
changed in 3 of 5 somaclonal lines, were formed with
Ag-01, M-06, OPA-02 prim ers (Ta ble 3, amplicons
marked by ar rows).

Thus, RAPD anal y sis re vealed the dif fer ences be -
tween the ini tial P346 line and its somaclonal vari ants,
namely UKCh-5, UKCh-6, UKCh-7, UKCh-8, and
UKCh-9 lines.  The pro ce dure of somaclonal lines gen er -
a tion in cluded the in duc tion of cal lus-for ma tion from im -
ma ture em bryos.  The re sul tant cal lus cul tures dis tin -
guished by the spon ta ne ous vari abil ity were se lected by
the phenotypic char ac ters – ca pac ity to form totipotent
cal lus and re gen er a tion ca pac ity [6].  Mo lec u lar mark ers
used did not show in ter line poly mor phism in ini tial P346
line, thus al lowed ex clud ing pos si ble con tri bu tion of this
fac tor to the somaclonal vari abil ity at the stage of ob tain -
ing cal lus cul tures.  Hence, the dif fer ences found in
somaclonal lines sug gest that cul ti va tion of maize tis sues
in vi tro may in duce genomic re ar range ments at the level
of DNA se quences.

In ves ti gated somaclonal lines, un like ini tial P346
line, re vealed intraline het er o ge ne ity.  Ana lysed plants of 
each line are di rect de scen dants of one regenerant plant,

ob tained via self-pol li na tion, and such het er o ge ne -
ity may be ex plained by the tran si tion of ge nome
into the het ero zy gous state and seg re ga tion in the
course of fur ther sex ual re pro duc tion.  The tran si -
tion into the het ero zy gous state could re sult from
spon ta ne ous vari abil ity in duced by in vi tro cul ture
or in vi tro cul ti va tion could re sult in de sta bi li sa tion
of ge nome, which was re mained in de scen dants of
the regenerant plant.  How ever, avail able re sults
fail to as cer tain the re al iza tion of any of the de -
scribed mech a nisms.  Mean while, the ex is tence of
the other group of poly mor phic frag ments, which
did not show intraline vari abil ity, but dis tin guished
somaclonal lines from the ini tial ge no type, in di cate
the pos si bil ity of mu ta tions in ho mo zy gous form or
their se lec tion in fur ther prop a ga tion.  Sim i lar re -
sults were ob tained us ing RAPD-mark ers on an -
other maize line [11].

We have es tab lished some de tails of genomic
changes, which con trib uted to the for ma tion of
somaclonal vari ants, used for de vel op ment of the
in bred line.  Somaclonal lines dif fer by both the de -
gree of dif fer ences from the ini tial line and in the
level of intraline het er o ge ne ity.  Be sides, there is a
cor re la tion be tween these in di ces, i.e. UKCh-6 and
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Fig.2 RAPD spec tra of DNA of 
in di vid ual plants of
somaclonal maize line
UKCh-6, ob tained us ing
AH-30 primer.  Poly mor phic
frag ments are marked by ar -
rows.  M – DNA size marker. 
Numbers of lines cor re spond
to the num bers of UKCh-6 line
plants.
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Ta ble 2 

RAPD frag ments, re veal ing in di vid ual dif fer ences of plants of cer tain somaclonal maize lines

Primer

Size of

fragments,

b. p.

Somaclonal maize lines and the number of plants with changes revealed 

UKCh-5 

(n = 10)

UKCh-6 

(n = 10)

UKCh-7 

(n = 8)

UKCh-8 

(n = 10)

UKCh-9 

(n = 10)

2 8 2 4 5 6 9 10 6 8 1 2 3 4 5 1 3 9 10

À-01 370 –

580 + +

À-12 2200 –

Â-01 400 +

600 +

620 + + +

630 – – –

1800 +

3000 +

Ì-06 300 –

900 –

Ì-07 450 –

470 +

ÀÍ-30 360 +

380 +

430 – – – –

560 +

620 –

630 –

750 +

800 +

820 – –

Polymorphic
amplicons total

22 2 8 4 5 3

Note: + and – in di cate the pres ence or ab sence of cer tain size amplicons (b. p.) com pared to the spec trum of ini tial line
P346; n – num ber of ana lysed plants.
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UKCh-8, show ing the high est level of intraline
poly mor phism, are also char ac ter ised by the high -
est num ber of poly mor phic frag ments, which dis -
tin guish them from P346 line.

And vice versa, UKCh-5 with the least intraline
het er o ge ne ity re veals the least dif fer ences from
P346.  Such pos i tive cor re la tion may be ex plained
by the fact that the changes, in duced by in vi tro cul -
ti va tion, lead to the tran si tion of ge nome to het ero -
zy gous state: the more changes oc cur in ge nome,
the higher num ber of loci be come het ero zy gous and 
higher het er o ge ne ity would oc cur among the seed
de scen dants of the regenerant plant.

One more pe cu liar ity of RAPD-spec tra poly -
mor phism of somaclonal lines is dis played in the
fact that sub set of poly mor phic amplicons, which
dis tin guish them from orig i nal P346 line, un der -
goes par al leled changes in sev eral somaclonal
lines.  The avail abil ity of com mon char ac ters may
re sult from di rect se lec tion used upon gen er a tion of 
these lines, how ever, it can not be ex cluded that
they oc cur due to ex is tence of mu ta tion in the ge -
nome “hot-spots”, which un dergo changes in con -
di tion of stress upon cul ture ini ti a tion and fur ther in 
vi tro cul ti va tion [13].

Mo lec u lar and ge netic changes in ge nome, in -
duced by cul ti va tion of tis sues in vi tro, were also
re vealed in other rep re sen ta tives of flora.  In par tic -
u lar, high level of ge netic poly mor phism with
RAPD-mark ers was re vealed in cal lus clones of to -
ma toes, which dif fered in their abil ity to grow on
hor mone-free me dium [14].  Vari abil ity of RAPD-
and ISSR-amplicons has been re vealed through
genomic anal y sis of Codonopsis lanceolata, ob -
tained by micropropagation [15].  At the same time, 
in sig nif i cant poly mor phism has been re vealed for
the gin seng lines [16], and in al mond and
Chlorophytum arundinaceum, ob tained by
microclonal mul ti pli ca tion in vi tro, RAPD and
ISSR spec tra vari abil ity was not de ter mined at all
[17, 18].  Such sig nif i cant dis agree ments in the
pub lished data may be ex plained by dif fer ent con -
di tions of in vi tro cul ti va tion, as well as by the dif -
fer ences in goals, set by the au thors.  In par tic u lar,
ge nome vari abil ity, the in crease in which was ob -
served at tis sue cul ture in vi tro in some cases, may
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Ta ble 3 

RAPD frag ments, re veal ing the dif fer ences of
somaclonal lines from maize out put line P346 and re -
maining sta ble within some somaclonal lines

Primer

Size of

amplicons, 

b. p.

Somaclonal lines

UKC

h-5

UKC

h-6

UKC

h-7

UKC

h-8

UKC

h-9

À-01 1200 + +

À-12 460 –

1030 –

Àg-01 470 +

500* – – –

710 –

Â-01 290 + +

480 +

520 +

570 + +

610 – –

Ì-06 900* – – –

1600 –

Ì-07 630 –

700 +

780 –

ÎÐÀ-02 440 +

840* – – –

1020* – – –

ÎÐÀ-04 500 + +

Polymorphic
amplicons

total
20 1 11 5 10 6

Nei’s
Genetic

distances
from Ð346

0.01
31

0.15
42

0.06
71

0.13
91

0.08
11

Note: + and – in di cate the pres ence or ab sence of cer tain size
amplicons (b. p.) com pared to the spec trum of ini tial line P346; * in -
di cate the frag ments, poly mor phic in 3 of 5 somaclonal lines at the
same time. 
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be un de sir able (for in stance, in the case of plant
micropropagation) and in other cases use ful (due to in -
crease in ge netic vari abil ity of orig i nal ma te rial).  By
the way, the lat ter was dem on strated dur ing the for ma -
tion of new somaclonal in bred maize lines.  The re -
sults of our in ves ti ga tion, along with the study of cer -
tain phenotypic se lec tion-ge netic fea tures ([6] and
some un pub lished data) showed once more that the ap -
pli ca tion of tis sue cul ture in vi tro to gether with the
cor re spond ing meth ods of se lec tion al lows ob tain ing
the de sired ge netic changes.

Con clu sions. Dis tinc tions be tween the in bred
maize line P346 and its de riv a tive somaclonal lines,
ob tained us ing in vi tro cul ture, have been es tab lished.

Somaclonal lines were de ter mined to dif fer be -
tween them selves from the ini tial line by the de gree of
dis tinc tions and by the level of intraline het er o ge ne ity.  
Pos i tive cor re la tion be tween these in di ces has been re -
vealed.

A sub set of poly mor phic amplicons, which dis tin -
guish somaclonal lines from P346, was shown to be
com mon for sev eral of them.

The au thors are grate ful to T. M. Checheneva (In -
sti tute of Plant Phys i ol ogy and Ge net ics of NAS of
Ukraine) and I. A. Gurjeva (V. Ya. Yurjev In sti tute of
Plant Pro duc tion of UAAS) for the pre sented seed ma -
te rial.  The work was par tially sup ported by De part -
ment of Sci ence and Tech nol ogy Programmes of Min -
is try of Sci ence and Ed u ca tion of Ukraine as part of
pro ject No.03.02.03/0014128.

Ãåíåòè÷åñêèé ïîëèìîðôèçì ñîìàêëîíàëüíûõ ëèíèé êóêóðóçû,

ïîëó÷åííûõ îò ëèíèè Ð346

Ä. Í. Ìàé äà íþê, È. Î. Àíäðååâ, Å. Â. Ñïè ðè äî íî âà, Â. À. Êó íàõ

Ðå çþ ìå

Ìå òî äîì RAPD-àíà ëè çà óñòà íîâ ëå íû îò ëè ÷èÿ ìåæ äó èí áðåä -
íîé ëè íè åé Ð346 è ïÿòüþ ñî ìàê ëî íàëü íû ìè ëè íè ÿ ìè êó êó ðó çû
Zea mays, ïî ëó ÷åí íû ìè èç íåå ÷å ðåç êóëü òó ðó òêà íåé in vitro:
ÓÊ×-5, ÓÊ×-6, ÓÊ×-7, ÓÊ×-8 è ÓÊ×-9. Ïî êà çà íî, ÷òî ñî -
ìàêëî íàëü íûå ëè íèè ðàç ëè ÷à þò ñÿ ìåæ äó ñî áîé ïî âå ëè ÷è íå ãå -
íå òè ÷åñ êèõ ðàñ ñòî ÿ íèé îò èñ õîä íîé ëè íèè Ð346, à òàê æå ïî
óðîâ íþ âíóò ðè ëè íåé íîé ãå òå ðî ãåí íîñ òè. Ìåæ äó ýòè ìè ïî êà -
çà òå ëÿ ìè íà áëþ äà åò ñÿ ïî ëî æè òåëü íàÿ âçà è ìîñ âÿçü. ×àñòü
ïî ëè ìîð ôíûõ àì ïëè êî íîâ, îò ëè ÷à þ ùèõ ñî ìàê ëî íàëü íûå ëè íèè 
îò èñ õîä íîé ëè íèè, îêà çà ëèñü îá ùè ìè äëÿ íå ñêîëü êèõ èç íèõ.

Ïî ëó ÷åí íûå äàí íûå íà ðÿ äó ñ ðå çóëü òà òà ìè ïðî âå äåí íî ãî
ðà íåå èç ó÷å íèÿ îò äåëü íûõ ôå íî òè ïè ÷åñ êèõ ñå ëåê öè îí íî-ãå íå -
òè ÷åñ êèõ ïðè çíà êîâ åùå ðàç ïðî äå ìî íñòðè ðî âà ëè, ÷òî ïðè ìå -
íå íèå êóëü òó ðû òêà íåé in vitro â ñî ÷å òà íèè ñ
ñî îò âåòñòâó þ ùè ìè ìå òî äà ìè îò áî ðà ïî çâî ëÿ åò ïî ëó ÷àòü
æå ëà å ìûå ãå íå òè ÷åñ êèå èç ìå íå íèÿ.

Êëþ ÷å âûå ñëî âà: êó êó ðó çà, êóëü òó ðà òêà íåé in vitro, ñî -
ìàêëî íàëü íûå ëè íèè, RAPD-àíà ëèç, ãå íîì íûå ïå ðå ñòðîé êè.
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