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The development of express method for detection viral diseases in plants

Abstract: Nowadays there are numerous methods in identifying viral infections. Many of them
require the use of radioactive isotopes and application raised against virus derived proteins. In this
research we aimed to develop new inexpensive methods of quick identification of viral infections.

Keywords: express method, P19, viral diseases, RNA silencing, Tomato bushy stunt virus

DOT: https://doi.org/10.32523/2616-7034-2018-124-3-65-69

Introduction. Viruses are the most widespread agents of economical damage in farming agricul-
ture. Although the number of methods to protect the plants from pathogens has been implemented,
the virus infections are still damaging agriculture by decreasing its productivity throughout the
world [1]. The infection of plants by viruses starts from spreading through the cellular pathways,
which continuously damages cells and tissue. Consequently, it leads to development of viral symp-
toms such as significant growth inhibition, fading of leaves, visible damage of tissues and apical
necrosis [2|. Therefore, disease detection is one of the valuable ways to reduce the system dam-
age in plants [3]. However, the detection of viruses requires well-equipped laboratory that is not
always economically affordable. Thus, it is suggested that the development of low-cost methods
in detection of virus infections may play an important role in earlier detection. In this work the
research object is a close relative of tobacco Nicotiana benthamiana and the type species of the
tombusvirus family Tomato bushy stunt virus (TBSV). They are well-confirmed exemplary for the
research of plant viruses in which TBSV can affect systemic infection [4]
Materials and Methods Plant conditions
N. benthamiana plants were grown under dark condition for 8 h at 22°C and under lighting for
16 h at 259 C with 70-75% relative humidity during 35-40 days. Temperatures varied from 21 to
289 C. The spectrum of lamps which were used for illumination of growth room was 2700 K and
6400 K [5].
Transformation. For transformation DNA plasmid pUC-19 with inserted virus genome and the
competent cells of Escherichia coli (E.coli) JL-109 strain were used. Transformation process was
conducted by the heat shock method. Firstly, the combination of chemically competent bacteria
and DNA was incubated in ice for short time and then the blend was located at 42° C for 3 min
(heat shock) and placed back in ice. Super Optimal broth (SOB) medium was added in order to
promote effectiveness transformation of plasmids. Secondly, the transformed cells were incubated
at 36-379 C for 30 min with shaking. FE.coli JL-109 strains were grown overnight at 28° C in
Lauria Bertani (LB) broth supplemented with 50 pg/ml ampicillin. Bacterial cultures were then
centrifuged at 4000 rpm/min for 5 min and supernatant was discarded. The cells were plated in
solid medium in Petri dish. They were incubated for 24 h at 37° C [6].
Extractions and purification of plasmids. The competent cells were resuspended in 250-350 w1 of
the resuspension solution and then transferred in a microcentrifuge , added 250 w1 lysis solution.
It was mixed 4-6 times. After that 350 w1 neutralization solution was added. The solution was
centrifuged for 5 min at 10 000 rpm/min. The next step was the purification of plasmids through
transportation the supernatant to the supplied Gene Jet spin column. It was pelleted during 1 min
at 10 000 rpm and then discarded the flow-through and peace the column back. It was followed
by adding the washing solution and centrifuging for 30-60 sec. Then this step was repeated twice.
After transferring the spin column into a fresh 1.5 ml tube 50 p1 of the elution buffer was added
and centrifuged. Then column was discarded and the purified plasmid was stored at -20° C [7].
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In wvitro transcription. Before in vitro transcription the restriction Smal enzyme digest linearized
at the 3’-end of the viral cDNA sequence of inserts which was included in plasmids. After that,
transcripts were synthesized via T7 RNA polymerase. These transcripts were used for inoculation
of the plants [§].

Plant inoculation

N. benthamiana was inoculated by wild type TBSV and A p19 TBSV (mutant with changes p19
genes). 9 For plants inoculation in vitro generated transcripts of full-length TBSV ¢DNAs were
used. Control plants were mock-inoculated by using phosphate buffer without viral RNA. Healthy
and infected plants were grown separately in the same conditions [9].

Detection of viral infection in inoculated plants. The leaves of N. benthamiana were analyzed for the
presence of TBSV virions. There were three samples from three different plants. Control plants,
samples from wild type TBSV and inoculated by its mutant type without P19 were severally
homogenized in TRIS/EDTA (TE) buffer in ratio 1/2 (sample/buffer) on ice. The next step was
centrifuging all samples at 10 000 rpm (4°C) for 20 min, and then 15 u1 of each sample were
mixed with 6 x Loading buffer. Separation of macromolecules was in 1% agarose gel with ethidium
bromide for 45 min with Tris/Borate/EDTA (1 x TBE) buffer. UV light used to detect viral
particles in agarose gel. It is followed by capillary transfer onto nitrocellulose membrane with TBSV
virion-specific polyclonal antibodies as the evidence there were TBSV virions. Membrane blocking
and determination of phosphatase activity after incubation with antibodies, were performed like
it was described for Nothern blotting [5].

Results and discussion

Detection of viral infection in inoculated plants

N. benthamiana plants infected with TBSV wild type and its mutant type without P19 ( A
P19 TBSV) transcripts developed typical severe symptoms at 1 week post inoculation (Fig. 1
B, C).Visual investigation of infected plants disclosed morphological signs of viral infection: sig-
nificant retardation in growth, visible damage of tissues, withering of leaves and apical necrosis
[5]. Usually the plants which was infected by TBSV grew weaker of at 2 weeks post inoculation
than plants was infected by A 19 TBSV transcripts.

Fi1GURE 1 — The effect of TBSV infection on symptoms development in N. Benthamiana. (A)Healthy plant,
(B) inoculated with Wt TBSV plant at 1 week postinoculation, (C) inoculated with A 19 TBSV at 1 week
postinoculation

Moreover, plants were tested for the presence of viral particles. For this aim, samples extracted from
inoculated and healthy plants were subjected to electrophoresis in 1% agarose gel with subsequent
staining with ethidium bromide. The presence of virus particles in agarose gel was visualized
by UV light. TBSV virions were readily detectable as a major band in samples extracted from
virus infected leaves. On the contrary, samples extracted from healthy plants did not contain such
particles (Fig. 2).

To verify that separated bands represent TBSV virions, a capillary transfer onto nitrocellulose
membrane was performed followed by immuno-staining with TBSV virion-specific polyclonal anti-
bodies. Analysis with antibodies, revealed a presence of the viral protein in upper leaves, indicating
systemic infection (Fig. 3).
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Ficure 2 — Detection of viral particles in N. benthamiana (A) Healthy plant, (B) infected with TBSV,
(C) infected with A 19 TBSV

FicURE 3 — Nothern blot assay for detection TBSV virions. (A) Healthy plant, (B) infected with TBSV,
(C) infected with A 19 TBSV

Conclusion. This methodological approach could be successfully realized for express detection
of virions in inoculated plants. This procedure could be particularly used in cases when visual
morphological signs of viral infection are not very clear. This was evident for plants infected with
TBSV P19-null mutant which causes relatively mild symptoms compared to the wild type due to
the lack of silencing suppressor expression [10]. This work was supported by grant Ne AP05135013,
Ne BR05236574 of the MES RK.
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OciMmaikTepae BUPYCTHIK aypyJiapAbl aHbIKTAYAbIH >KeJeJI d9iciH >kacay

Ansoranusa: Kazipri Tagga BUPYCTBIK aypysiapibl aHBIKTAYIAbIH KenrereH agicrepi 6ap. OnapabiH, Kebici paguoakTHUBTI
M30TOINTAPAbI YKOHE CIIeIU(PUKAIBIK aHTUAECHEIEPIl Tajal eTeli. By Makaiaga 9iCTeMEJIr KarblHaH KapalaibiM KoHe a3
2KaOJIBIKTAJIFAH 3epTXaHajapia XKyprizyre MyMKIHIAIK GepeTiH BUPYCTBIK, WH(MEKIUAIAD/IBl aHbIKTAY/la Te€3 9Pl KOJIKeTIMJIl
9JIicTep KAPACTBIPBLIILL.

Tyitin cesmep: xkburaaMm ojic, P19, Bupycreik aypynap, PHK-unarepdepentus, TBSV.

1 2K.2K. Cyneiimenosa, ! A.A. Kyrxanosa, 2 T.M. Eprasuesn, ! 2K.C. Bareipmuna, ! P.T. Omapos

1 Espasutickuti nayuonasonsili yrnusepcumem um. JI.H. Dymunesa, Acmana, Kazaxcmar
2 Kocmanatickuti eocydapcmeenmoid yrusepcumem umeny A. Batimypcomosa, Acmana, Kazaxcman

Pa3pa60TKa JKCIIpecc-MeToa AJIdd BbIABJIEHUS BUPYCHBIX 3aboJieBaHUIl B pacreHuax

Amnnoranus: B Hacrosiee BpeMsi CyIIECTBYET MHOXKECTBO METOJOB OIIPE/IeIeHNsI BUPYCHbIX 3aboJieBanuit. B nanHoit craThe
OIUCAHBL JOCTYIIHBIE SKCIPECC-METOABI OIPEAEJICHNsT BUPYCHBIX HH(MEKIUH, KOTOPbIE MOXKHO HCIIOJb30BAaTh B IPOCTBIX U
MaJI0060PYIOBAHHBIX J1ab0PATOPUSIX.

KuroueBblie cioBa: sxcupecc-meron, P19, Bupycusie 3aboneBanusi, PHK-unrepdepenmnus, Bupyc KyCTUCTOM KapJIMKOBOCTH
TOMATOB.

References

1 Savary, S.; Ficke, A.; Aubertot, J.; Hollier, C. Crop losses due to diseases and their implications for global food
production losses and food security, Food secur., 4(4), 519-537 (2012).

2 Marc H.V. van Regenmortel, Brian W.J. Mahy. Emerging Issues in Virus Taxonomy, Emerg. Infect Dis., 10(1),
8-13 (2004).

3 Fraser, R.S.S., Whenham, R.J., Abscisic acid metabolism in tomato plants infected with Tobacco mosaic virus:
relationships with growth, symptoms and the Tm-1 gene for TMV resistance, Physiol. Mol. Plant Pathol., 34(3),
215-226 (1989).

4 Yamamura, Y; Scholthof, H. B. Tomato bushy stunt virus: a resilient model system to study virus-plant inter-
actions, Molecular plant pathology., 6(5), 491-502 (2005).

5 T.M. Yergaliyev et al. The involvement of ROS producing aldehyde oxidase in plant response to Tombusvirus
infection, Plant Physiology and Biochemistry., 109(10), 36-44 (2016).

6 Xiaotian T. Fang, Dag Sehlin, Lars Lannfelt. Efficient and inexpensive transient expression of multispecific
multivalent antibodies in Expi 293 cells, Biological Procedures Online., 19(11), 60-67 (2017).

68



Zh.Zh. Suleimenova, A.A. Kutzhanova, T.M. Yergaliyev, Zh.S. Batyrshina, R.T. Omarov

7 Birnboim H. C.; Doly, J. A rapid alkaline lysis procedure for screening recombinant plasmid DNA. Nucleic Acids,
Nucleic Acids Research., 7(6), 1513-1523 (1979).

8 Scholthof, H. B., Morris, T. J., and Jackson, A. O. The capsid protein gene of Tomato bushy stunt virus is
dispensable for systemic move ment and can be replaced for localized expression of foreign genes, Mol. Plant-
Microbe Interact., 6(3), 309-322 (1993).

9 Scholthof, H. B., Scholthof, K.-B. G., and Jackson, A. O. The tomato bushy stunt virus replicase proteins are
coordinately expressed and membrane-associated, Virology., 208(1), 365-369 (1995).

10 Omarov, R., Sparks, K., Smith, L., Zindovic, J., Scholthof, H.B. Biological rele-vance of a stable biochemical
interaction between the tombusvirus-encoded P19 and short interfering RNAs, J. Virol., 80(6), 3000-3008 (2005).

CBegenust 06 aBTopax:

Cyanetimenosa 2K.2K. - JI. H. 'ymunes arsingars Eypasust yarTeik yHuBepcurerinin « BuorexHosorust }koHe MUKpPOOHOJIOT s>
radeapacoiabiy MarucrpanTi, JI. H. I'ymunes areiparer Eypasust yarreix yausepcureri, Acrana, Kazakcran.

Kymorcanosa A.A. - JI. H. T'ymunes arpiagarsr Eypasus yiaTThlk yHUBEpCUTETIHIH, « BuoTexnosorus »KoHe MUKPOOHOIOTAsT»
Kadeapaceiabiy, maructpanTi, JI. H. T'ymunes areianarer Eypasust yirTeik yHuBepcureri, Acrana, Kasakcran.

Epeasues T.M. - PhD., A.BaiirypcoinoB atbigarsl Kocranaii MemiiekeTTiK yHEUBepcuTeTiHiH «Buorexnomorns»
KadeapachHbIH OKBITYIIBICH, A.Baiirypceinos arsingarsr Kocranait MemiiekerTik yHuBepcureti, Kocranait, Kazakcran.
Bamwpwuna 2K.C. - JI. H. I'ymunes arviagarsl Eypasus yATTBIK yHUBEPCUTETIHIH «OcCIMAIKTED GHOTEXHOJIOTHACHI»
3epTXaHACBIHBIH FHUIBIME Kbi3MeTkepi, JI. H. I'ymuses arsinnarer Eypasus yarTeik yHuBepcuTeri, Acrana, Kasakcran.
Owmapos P.T. - JI. H. 'ymunes arpingarnt Eypasus yATTBIK yHUBepcuTeTiniH «Buorexmnosorus »kKoHe MUKPOOHOJIOTHS»
KadeapacbiHbIH, MeHrepyIici, npodeccop. JI. H. ['ymunes arbingarsl Eypasus yaTTeik yHuBepcureri, Acrana, KazakcraH.
Suleimenova Zh.Zh. - Master student of the L.N. Gumilyov Eurasian National University of the department "Biotechnology
and Microbiology", L.N. Gumilyov Eurasian National University, Astana, Kazakhstan.

Kutzhanova A.A. - Master student of the L.N. Gumilyov Eurasian National University of the department "Biotechnology and
Microbiology", L.N. Gumilyov Eurasian National University, Astana, Kazakhstan.

Yergaliyev T.M. - PhD., the teaching assistant of the Department of «Biotechnology» of the A. Baitursynov Kostanay State
University, A. Baitursynov Kostanay State University, Kostanay, Kazakhstan.

Batyrshina Zh.S. - Researcher of the Plant Biotechnology laboratory of the L.N. Gumilyov Eurasian National University",
L.N. Gumilyov Eurasian National University, Astana, Kazakhstan.

Omarov R.T. - Prof., Head of the department "Biotechnology and Microbiology" of the L.N. Gumilyov Eurasian National
University", L.N. Gumilyov Eurasian National University, Astana, Kazakhstan.

ITocmynuaa 6 pedaxyuro 05.10.2018

69



«JI.H. 'ymuaeB areingarsl Eypa3usi yiaTThiK yHuUBepcuTeTinig Xabapuibicbl. BHoOJIOrusijibIK, FhIJIBIMAAD
CepHusiChI» >KYPHAaJIbIH/IA MaKaJja >Kapusjay epexxkeci

1. 2KypHan makcarbl. buoxumusi, MojieKyJaablK 6uoJiorusi, 6uorexHosiorusi, 6uonHdopMaTiKa, BUPyCcoaorusi, buodusuka,
6uounH>KeHepus, (GU3NOJIOrus, OOTAHUKA, 300JIOTHS, IBOJIIOIUSJIBIK, OUOJIOTHS, T€HEeTHKa, MHUKPOOMOJIOrus, OHOMEIUITuHA
cajiajiapbl OOMBIHIIIA MYKHUSIT TEKCEPYIEH OTKEH FHIJIBIMU KYHBLIBIFBI 6ap MakaJjajiap >Kapusijiay.

2. XKypHanjia makaia Kapusjaylibl aBTOp MaKaJiaHbIH KOJI KOWBLIFaH 1 JaHa Kara3 HYCKAaChH I'blIbIMH OGachbLIbIMIIAp
Gemimine (penakiusira, mekemxkaibl: 010008, Kasakcran PecmyGsukacel, Acrana kanacsl, K. Cornaes kemeci, 2, JI.LH.
I'ymunes arbiagarbl Eypasusi yiurTeik, yHuBepcureri, Bac rumapar, 408 xabuner) xoHe eurjourbio@enu.kz 37eKTPOHIBIK,
nomrrackina PDF, Tex dhopMmarTapbiiiarsl HyCKaJlapbiH »)Kibepy KaskeT. MakajlaHyH MOTIHIHIH KaFa3 HyCKAChl MEH 3JIEKTPOH,IbI
HyCKaJiapbl Oipjeit Gosysapbl KaxkeT. Makasiayiap Kasak, OpbIC, aFbUINIbIH TiIAepiHae Kabbuiganabl. MakaJsiaHblH Tex
dapmarsigarst yirici bulbio.enu.kz »xypuas caiterrsiaga 6epinren. ConbiMen KaTap, aBrop(Jap) ijecne Xar yCbIHYbI KepeK.
3. ABTopapiH KoJka3baHbl pegaknusira >kibepyi makasnaneiy JI.LH. I'ymuneB arbiHaarbl Eypasusi yiaTThIK
yHuBepcuTeTiHiH xabapiubicblHAAa 6acyra KeJdiiciMmiH, meres TijiHe aygapbuibin KaiTa GachulyblHA KeJiciMin
Oinpipeni. ABTOp MakaJiaHbl pegakuudAra >Kibepy apkKbLIbl aBTOP TypaJjibl MOJIIMETTiIH [OyPBICTBHIFBIHA,
MakKaJia KeulipisiMerengirine (mjaruarTbiH >KOKTBIFbIHA) »KOHE 6acka [a 3aHCHI3 KellipMeJepaiH >KOKThIFbIHA
kermijigeme 6epeni.

4. MaxaJsianbll KeJieMi 18 Gerren acnayra tuic (6 6erren Gacrar).

5. MakaJiaHbIH, KYPbIJIbIMbI

FTAMPK http://grnti.ru/

Aemop(nap)dvir, amuvi-sHcons

Mexemenin, Moaslk, amayst, Kaiacsvl, memaexems (erep aBTopJsap d9PTYPJl MeKeMese »KYMbIC XKacaiTeiH GoJica, oHIa
9P aBTOP MEH OHBIH >KYMBIC MeKeMeci KachIH1a Gip/eit 6esri KOMbLLy Kepek)

Aemop(aap)dvr, E-mail-vt

Maxanaa amayve

Annomayus (100-200 ces; dopmysacei3, MaKaJaHbIH aTayblH MeNJIiHINe KalTagaMaybl KaxKeT; ojebuerrepre cliremesep
6oIMay bl KayKeT; MaKaJIaHbIH, KyPBLIBICHIH (Kipicie /MakaaaHblH MakcaTbl/ MiHIETTEepl /KapacThIPBUIBII OTHIPFAH CYPAKTHIH
TapuXbl, 3ePTTEY OAICTEepi, HOTHKeJIeD/TaJIKblIay, KOPBITBIH/BI) CAKTal OTHIPHII, MaKAJAaHbIH KbICKAIIA Ma3MyHbI Gepiiyi
KAXKer).

Tydin cesdep (6-8 ce3 me ce3 Ttipkeci. Tyilin cesmep Makaja Ma3MYHBIH KepceTin, MeiuliHine Makaja araybl MeH
AHHOTAIUSIIAFbl CO3/EP/Al KaiiTajamail, MakKaja Ma3MYHBIHIAFbl CO3/ep/i KoJygaHy KaxkeT. COHBIMEH KaTap, aKIapaTThbIK-
i3mectipy Kyiesepinie MakaJaHbl XKeHII Tabyra MYMKIH/IK GepeTiH FhUIBIM cajlajapblHbIH TEPMHUHJEPIH KOJJAHy KayKer).
Hezi32i Mmomin MaKaJaHbIH MakcaTbl/ MiHAeTTepi/ KapacCThIPBUIBII OTBIPFAH CYPAaKTbIH TapuXbl, 3€pTTEy
9/1icTepi,HoTHKEIEeD / TATIKBLIAY, KOPBITBIH/bI 6OIIMAEPIH KAMTYbI KarXKeT.

Tabauua, cypemmep — aTajfaHHAH KeliH OPHAJACTBIPBLIAIBI. Op TabJUIA, CyPeT KAaChIHa OHBIH aTaIybl OOJIybl KasKeT.
Cyper allKbIH, CKAHEPJIEH OTIIEreH OOJIYbl KEPEeK.

Makanagarsl popmyaaaap TEK MITIHIE OJlapra clireMe Gepijice FaHa HOMIpJIEHE].

2Kanmer kospansicra 6ap abbpesuamypasap MeH Kbickapmyaapdar 6acKaiaapbl MIHAETTI Type ajFall KOJIIaHFAHIA
Tycinaipinyi 6epinyi kaxker. Kapotcwoiiati Kemerx mypaas, aknapar GipiHmii 6eTre Kopceriiemi.

Odebuemmep Mmizimi

Moringe saibuerrepre ciiremMesiep TiKXKakiara ajabiHa bl MoTiHgeri ojebuerrep Ti3iMiHe clareMesnepiin HoMepJeHy1 MaTiH e
KOJIZIAHBLIYbIHA KATBICTBI »KYPrizijige: MoTiHme KesmeckeH ojebuerke asraiikpl cinreme [1] apkpuibl, exinmi cinreme [2]
apKpUIBIL T.C.C. Kyprisineni. Kiranka »kacanaTsiH cinTemesnepne KOJZaHbUIFaH GeTTep Ae KepceTityi kepek (mbrcassl, [1, 45
6er|). ?Kapusianbaran enbexkrepre cinremesep kacaaMaiipl. COHbIMEH KaTap, PEleH3HsJaH OTIeiTiH 6acbuIbiMIapra J1a
cirremenep Kacasnmaiinel (sgebuerrep TisiMiHIH 93ipJsey yJrisepin ToMeHAeri MakalaHbl POCiMAEy YITICIHEH KapaHbI3).
MaxkaJia COHbIHIAFbl debuerrep TiziMiHeH Keilin 6ubauozpaduansvlk, Maaimemmep OpbIC KOHE AFBLIIBIH TiliHAe (erep
Makasa Ka3ak TUIIHZIEe »Ka3blica), Ka3aK KoHe arblIIIbIH TUIHAe (erep MakaJsa OpBIC TUIHJE *Ka3bLICA), OPBIC YKOHE Ka3ak
Tininge (erep MaKaJsia arbUILBIH TLTiH/E XKa3blLiran Gosica) Gepinesi.

Aemopaap mypasvt MIAIMEM: aABTOPIBIH ATHI->KOHI, FBIJIBIMU ATaFbl, KbI3MET1, >KYMBIC OPHbBI, YKYMbIC OPHBIHBIH, MEKEH-
Kaiibl, TejiepoH, e-mail — Kazak, OpbIC YKOHE aFbIJIIIBbIH TiJIJIEePiH/e TOJTHIPHLIA/IbI.

6. Komkaszba MYKHAT TeKcepiareH Oosybl KaykeT. TexXHUKAaJbIK TajalTapra cail KejMereH Kojikasbagap Kaiita enpeyre
KaiTapbuiaibl. Koska3baHublH KalTapblULybl OHBIH KypHaJ1a OachllybiHa xKibepityin Oligipmeiini.

7. Penaknusira TYCKeH MakKaJsia >KabblK (aHOHMMJI) Tekcepyre »Kibepinesi. BapJblk penensusuiap aBropJsapra 2Kibepinei.
ABrop (peneH3eHT MaKaJaHbl Ty3eTyre YCBIHBIC OepreH »kKarjaija) yil KyH apaJbIFblHIa KalTa Kapal, KOoJrkKa3GaHblH
TY3€TIINeH HYCKACBhIH peJakiusara KaiTra Kibepyi Kepek. PelleH3seHT KapaMcChl3 Jlell TaHbIFaH MakKaJja KaiiTtapa
KapacTbIpbUIMaiibl. MakaaHblH TY3€TLITeH HYCKAChl MEH aBTOP/IbIH, PEIeH3eHTKE »KayaObl peJlakiusira xKibepitemi.

8. Tenemakpi. BacbuibiMra pykcaT eTiireH MakKaJia aBTOpJIApbIHA TOJIEM 2Kacay TypaJbl eckepriieni. Tesem kesemi 2018
kKbLabl 4500 Tenre — EYY kpr3merkepsiepi yirin xkonHe 5500 Tenre 6acka yilbIM KbI3MeTKEDJIEPiHE.

Pek3ususurrep:

"EBpagzuiickuil Harmonanbubit yausepcurer uM .JI.H.I'ymunesa"MOHPK

Cronuuustit dumuan AO"lecnabauk"

KBE 16

BWH 010140003594

BUK TSES KZ KA

Cuer B koguposke IBAN-

KZ91998BTB0000003104-

"3a ny6mukanuo PO asropos"
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Provision on articles submitted to the journal "Bulletin of L.N. Gumilyov Eurasian National University.
BIOSCIENCE Series"

1.Purpose of the journal. Publication of carefully selected original scientific works in the fields of Biochemistry, Molecu-
lar Biology, Biotechnology, Bioinformatics, Virology, Biophysics, Bioengineering, Physiology, Botany, Zoology, Evolutionary
Biology, Genetics, Microbiology, Biomedicine.

2. An author who wishes to publish an article in a journal must submit the article in hard copy (printed version) in one copy,
signed by the author to the scientific publication office (at the address: 010008, Republic of Kazakhstan, Astana, Satpayev
St., 2. L.N. Gumilyov Eurasian National University, Main Building, room 408) and by e-mail eurjourbio@enu.kz in Word,
PDF and Tex format. At the same time, the correspondence between Tex-version, PDF-version and the hard copy must be
strictly maintained. Article template in tex-format you can find on the journal web-site bulbio.enu.kz. And you also need to
provide the cover letter of the author(s).

Language of publications: Kazakh, Russian, English.

3. Submission of articles to the scientific publication office means the authors’ consent to the right of the Pub-
lisher, L.N. Gumilyov Eurasian National University, to publish articles in the journal and the re-publication
of it in any foreign language. Submitting the text of the work for publication in the journal, the author guar-
antees the correctness of all information about himself, the lack of plagiarism and other forms of improper
borrowing in the article, the proper formulation of all borrowings of text, tables, diagrams, illustrations.

4. The volume of the article should not exceed 18 pages (from 6 pages).

5. Structure of the article

GRNTI http://grnti.ru/

Initials and Surname of the author (s)

Full name of the organization, city, country (if the authors work in different organizations, you need to put the same
icon next to the name of the author and the corresponding organization)

Author’s e-mail (s)

Article title

Abstract (100-200 words, it should not contain a formula, the article title should not repeat in the content, it should
not contain bibliographic references, it should reflect the summary of the article, preserving the structure of the article -
introduction/ problem statement /goals/ history, research methods, results /discussion, conclusion).

Keywords (6-8 words/word combination. Keywords should reflect the main content of the article, use terms from the article,
as well as terms that define the subject area and include other important concepts that make it easier and more convenient
to find the article using the information retrieval system).

The main text of the article should contain an introduction/ problem statement/ goals/ history, research methods,
results / discussion, conclusion. Tables, figures should be placed after the mention. Each illustration should be followed by an
inscription. Figures should be clear, clean, not scanned.

In the article, only those formulas are numbered, to which the text has references.

All abbreviations, with the exception of those known to be generally known, must be deciphered when first used in the text.
Information on the financial support of the article is indicated on the first page in the form of a footnote.

References

In the text references are indicated in square brackets. References should be numbered strictly in the order of the mention
in the text. The first reference in the text to the literature should have the number [1], the second - [2], etc. The reference
to the book in the main text of the article should be accompanied by an indication of the pages used (for example, [1, 45
p.]). References to unpublished works are not allowed. Unreasonable references to unreviewed publications (examples of the
description of the list of literature, descriptions of the list of literature in English, see below in the sample of article design).
At the end of the article, after the list of references, it is necessary to indicate bibliographic data in Russian and English (if
the article is in Kazakh), in Kazakh and English (if the article is in Russian) and in Russian and Kazakh languages (if the
article is English language).

Information about authors: surname, name, patronymic, scientific degree, position, place of work, full work address,
telephone, e-mail - in Kazakh, Russian and English.

6. The article must be carefully verified. Articles that do not meet technical requirements will be returned for revision.
Returning for revision does not mean that the article has been accepted for publication.

7. Work with electronic proofreading. Articles received by the Department of Scientific Publications (editorial office)
are sent to anonymous review. All reviews of the article are sent to the author. The authors must send the proof of the article
within three days. Articles that receive a negative review for a second review are not accepted. Corrected versions of articles
and the author’s response to the reviewer are sent to the editorial office. Articles that have positive reviews are submitted to
the editorial boards of the journal for discussion and approval for publication.

Periodicity of the journal: 4 times a year.

8. Payment. Authors who have received a positive conclusion for publication should make payment (for ENU employees -
4,500 tenge, for outside organizations - 5,500 tenge).
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ITosio>keHME O PYKOMNUCSIX, IPEACTABJISIEMBbIX B >KypHaJsl «BectHuk EBpasuiickoro HanmoHaJIbHOro
b
yausepcurera umenu JI.H.I'ymunesa. Cepusi Buosiornueckue HayKu»

1. He.]'[]) XKypHaJia. Hy6.HI/IKaLH/IH TIIATEeJIBHO OTO6paHHbIX OPUTIMHAJIBHBIX HayYHBIX pa60T II0 HalIpaBJICHUAM 6I/IOXI/IMI/IH7
MOJIEKYJIsipDHasi OuoJiorusi, OMOTEXHOJIOrus, OHOMH(OPMATUKA, BUPYCOJIOTUsi, OnODU3UKA, OUOMHXKEHepHsi, (HU3UOJIOrUs,
6OTaHMKAa, 300JI0TUsI, SBOJIIOIMOHHAS OUOJIOTHSI, PTEHETUKA, MUKPOOUOJIOTUsT, OGUOMEIUIIMHA.

2. Asropy, KejaomEeMy ONyOJMKOBATH CTATBbI0 B JKypHAJe HEOOXOAMMO MPEJCTABATL PYKONWCh B TBEPAOH KOIHMHA
(pacneanaHHOM BapI/IaHTe) B OJHOM DB3K3€MILIApEe, IIOAIINCaHHOM aBTOPOM B OTﬂeJ'I HayYIHBIX I/I3ﬂaHI/II>'I (HO aapecy:
010008, Kaszaxcran, r.Acrana, yn. Carnaesa, 2, EBpasuiickuii nanmonanbubiiit yausepcurer um. JL.H.I'ymunesa, Yuebuo-
aJIMIHUCTPATUBHBII KopIryc, Kab. 408) u no e-mail eurjourbio@enu.kz B popmare Tex u PDF . IIpu aT0oM JOKHO GBITH CTPOrO
BBIJIEP?KAHO cooTBercTBUE Mexay Tex-daitiom, PDF-daittom u TBepoit konwmeit. 111absion crateu B hopmaTe tex npusesieH
Ha caiire xypHaJsa bulbio.enu.kz. ABrop A Takxke aBTOpy(am) HEOOXOAUMO IPEJIOCTABUTH COIPOBOJUTEILHOE MUCHMO.
S3bIK MyOGIuMKAUi: Ka3aXCKUil, pyCCKuil, aHTVIMACKAIA.

3. OrnopasiieHue crarell B peOakiio O3HAYaAET corJiacme aBTOpoB Ha npaso HM3parens, Espaswuiickoro
HanuoHaJbHOro yHusBepcurera uMmenu JI.H. I'ymuiieBa, usgaHusi craTeil B >KypHaJjle U HNepeusgaHus UX Ha
Jgr060M mHOCTpaHHOM s3bIKe. IIpeacraBisisi TeKCT paGoThl AJid IMIyOauKanuu B >KypHaJle, aBTOP rapaHTHPyeT
NpPaBUJIBLHOCTH BCEX CBeAeHuil o cebGe, OTCYTCTBUE ILUIATHATA U APYruX (pOPM HEIIPABOMEPHOr'0 3aMMCTBOBAHUS
B pyKoONUCH, HaJJjieXkaiiee opopMJIEHNE BCEX 3aMMCTBOBAHUUN TEKCTAa, TAGJIMIL, CXEM, UJLJIFOCTPAIAA.

4. O6bem craTbu HE JOJDKEH IpeBbImaTh 18 crpanurn (ot 6 crpanmir).

5. CxemMa mOCTPOEHUs CTATbU

I'PHTMH http://grnti.ru/

Hnuyuanst u Pamuauto aemopa(os)

IToaroe Haumernosarue opeanu3ayuy, 20pod, cmparna (ecau aBTOPbl paboTAIOT B PA3HBIX OPraHU3AIMAX, HEOOXOIIMO
[IOCTABUTH OJIMHAKOBBIIl 3HAYOK OKOJIO (haMHJIMK aBTOPA ¥ COOTBETCTBYIOIIEH OpraHn3alyn)

E-mail asropa(os)

Haszseanue cmamvu

Annomayus (100-200 cyioB; HE JO/KHA COAEPXKATH (DOPMYJIbI, HE JOJKHA I[OBTOPATH IO COJECPKAHUIO HA3BAHUE
CcTaThbM; HE JIOJKHA COJIEpPXKaTh O6UOIMorpaduyecKue CChUIKY; JOJIKHA OTParKaTh KPATKOE CONEPKAHUE CTATbU, COXPAaHSS
CTPYKTypy CTaTbu — BBEJEHHE, MOCTAHOBKA 3aJaqu,/ LeIH,/ UCTOPUs, METOJbl WCCJIEJOBAHUS, PE3yJIbTAThbl/06CYKICHHUS,
3aKJII0UEHHE / BBIBOJIbI ).

Karouwesevie caosa (6-8 cios/cnoBocoueranmit. Kiiouesble cji0Ba JOJKHBI OTpaskaThb OCHOBHOE COJIEPXKAHHE CTaTbH,
KCIIOJIb30BATH TEPMUHBI M3 TEKCTA CTATbH, & TaKKe TEPMHHbI, OIPEIEJIAIONUE IPEAMETHYIO 06JIaCTh U BKJIIOYAIOIIUE IPYyrue
BaXKHbI€ ITOHATHA, [TO3BOJIAIOIINE OGHQF‘II/ITB U paCIIuPpUTh BO3MOXKHOCTHU HAXOXKJEHHUA CTATbU CpeaCcTBaMu I/IH(bOpl\/IaHI/IOHHO—
[IOUCKOBOW CHUCTEMBI).

OcnoeHoli mexem cmamvbu JOJKEH COEPKaTh BBEJICHNE, MOCTAHOBKY 3a/Ja4u,/ 11/, UCTOPHIO, METOABI UCCJICIOBAHHS,
pe3yabTaThl/06Cy XK IeHNE, 3aKIIOYeHUE/ BBIBOJIBI.

Tabauust, pucyHKu HEOOXOIUMO PACIOJAraTh IMOCJe YIOMUHaHUs. KaKIoW MILTIOCTPAIMU JOJIXKHA CJIeJ0BATh HAJIIUCH.
PucyHku no/KHBI 6BITH Y€TKUMU, YUCTBIMU, HECKAHHPOBAHHBIMU.

B crarbe Hymepyrorcs sminb Te DOPMYABL, HA KOTOPBIE IO TEKCTY €CTh CCHLIKHU.

Bce abbpesuamyput u coxpauterust, 3a UCKIIOYEHUEM 3aBEJIOMO OOIIEU3BECTHBIX, JOJKHBI ObITH paciudpOBaHbl IPU
[IEPBOM YIIOTPEOJICHUH B TEKCTE.

Caenenus o purarco8ot noddepotcke pabOThl YKA3BIBAIOTCS HA NEPBOI CTPAHUIE B BUJE CHOCKH.

Cnucox aumepamyput

B Tekcre cchuikm 0603HAYAIOTCA B KBaJPATHBIX CKOOKax. CCBUIKM JIO/KHBI OBITh HPOHYMEPOBAHBLI CTPOrO IO HOPSIKY
YIOMUHAHUS B TeKCTe. [lepBasi CCBIIKA B TEKCTe Ha JIATEPATYPy AOJI?KHA mMmeTb HOMep [1], Bropas - [2] m T.n. Ccpuika Ha
KHHUT'Y B OCHOBHOM TEKCT€ CTATbH JIOJIPKHA COINPOBOXKJATHCSA yKa3aHHEM HMCIOIb30BaHHBIX cTpaHuI] (Hampumep, (1, 45 crp.]).
CcplIku Ha HeollyOJIMKOBaHHbIE PabOThHI HE JOIMYCKaroTCsl. HerkeaTe bHbl CChIKN Ha HepeleH3upyeMble U31aHus (IpUMephl
ONKCAHMs CIHUCKA JUTEPATYPbI, ONUCAHUS CIMCKA JUTEPATYPbl CM. HIXKe B 06pasiie opOPMIIEHUST CTATBH).

B komHIte craThu, mocie cnucka JIUTEpaTypsl, HeOOXOAUMO yKa3aTh bubauozpapuueckue daHHble Ha PYCCKOM U aHIVIMICKOM
A3bIKax (ecyu crarbsa opOpMIIEHA Ha KAa3aXCKOM s3bIKE), Ha KA3aXCKOM M aHIVIMHCKOM fA3bIKax (ecsu craTbs odOpMIIEHA Ha
PYCCKOM H3bIKe) 1 Ha PYCCKOM N Ka3aXCKOM fA3BIKaX (GCHI/I craTbda O(bOpl\U'[eHa Ha aHTJIUHACKOM 5[3]31Ke).

Ceedenusn 06 aemopax: damunus, UMs, OTIECTBO, HAYIHAS CTEIEH, JOJIXKHOCTb, MECTO PabOThHI, MOJHBIA CIIyKEeOHBIH
ajzpec, TesedoH, e-mail — Ha Ka3aXCKOM, PYCCKOM M aHTJIMHACKOM SI3BIKAX.

6. Pykonuch nospkHa ObITh TIIATEJNBHO BbIBepeHa. Pykonucu, He COOTBETCTBYIOIIVE TEXHUYECKHM TpPebOBaHUAM, OYIyT
BO3BpallleHbl Ha Jo0paboTKy. Bosspalenue Ha 10paboOTKy He 03HAYAET, 9TO PYKOIUCH IIPUHSTA K OIyOJIUKOBAHUIO.

7. PaGora ¢ as1eKTpOHHOM KOoppeKTypoil. Crarbu, nocrynusmue B OTes HayIHBIX U3JaHui (pelIaKkIys), OTIIPABIISIOTC
Ha aHOHUMHOE PDEIEH3UPOBaHUE. BCe PEIEeH3nU 110 CTAThE OTIIPABJIAIOTCA aBTOPY. ABTOpaM B Te€4YEeHHEe TpexX JlHefI H606XOLLHNIO
OTHPAaBUTb KOPPEKTypy crarbu. CrTaTbu, MOJIYyYUBIINE OTPULIATEJIBHYIO PEIEH3UI0, K IOBTOPDHOMY PAaCCMOTPEHHUIO He
puHUMAIOTCs. VcnpaBieHHble BApHAHTHI CTaTENl M OTBET aBTOPA PEIEH3EHTY IIPUCHIIAIOTCA B pefaknuo. CTtaTbu, HMeonme
[IOJIOXKUTEJIbHBIE PELIEH3UH, IIPEJICTAB/ISIOTCA PEKOJIJIETUH XKYyPHAJIa Uit OOCYKIEHUS U YTBEPXKIAEHUS JJIs [1yOIUKAIIH.
ITepuomuyHOCTs >KypHaJja: 4 pa3a B rof.

8.0mutata. ABTOpaM, IIOJIyYHBIIMM I[IOJOXKHUTEIHHOE 3aKJIOUEHHE K OILyOJUKOBAHUIO HEOOXOIUMO IPOM3BECTH omiary (mjis
corpyauukoB EHY — 4500 renre, fyisi cropoHHux opranusarmii — 5500 TeHre).
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MakaJjiaHbl paciMaey YJIrici
MPHTH 27.25.19
A.2K. XKy6anpmmesa ', H. Temupramues?, A.B. Yrecos?

U Mnemumym meopemumeckoti mamemamury, u nayanus evvucienuds Eepasutickozo
HAUUOHAALHO20 YHusepcumema umenu JI. H. ymuasesa, Acmana, Kazaxcman
2 Axmaobuncruti pecuonasvhoni 2ocydapemeenmond yrnusepcumem umenu K. Xybanoea,
Axmobe, Kazaxcman
(Email: ' avaulezh@mail.ru, % ntmath10@mail.ru, 3 adilzhan_ 71@mail.Tu)

Yucaeunoe auddepenriupoBatune pyHkiuii B Kourekcre KoMITbIoTepHOro
(BBIYUCINTENBHOIO) IIONEPEYHUKA

Annoranus: B paMkax KOMIBIOTEPHOrO (BBIYHCIUTEIHHOTO) IIONEPEYHUKA OJHOCTHIO
perieHa 3ajada TpUOIMKeHHOro uddepeHmpoBanns (BYHKIUN, TPUHAIEKAIIX KJIACCAM
CobosieBa, o HETOUYHOW WH(POPMAIIUN, MOJIYIEHHON OT MPOM3BOJIHLHOINO KOHEYHOTO MHOMKECTBA
rTpuronomerpudeckux kosdduimentos Pypoe-Jlebera muddepennupyenmoii dyukimu... [100-200
cJi08]

KnroueBbie cjoBa: mnpubmmkerHoe andepeHnupoBaHe, BOCCTAHOBJIEHHE 110 HETOTHOM
nabOpPMAIIH, TpeIeIbHas MOIPEIIHOCTh, KOMIIBIOTEPHBI (BBIYUCAUTEIbHBIN) MOMepedHnK. [6-8
CJIOB/ CJIOBOCOYETAHMI|

BBenenue

TekcT BBEIEHUI. ..
ABropam He cilelyer HCIOJIb30BaTh HectangapTHble nakerbl LaTeX (ucmosbsyiiTe ux Juib B
cilydae KpaiiHeil HeOGXOIMMOCTH )

3aroJioBOK CeKInu

1.1 3aroJjioBoK IoaceKnnn
Okpy:keHus.

Teopema 1. ...

JlemmMma 1. ...

IIpensmoxxkenue 1. ...

Onpenenenne 1. ...

Caencrsue 1. ...

Sameuanwue 1. ...

Teopema 2 (Temupramues H. [2]). Texcm meopemo.
HoxaszarenbctTso. Tekcr mokazareabCcTsa.

2. ®opmynbl, TaOJIUIBI, pUCYHKA

. - ... — ; . 7(N)
On(en;DN)y = On(en; T F; D)y = (Z(N);I]lvf)eDN on <5N; (l 790N)>Y, (1)

riue
ON (6N; (l(N),gpN)>Y =on(en; T, F; (l(N),g)N))y =

= a0 e (R AP ()
fer v

<1(r=1,...,N)

5
Tabsurbl, pUCYHKH HEOOXOJMMO pacrojaraTh mocie yrnomuHanus. C Kaxkoil WiumocTpanueil moKHa

CcJIeJ0BaTh HA/IIINUCh.

3. Ccpliaku u 6ubsmorpadpus
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Tabpiiuia 3 — HaszBanue Tabiuigbt

IIpoctrie He npocteie
2,3,5,7,11, 13, 17, 19, 23, 29 | 4, 6, 8, 9, 10, 12, 14

PucyHok 6 — HazBanue pucyHka

JJist CCBLIOK Ha yTBEPXKIEeHWs, (POPMYJIbI U T. II. MOXKHO HCIIOJb30BaTh MeTKu. Hampumep, Teopema 2,
Dopmyna (1)

st pykoBozacTsa 1o M TEX u B KadecTBe mpuMepa 0pOPMIIEHUS CChLUIOK, CM., Hanpumep, JIpBoBckuii C.M.
Habop u Bepcrka B makere KTEX. Mocksa: Kocmocundopm, 1994.

Crmcok jmreparypbl 0POPMIISETCS CJIELYOIIIM 06Pa30M.

Crucok jaureparypbl

1 Jlokymmesckuit O.M., I'aspukos M.B. Hauasna uncimennoro anamuza. —M.: TOO "dAuyc", 1995. —581 c. - KHUra

2 Temmpramues H. KoMmbioTepHbIil (BRIMUCIUTENLHBIN ) TIOIEPETHAK KAK CHHTE3 U3BECTHOTO U HOBOTO B IUCJIEHHOM
anaymse // Becrauk Espasuniickoro narmonansuoro yausepcurera nmenn JIL.H. Dymunesa —2014. —T.4. Ne101. —C.
16-33. doi: ... (npu HaIMINK) - CTATHS

3 KybGaubimea A.2K., Abukenosa III. O HOpMax mpousBOAHBIX (DYHKIUN C HYJEBHIMU 3HAUYCHUSIMU 3aJAHHOTO
Habopa JIMHEHHBIX (DYHKIMOHAJOB M HUX IPUMEHEHWsl K IIOIEPEYHMKOBBIM 3azadaM // @PyHKIMOHAILHBIE
MIPOCTPAHCTBA W Teopusi npubymxKenusi dyuknmii:  Tesuchl goKIamO0B MeXKIyHaApOIHON KOH(pepeHnu,
nocesimennast 110-jgeruio co ausa poxkaenus: akagemuka C.M.Hukonbckoro, Mocksa, Poccusi, 2015. — Mocksa,
2015. —C.141-142. - Tpyapl KoudepeHuit

4 KypmykoB A.A. AHrMONpOTEKTOPHASI W TUIIOJUINKJIEMUYECKAsT aKTHUBHOCTH JieyKoMu3nHa. —Ajyimarer:  Bacray,
2007. —C. 3-5 - ra3zeTHbBIE CTATHU

5 Koipos B.A., Muxaitinuenko I'.I. Anasurudeckuil METOZ BIIOKEHHS CUMILIEKTUYIeCKON reomerpun // Cubupckue
9JIEKTPOHHBIe MareMarmdeckue m3pectust —2017. —T.14. —C.657-672. doi: 10.17377/semi.2017.14.057. — URL:
http://semr.math.nsc.ru/v14/p657-672.pdf. (nara obpamenus:: 08.01.2017). - 3I€KTPOHHBII >KypHAJ

A.2K. 2Ky6anbmmesa ! , H. Temipramues ! , A.B. Yrecos 2

L JLH.Tymunes amuvindaeo, Eypasus yammols YyHU6EpCumeminit, meopuiiots MAMeMamuKa HCone eulivlmy ecenmeyiep
uncmumymat, Acmana, Kazaxcman
2 K. >Ky6anoe amvmodaev. Axmebe onipaix memaexemmix yrnusepcumemi, Axmobe, Kasaxcman

Kowmnbiorepaik (ecenreyim) auamerp MoHMaTiHIHAe DyHKUMANAPAbL caHABIK, AuddepeHnuanaay

Amnnoranusi: Koummnbiorepiik (ecenteyimr) numamerp monMorininge CoGoiieB KilachblHa KATATHIH (DYHKIHUATADABL OJTapAbIH
TpuroHomerpusnbK Pypbe-Jleber koadduUIMEHTTEPIHIE AKBIPIIbI >KUBIHBIHAH AJIBIHFAH JI9J1 EMEC aKIapaT GOMbIHIIA YKy BIKTaY
ecebi TosbrrbiMen mentisai [100-200 ces|

Tyiiin cesnep: »xybikran auddepeHnuannay, Joj eMec akimapar GofbIHIIA >KyBIKTay, MEKTIK Karesik, Komibrorepsik
(ecenreyim) nuamerp [6-8 co3/ce3 Tipkecrepi|.

A.Zh.Zhubanysheva ! , N. Temirgaliyev ! , A.B. Utesov 2

L Institute of Theoretical Mathematics and Scientific Computations of L.N. Gumilyov Eurasian National University,
Astana, Kazakhstan
2 K.Zhubanov Aktobe Regional State University, Aktobe, Kazakhstan

Numerical differentiation of functions in the context of Computational (numerical) diameter

Abstract: The computational (numerical) diameter is used to completely solve the problem of approximate differentiation
of a function given inexact information in the form of an arbitrary finite set of trigonometric Fourier coefficients. [100-200
words]|

Keywords: approximate differentiation, recovery from inexact information, limiting error, computational (numerical) diam-

eter, massive limiting error. [6-8 words/word combinations|
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