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ABSTRACT. Parabronema skrjabini is a spirurid nematode of the family Habronematidae that lives in the abomasum
of ruminants such as sheep and goats. The purpose of this study was to investigate the molecular and morphological
aspects of Parabronema skrjabini in sheep and goats in Iran. The worms were collected from these animal species from
three different regions. An internal transcribed spacer 2 ribosomal DNA (ITS2-rDNA) fragment of Parabronema
skrjabini was amplified by polymerase chain reaction (PCR) using a pair of specific primers (Para-Ir-R and Para-Ir-F).
Morphological studies based on the body length, the frontal shield, spicules of male and egg dimensions were
performed. ITS2-rDNA sequences were between 167 and 299bp in different isolates. ITS2 homology in different
isolates was between 68 % and 77% compared with the sequence data in GenBank. Morphological results showed that
the average length of male and female worms in sheep were 16.5mm and 36mm and in goats 16mm and 35.5mm,
respectively. The average length of the small and large spicules in sheep were 657.5um and 304.07um and in goats
653.08um and 302.66um, respectively. To our knowledge, this is the first study in the world exploring the genetic
diversity of Parabronema in sheep and goats. Add this sentence in discussion: the low ITS2-rDNA identity in different
isolates from Iran as compared to the reference sequence in GenBank (68-77%) raise questions regarding the species
identity of the parasites isolated in Iran.
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Introduction dimensions have not been extensively studied. The
introduced species in Iran is P. skrjabini which lives
in the abomasum of small and large ruminants.
Prevalence rates of between 1% and 5.43% in sheep
countries, including Iran [1] Parabronema [8,12], 0.8% in wild sheep [13], 28% in camel [14]
skrjabini is one of the nematodes that inhabits the and 1.72% in buffalo have been reported in Iran

..’:lbOIIla.Sllm Of. ruminants and ha_s a wide distribut.ion [15]. In order to differentiate between the abomasal
in Africa, Asia and some Mediterranean countries. nematodes, the ITS2-rDNA sequences were

It has b.een reported in a number O_f studi.es from  taroeted as the best candidate for this purpose [16].
Mongolia [2], Kazakhstan [3], Saudi Arabia [4.5], The ITS2 sequence of Parabronema has only been

Namibia [é]’ Turkey [7] aqd Iran [8]' The  examined in one study in China in which samples
abomasum is one of the% most Important sites for  \vere isolated from camels [17]. Therefore, the
nematode 1nfect1.on, and 1nfect10n cou@d be harmfl.ﬂ present phenotypic study was conducted to
to the health of infected animals causing economic accurately identify the P skrjabini infection in

losses due to reduced weight gain and other  gheep and goats in Iran and to assess the level of
production loses [9-11]. Insufficient information is intraspecies variation in this parasite using the

availal?le.a.bc.)ut PQSSible pgthology caused by  ITS2-rDNA sequences. limited small number of
P. skrjabini infection and its morphomolecular ¢t dies have been published on the population

Parasitic diseases are a major constraint on the
development of the livestock industry in developing
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genetics of P. skrjabini in ruminants worldwide and
particularly, on the South shores of the
Mediterranean Sea. This work is the first study of
ITS2-rDNA sequences of P. skrjabini from sheep
and goats in the world, and its purpose was to
investigate the molecular and morphological
characteristics of Parabronema species collected
from different areas of animal husbandry in Iran.

Materials and Methods

Table 1. The number of Parabronema sp. samples used
in this study for morphology study

Parasite (code) (nlll-ln(:ls)ter) No. of isolates Pm;;i_::le in
Parab(};;tg;na sp. Sheep (17) 120 Sanandaj
Parab(g)snlir)na Sp. Sheep (29) 230 Hamadan
Paral(Jlr)(JSI;e/IV;ld sp- Sheep (20) 180 Mashhad
Paralz;oggTa P Goat (30) 190 Sanandaj
Paralzlrjoci;leir)na P Goat (38) 130 Hamadan
Paral(algocgll\e;[n)w P Goat (13) 210 Mashhad

Sample collection. Adult Parabronema sp. were
recovered from the abomasa of naturally infected
sheep and goats during abattoir inspections from 3
different geographical regions including Sanandaj,
Hamadan and Mashhad provinces in the west and
northeast of Iran, respectively (Table 1). The
samples were labeled accordingly and preserved in
70% ethanol until used for the morphomolecular
investigations.

Morphological studies. A total of 160
Parabronema isolates from sheep (40 male and 40
female) and goats (40 male and 40 female) were
examined morphologically. The worms were
mounted in phenol-alcohol on a glass slide and light
pressure was applied to cause the worm body to lie
flat without being damaged. The males were studied
in order to determine body length, spicule length
(right/left) and females to measure egg dimensions.

DNA Extraction and PCR. DNA extraction
from worms was performed using a DNA extraction
kit (MBST, City, Iran) according to the
manufacturer’s instructions. Extracted DNA was
stored at -20°C until further processing. ITS2-rDNA
was amplified from each isolate using the primer
pair designed based on the rDNA genome sequence
reported by Zhang et al. [17]. The forward primer
was Para-Ir-F:5’-GTA GGT GAA CCT GCG GAA

GG -3’ and reverse primer was Para-Ir-R:5’-CTG
AGC TGA GGT CAA CGA AT-3’. The PCR
mixture was carried out in a total volume of 100uL
containing 1xPCR buffer, 100 mMol MgCl,, 100
UM dNTP mix (Cinaclone, Iran), 20 pmol of each
primer (Cinaclone Co.), 1U Taq DNA polymerase
(Cinaclone) and 1pl of template DNA (100 ng
DNA) in an automated thermocycler. The PCR was
performed using the following protocol: 5 min
incubation at 94°C to denature the double stranded
DNA, 33 cycles of 45 s at 94°C (denaturing step),
45s at 59°C (annealing step), and 45 s at 72°C
(extension step). Finally, the PCR was completed
with an additional extension step for 5 min at 72°C.
Samples without genomic DNA were used as
negative controls. The PCR products were analyzed
on 1% agarose gels in 0.5xTBE buffer and
visualized using Sybersafe staining (Cinaclon, Iran)
and a UV transilluminator. The PCR product was
purified using a quick PCR product purification kit
(MBST, Iran) according to the manufacturer’s
recommendations and directly sequenced.
Sequence analysis and phylogeny. Genomic
DNA sequencing based on Sanger’s method was
performed in both directions for each of the 5 PCR
products by the Kawsar Biotech Co. Iran. The
sequence chromatograms were analyzed using the
Geneious 5.1.6 software and compared to those
deposited in GenBank (www.ncbi.nlm.nih.gov/)
using the ‘Basic Local Alignment Search Tool’
(BLAST). All sequences for Pskrjabini were
aligned and compared with one another and with
those of the ITS2-rDNA of other spirurids available
in GenBankTM. DNA sequences of closely related
species were also downloaded and used in the
phylogenetic  analysis. Multiple  sequence
alignments were made with the Clustal W.
Phylogenetic analyses were performed based on the
Neighbor joining and maximum parsimony methods
using MEGAS software [18]. Support values for
internal nodes were estimated using a bootstrap
resampling procedure with 1,000 replicates [19].
The sequences reported in this paper were deposited
in GenBank with the following accession numbers:
PSS1: KP670202.1, PSH-2: KP670201.1, PSS2:
KP645202.1, PGM: KP645201.1, PSH1: KT318372.

Results

Morphology. The morphological results showed
that the average length of males and female
parasites in sheep was 16.5mm and 36mm and in
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Fig. 1. Posterior extremity of Parabronema male (lateral view); A. Digital picture, B. Camera Lucida

drawing

Fig. 2. Anterior portion of adult Parabronema; A. Camera Lucida drawing, B. Digital picture

Fig. 3. Eggs in utero

goats 16mm and 35.5mm, respectively. The average
size of the large spicules in ovine isolates was
657.1um and of small spicules 304.1um, and in
caprine isolates 653.1um and 302.7um, respectively
(Fig. 1). Also the average egg dimensions in sheep
was 31x8.21um and in goats 32.12x8um (Fig. 3).
These findings were true for all three sites without
any significant differences.

Molecular analysis. The ITS2-rDNA for P.
skrjabini of sheep and goat isolates were amplified
and sequenced. PCR amplicons of 783bp in length
for both sheep and goat isolates were obtained.
ITS2-rDNA sequences were determined for 10 adult
worms from sheep and goats (two worms for each
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Table 2. Nucleotide composition of the ITS2-rDNA sequences of P. skrjabini from different geographical localities and

hosts in Iran

Sequence Name Nucleotide GC(%) Total
T C A G

EU3755510* 87 39 110 45 299 281.0
PSH-1 58 18 69 22 24 167.0
PSH-2 106 36 107 44 27.3 293.0
PSS-1 97 45 108 49 314 299.0
PSS-2 106 33 107 44 26.6 290.0
PGM 87 32 84 39 29.3 242.0

*Sequence data has been deposited in GenBank

extraction) from the 3 different geographic regions.
The sequences were compared with an available
sequence in GenBank with accession number of
EU3755510 (Fig. 4). ITS2-rDNA homology in
different isolates was between 68% and 77%. Table
2 presents the comparison of all nucleotide
sequences in the ITS2-rDNA of P. skrjabini from
the different geographical regions with the reference
ITS2 sequence from GenBank.

The evolutionary history was inferred by using
the Maximum Likelihood method based on the
Tamura-Nei model [20]. The tree with the highest
log likelihood (-819.1970) is shown in Fig. 5, with
bootstrap values for which the associated taxa
clustered together shown next to the branches.
Initial tree for the heuristic search were obtained
automatically by applying Neighbor-Joining and
BioNJ algorithms to a matrix of pairwise distances

Likelihood (MCL) approach, and then selecting the
topology with superior log likelihood value. The
tree is drawn to scale, with branch lengths measured
in the number of substitutions per site. The analysis
involved 14 nucleotide sequences. Codon positions
included were Ist+2nd+3rd+Noncoding. All
positions containing gaps and missing data were
eliminated. There were a total of 95 positions in the
final dataset. Evolutionary analyses were conducted
in MEGAG6 [18].

Discussion

Parabronema skrjabini was originally described
from Russian Turkestan and is known to occur in
that region in cattle, camel, sheep and goats [21]. P.
skrjabini is the species introduced in Iran, and has
also been reported in Asia and Africa; Mongolia [2],

estimated using the Maximum Composite Kazakhstan [3], Saudi Arabia [4,5], Namibia [6],
10 20 30 40 50 60 70 80 90
EU375510 ATATCAAACA ACTCAATACA ACAGTAGCAA AAGAAGTATG TTTGAATTTA TATCATCAGG CGATAAAACG AAAAACATTT TAAATTTTAT
PGM T---G-TT. A--C-AC T--T-GC-CC -G--G-G-CC ACCAC-AAA- C-GTT-TTTT TA--TTTTTT CCTCGGGGGA --TT--GA/A
PSH/1 ////////// ////////// ////////// ////////// LIAEEETTEE FATEEi iy Fiiiiiddsd Fidiidiidd riiiiiiiid
PSH/2 A--G-TTAT -ACA--C-AC T--T-GCACC -G--G-GGCA ACA-C-AAAC C-GTT-TTTT GA--TTTTTT CCTCGGGGGA -TT-A-ACGA
P55/1 TA--G TTAT -ACA--C AC T--T- GCACC -GT-GCGGCA ACA-C-AAAG C-GT--GTTT GA--TT-TTT CCTCGGGGGA --T-A-ACGA
Pss/3 TA--G-TTTT -ACA--A-AC T--T-GCAGC CGT-G-GGG- ACCAC-AAA- CCGT--TTTT TA-ATTTTTT TTTCGGGGGG --TTA-ACGA
100 110 120 130 140 150 160 170 180
EU375510 CCCCCGATAA GTTTGTGATA CCAGTATGAA AAATTTATTC CCGCCATAAT TATGGTGGGA AGAATTTCAT ACGGTGGATA TGTGTGCAAA
PGM T---TGT--T TA-A-CCCCT G-TAAGTA-G TATATCC--G ----AAAAAT TC---CC--- -TATAT-G-G ATA-AAAG--
PSH/1 ////////// ////////// ///A-CCCCT G-TAAGTA-G TATATCC--G -—---AAAAAT TC---CC--- -TATAT-G-G ATA-AAAG--
PSH/2 T---T T TA-A-CCCCT G-TAAGTA-G TATATCC--G ----AAAAAT TC---CC--- -TATAT-G-G ATA-AAAG--
Ps5/1 AATTTTT TT T---TGTTGT TA-A-CCCCT G-GGAGGAAG TATATCC--G --A-AA-AA- TCGG-CC--- -TATAT-G-G ATACATTC-T
Ps5/3 AATTTTT-TT T---TGT--T TA-A-CCCCT G-TAAGTAAG TATATCC--G --A-AAAAAT TC---CC--- -TATAT-G-G ATA-AAAG--
190 200 210 220 230 240 250 260 270
EU375510 AACACAGGGA ATTGAGGGAA ATTCAAAAAT AATGCGAAAA TGAATTTCAT CAATT. T TCATGTGTAT A T TTTATCAAAC
PGM TTTTTCATAT GAATGATAT- TG-GT----C GCAAT---TT GA--GAAAT- -—-////////////////////////////////////////
PSH/1 TTTTTCATAT GAATGATAT- TG-GT----C GCAAT---TT AA--GAAAT- --CAA--AA- G--AAAA-GA --TTC-TTCA A--G-T-TTA
PSH/2 TTTTTCATAT GAATGATAT- TG-GT----C GCAAT---TT GA--GAAAT- ——CAA--AA- G--AAAA-GA —-TTC-TTCA A--G-T-TTA
Pss/1 TTTTTCATAT GAATGATAT- /G-GT----C GCAAA---/- AA-TGAA-T- --CAG-GAA- C--CAAA-GC --TTC-TTTC A--GCT----
P55/3 TTTTTCATAT GAATGATAT- TG-GT----C GCAAT---TT GA--GAAAT- --CAA--AA- G--AAAA-GA --TTC-TTCA A--G-T-TTA
EU375510 T
PGM I/
PSH/1 -
PSH/2 -—
Pss/1 -—
Pss/3 -

Fig. 4. Nucleotide comparison of the ITS2-rDNA sequences of P. skrjabini from different geographical localities and
hosts in Iran using reference sequence with Accession no. EU375510 from GenBank. Oblique lines indicate gaps
inserted for optimal alignment or end of the available sequence, whilst dashes nucleotides identity.
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Fig. 5. Phylogenetic relationships of the Parabronema parasite compared with other spirurid parasites based on the
ITS2-rDNA sequences (the phylogenetic analyses were conducted in Mega 5)

Turkey [7] and Iran [8]. Prevalence of between 1%
and 5.43% in sheep [8, 12], 0.8% in wild sheep [13],
28% in camels [14] and 1.72% in buffalo have been
reported in Iran [15]. P. skrjabini belongs to the
order Spirurida, superfamily Spiruroidea, family
Spiruridae and genus Parabronema. In this genus
the anterior end of the worm has a large cuticular
shield and cordons (horseshoe-like skin shields) that
are a unique morphological feature in the
Parabronema genus (Fig. 2). The posterior end of
the male worm is curved. The genital pore of the
female worm is located in the anterior 1/3 end.
Larval eggs are oval in shape and are 35.4um long
and 7.59um wide with a thick outer shell. In the
present study, the morphological findings showed
that the average length of male and female worms in
sheep were respectively, 16.5mm and 36 mm and in
goats 16mm and 35.5mm. The average length of the
small and large spicules in sheep were, 657.5um and
304.07um and in goats 653.08um and 302.66um,
respectively. Thus there were no significant
differences between sheep and goat isolates based
on morphological characteristics. This study is the
first complete and comprehensive morphological
survey on Parabronema in sheep and goats in the
world. In the present study, the low ITS2-rDNA
identity in different isolates from Iran as compared

to the reference sequence in GenBank (68-77%)
raise questions regarding the species identity of the
parasites isolated in Iran. For this purpose, the ITS2-
rDNA region was targeted by PCR as shown before
[22]. The first and/or second internal transcribed
spacers (ITS) of nuclear ribosomal DNA (ITS-1 and
ITS-2, respectively) have proved ideal for this
purpose [23,24], as a number of investigations have
focused on the ITS regions for parasitic nematodes
of the orders Strongylida and Ascaridida [25,26],
species of Mansonella [27], Dirofilaria and
Dipetalonema [28], Thelazia [29], etc. Traversa et
al. [33] submitted a specific approach for PCR-
based identification of H. microstoma and H.
muscae by characterization of the ITS-2 [including
5.8S and 28S ribosomal RNA (rRNA) flanking
regions] ribosomal DNA from feces, skin, and
muscid fly samples. The molecular characterization
revealed that despite the lengths of the ITS-2 of H.
microstoma and H. muscae differing significantly, a
number of conserved domains were observed in the
ITS-2 sequences of both species; however, the
sequence of H. muscae was similar in length to the
ITS-2 of the spirurid Onchocerca volvulus [27].
The ITS2-rDNA region has been used to identify the
species Haemonchus [30], to infer the relationship
of species within the genus Nematodirus [31] and to
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investigate Taenia species [32]. Characterization of
the ITS-2 sequences of Habronema revealed
sequence lengths and G+C contents of 296 bp and
29.5% for H. microstoma, and of 334 bp and 35.9%
for H. muscae, respectively, for its two species [33].
Molecular studies on the genus Parabronema have
been mainly based on rDNA genes available in
Genbank. Studies of ITS1 and ITS2 gene sequences
of P. skrjabini in camels have shown 30.2-60.1%
similarity with other nematodes 17]. In this paper,
ITS2 sequence length differed from 167 to 299bp.
ITS2 sequence identity of different isolates from
Iran was between 68% to 77% compared with the
sequences in Genbank. Phylogenetic tree analysis
(Fig. 5) of P. skrjabini isolates with other spirurida
(like Setaria, Gongylonema, Dirofilaria and
Habronema) and a P. skrjabini reference sequence
from Genbank showed that although all of them
may have a common ancestor, are grouped on
different branches; even the P. skrjabini species are
distributed on several branches. The sequences in
this study were more similar to Habronema spp.
There was a significant difference between the
isolates in this study and sequences in Genbank. The
goat sequence from Mashhad (PGM) was more
analogous with sequences of Hamadan isolates
(PSH1 and PSH2) from sheep. The low ITS2-rDNA
identity in different isolates from Iran as compared
to the reference sequence in GenBank (68-77%)
raise questions regarding the species identity of the
parasites isolated in Iran. Very limited number of
studies have been published on population genetics
of P. skrjabini in ruminants in the world and
particularly, on the south shore of the Mediterranean
Sea. This work is the first study of ITS-2 sequences
of P. skrjabini from sheep and goats in Iran. The
results show genetic diversity which opens
fascinating avenues for future studies investigating
in depth the phylogenetic relationships of spirurid
nematodes and, in particular, those existing among
species ranked within the Thelazioidea and
Habronematoidea Superfamilies.
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