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GENETICALLY MODIFIED SOYBEAN PLANTS
AND THEIR ECOSYSTEM

ABSTRACT: Transgenic plants are developed by introgressing new genes using met-
hods of molecular genetics and genetic engineering. The presence of these genes in plant
genome is identified on the basis of specific oligonucleotides, primers, and the use of PCR
(Polymerase Chain Reaction) and DNA fragments multiplication. Genetically moditied
plants such as soybean constitute a newly created bioenergetic potential whose gene expres-
sion can cause disturbance of the biological balance ecosystem, soil structure and soil mi-
crobiological activity.

Genetically modified plants may acquire monogenic or polygenic traits causing gene-
tic and physiological changes in these plants, which may elicit a certain reaction of the en-
vironment including changes of microbiological composition of soil rhizosphere.

The aim of introgressing genes for certain traits into a cultivated plant is to enhance
its yield and intensify food production. There are more and more genetically modified plant
species such as soybean, corn, potato, rice and others and there is a pressure to use them as
human food and animal feed.

Genetically modified soybean plants with introgressed gene for resistance to total her-
bicides, such as Round-up, are more productive than non-modified, herbicide-sensitive soy-
beans.

KEY WORDS: GMO, PCR, transgenic plants, ecosystem

INTRODUCTION

Genetically modified organisms (GMO) are created all over the world,
which possess new, desirable, previously non-existing traits. Presently, how-
ever, GMOs are suspected of possible negative effects on the environment and
humans (Kalaitzandonakes, 1999; Metcalfe et al, 1996). Because
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of that, biotechnology and genetic engineering are closely controlled and regu-
lated in this and other countries.

Applications of modern biotechnology show a significant potential in im-
proving agricuitural productivity, reducing poverty and enhancing food secu-
rity in developing countries.

Techniques of genetic engineering, such as introgression of gene for new
and improved existing traits, are tools used by breeders for development of
transgenic plants. These plants are made artificially, without natural pollina-
tion. The introgressed genetic sequence may come from another related plant
or from a completely different species. An example for the latter case is tran-
sgenic Bt corn which produces a protein with insecticidal properties on acco-
unt of a gene received from a soil bacterium (Mireles, 2000). Plants contai-
ning new genes are called genetically modified, or GM crops, although all
plants are in fact GM originating from genetic modifications of their wild pro-
genitors. Transgenic plants of soybean and corn contain introgressed genes for
tolerance to herbicides, pesticides, insecticides, etc. A soybean variety has
been developed which is tolerant to glyphosate, the active substance in the
non-selective herbicide ,,Roundup”. Soybean resistance to this herbicide was
introduced via Agrobacterium sp. gene fragment of cauliflower mosaic virus
(promoter) which contains peptide sequence for Roundup resistance (V an
Hoef etal, 1998). This gene fragment produces synthase — the enzyme re-
sponsible for soybean tolerance to ,,Roundup”. On the other side, non-transfor-
med soybeans are highly sensitive to this herbicide (Delann ay etal., 1995;
Padgette et al., 1995).

Transgenic soybean lines with high tolerance to this herbicide maintain
high and stable yields upon herbicide treatment. Introduction of GM plants in-
to an environment disturbs the existing biological balance. Biological diver-
gence between genotypes in the ecosystem is increased, and so is the diver-
gence between this ecosystem and other ecosystems which originally had been
much closer to it.

In EU countries, testing of GM plants during growing season or after it,
but in any case prior to the use for processing and food production, is
obligatory. These tests serve to protect humans against potential risks coming
from genetically modified plants. In the case of non-modified crops, fields that
exhibit phenotypic modifications are inspected because such modification may
indicate possible tainting with GM plants.

The aim of this investigation was to determine relations between GM
plants and ecosystem to which they belong. Soil microbiological activity was
analyzed in fields under GM soybeans to determine the effect of these plants
on changes of the environment.

MATERIAL AND METHODS
Modified (+) and unmodified (-) soybean plants with intact roots and soil

around them were sampled in 14 locations. Soil samples were taken aseptically
from the depth of 0—30 cm. Genetic identification of soybean plants was do-

40



pe in DNA extracts using the PCR method (polymerase chain reaction) on the
basis of specific primers 35S promotor and NOS3” terminator (Van Hoef et
al., 1998; Meyer etal, 1996; Wurz and Willmund, 1997). Qualita-
tive presence of the introgressed gene was determined on the basis of the PCR
method and amplification of DNA fragments. After identification of plants,
soil analyses were done. _

Determination of microbial number in the soil was done using plate co-
unts. The following groups of microorganisms were determined: total number
of microorganisms on soil agar (Pochon and Ta rdieux, 1962), number
of fungi on the Czapek-Dox agar (Sharlau, 2000), number of azotobacters
on the Fiodorov agar (Anderson, 1958), and the number of ammonifiers on
the nutritious agar (Torlak).

RESULTS AND DISCUSSION

The PCR method determines whether a genetic transformation has been
made or not. New quality traits obtained by transformation are the result of
physiological processes which, in their turn, are controlled by certain genes.
The objectives of gene manipulation are increased efficiency of plant produc-
tion and improved protection of the environment and humans.

The numbers of bacteria and fungi were high in both soil variants (+GM
crops, ~GM crops), without significant differences between them (Table 1).

Tab. 1 — General microbiological activity of soil

Ne. Soil sample® e ey s (105 g1 sbe. dry s
I 1 +GM 81.37 46.50
2 1 -GM 108.65 20.37
3 10 km? +GM 69.36 35.87
4 10 km? -GM 128.88 23.01
5 3 +GM 57.41 12.75
6 3 -GM 38.70 34.40
7 3/1 +GM 54.30 15.20
8 3/1 -GM 44.68 25.53
9 5 +GM 44.65 10.63
10 5 -GM 53.65 12.87
11 6 K +GM 130.20 6.97
12 6 K -GM 92.48 7.11
13 8 +GM 113.93 15.95
14 8 -GM 226.78 24.69

* +GM — sample of soil in which GM plants were grown.
* _GM — sample of soil in which non-GM plants were grown.
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The presence of azotobacters was high in all samples, which was charac-
teristic for the tested soil type, except that somewhat lower values were deter-
mined in samples 8, 9 and 10, but these reductions were too small to indicate
any soil disturbance (Table 2).

Tab. 2 — Microorganisms of the nitrogen cycle

No. Soil sample* A_zotobacter . Alnnimr‘\iﬁers N
(102 g-1 abs. dry soil) (107 g-! abs. dry soil)
1 1 +GM 11.04 51.15
2 I -GM 54.89 24.90
3 10 km? +GM 34.08 74.14
4 10 km2 -GM 25.89 25.31
5 3 +GM 34.55 48.90
6 3 -GM 29.03 43.01
7 3/1 +GM 16.29 23.89
8 3/1 -GM 2.12 57.44
9 5 +GM 7.97 25.51
10 5 -GM 6.43 34.33
11 6 K +GM 40.68 41.85
12 6 K -GM 33.19 59.28
13 8 +GM 43.86 102.54
14 8 -GM 20.77 44.90

* +GM — sample of soil in which GM plants were grown.
* -GM — sample of soil in which non-GM plants were grown.

The number of ammonifiers was optimal in most of the analyzed samples
(Table 2).

Interactions between GM and non-GM plants were not found (Berin-
ger, 2000).

CONCLUSION

The transgenic DNA or proteins from transgenic crops can be detected in
plant material and processed food. Potential effects of GM crops on ecosys-
tems and environment are of special significance and must be observed.

The results obtained in this study showed that for the GM and non GM
soybean plants caused no change in the soil microbiological activity. It seems
to indicate that GM plants do not cause large changes in the biological balance
of the environment in which they grow.

Transgenic DNA has been deemed to be safe for consumption as it is ma-
de up of the same building blocks as plant genomic DNA. Transgenes should
remain stable from generation to generation and GM plants should not disturb
the biological balance of the environment. Some authors have considered the
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benefits and risks of transgenic crops in great detail, which can be of impor-
tance for further biotechnological advancement.
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Pe3snme

Merone MoJeKyJapHe TEHETHKE YBEJEHE Y TEHETCKW MHXUHEPHUHT YUECTBY]Y Y
nporpaMy TpaHCreHux OM/baka, HacTalmux yBoherbeM HOBMUX reHa, KOju Cy y OCHOBM
TpaxeHUX ocobuHa. FbMXOBO NMpuUCycTBO y 6HMILHOM TeHOMY ce MIeHTHdUKyje Ha H6a3u
crneundUYHUX OAUroHykiacotuaa, mpajmepa, xopuurherwsem PCR (Polymerase Chain
Reaction), merone ymHoxkasawa IHK ¢parmenara. I'eHerckn MonudukosaHe Ouibke,
Kao WTO je coja, MOCTajy HOBOHACTANU OMOEHEPreTCKH MOTEHUMjaN 3a CPEAMHY Y KOjoj
ce pa3Bujajy, uuja ekcripecuja reHa Moke u3a3Batu nopemehaj GuopaBHOTEkKE, EKOCU-
cTEMa, CTPYKTYPE 3EMJbULLTA, HEroBe MUKPOOHOIOLIKE AKTUBHOCTH.

Fexercku moaudukosBaHe OUBKE MOTY OMTHM ca YBEACHUM MOHOIEHUM MM MO-
JINTGHUM CBOJCTBMMA, IUTO AOBOAM A0 HUXOBMX T€HETCKO-(DU3UOOLIKUX MPOMEHA U
onpeheHUX peakuMja y CpearMHM Y Kojoj ce Hanaze. CMmarpa ce ja opraHu3Mu ca HOBO-
HACTAJIOM TeHETCKOM CTPYKTYPOM MOTY VTHMLIATH Ha M3MEHY OMO-paBHOTEXE CPeAMHE
Y KOjOj ce Hanase, Kao LUTO Cy MPOMEHE XEMMUJCKOF U MUKPOOMOJIOLIKOT cacTapa y pU-
3ocepu 3emibUIITa, Koje he yclnoBUMTH HM3 M3MEHa HeroBe OuoeHepreTcke cnocob-
HOCTH.

YBohewe rena 3a ompeheHe ocobuHe Oubaka MMa 3a UU/b Nnosehiathe HUXOBOT
IMPUHOCA U MHTEH3UBHUjY NMpou3Bodmy XxpaHe. Otyna je cee Behu Opoj Mmonudukosa-
HUX OMJbHUX BPCTa, Kao IUTO Cy COja, KYKYPY3, KDOMIUP, NUPUHAY K Ipyre, Koje uma-
jy Benuko yyeuwile y MCXpaHU JbyIM M XUBOTMHA, 300T Yera je HEonxo/lHa KOHTpoJa
TaKBUX OWLHUX BpCTa M CpeAMHE Y KOjOj ce OHe Hanase,

I'eHercku moaudukoBaHe OWIbKE COje, ca YHETUM FeHOM 3a PE3MCTEHTHOCT Ha
TOTANHK XepOuumna, Kao wto je Round up, nonpuHocu wuxoBoj Behoj NpoayKTMBHO-
CTH, 33 pasiuKy o HeMOIU(MHKOBAHMX OWsbaKa, KOj¢ HE IOAHOCE OBAaKBY BPCTY Xep-
6uumnna. Mehytum, ocobrHa HOBOYHETA ¥ T€HOM OMJbKE MOXKE MMATH pas3jiuuuTe Mo-
CNEIUIE IO OKOJIMHY Y KOjOj € Hasa3M, ILUTO je Ipe cBera y Be3U Ca LMBbEM HEHOT
HACTaHKA, Kao 1WITO CYy OTIOPHOCT COj¢ Ha TOTAlIHM XepOuuni, Round up ¥ weH oaHoC
ca CpeaMHOM.
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