3aHATUAX (KaK JIGKIMOHHBIX, TAK W CEMHHAPCKHX) IMHUPOKO HCHOIB3YIOTCS KOMIBIOTEPHBIE MpPE3eHTAIIH.
KommproTep oOKa3bpiBacTCsl W HEOICHUMBIM IIOMOIIHMKOM TIpH 00pabOTKE pe3yibTaToB CTYACHUECKOTO
pelituara. [IpuMeHeHHEe KOMIBIOTEPHBIX TEXHOJIOTUH CHOCOOCTBYET HHTEHCHU(DHUKAIIMM 00pa30BaTEIILHOTO
mporiecca B XOJe HM3YUYCHHS TUCIHIUIMHBI «DKOJOTHYEcKas OWOTEXHONIOTHS», a TakkKe CHocoOCTByeT
npo(heCCUOHATIBHONH TOATOTOBKM OyAyIIEro CHEIHMATUCTa-3KOJ0oTa K CaMOCTOSITCIbHONW MNPaKTUYCCKOM
JeSATEeILHOCTH.

CrnemyeT TakXe OTMETHTb, YTO IKOJOTHYECKoe 00pa30oBaHNE BKIIFOYAET MOUCK HOBBIX ()OPM U METOIIOB
AKTUBU3AIIMH YKOJIOTHIECKOT0 00pa3oBaHus CTyAeHTOB. OJHIM M3 MHOTOOOPAa3HBIX IyTeH JOCTIDKEHUS dTON
LIETTH SBJISIETCS] TIPUBJICUCHUE CTYIEHTOB K HCCIEIOBATEILCKONH paboTe MyTeM BBHITIONHEHWS M HAMKCAHUSA
KYPCOBBIX W JUILUIOMHBIX pa0OT, TEMBI KOTOPBIX CBSI3aHBI C OMOTEXHOJOTHYECKUMHU ACHEKTaMH OXPaHBI
OKpYy’)Kafomel cpeapl. AKTyallbHOCTh BBINTOJNHAEMBIX pa0OT 3aKI04aeTcs B TOM, YTO OONBITMHCTBO
OMOTEXHOJIOTUYECKUX Pa3pabOTOK IMPSIMO WJIM KOCBEHHO CBSI3aHO C TVIOOATLHBIMHU MPOOIEMaMU, CTOSITUMHU
nepea COBPEMEHHOM NUBMIM3AIMCH, OJHOM M3 KOTOPBIX SIBISETCS 3arpsi3HEHHE OKpYKamoIleh cpeapl. JTa
po0JieMa ¥ My TH €€ PelIeHus ¢ TOYKH 3PEHUST OMOTEXHOIOTHIECKHIX TIOIX0I0B OCBSIIEHA B PSAAC TUTLTOMHBIX
paboT CTyIeHTOB OaKajIaBPOB U MarUCTPOB IO CIIEIIHATEHOCTH « DKOJIOTHSI.

1.Eropos T.A., Knynosa C.M., ’)Kuyxuna E.A. OcHoBbl OnoTexHonoruu. — M., Akangema, 2003.
2. MxycynoBa J1.b. TeXHOIOTHH OYHMCTKY MPUPOAHBIX U MMPOM3BOACTBEHHBIX CTOYHBIX BOI. — AnMartsl, 2006.

3. Kapnieako M.I1. lHHOBalMOHHBIE MTE€IarOTHIECKUE TEXHOIOTUH B 00pazoBanun - M., 2001.
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SHJIipi, OHBIH HET13Ti OaFbITTaphl XKOHE 03€KTI Moceleliepi TafaHaIbl.
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In article the discipline role «Ecological biotechnology» in preparation of experts of ecologists in High Schools, its basic
directions and actual problems is considered.

K. Sh. Davletova', A.Y. Yerezhepov’
BIOTECHNOLOGY: ACHIEVEMENTS AND CONSEQUENCES.
(1 The International Academy of Business, Almaty, Kazakhstan, ? al-Farabi Kazakh National University,
Almaty, Kazakhstan)

The development of new biological tools in the second half of the 20" century gave immense possibilities for genetic
engineering and creating new organisms with desirable characteristics. New horizons emerged for agriculture, medicine and
environmental area. More than twenty years have passed since the first genetically engineered organisms have been planted in
Canada and the USA in the late 1980s. In this article we have analyzed achievements and consequences of the biotechnological

applications in agriculture and environmental area.

Genetic engineering in basic sciences

The primary application of genetic engineering has been in the field of basic science for cloning key
genes in order to understand their functions. Success in sequencing of individual genes allowed studying
genes’ networks and signaling pathways and, eventually, the mechanisms of functioning of the living
organism. Biomedical engineering has been applied to cure human diseases (gene therapy), sequencing of
whole genomes of different species, and later cloning of animals and manipulations with stem cells. The
Human Genome Project, officially started in 1990, was and completed in 2003, revealing key genes associated
with at least 30 diseases. The first genetically modified organisms (GMO) have been used solely for basic
biological research needs. The transgenic mice research has provided wide range of applied biomedical studies
to understand signaling mechanisms and drug screening to treat different diseases.

Plant genes encoding biologically active proteins and their specific regions have been studied to
understand plant responses to biotic and abiotic stresses. The break though was made with sequencing
Arabidopsis thaliana genome and using it as a model plant system for functional genomics studies. New
techniques using so-called gain- and loss-of-function T-DNA mutants allowed to study gene’s function at the
genetic and protein levels. Mutation of a single Arabidopsis gene can reveal the functional activity of a
missing gene which could be then confirmed by producing of transgenic Arabidopsis plants over-expressing
the gene of interest. Much has been done in this field to understand plants response to different pathogens,
draught, salinity, extreme temperatures etc. The Arabidopsis model has been successfully used to understand
oxidative stress network induced by pathogens and harsh environmental conditions.
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Genetically Modified Organisms for agriculture

Advanced approaches have been considered in agriculture for improvement of plant products’ qualities,
their fortification with important nutrients, strengthening plants abilities to resist microbial and viral diseases.
A number of GMO have been created for commercial use claiming that they will help to reduce the use of
herbicides and pesticides. GM herbicide-resistant crops such as Roundup Ready crops (soy, corn, cotton,
sugarbeets, alfalfa and canola) can survive spraying with Monsanto's Roundup herbicide, the most widely used
deadly herbicide in the world. Recently, new GM herbicide-tolerant crops have been developed by Dow
AgroSciences, which can resist the infamous herbicide 2,4-D, a major ingredient in the notorious Agent
Orange chemical defoliant used during the Vietnam War [1]. The Agent Orange ingredient is linked to human
diseases from cancer to immunosuppression, reproductive damage to neurotoxicity [2]. Another danger is that
this leads to herbicide-resistant weeds. Indeed, the course of evolution has shown that new organisms via
mutation have emerged to resist and survive. Andrew Kimbrell, director of the Center for Technology
Assessment in Washington, believes, "Biological pollution will be the environmental nightmare of the 21st
century” [3]. “Biological pollution is an entirely different model, more like a disease. Is Monsanto going to be
held legally responsible when one of its transgenes creates a superweed or resistant insect?” Genetically
engineered crops that can resist pesticides produce their own pesticides. GM potato known as the New Leaf
Superior was from Bacillus thuringiensis, the soil bacterium that produces the organic insecticide. Expression
of its own Bt insecticide made it resistant from the Colorado potato beetle [3]. Interestingly, the Bt potato is
classified as pesticides by the EPA. The quality such as insect- resistance is good only for commercial use but
not for family farmers and is threatening for the environment and human health. Another, neither less
threatening problem is the spread of artificially expressed genes from GM plants into the wild environment.
Pollen of GM crops can pass herbicide resistance genes to weedy relatives, affect the evolution of pests and
wildlife, and the food chains of the whole ecosystem.

The latest news places the last drop in GM crops failure. Scientists at Purdue University demonstrated
an adverse impacts of clothianidin, an insecticide used as a seed treatment on GM corn and other crops on
honey bee health [4]. It was found in dead bees and in pollen collected by bees. Neil Carman, Ph.D., says:
“US researchers have documented major adverse impacts from clothianidin seed treatments in corn on honey
bee health.” “Because of the vital role played by honey bees in crop pollination, honey bee demise threatens
the production of crops that produce one-third of American diets, including nearly 100 fruits and vegetables.
The value of crops pollinated by bees exceeds $15 billion in the US alone.” Scientists warn that insertion of
one gene can hardly affect the crops yield which is genetically controlled by a gene complex. Moreover,
unpredicted challenges have revealed the complexity in the field of plant engineering. For example, the
successful production of Bt corn. The bt toxin produced by these GM crops are far stronger than any found in
nature, and are produced throughout the plant. Consuming of adulterated rapeseed oil in 1983 caused death of
hundreds people in Spain [5]. The fact that the adulterated rapeseed oil was tested on rats indicates that testing
procedures for genetically modified food including rodent tests are not safe and sufficient for humans.

Scientists are concerned with the consequences that can arise in the future because of unpredictable
genetic modification of the introduced gene at a single site or multiple sites of the plant genome referred to as
pleiotropic effects causing various phenotypic changes. Safety Evaluation of Genetically Modified Foods of
the Division of Food Chemistry and Technology and Division of Contaminants Chemistry [6] states,
“Undesirable phenotypes may include, for example, poor growth, reduced levels of nutrients, increased levels
of natural toxicants, etc. Pleiotropic effects occur in genetically engineered plants obtained with
Agrobacterium-mediated transformation at frequencies up to 30%.” "Residues of plant constituents or
toxicants in meat and milk products may pose human food safety problems. For example, increased levels of
glucosinolates or erusic acid in rapeseed may produce a residue problem in edible products," writes Gerald B.
Guest, Director of the Center for Veterinary Medicine [7].

Manipulations with viral genetic material have been investigated to create modified viruses such as
cauliflower mosaic virus plants resistant to viral diseases. The unexpected consequences of such genetic
manipulations are little known. Another warning appeal of scientists, farmers, and environmental activists is
that genetic engineering without careful study can create unprecedented problems to our society. Precautious
studies are required before taking a single step in this direction, otherwise living organisms as the products of
some three billion years of evolution will be lost forever from the face of the Earth.” Dr. George Wald from
Harvard University, the 1967 Nobel Laureate in Medicine, writes, “It is all too big and is happening too fast.
So this, the central problem, remains almost unconsidered. It presents probably the largest ethical problem that
science has ever had to face. Our morality up to now has been to go ahead without restriction to learn all that
we can about nature. Restructuring nature was not part of the bargain. For going ahead in this direction may be
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not only unwise, but dangerous. Potentially, it could breed new animal and plant diseases, new sources of
cancer, novel epidemics” [8].

However, the Food and Drug Administration (FDA) officials do not share those concerns. The the
Monsanto Director of Corporate Communications Phil Angell, states that "Monsanto should not have to
vouchsafe the safety of biotech food. Out interest is in selling as much of it as possible.” [9]. GM plants
resistant to commercial herbicides were first planted in Canada and the USA in the late 1980s. Since large-
scale commercial cultivation has been approved in the mid 1990s, the USA is the largest producer of GM
crops in the world. Nowadays over 80% of global GMO production is limited to the USA, Canada, Brazil, and
Argentina.

The genetically modified (GM) plants have been promised to increase crops yield to fight poverty and
hunger in the poorest countries of the third world. To increase crops yield farmers have to use more fertilizer,
and pesticide which destroy soil, pollute the ground water, intoxicate food, and, eventually, threaten human
health. Monsanto proclaimed that “'current agricultural technology is not sustainable” promising to create GM
plants that can fight all environmental adversities themselves expressing endogenous genes with desired
qualities. “Biotechnology is the single most promising approach to feeding a growing world population while
reducing damage to the environment”, claims Phil Angell, the Monsanto Director of Corporate
Communications [10]. How do Biotech companies help to developing countries? They oblige farmers to sign
contract that they will not save, resell, or exchange seed. That means that every year the farmers have to buy
the seeds again from Biotech companies. These cabal contracts put poor farmers from developing countries
into dependence from Biotech firms and give a rise to a modern form of slavery. Loss of yield in India caused
enormous debt and pushed farmers to commit suiside [11]. Unprecedentedly, India accused the US-based
Biotech company Monsanto in biopiracy for stealing its indigenous eggplant in order to create GM vegetable
without permission and thus violating India’s Biodiversity Act. Recent attempts to introduce GM rice to China
have also failed [12]. Scientists are concerned that biotechnology cannot provide secure food and reduce
poverty in the developing world [13].

Biofuel and environmental applications

According to the U.S. Department of Energy fossil fuel-based consumption could be reduced by 30% by
2030. Rising demand for biofuel has produced new techniques such as ethanol production by genetically
modified corn and soybean resistant to pests and drought.

The GM maize (corn) was the only food crop in Europe allowed for cultivation. Greenpeace confirms
the commercial failure of GM food in Europe, where seven EU countries have imposed ban on MONS810 [14].
Of about 179 million hectares of the EU’s agricultural land, only about 0.06% was used in 2011 to grow GM
food. The French government banned the insect-resistant MON810 maize (corn) in 2012 and beyond as being
dangerous for health and the environment [15].

Recently, a new technology using genetically modifying Escherichia coli bacteria and algae for
producing next-generation biofuels has been developed [16,17]. This strategy could lead to mass production of
these harmless for the environment biofuels from E.coli and other microorganisms. New approaches reveal
numerous possibilities for industrial for biotech applications such as production of biodegradable plastics and
other environmental issues. The potential of biotechnology can be used to prevent and remove pollution and
wastes. In particular, the hydrocarbon-degrading activities of the so-called hydrocarbonoclastic bacteria can be
applied to clean oil spills [18]. More approaches are awaiting for application to maximize economic input
through bio-degradable waste and by-products generation, and potentially energy-saving bio-processes.
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Pa3zpaboTka HOBBIX OMONOTHYECKHX CPEACTB BO BTOPOM MoJOBMHE XX BeKa NacT OTPOMHBIC BO3MOXKHOCTH JUISi T€HHOM
HIDKCHEPUH M CO3IaHHS HOBBIX OPTaHM3MOB C JKEJATEIBHBIMH XapaKTepuCTUKaMH. [1oSBHINCH HOBBIE TOPHU30HTHI A CEIBCKOTO
XO3SMCTBAa, MENWIUHBI M B JKoJormueckod obmactu. bomee 20 jer mpommio ¢ Tex Mop, KOTAa IEpBbIE T'€HETHYECKH
MOIM(ULIMPOBAHHBIE OpraHU3Mbl ObUTH mocakeHbl, B KoHe 1980-x B Kamame m CIIIA. B paHHOW cTaTbe MBI aHAIM3HPYEM
JOCTVDKSHUS! U TIOCIIE/ICTBHUS TPUMEHEHYs OHOTEXHOJIOTHUH B CEJILCKOM XO3SIHCTBE M 9KOJIOINYECKOH 00IacTH.

*kk

XX FachIp/iblH CKIHIII JKapTHICBIHIAFbl JKaHA OMOJIOTHSIIBIK KOCBUIBICTApABl JKacay TEXHOJOTHSIAPBIHBIH IaMybl T'€HIIK
WH)KEHEpHsl YIIiH jKOHEe KaKeTTi OeNTijiepiMeH epeKIIeIeHEeTiH OpraHu3MIepAl IYHHETEe KeNTipyre YIKeH MYMKIHAIKTep Oepemi. Aybin
[IapyalbUIbIFbl, MEIUIMHA JKOHE SKOJIOTHS callalaphl YIIiH jkaHa Oenectep ambuiabl. 1980 sxeinapasH conbiHaa Kanaga men AKLI-
Ta, TEHETHKAJBIK XETUINIPUIreH aJIFalllKel OpraHM3MIEP/iH alblHFaHbIHAH Oepi 20 XKBUIAH acTaM yakbIT ©TTi. ATaJIMBIII Makantana
aybUI MIapyallbIIBIFBI MEH JKOJIOTHS cajanapblHa OHOTEXHOJIOTHSHBIH JKETICTIKTePIiHIH ocepl MEH OoyapAbl KOJTAHYABIH Calgapbl
KapacThIPbLUIa IbL.

P.b. Kaxewobaesa, C.H. Anomyp3saesa

MYHAMMEH JJACTAHFAH TOIBIPAKTBIH AYBLIIIAPYAIIBLIBIF BIHIA MAHBI3/IbI
OCIMAIKTEPI'E OCEPIH AHBIKTAY

(K. X)Kyb6anoB arbiHnarsl AKTeOe MEMIIEKETTIK YHUBEPCHTETI)

Kymvicma — apmypai  konyemmpayusoa — MYHaiu — JicoHe — OHblY ~ OHIMOepiMeH — 1ACMAHRAH — MONbIPAKMAZbl
AybLIUAPYAUbLIbLIZLIHOA MAHBI30bl  OCIMOIKIMEPOIY OCYIMEH, OAPObIY JHCePACTIbl JCIHE HCePYCMi MYenepiHiy O0aMybiHd,
COHbIMEH Kamap MYHauMeH 1acman2an monsipakmelly JIcaHe coil MONbIpaKma ocipineen ocimoikmepoiy KypamuliHoagel daybip
Memanoapea capanmama Heypaizinoi.

KazakcranHplH OaThic eHipiHAE TaOWFATTHl HETI3ri TEXHOTEHAl JacTaylibllap MyHal >KOHE OHBIH
eHIMAepi OONFaHABIKTaH OYJI MOocele OChl aiiMakTa ©3¢KTi OoJbIm OThIp. Kopimmaran opTaHBI opTypili VIIbI
KOCBUTBICTAPMEH, COHBIH IIIiH/IE MYHAi K9HE OHBIH OHIMJAEPIHEH KOpFay, TOTCHIIEC MaHBI3IbI, SKOJIOTHSIIBIK
Macesie 00JbIN OThIp. MyHalabl KYObIpiap apKbUIbl TackIMallay, MyHall CaHbLIayJlapblH OYpFbUIay Ke3iHne,
MYHa#JIbI ©HJIpic OpHBIHIA OHIIPY Ke3iHIe *oHe T.0. jKarmaiia KoplaraH OpPTaHBIH KOMipCYTEKTePMEH
JIACTaHyBI OPBIH anajabl. MyHal KyOBIpIapbiH calyIbIH (IIOPUCTUKAIBIK KypaMFa 9CepiH 3epTTereHae MyHai
KYOBIpJIapbIH CallylIbIH JKaHaMa dcepiiepi HEri3iHeH KOIl CHIMaTTaMara We YKOHE TONBIPAKTBIH MEXaHWUKAIBIK
OYJ1iHyi MEH TaMBIPIIBI OCIMAIKTEPIiH TyTelIel KoibuTybiHa ocep eTemi [1,2].

Toxipube 1abopaToOpUsIIBIK JKaFaaina, Taza TomsIpakTsl 1.5%, 3.0% xone 6.0% KoHIIEHTparmaIa MIHKi
MYHaMeH JlacTay apKbUIbl )KYpTri3iiai. TonbIpakThiH Kalmbl GUTOYBITTHUIBIFEIH [ poa3uHckuii A.M. yChIHFaH
ozicTeMe apKbUIbl aHBIKTaAbIK [3]. JlacraHFaH TOMBIPAaKTHIH (QUTOYBITTHUILIFBIH Oaranayra apHajfaH ChIHAK-
eciMIiK peTiHae: Kapa Oumaii MeH OumanaelH Oymanel Tputukane (7riticesecale Ne352), xy3nik Kapa Oumait
(Secale cereale), xeprimikri (Triticum) Oupnaii copTrapbl-«OpenOyprckas NelO» sxone «Kaprambr Nelly,
COHBIMEH KaTap AallalbIK OunanbIK (Agropyron desertorum) eciMIikTepi KOJIaHbUIIb. MyHaliMEH JacTaHFaH
TOTBIPAK KOHE OCIMIIKTEp KYpPaMbIHAAFbl ayblp METAJapJblH KOHIEHTPAIUACH aTOMIIBI-aICcOPOIUSITBIK
criekTpoMeTpusTelK - omictieH  «MCT-DKO»  XKIIC-aig 3eprrey mabopaTtopwsiChlHIa aHBIKTAIAB  [4].
MyHaiiMeH JacTaHFaH TOMBIpAaK MEH OCIMIIKTEpJiH XUMHSJIBIK KypaMblHA 3epTTey IKYprizy KesiHue
TOMEHJIETi/Iell HoTHKeepre Kol XKeTKi3Mik. TpuTHkane eciMIiri eriired TOmbIpakTa KOPFachIHHBIH MeJIIepi
6axputaynsiH e3inae LIIMK-man 2 ece sxorapsr (2.15+0.906r/kr), ecy mopexeci kemecineit: 1.5%< 6akpuiay <
3.0% < 6.0%. MBpbICTBIH TONBIPAKTaFbl KOHIICHTPAIMSACHIHBIH JKOFapblIaybl KelleCl PEeTHeH JKYpAi:
3.0%<0axpuiay <1.5%<6.0% (2.3+£0.644r/xr). MBIpBIITEIH MOIIIEepi KeNecinell KOpCEeTKIITI KepceTeNi:
Oaxprtay < 3.0% < 1.5% < 6.0% (12.3+0.742 1/kr). Hukensain memnmepi: 6akpuay <1.5% < 3.0% < 6.0
(19.6+0.9491/kT) G60Mampl. XpoM MeJIIIepiHe aybUIIAPYaNTbUTBIK MaKcaTTa IMalaTaHaThIH TOMBIPAKKa OPTaK
HIMK 6exkitinmeren. bizain Toxipubemizae XpoMHBIH Memepi TeMeHaeriaei: 6akpuay<3.0%<1.5%<6.0%
(9.12+0.4431/kr). Kapa Ounaii erinreH Tomslpak ChIHaMaNapblHAa MYHA# 103achl )KOFApbIJIaraH CaiblH aybIp
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