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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 (APMYV) 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 simultancous 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 capabilitics 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. Ficld 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 QIAamp 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 [3].

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 92
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 232

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. Illumina 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 Technologics, USA). Sequencing was performed on a next generation
sequencer [llumina 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 ——



ISSN 1991-3494 M4 2018

- | \ I\ 1t L i \ * }\ t
== F-H L L e e et L bt l b--=-f=-

...... - ﬂ—im-w _w w
van APMV-1/chicken/Almatv/36/2015

= i - | t + £+ i ot

i APMV-4/mallard/ Korgaljyn /6769/2015 12602

t -+ i -+ 4 1t 1 £ i See + {-EE-+
e
=+t { F-1-—H i -4 H Ht - 1 1 =t - =t I -1+

APMV-6/great black headed gull/Atyrau/6452/2015 12592

= . o S

T

12592

APMV:13/white fronted gooseINor‘lhern Kazakhstan /5751/2013

nsﬁwnusmcnwj I I ' | - 1515180(151EDHM)‘

APMV-16/white fronted goose /Korgaljyn/1791/2006

B I I | I 1 I | | I | ] I 1 I 1
214C 1933 1k E:3 3k ke Sk 6k 7k Bk £ 10k 2

10161 bve 340 12502

. APMV-20/gull/Aktau/5976/2014

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

Bupycet 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/Aktaw/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 simultancously 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 APMV 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 3EPTTEYIE
KAIIITAM BIP ME3I'UIAE CEKBEH/JEY 9JICIH KOJJJAHY

AnHoTtamus., BHpYCTHIK maroreHaepai HACHTH()HKADWANIAYIBIH aTaM MCH JKAaHYapIapaslH HH()CKIHAIBIK
aybIpyJIapbH Oamayaarbl MaHBI3HL 30p. COHFBI €Ki OHKBUIIBIKTAFBI KAYINTI HH()CKIMATAPIBIH OAPIBIFBIH ACPIIK
’KaHA BHPYCTap MmaKeIpasl. OmapabiH 0ackM Oetiri TaOUFH pe3epByapiapaa Ty bIHAATbL

Ceporypi 1 mapamuxcosupycsl (IIMB) HeriziHAE CHIHAKTBIK 3€PTTEYJIEP, TY3 KYCTAPBIHBIH YH KycTaphl apa-
CBIHA BHPYCTAPIBIH 9JICi3 HEMECE 3apIaTChl3 HYCKAIAPBIH CHTI3YTC JKOHC TapaTyFa KaOlIeTTi CKCHIiH, OMApIBIH KHi
JKaFmaina OipHEINe maccaskaaH KeifiH OeHiM KyCTapablH ar3achlHIA 3apAAlThUIBIFBI JKOFAPHl KACHETKE me Oola-
TBIHBIH KOPCETTI.

Kana, sxammatt 6ip ME3riae CCKBCHACY TCXHOJOTHACHIH KOTAHY HOTIDKCCIHIC MAPAMHKCOBHPYCTApP TYBICTa-
TBHIFBIHA KATATBIH TY3 KYCTAapbl BHPYCTAPBIHBIH I'CHCTHKAIBIK KYPBUIBIMAAPHI KAHBIHIA MOJIIMETTEp ajblHABL bip
VaKbITTa BUPYCTAPABIH KAl TYBICTACTHIK OKIT €KCHIH IABIH-a/Ia O1LIMEH aK, 0IapBIH TOJBIK TCHOMBIH CEKBEHIICYTE
MYMKIHZIK OCpEeTiH aca THIML 9/1iC CKCHI aHBIKTAIABL. AJBIHFAH MOJIIMETTED KbUI KYCTAphl BUPYCTAPbIHBIH TAOUFH
JBOJIFOIHACHI OAPBICHI JKAMBIHAA O1341H O1LTiMiMi3Xi HEFAHTAIBL.

Tyiiin ce3aep: Bupyc, skammaii Oip Me3rixae CeKBeHACY, *kadaifbl Kyc, BUpYCThIH ToIbIK reHoMbl, PHK, /THK,
O6monH(OPMATHKATIBIK TANIAY.
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NPUMEHEHHUE METOJA MACCOBOI'O MAPAJUIEJIBHOT'O CEKBEHUPOBAHUA
nPHU HCCIEJOBAHUU BUPYCOB JUKHUX IITHUIY

Annortamust. VineHTn(ukanysi BUPYCHBIX IATOTCHOB HMEET OTPOMHOE 3HAUCHHE UL THATHOCTHKH HH(EK-
IHOHHBIX 3a00JICBAHUH YCJIOBEKA U KUBOTHBIX. [10UTH BCE BCHBIIIKA OMACHBIX HH()EKIMI MOCICTHUX ABYX JCCATH-
JeTHit ObLTH BBI3BAHBI HOBBIMH BHUPYCaMH, OOJBIIHMHCTBO W3 KOTOPBIX IPOUCXOMIN U3 TIPHPOIHOTO Pe3epByapa.

DKCHEPHMEHTATbHBIC UCCICA0BAHMS HA MpuMepe mapamukcosupyca (IIMB) ceporuna 1 mokazanm, 4To JUKHE
NITHIBI CIIOCOOHBI PACHPOCTPAHATh M 3aHOCHTH CIA00- WIM HENATOTCHHBIC BAPHAHTHI B IOMYJLILUIO JOMAIIHHUX
NITHL, KOTOPBIC YEPe3 HECKOJBKO MACCAKEH B OPTaHM3ME BOCIPHUUMYHBBIX ITHI[ 3a4acTYIO IPHOOPETAOT BHICO-
KOIIATOTCHHBIC CBOMCTBA.

C mcroIk30BaHIEM HOBOH TEXHOJIOTMH MAaCCOBOTO MAPAILIEIFHOTO CEKBCHUPOBAHMUS ITOJIyUCHBI CBE/ICHHS O Te-
HETHYCCKOH CTPYKTYPE BHPYCOB AMKHX ITHI, IPHHAAICKAIAM CEMEHCTBY NapaMUKCOBHPYCOB. IToka3aHa BeICOKAs
3(PEKTUBHOCTH METOA, KOTOPBIH MO3BOIICT OJHOBPEMEHHO CCKBCHHPOBATH ITOJIHBIE TEHOMBI BHPYCOB O3 IpeaBa-
PHUTEIBHOTO 3HAHWA 00 WX NPUHAIICKHOCTH K KAKOMY-MOO ceMeHCTBy. [losyueHHBIC JAHHBIC MO3BOJAT pac-
[IMPHUTH HAIIM 3HAHUS O XOJIC ECTECTBCHHOM SBOIFOLUH BUPYCOB MEPEIICTHHIX MITHII.

KimoueBbie ciioBa: BEPYC, MAaCCOBOE IMAPAUICIFHOC CCKBCHUPOBAHNUE, TUKUC ITHIIBI, MOTHBIH TCHOM BHPYCA,
PHK, JHK, OnonH(pOpMATHOHHBIN aHATH?3.
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