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NAS RK s pleased to announce that Bulletin of NAS RK scientific journal has been
accepted for indexing in the Emerging Sources Citation Index, a new edition of Web of Science.
Content in this index is under consideration by Clarivate Analytics to be accepted in the Science
Citation Index Expanded, the Social Sciences Citation Index, and the Arts & Humanities Citation
Index. The quality and depth of content Web of Science offers to researchers, authors,
publishers, and institutions sets it apart from other research databases. The inclusion of Bulletin
of NAS RK in the Emerging Sources Citation Index demonstrates our dedication to providing the
most relevant and influential multidiscipline content to our community.

Kasakcman Pecnybnukacbkl ¥nmmabiK fbiibiM akademusicbl "KP YFA XabapwbiCbl” fbiibIMU XKypHa-
nbiHeiH Web of Science-miH xaHanaHraH Hyckacbl Emerging Sources Citation Index-me uHOekcmeryee
KabblindaHraHbiH xabapnaliobl. byn uHOekcmery 6apbicbiHOa Clarivate Analytics KomnaHUsICbi XypHanobl
o0aH opi the Science Citation Index Expanded, the Social Sciences Citation Index xoHe the Arts &
Humanities Citation Index-ke kabbinday mecerneciH Kapacmbipyda. Web of Science sepmmeyuwinep,
asmopnap, bacnawbinap MeH MeKkemesiepee KOHMeHm mepeHdiai MeH canacbiH ycbiHaobl. KP ¥FA
XabapwebicbiHbiH Emerging Sources Citation Index-ke eHyi 6i30iH KoramMOacmbiK YWiH eH e3eKmi oHe
6edendi mynbmuducyunnuHapibl KOHMeHmke adasndbifbiMbi30bl 6indipedi.

HAH PK coobwaem, ymo Hay4Hbll xypHan «BecmHuk HAH PK» 6b1n npuHsam 0nsi uH0ekcuposaHusi
e Emerging Sources Citation Index, obHoeneHHol sepcuu Web of Science. CodepxxaHue 8 3mom UHOeK-
cuposaHuu Haxodumcsi 8 cmaduu paccmompeHusi komrnaHuel Clarivate Analytics 0ns OanbHelwezo
npuHamus xypHana e the Science Citation Index Expanded, the Social Sciences Citation Index u the Arts
& Humanities Citation Index. Web of Science npednacaem kauyecmeo u 2aiybuHy KOHmMeHma Orns
uccnedoeamenel, asmopos, usdamenel u y4pexdeHul. BknoueHue BecmHuka HAH PK e Emerging
Sources Citation Index demoHCcmpupyem Hawy [pPUBEPXKEHHOCMb K Hauboree akmyarnbHOMY U
enusimesisHoMy MynbmuducyuniuHapHoOMy KOHmeHmy 0515 Hauea2o coobuwecmea.
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APPLICATION OF MASSIVE PARALLEL SEQUENCING
FOR THE INVESTIGATION OF WILD BIRDS VIRUSES

Abstract. Identification of viral pathogens is of great importance for the diagnostics of infectious diseases in
humans and animals. Almost all outbreaks of dangerous infections in the last two decades have been caused by new
viruses, most of which originated from a natural reservoir.

Experimental studies on avian paramyxovirus (APMV) of serotype 1 have shown that wild birds can spread and
introduce mild or non-pathogenic virus variants into the poultry population, which, after several passages in the
organism of susceptible birds, often acquire highly pathogenic properties.

Using the new technology of massive parallel sequencing, information on the genetic structure of wild bird
viruses belonging to the Paramyxoviridae family was obtained. The high efficiency of the method is shown, which
allows simultaneous sequencing of the complete genomes of viruses without prior knowledge of their belonging to
any family. The data obtained will allow us to expand our knowledge of the course of the natural evolution of
migratory bird viruses.

Keywords: Virus, Massive Parallel Sequencing, Wild Birds, Complete Genome of the Virus, RNA, DNA,
Bioinformatic Analysis.

Introduction. Recent studies confirm the priority role of wild birds as a natural reservoir and the
source of genetic material for the emergence of new epizootic variants of viruses.

Ecological and epizootological assessment of the state of viral populations in birds is important for
practical veterinary medicine when defining the cause of the outbreaks and controlling emergent epidemic
situations. Since Kazakhstan is located in the center of the Eurasian continent and important wild birds’
migration flyways cross its territory, this can serve as a factor of introduction of new pathogenic variants
of viruses, the study of the genetic diversity of viruses circulating in the organism of wild birds is an
urgent issue.

To date, genetic studies of viruses with the sequencing of their genes have been conducted using the
widely used and well-proven Sanger method. With the development of technology, new methods have
emerged into the arena, which are gradually becoming routine in the world's scientific laboratories. One of
these new methods is massive parallel sequencing, also called Next Generation Sequencing (NGS), which
provides a high-performance analysis of huge amounts of data on the nucleotide sequences contained in
the sample.

In order to study the capabilities of this technology in obtaining the complete genomes of wild bird
viruses, unidentified hemagglutinating agents without preliminary knowledge of their belonging to a
certain family of viruses were sequenced.

Materials and methods. Field samples were collected from wild and domestic birds according to
the Office International des Epizooties (OIE) [1] and before researches were stored in liquid nitrogen
(-196°C).
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Isolation of virus and recovery passages were conducted by the inoculation of each sample into the
allantoic cavity of 9-10 days old Embryonated Chicken Eggs (ECE) and subsequently incubated at + 36°C
for 48 hours according to certified methods recommended by the OIE [2].

Viral RNA was extracted using QlAamp Viral RNA Mini Kit (Qiagen, Hilden) according to the
manufacturer's recommendations.

NGS libraries were prepared using NEBNext Ultra Directional RNA Library Prep Kit for Illumina
(NEB, USA). Complementary DNA from RNA was synthesized using random hexamer primers by re-
verse transcription. Sequencing was performed on Illumina MiSeq Sequencer (USA).

Bioinformatic analysis was performed using UGENE 1.20 (Russia) [3] and Tablet (UK) [4] software.

Alignment of gene sequences and phylogenetic analyses by Maximum Parsimony were carried out
using MEGA 6.0 [5].

Results. A virological screening of samples from archival materials collected in Western, Southeast
and Central Kazakhstan in different periods from wild aquatic birds belonging to the families of Anatidae,
Laridae, Scalopacidae and Charadriidae of Anseriformes and Charadriiformes orders. As a result of
inoculastion of samples into10-days-old ECE, haemagglutinating agents were isolated, of which RNA was
isolated and their concentration was measured (table 1).

Table 1 — Initial RNA concentrations of virus isolates for sequencing

Hemagglutinating agent Conc., ng/ul
chicken/Almaty/36/2015 100,0
pygmy cormorant/Kyzylkol/7074/2016 >8,0
barn swallow/ Kyzylkol /7079/2016 >8,0
mallard/ Korgaljyn /6769/2015 >8,0
great black headed gull/Atyrau/6452/2015 18,0
white fronted goose/Northern Kazakhstan /5751/2013 >8,0
white fronted goose /Northern Kazakhstan/5759/2013 26,3
white fronted goose /Korgaljyn/1791/2006 9,2
black headed gull/Balkhash/5844/2013 >8,0
great black headed gull /Atyrau/5541/2013 >8,0
gull/Aktau/5976/2014 >8,0
aquatic bird/Alakol/6952/2016 23,2

As can be seen from table 1, RNA concentrations ranged from 8.0 to 26.3 ng/ul, which, according to
the recommendation of the sequencing kit manufacturer, is sufficient for the production of libraries.

Cytoplasmic and mitochondrial ribosomal RNAs (rRNAs) were removed for further sequencing of
the complete viral nucleotide sequences using specific oligonucleotides, in addition to the NEBNext Ultra
Directional RNA Library Prep Kit for [llumina (NEB, USA) kit used.

RNA fragmentation was performed to a size of about 300-400 bp. using an enzymatic method at
different temperatures, using bivalent cations included in the kit. From the RNA fragments, the first cDNA
chain was synthesized using reverse transcriptase and random primers followed by a second strand
synthesis using DNA polymerase I and RNase H.

The adenine molecule was then attached to the obtained cDNA fragments and subsequently the
adapters were ligated. [llumina adapters were used for preparation of the library of fragmented cDNA. The
products were purified and amplified in PCR. The quality of the prepared libraries was checked on the
Bioanalyzer 2100 (Agilent Technologies, USA). Sequencing was performed on a next generation
sequencer Illumina MiSeq (USA), using a reagent kit v.3.

For bioinformatic analysis, the resulting sequences were collected and processed in the UGENE 1.20
software (Russia). As a result, the complete genomic sequences of the viruses were obtained (figure).

—— |4 ——
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View of the complete genomes of sequenced viruses in Tablet and UGENE 1.20 software

Figure show that the coverage of the virus genome was even and varied from 4,521 to 5,500 rids in
different regions. Complete genome sequences of viruses belonging to Paramyxoviridae family of
APMV-1, APMV-4, APMV-6, APMV -13, APMV -16 and APMV -20 serotypes were obtained. The full
names of isolates with identified serotypes are presented in table 2.

Table 2 — Identified serotypes of paramyxoviruses and their genomes

Bupycst Genome Length, nt
APMV-1/chicken/Almaty/36/2015 15097
APMV-4/pygmy cormorant/Kyzylkol/7074/2016 15054
APMV-4/barn swallow/ Kyzylkol /7079/2016 15054
APMV-4/mallard/ Korgaljyn /6769/2015 15054
APMV-6/great black headed gull/Atyrau/6452/2015 16236
APMV-13/white fronted goose/Northern Kazakhstan /5751/2013 15996
APMV-13/white fronted goose /Northern Kazakhstan/5759/2013 15996
APMV-16/white fronted goose /Korgaljyn/1791/2006 15180
APMV-20/black headed gull/Balkhash/5844/2013 15786
APMV-20/great black headed gull /Atyrau/5541/2013 15786
APMV-20/gull/Aktau/5976/2014 15786
APMV-20/aquatic bird/Alakol/6952/2016 15786

Discussion. Identification of new pathogens is of great importance for the diagnosis of infectious
diseases in humans and animals. Almost all outbreaks of dangerous infections in the last two decades have
been caused by new pathogens, such as the severe acute respiratory syndrome virus (SARS) [6], hanta
virus Sin Nombre [7], the 2009 pandemic influenza virus HINI1 [8], and the newly described EMC
coronavirus [9], most of which originate from a natural reservoir.

Modern technologies make it possible to identify viruses using a wide range of methods. Traditional
methods include electron microscopy, cell culture and infection of live organisms, as well as serological
studies [ 10], but all they have their limitations. For example, many viruses are not able to be cultivated in
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laboratory and can be characterized only by molecular methods [11 ], such as the use of hybridization
microchips [12 ] and PCR [13].

Amplified products as the result of hybridization and PCR require final identification by sequencing.
The limitation of these methods is the need to know the sequence of nucleotides before the study, which is
not always possible.

Massive parallel sequencing or next generation sequencing (NGS), provides a high-performance
analysis of huge amounts of data on the nucleotide sequences contained in a particular sample. So, it
makes possible to identify all the nucleic acids of different organisms present in a sample and this hugely
increases the possibilities of genetic researches.

Perhaps the most obvious application of these technologies is the sequencing of the genome.
Although viral genomes are relatively small, but their scientific value is often extremely important, and
this technology can be a highly effective way of obtaining the complete sequence of the viral genome.

This study made it possible to simultaneously obtain the complete genomes of paramyxoviruses of
various serotypes using the method of massive parallel sequencing. It is known that wild ornithofauna
plays a key role in maintaining APMYV in the biosphere and is a potential natural source of the emergence
of new dangerous variants of viruses.

Experimental researches on APMV-1 showed that wild birds can spread and introduce low- or non-
pathogenic variants into poultry, which after a few passages in vivo become highly pathogenic [14]. For
this reason, continued monitoring of the APMYV in the wild is one of the most important tasks for ensuring
the safety of poultry.

The obtained data on the complete genomes of paramyxoviruses using new technologies will allow us
to expand our knowledge about the course of the natural evolution of viruses of migratory birds.
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TY3 KYCTAPBIHBIH BUPYCTAPBIH 3EPTTEY/IE
JKANNAM BIP ME3T'UIJIE CEKBEHJIEY 9JIICIH KOJIJIAHY

AHHoTaumsi. BUpycTBIK maTtoreHaepai HICHTU(HKALMUIAYABIH aJaM MEH >KaHyapiapIblH HHQEKIHSIIBIK
aybIpyNapbH Oanaynarbl MaHB3B 30p. COHFBI €Ki OHXKBUINBIKTAFBl KayilTi WHOEKIUAIAPIBIH OapIBIFBIH ACPIiK
aHa BUpycTap maxsipasl. OnapasiH 6acsiM Oetiri Taburn pesepByapiiapia TYBIHAAIbL.

Ceportypi | mapamuxcoBupycel (IIMB) Heri3inae ChIHAaKTBIK 3epTTEyJep, TY3 KYCTapbIHBIH YA KYCTaphl apa-
CBIHA BHPYCTapJBIH 9JICi3 HEMeCe 3apalChl3 HYCKANapblH €HTi3yre jKoHe TapaTyFa KaOuIeTTi eKeHiH, OJapabIH KUl
Karnaiina OipHele maccakiaH KeWiH OeifiM KycTap/blH ar3achlHIa 3aplalThUIBIFBI )KOFaphl KacHeTke ue 0oJa-
TBIHBIH KOPCETTI.

Xana, >xanmaii 6ip Me3rijiie CeKBeHJIeY TEXHOJOTHSICHIH KOJIIaHy HOTHXKECIHAE ITapaMUKCOBUPYCTap TybICTa-
TBIFBIHA JKaTaTBhIH TY3 KYCTapbl BUPYCTapbIHBIH I'€HETHKAIBIK KYPBUIBIMIAPHI XKaWbIHAA MAJIIMETTEp aibIHABL. bip
YaKbITTa BUPYCTAP/IbIH Kai TYbICTACTBIK OKiJIi €KeHIH ajlibIH-aj1a OlIMel aK, oJlapIbIH TOJIBIK TEHOMBIH CEKBEHIEYTE
MYMKIH/IK OEpeTiH aca THIMJI 9JIiC eKEeHi aHBIKTaJ/Ibl. AJIBIHFaH MAJIIMETTEP XbUI KYCTaphl BUPYCTAPbIHBIH TaOUFH
ABOITIOIISICHI OapbICHI JKaifbrHAa 01311iH OLTiMiIMi3i HEIFAUTAbI.

Tyiiin ce3aep: BUpYC, Kammail Oip Me3riime cekBeHIey, xabailbl Kyc, BUpYCTHIH TonbK reHombl, PHK, /THK,
OHOMH(OPMATHKAIIBIK TAIIAY.
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HNPUMEHEHHWE METOJA MACCOBOI'O TAPAJJIEJIBHOI'O CEKBEHUPOBAHUSA
PN UCCJIEJOBAHUU BUPYCOB JUKHUX IITHUIL]

AHHoTanus. Vnentudukanns BHPYCHBIX NATOTCHOB MMEET OIPOMHOE 3HA4€HME Ul JUArHOCTHKU HH(pEK-
IIMOHHBIX 3a00JI€BaHUI YeIoBeKa M KUBOTHBIX. [10YTH Bce BCIIBIIIKY OMACHBIX MH(EKIHMH OCISIHUX ABYX IECATH-
JeTUil OBUTH BBI3BaHBI HOBBIMH BUPYCaMH, OOJBIIMHCTBO U3 KOTOPBIX MPOUCXOIMIN U3 TIPUPOJHOTO Pe3epByapa.

OKcnepuMeHTaIbHbIE UCCIeoBaHNs Ha puMepe napamukcosupyca (IIMB) ceporuna 1 mokazanu, 4yTo aukue
NTHLBI CIIOCOOHBI PACHPOCTPAHATh M 3aHOCHUTH Cla00- WM HENaTOTeHHbIE BapUAaHThl B MOMYJISLHUIO JOMAIIHUX
NTHL, KOTOPbIE Yepe3 HECKOJbKO MacCakeil B OpraHM3Me BOCIPHUMYUBBIX NTHI] 3a4acTylO MPHOOPETAIOT BBICO-
KOIIaTOT€HHbIE CBOICTBA.

C nucnonbp30BaHUEM HOBOM TEXHOJIOTUHM MAaCCOBOTO MapalleIbHOr0 CEKBEHUPOBAHUS MOITY4YEHBI CBEJEHHUS O re-
HETUYECKON CTPYKType BUPYCOB AMKHX NTHL, IPUHAJIEKAIUM CEMEUCTBY apaMUKCOBUPYCOB. [TokazaHna BeicoKast
3¢ HEeKTUBHOCTD METO/1a, KOTOPBIHA MO3BOJISIET OJTHOBPEMEHHO CEKBEHHPOBATH IOJIHBIE TEHOMBI BUPYCOB 0O€3 mpeBa-
PHUTEJIFHOTO 3HaHMS 00 WX MPUHAUICKHOCTH K KaKOMY-THOO cemelcTBy. llosydeHHBIC ITaHHBIE MO3BOJAT pac-
MIMPUTH HAIY 3HAHHS O XOJI€ ECTECTBEHHOH BOIIOLUH BUPYCOB MEPEJIECTHBIX MTHII.

KaroueBble c10Ba: BUpyC, MacCOBOE MapajjieIbHOE CEKBEHHPOBAHHE, JUKHUE IITHUIIbI, TIOJHBII F€HOM BHpYCa,
PHK, THK, 6uonHbopManinoHHBINA aHATN3.

Caenenusi 00 aBTopax:

Kapamengua K.O. — kaHA. BeT. HayK, BeIyIIHi HAYYHBIA COTPYIHHUK J1a0OpaTOpUH SKOJIOTHH BHUPYCOB,
Wucrutyt mukpobuonoruu u Bupycoioruu KH MOH PK, kobey.karamendin@gmail.com.

KeinpipmanoB AWM. — IOKT. BEeT. HayK, 3aBEAYIOIINN J1JaAOOpaTOPHEH IKOJIOTUU BUPYCOB, THCTUTYT MUKPOOHO-
noruu u Bupycoiorun KH MOH PK, kydyrmanov@yandex.kz

KaceimbexoB E.T. — PhD cryzneHT, Hay4HbIi COTpYIHHUK Ja00paTOPUU SKOJIOTHH BHPYCOB, IHCTUTYT MUKpO-
6uonorun u Bupyconornu KH MOH PK, kasymbek.ermuxan @mail.ru

Hayn6aesa K.JI. — xaHn. Ouoi. Hayk, cTaplinii Hay4YHbI COTPYJHHMK J1abOpaTopvy SKOJIOTMH BHPYCOB,
Wucturyt Mukpoduonorun u supyconorud KH MOH PK, daulbaevak@mail.ru

CasroB M.X. — nokTt. Ouoxn. Hayk, mpodeccop, akanemuk HAH PK, rmaBHbI HaydHBIH COTpyIHUK Tadopa-
TOPHUH SKOJIOTHH BUPYCcoB, MHCTUTYT MuKpoOuonormu u Bupyconorurn KH MOH PK, sayatov37@mail.ru

Dr. Sasan Fereidouni. — Conservation Medicine Research Institute of Wildlife Ecology, University of
Veterinary Medicine Vienna, Austria.




Becmuux Hayuonanvrot akademuu nayk Pecnybnuku Kazaxcman

Publication Ethics and Publication Malpractice
in the journals of the National Academy of Sciences of the Republic of Kazakhstan

For information on Ethics in publishing and Ethical guidelines for journal publication
see http://www.elsevier.com/publishingethics and http://www.elsevier.com/journal-authors/ethics.

Submission of an article to the National Academy of Sciences of the Republic of Kazakhstan implies
that the described work has not been published previously (except in the form of an abstract or as part of a
published lecture or academic thesis or as an electronic preprint,
see http://www.elsevier.com/postingpolicy), that it is not under consideration for publication
elsewhere, that its publication is approved by all authors and tacitly or explicitly by the responsible
authorities where the work was carried out, and that, if accepted, it will not be published elsewhere in the
same form, in English or in any other language, including electronically without the written consent of the
copyright-holder. In particular, translations into English of papers already published in another language
are not accepted.

No other forms of scientific misconduct are allowed, such as plagiarism, falsification, fraudulent data,
incorrect interpretation of other works, incorrect citations, etc. The National Academy of Sciences of the
Republic of Kazakhstan follows the Code of Conduct of the Committee on Publication Ethics (COPE),
and follows the COPE Flowcharts for Resolving Cases of Suspected Misconduct
(http://publicationethics.org/files/u2/New_Code.pdf). To verify originality, your article may be
checked by the Cross Check originality detection service http://www.elsevier.com/editors/plagdetect.

The authors are obliged to participate in peer review process and be ready to provide corrections,
clarifications, retractions and apologies when needed. All authors of a paper should have significantly
contributed to the research.

The reviewers should provide objective judgments and should point out relevant published works
which are not yet cited. Reviewed articles should be treated confidentially. The reviewers will be chosen
in such a way that there is no conflict of interests with respect to the research, the authors and/or the
research funders.

The editors have complete responsibility and authority to reject or accept a paper, and they will only
accept a paper when reasonably certain. They will preserve anonymity of reviewers and promote
publication of corrections, clarifications, retractions and apologies when needed. The acceptance of a
paper automatically implies the copyright transfer to the National Academy of Sciences of the Republic of
Kazakhstan.

The Editorial Board of the National Academy of Sciences of the Republic of Kazakhstan will monitor
and safeguard publishing ethics.

[IpaBuna opopmieHus cTaThy 71 MyOIMKAIMK B )KypHaje CMOTPETh Ha caiTe:
www:nauka-nanrk.kz
ISSN 2518-1467 (Online), ISSN 1991-3494 (Print)
http://www.bulletin-science.kz/index.php/ru/

Penakropsl M. C. Axmemosa, T. M. Anenoues, /. C. Anenog
Bepctka na xommnstotepe /4. H. Kaikabexogoii

INoamucano B mevats 20.07.2018.
dopmar 60x881/8. bymara odcernas. [Teuars — puzorpad.
16,25 .o Tupax 500. 3aka3 4.

Hayuonanvhas akademus nayk PK
050010, Anmamul, ya. Llesuenxo, 28, m. 272-13-18, 272-13-19



