OPEN 8ACCESS

Research Article

Hosts and Viruses

@ EZrossMa:rk

Sequence Analysis of N Gene of Peste Des Petits Ruminants Virus
from Hail, Saudi Arabia
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Abstract | Peste des petits ruminants (PPR) is an endemic disease in Hail, Saudi Arabia where outbreaks
are regularly reported. This study was carried out to analyze nucleoprotein (N) gene of PPRV from fatal in-
fections in small ruminants. For this purpose, RNA was extracted from suspected animal samples (n=18) and
were screened by real time-PCR. Additionally, to assess the phylogenomics, the N gene was amplified and
sequenced from sheep and goats (n=12). Nucleotide identity among Hail strains was identified to be 96.2-
100%, while identity with previously sequenced Saudi Arabian strains and with reference PPRV retrieved
from GenBank was found to be 94.1-98% and 81.2-100%, respectively. Phylogenetic analysis revealed that
Hail PPRV strains clustered in four separate groups within lineage IV indicating genetic divergence based on
N gene. These findings further support the continuous characterization of PPRV strains in small ruminants
to support the global eradication plan in 2030.
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Introduction genetic lineages (Bailey et al., 2005; FAO, 2016). Lin-

eages I, I, and III have been found primarily in Af-

Peste des petits ruminants (PPR) is a highly infec-
tious disease of small ruminants and is character-
ized by high morbidity and mortality rate in both do-
mestic and wild small ruminants (Elzein et al., 2004;
Munir et al., 2013). PPRV belongs to the genus Mor-
billivirus within the family Paramyxoviridae (Gibbs et
al., 1979), and its genome encodes six structural pro-
teins including nucleocapsid protein (N), phosphop-
rotein (P), matrix protein (M), fusion protein (F),
hemagglutinin protein (HA), and RNA-dependent
RNA polymerase (L), and two nonstructural proteins
(V and C). Based on the nucleotide sequence of either
the N or F gene, PPRV strains are grouped into four

rica, while, lineage IV is prevalent in Asian countries
(Baron et al., 2016). N gene is the most divergent and
appropriate for molecular characterization (Kwiatek
et al., 2007). In Saudi Arabia, PPR was first reported
in 1990 (Abu Elzein et al., 1990), the disease has since
spread to different parts of the country (Housawi et
al., 2004; Al-Afaleq et al., 2004; Boshra et al., 2015).
PPR outbreaks are regularly occurring in Hail district
(Mahmoud et al., 2016, 2017), which demands the
characterization of these viruses to assess the genetic
nature of circulating field strains of PPRV.

The study was designed to analyze PPRV-N gene
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151 AGCCAACTGCTCCTGGAAATCAT GCCAGAGGATGAGGTCTCGOCGAGAGT C| SaudiArabia-2017-CP1105 (MGS8B82501)
151 AGCCAACTGCTCCTGGAAATCATGCCAGAGGATGAGGTCTCGCGAGA G T C| SaudiArabia-2017-CP1106 {(MG8B2502)
151 AGCCAACTGCTCCTGGAAATCATGCCAGAGGATGAGGTCTOCGCOGAGAG T C| SaudiArabia-2017-CP1107 (MG382503)
131 AGCCAACTGCTCCTGGAAATC CATGCCAGAGGAT GAGGTCTCGCOGAGAG T C| Saudi Arabia-2017-CP1108 (MG382504)
131 AGCCAACTGCTCCTGGAAATC CATGCCAGAGGAT GAGGTCTCGCGAGAG T C| Saudi Arabia-2017-CP1108 (MG3882503)
13 AGCCAACTGCTC CCTGGAAATC CATGCCAGAGGATGAGGTCTCGCGAGAG T C| SaudiArabia-2017-CP1110 (MG382506)
151 AGCCAACTGCTC CCTGGAAATC CATGCCAGAGGATGAGGTCTCGCGAGAGT C| SaudiArabia-2017-5H1108 (MG3882507)
151 AGCCAACTGCTCCTGGAAATCATGCCAGAGGATGAGGTOCTOCGCGAGAGT C| SaudiArabia-2017-5H1110 (MGEB2508)
151 AGCCAACTGCTCCTGGAAATCATGCCAGAGGATGAGGTOCTCGOCGATGA G T C| SaudiArabia-2017-5H1111 (MG882509)
151 AGCCAACTGCTCCTGGAAATCAT GCCAGAGGATGAGGTOCTOCGOCGATGAGT C| SaudiArabia-2017-5H1112 {(MGSB2510)
151 AGCCAACTGCTCCTGGAAATCAT GCCAGAGGATGAGGTOCTOCGCGATGAGT C| SaudiArabia-2017-5SH1113 (MGBB2511)
151 AGCCAACTGCTCCTOGGAAATT CAT GCCAGAGOGAT GAGGTO CTCGCGAGAGT C| SaudiArabia-2017-5H1114 (MG8B2512)
210 220 230 240 250
201 TGGCCAAAACCCTCGTGAGGCTCAAAGATCGGCCGAGGCACTO CTTOCAGGC SaudiArabia-2017-CP1105 (MGSB2501)
pril| TGGCCAAAACCCTCGTGAGGCTCAAAGATCGGCCGAGGCACTOCTTTCAGGC SaudiArabia-2017-CP1106 (MGS8B82502)
201 TGGCCAAAACCCTCGTGAGGCTCAAAGATC CGGCCGAGGCACTO CTTCA G G C,| SaudiArabia-2017-CP1107 {(MG8B2503)
20 T GG |i| CAAAACCCTCGTGAGGCTCAAAGATCGGCCGAGGCACTOCTTCA G G C| SaudiArabia-2017-CP1108 (MG882504)
20 TGGICICAAAACCCTCGTGAGGCTCAAAGATCGGCCGAGGCACTO CTTOCAG G C| SaudiArabia-2017-CP1109 (MG3825035)
201 TGGTCAAAACCCTCGTGAGGCTCAAAGATCGGCCGAGGCACTO CTTOCAG G C| SaudiArabia-2017-CP1110 (MG382506)
20 TGGTCAAAACCCTCGTGAGGCTCAAAGATCGGCCGAGGCACTO CTTOCAG G C| SaudiArabia-2017-5H1108 (MG3882507)
20 TGGTCAAAACCCTCGTGAGGCTCAAAGATCGGCCGAGGCACTO CTTTCAG G C| SaudiArabia-2017-5H1110 (MG882508)
21 TGGTCAAAACCCTCGTGAGGCTCAAAGATCGGCCGAGGCACTO CTTOCGCA G G C| SaudiArabia-2017-5H1111 (MGEB2509)
2m TGGTCAAAACCCTCGTGAGGCTCAAAGATCGGCCGAGGCACTO CTTOCGCA G G C| SaudiArabia-2017-5H1112 (MGS82510)
201 TGGTCAAAACCCTCGTGAGGCTCAAAGATCGGCCGAGGCACTO CTTOCA G G C| SaudiArabia-2017-5SH1113 (MGEB2511)
201 TG GTCAAMAAMACCCTOCGTGAGGCTOGCAAAGAT CGGOCCGAGGCACTO CTTOGCAG G C| SaudiArabia-2017-5H1114 (MGSB2512)
260 270 280
251 TGCAGGC|ITIATGGCCAAGATTCTGGAGGACCAGGAGGA|A Saudi Arabia-2017-CP1105 (MG8B2501)
251 TGCAGGC|ITIATGGCCAAGATTCTGGAGGACCAGOGAGTGA|A Saudi Arabia-2017-CP1106 (MG882502)
25 TGCAGGEC|ITIATGGCCAAGATTCTGGAGGACCAGGAGSGA|A Saudi Arabia-2017-CP1107 (MG882503)
2 TGCAGGC|ITIATGGCCAAGATTCTGGAGGACCAGGAGOGARG Saudi Arabia-2017-CP1108 (MG882504)
2 TGCAGGC|ITIATGGCCAAGATTCTGGAGGACCAGGAGSGA E Saudi Arabia-2017-CP1109 (MG882503)
21 TGCAGGCCATGGCCAAGATTCTGGAGGACCAGGAGGATG©G Saudi Arabia-2017-CP1110 (MG882506)
2 TGCAGGCCATGGCCAAGATTCTGGAGGATC El AGGAGGAG Saudi Arabia-2017-5H1109 (MG882507)
25 TGCAGGCCATGGCCAAGATTCTGGAGGACCAGGAGG GATG Saudi Arabia-2017-5H1110 (MG882508)
2 TGCAGGCCATGGCCAAGATTCTGGAGGACCAGGAGGATG Saudi Arabia-2017-5H1111 {(MG882509)
21 TGCAGGCCATGGCCAAGATTCTGGAGGACCAGGAGG GAG Saudi Arabia-2017-5H1112 (MG882510)
21 TGCAGGCCATGGCCAAGATTCTGGAGGACCAGGAGO GATG©G Saudi Arabia-2017-5H1112 (MG882511)
25 T GCAGGCCATGGCCAAGATTCTGGAGGACCAGGAGGAG©G Saudi Arabia-2017-SH1114 (MG882512)
Figure 1: § equence alignment produced by Clustal W among PPRYV strains identified from outbreaks occurred in Hail, Saudi Arabia.

sequence from strains, which were causing regular

outbreaks in Hail. Saudi Arabia.
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Figure 2: Percentage identity and divergence among PPRV wiruses
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Divergence

identified from outbreaks occurred in Hail, Saudi Arabia.

Materials and Methods

Detection of PPRV RNA

Nasopharyngeal swabs (n=18) were collected from sick
sheep (n=6), goats (n=6) and clinically healthy camels
(n=6) as described by Mahmoud et al. (2017). Swabs
were suspended in 500ul of 0.9% saline solution and the
viral RNA was extracted from 140pl of supernatant. The
total RNA was eluted from Mini-spin column using

QIAamp ® Viral RNA Mini Kit (QIAGEN) according

to the manufacturer’s instructions.

Real-time reverse transcriptase PCR (rtRT-PCR),
targeting the large protein gene, was used to screen
the presence of viral RNA in samples using genesig®

Kit (Genesig®, Primerdesign™ Ltd).

RT-PCR and Sequencing.

To provide genetic material for N gene sequence
analysis, samples were amplified by RT-PCR (RT-
PCR) using NP3 (5-TCTCGGAAATCGCCT-
CACAGACTG-3’) and NP4 (5°CCTCCTCCTG-
GTCCTCCAGAATCT-3") primers as described by
Couacy-Hymann et al. (2002).

The cDNA was prepared using Transcriptor First
Strand cDNA Synthesis Kit (Roche, Inc.). Briefly, Spl
of RNA was mixed with 1 pl random hexanucleotide
primers (600 pmole/ul), 4 pl 5x reaction bufter (8 mM
Mgcl2), 0.5 ul RNase inhibitor (40 U/pl), 0.5 ul re-
verse transcriptase (20 U/ul), 2 pl 10 Mm dNTP mix,
7 pl nuclease free water and the reaction was carried
out as per the manufacturer’s instructions.

PCR reaction using RT-PCR kit (QIAGEN) were
made as follows: including 2 pl of the cRNA as template:
5 pl of ANTP mixture (200 mM for each dNTP), 5 pl of
10x Taq buffer, 5 pl of primers mixture (5 pmoles/ul for
each primer), 32 pl of water and 1 pl of Taq polymerase
(1.25 U/pl), Thermal cycling conditions was then carried
out as described by Couacy-Hymann et al. (2002).

Purified products were then sequenced using Big
Dye-Terminator® v.3.1, AB (Applied Biosystems,

USA) following the manufacturer’s instructions.
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Figure 3: Percentage identity and divergence of HAIL PPRV with representative lineage IV strains retrieved from GenBank.
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Figure 4: Percentage identity and divergence of HAIL PPRV with representative lineage III strains retrieved ' from GenBank.
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Figure 5: Percentage identity and divergence of HAIL PPRV with representative lineage I strains retrieved from GenBank.
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Figure 6: Percentage identity and divergence of HAIL PPRV with representative lineage I strains retrieved from GenBank.

Sequence analysis

Obtained sequences were edited and assembled using
EditSeq and SeqMan within Lasergene (version 7.1.0,
DNASTAR,Inc,Madison, WI,USA).Sequence align-
ment was performed using Clustal W, neighbor-join-
ing method to determine the phylogenetic relation-

ship with sequences retrieved from GenBank using
BLASTn tool (https://blast.ncbi.nlm.nih.gov4/Blast).

Results

Detection of PPRV RNA

PPRV RNA was identified in all samples by rtRT-
PCR.In contrast,N gene was amplified and sequenced
from sheep and goat’s swabs (n=12). Sequences were

submitted to the GenBank and are available under ac-
cession numbers MG882501-MG882512.

Sequence analysis

HAIL strains sequences displayed multiple nucleotide
substitutions (Figure 1), nucleotide identity among se-
quences is 96.2-100% (Figure 2), while identity with
previously sequenced Saudi Arabia strains and refer-
ence PPRV retrieved from GenBank was 94.1-98%
and 81.2-100%, respectively (Figure 3,4,5). Phyloge-
netic tree showed that local strains clustered in four
different groups within lineage IV, sequenced virus-
es clustered in separate groups when compared with

previously identified Saudi Arabia strains (Figure 7).
Discussion

Several outbreaks of PPR in Hail district were re-
ported based on clinical picture, antigen or antibody

detection (IMahmoud et al., 2016, 2017). However,
literature shown that analysis of N gene improves the
image of PPRV epidemiology and is considered bet-
ter than F gene-based distribution of PPRV strains
(Shaila et al., 1996; Banyard et al., 2010). PPRV was
identified in all samples, but when amplified by RT-
PCR only sheep and goats were positive, camel sam-
ples were negative, which may be attributed to var-
iable sensitivity and/or specificity. Therefore, routine
diagnostic tests must be validated.

Saudi Arabia-2017-SH1109 (MG882507)
Saudi Arabia-2017-SH1112 (MG882510)
- Saudi Arabia-2017-SH1111 (MG882509)
- Saudi Arabia-2017-SH1113 (MG882511)
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Saudi Arabia-2017-SH1114 (MG882512)
Saudi Arabia-2017-CP1110 (MG882506)

; Saudi Arabia-2017-CP1105 (MG882501)

4 Saudi Arabia-2017-CP1106 (MG882502)
—i* Saudi Arabia-2017-CP1107 (MG882503)

“ Saudi Arabia-2017-CP1109 (MG882505)
— Saudi Arabia-2017-CP1108 (MG882504)

0
Nucleotide Substitutions (x100)

Figure 7: Phylogenetic analysis of PPRV identified from outbreaks
occurred in Hail district. Saudi Arabia.

1.4

Sequence analysis identified four PPRV genotypes cir-
culating in the region, Hail strains differ from previ-
ously reported viruses in the country, phylogenetic tree
showed that Hail PPRV clustered in four different plac-
es within lineage IV which may be due to introduction
of new strains by importing live infected animals or the
evolution of the wild type viruses. Large-scale studies
involving analysis of viral genomes collected from dif-
terent outbreaks will help to understand the nature of
the circulating lineage.
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Figure 8: Phylogenetic homology tree based on multiple sequence
alignments of variable region of the N gene sequences from HAIL
PPRYV compared to previously sequenced strains representing all line-
ages, local strains are written in red and marked with arrows.

Conclusion

Conventional and real time PCR were used for
identification of PPRV, which varied in sensitivi-
ty and/or specificity. Analysis of partial sequence of
PPRV-N gene revealed multiple nucleotide substi-
tutions among Hail strains. Phylogenetic tree clus-
tered local PPRV strains in four separate groups
within lineage IV. Molecular characterization of
PPRV strains in emerging outbreaks will help to
improve prevention and control strategies to ulti-
mately eradicate the disease in 2030 from the globe.
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