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ABSTRACT

Molecular markers have often been used for taxonomic identification 
and phylogenetic analyses in different species groups. Evolution of rDNA 
is relatively independent of changes in morphology, and analyses of these 
genetic data have been shown to provide good phylogenetic resolution. So, 
it was decided to perform a phylogenetic analysis on species of the genus 
Leidynema appendiculata, Hammerschmidtiella indicus and Schwenkiella 
icemi based on ribosomal DNA (rDNA) sequences. During the present study, 
a partial fragment of the small subunit ribosomal RNA gene (SSU rRNA) and 
large subunit ribosomal RNA gene (LSU rRNA) was sequenced for purposes 
of molecular identification. In the present study, phylogenetic relationships 
of species of the genus were investigated using nucleotide sequences of the 
region of 28S rDNA and 18S rDNA. Phylogenetic analyses were performed 
for primary sequence data as well as using neighbour-joining and maximum-
parsimony approaches.

INTRODUCTION
During the recent past, species description and identification of the nematodes are almost made through morphological 

studies. However, morphological identifications are sometimes based on very small and minute differences. Systematics and 
taxonomy of nematodes have changed substantially after introduction of DNA sequencing and genomic studies [1-7]. Recently, 
molecular markers have often been used for taxonomic identification and phylogenetic analyses in different species groups. The 
ribosomal RNA gene represents a well conserved gene that evolves relatively slowly. Ribosomal DNA genome sequences are widely 
used in the evolutionary studies of many different groups of organisms. Ribosomal RNA gene provide the utility of gene order in 
reconstructing phylogenies, and the differences in base composition and codon usage are currently progressive areas of research 
using comparative genomics. With the current developments in DNA sequencing it is probable that this will change in the near future 
and a new opportunity will open to study the effects of life cycle variations and differential selection pressures in reconstructing 
deeper relationships from molecular data. On the other hand, this study on comparative rDNA genomics, suggests that nematodes 
represent a good model to study various aspects of genetics and evolution. Evolution of rDNA is relatively independent of changes 
in morphology, and analyses of these genetic data have been shown to provide good phylogenetic resolution [8,9]. In fact, several 
recent studies of eukaryotes used rDNA sequences in phylogenetic analyses to make strong inferences of ancestor descendant 
relationships when analyses of morphological data only resulted in more unanswered questions [10,11]. In addition, the analysis of 
rDNA nucleotide sequences has recently been used to access phylogenetic relationships among taxa of both higher and lower 
organisms [11-13]. Conserved regions like 18S, ITS-1, ITS-2 and 28S of ribosomal RNA (rRNA) gene, which are very useful tool for 
molecular taxonomic studies and for the correct identification for parasites and their phylogenetic studies. All these tools are 
reliable and may function as aiding kit in the prevailing taxonomical identification processes. The sequences of this gene have 
recently been used in the studies resolving the phylogenetic relationships between nematode species, and this gene shown to be 
a suitable marker for barcoding of nematodes. Different studies of nematodes have demonstrated that the 18S and 28S region 
of nuclear rDNA provide useful genetic markers for the accurate identification of species within the taxa. Choosing the appropriate 
segment of DNA within the genome of an organism is a critical step in any phylogenetic study [12,14]. The region of choice should 
have enough variability among the taxa in question to allow an estimation of their historical relationships. This variation must 
not be too great so as to obscure past ancestor-descendant relationships. The rRNA gene that has been used in molecular 
systematics is the large subunit rRNA gene (28S) and small subunit rRNA gene (18S). The rRNA gene has been shown to be useful 
in estimating phylogeny because it contains regions that evolved slowly and other regions evolved more quickly. Thus this gene 
has been selected to infer divergences used rDNA to examine the evolutionary relationships among animal parasitic nematodes. 
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During the course of study, it was decided to perform a phylogenetic analysis on species of the genus Leidynema 
appendiculata, Hammerschmidtiella indicus and Sckwenkiella icemi based on ribosomal DNA (rDNA) sequences. During the 
present study, a partial fragment of the small subunit ribosomal RNA gene (SSU rRNA) and large subunit ribosomal RNA gene 
(LSU rRNA) was sequenced for purposes of molecular identification. In the present study, phylogenetic relationships of species of 
the genus were investigated using nucleotide sequences of the region of 28S rDNA and 18S rDNA. The investigator is convinced 
that the findings of present work will provide a base line for the study of molecular taxonomy of these species and validating their 
specific status. Review of literature reveals that some taxonomic studies were carried out using molecular tool by foreign workers 
using either 18S rDNA or 28S rDNA. Nadler et al. [15] studied 18S rDNA contents of T. krausi. Moreover, Koubkova et al. [16] worked 
out 18S rDNA contents of Thelastoma gueyei. Spiridonov [17] worked out 28S rDNA and 18S rDNA of Leidynema appendiculata, 
L. portentosae, Hammerschmidtiella cristata and H. diesingi and more recently, Spiridonov and Guzeeva [17] studied 28S rDNA 
contents of Thelastoma sp.

MATERIALS AND METHODS
Parasites were excised out carefully from alimentary canal of Periplaneta americana from Meerut, UP, India. Parasites were 

identified up to the level of species morphologically using existing taxonomic keys and descriptions. The parasites found are: Leidynema 
appendiculata [18] Chitwood, 1932, Hammerschmidtiella indicus Singh and Malti [19], Schwenkiella icemi [20] Basir, 1956.

DNA Extraction, Amplification and Sequencing

For genomic DNA extraction, one specimen of nematode parasite was fixed in either 95% or 100% Ethanol. DNA was 
extracted from samples using the Qiagen DNeasy Tissue Kit as per the manufacturer’s instructions. Polymerase chain reaction 
(PCR) for the amplification of 18S and 28S ribosomal DNA was undertaken using the specifically designed primers. A total volume 
of 25 µl was used for the PCR reaction. Each reaction contained 10X PCR buffer, 0.4 mM dNTP, 10 pM of each primer pair, 3 µl 
template DNA, 1 U Taq polymerase (Biotools) and Milli-Q water. The PCR assay was carried out in an Eppendorf Master Cycler 
Personal for 35 cycles. The amplification profile consisting of 3 min. at 94°C, 30 s at 94°C, 45 s at 56°C and 1 min at 72°C, 
followed by final extension at 72°C for 10 min. The PCR products were visualized using ethidium bromide on a 1.5% agarose TBE 
gel. The products were then purified by Chromous PCR cleanup kit (# PCR 10), according to manufacturer’s instructions. Both DNA 
strands were sequenced using a Big Dye Terminator ver. 3.1 cycle sequencing kit in an ABI 3130 Genetic Analyzer. Same PCR 
primers were used for sequencing reaction. 

Primers Sequences Used in the Study

Forward primer 5’- TTGGCGTCTCAGTGTGAAAG-3’

Reverse primer 5’- TTCACCATCTTTCGGGTCTC-3’

Forward primer 5’- AAACGGCTACCACATCCAAG-3’

Reverse primer 5’- CCAAGCACATGAACCAAATG-3’

Phylogenetic Analysis

18S and 28S rDNA sequence was used to perform the phylogenetic analysis of the sequences. Sequences were uploaded 
on NCBI to search for the most similar reference sequences and positions of the 18S and 28S gene were determined with the 
help of BLAST (available at www.ncbi.nlm.nih.gov). Subsequently, nucleotide sequences of various species were aligned using the 
aligning tool Clustal W [11]. The sequences were entered in the MEGA for construction of the phylogenetic tree. Data were analyzed 
using maximum parsimony (MP) and neighbor- joining (NJ) methods by using MEGA version 4.0 [21]. Pairwise comparisons were 
made by using Kimura-2 parameter model [22]. Nucleotide sequences of related sequences and Electropherogram of sequencing 
sample is also provided in the thesis.

Submission to NCBI

The base pair sequence of small and large subunit of ribosomal DNA of parasites submitted to GenBank under the accession 
numbers:  GQ925910, GU968648, GU968649 and GU968647.

Type Material

The holotype and paratype slides of parasites have been deposited in the museum of Department of Zoology, Ch. C.S. 
University, Meerut, U.P., India, under the Voucher numbers

• Leidynema appendiculata Nem/2009/01

• Schwenkiella icemi Nem/2010/02

• Hammerschmidtiella indicus Nem/2010/03 
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RESULTS AND DISCUSSION
Leidynema appendiculata Chitwood, 1932

28S rDNA sequence of L appendiculata [18,23] was aligned using the clustal W to perform the phylogenetic analysis (Tables 1 
and 2; Figures 1-4). The reference sequences used in this study are listed in Table 1. Pairwise comparisons were made shown in 
Table 2 using Kimura-2 parameter model [22]. The phylogenetic reconstructions inferred from analysis of the 28S rDNA sequences 
showed great resolution for the species of the nematodes. The Electropherogram of sequencing sample is also provided as 
shown in Figure 1. Sequence similarity searching for L. appendiculata was performed using the NCBI BLAST program. Analyses 
of multiple sequence alignments were done with the help of program, Clustal W. DNA sequences of closely related species were 
also download and used in the phylogenetic analysis.

Species Location/Source Genbank Accession No.
Leidynema appendiculata India GQ925910†
Leidynema appendiculata Russia EU365630

Hammerschmidtiella cristata Russia EU365629
Leidynema portentosae USA GQ401114

Cordonicola sp. Russia GQ368464
Cordonicola gibsoni* Australia AM232758

Cordonicola gibsoni** Australia AM232757
Cordonicola gibsoni*** Australia AM232759

Hammerschmidtiella diesingi Russia EU365628
Aoruroides sp. Vietnam FJ936558
Thelastoma sp. India GU968648

Table 1. Reference sequences (28S) used in this study, their geographical origins as well as accession numbers (the asterisk is used due to 
same species name).

†Species sequenced in the present study

L. 
appendiculata†

L. 
appendiculata H. cristata L. 

portentosae C. sp. C. 
gibsoni* C. gibsoni** C. gibsoni*** H. 

diesingi A. sp. T. sp.

L. 
appendiculata†

L. appendiculata 0.0546

H. cristata 0.1252 0.0658

L. portentosae 0.1308 0.0710 0.0876

C. sp. 0.1249 0.0654 0.0936 0.0394

C. gibsoni* 0.1194 0.0762 0.0994 0.0445 0.0145

C.gibsoni**   0.1422 0.0976 0.1097 0.0704 0.0393 0.0243

C. gibsoni*** 0.1252 0.0817 0.1052 0.0497 0.0194 0.0048 0.0293

H. diesingi 0.1424 0.0817 0.0194 0.0932 0.0823 0.0879 0.0982 0.0936

A. sp. 0.1600 0.0979 0.0979 0.0814 0.0704 0.0758 0.0549 0.0812 0.092

T. sp 0.1600 0.0979 0.0979 0.0814 0.0704 0.0758 0.0549 0.0812 0.092 0.0000

Table 2. Kimura 2- parameter distances comparison of sequence differences (in %) in the 28S among species (the asterisk is used due to same 
species name).   

†Species sequenced in the present study

The Phylogenetic analysis was performed using MEGA ver. 4.0 [21]. For distance analyses, the Kimura 2-parameter model 
was used to construct the distance matrix and the trees were inferred from this using the neighbour-joining (NJ) and maximum 
parsimony (MP) method with a high degree of confidence (Figures 2 and 3). Bootstrap resampling (1,000 pseudoreplicates) was 
done and a bootstrap consensus tree produced. Both the methods gave trees with similar topology and approximate relatively 
bootstrapped values. These sequences were aligned with the 28S rDNA genes and revealed clear differences in nucleotide 
sequences among different species (Figure 4).

Different studies have demonstrated that the 28S region of nuclear rDNA provide useful genetic marker for the accurate 
identification of sibling species and morphospecies. Genetic reltaion between the L. appendiculata and other species based 
on molecular data from the 28S rDNA gene sequence indicates closest similarity between L. appendiculata from India and L. 
appendiculata from Russia. Both the species are same and shows 99% nucleotide similarity. The reasons for difference of 1% 
similarity between them might be due to different continents and geographical distribution. Molecular phylogenetic analysis 
of ribosomal 28S rDNA indicates its potential for clarifying species boundaries that are morphologically similar and that occur 
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sympatrically. These findings highlight the utility of the 28S sequence in conjunction with other morphological characters to 
delineate species boundaries among closely related species. The reasons for difference in genetic similarity between these same 
species from 2 different continents, remains a challenging question for further investigations. 

 Figure 1. Electropherogram.
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Figure 2. A phylogenetic tree constructed by neighbour-joining method (1,000 bootstraps) for 28S region. Bootstrap values (as percentages) are 
shown at internal nodes. The scale bar indicates the proportion of sites changing along each branch (the asterisk is used due to same species 
name). †Species sequenced in the present study.
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Figure 3. Phylogenetic relationship of the species L. appendiculata inferred from the 28S region using the Maximum Parismony (MP) method (1,000 
bootstraps). The scale bar indicates the proportion of sites changing along each branch ( the asterisk is used due to same species name ). †Species 
sequenced in the present study. 

Leidynema appendiculata† ------CAAA CCGAACCGGA TCTTGAACCG GACCAAGGAG TTTAGCATAT [50]
Leidynema appendiculata GACCAC.T.T ....C...TC .TGAA.CA.. .......... .......... [50]
Hammerschmidtiella cristata GACCAC.T.T ....C...TC .TGAA.CA.. .......... .......... [50]
Leidynema portentosae GACCAC.T.T ....C...TC .TGAA.CA.. .......... .......... [50]
Cordonicola sp.             GACCAC.T.T ....C...TC .TGAA.CA.. .......... .......... [50]
Cordonicola gibsoni* ---------- ---.C...TC .T.GA.CA.. .......... .......... [50]
Cordonicola gibsoni** ---------- ---.C...TC .T.GA.CA.. .......... .......... [50]
Cordonicola gibsoni*** ---------- ---.C...TC .T.GA.CA.. .......... .......... [50]
Hammerschmidtiella diesingi GACCAC.T.T ....C...TC .TGAA.CA.. .......... .......... [50]
Aoruroides sp.              GACCAC.T.T ....C...TC .TGAA.CA.. .......... ..C....... [50]
Thelastoma sp.              GACCAC.T.T ....C...TC .TGAA.CA.. .......... ..C....... [50]
Leidynema appendiculata† GCGCGAGTCA TTGGGTTGTA AACCTAAAGG CGTAATGAAA GTGGAGACTG [100]
Leidynema appendiculata .......... .......... .......... .......... .......... [100]
Hammerschmidtiella cristata .......... ......G... .......... .......... ..AA...T.. [100]
Leidynema portentosae ....A..... ......G... .......... .......... ..AA...TC. [100]
Cordonicola sp.             .......... ......G... .......... .......... ..AC...TC. [100]
Cordonicola gibsoni*        .......... ......G... .......... .......... ..AA...TC. [100]
Cordonicola gibsoni** .......... ......G... .......... .......... ..AA...TC. [100]
Cordonicola gibsoni***      .......... ......G... .......... .......... ..AA...TC. [100]
Hammerschmidtiella diesingi .......... ......G... .......... ..A....... ..AA...T.. [100]
Aoruroides sp. .......... ......G... .......... .......... ..AA...TC. [100]
Thelastoma sp.              .......... ......G... .......... .......... ..AA...TC. [100]
Leidynema appendiculata† TTTCAA-TGC AGTTGATATG GGATCCGTGT AGCTT-CGGC TACTGCGGCG [150]
Leidynema appendiculata ......-... .......... .......... .....-.... .......... [150]
Hammerschmidtiella cristata -C.TC.G... .......... .....T.... G...A-.... C.....A... [150]
Leidynema portentosae C.....-... G......... .......C.. ....G-.... .G........ [150]
Cordonicola sp.             C...T.--.. G......... .......CA. ..T..-.... .G-....... [150]
Cordonicola gibsoni*        C...T.--.. G......... .......CA. ..T..-.... .G-....... [150]
Cordonicola gibsoni**       C...T.--.. G......... .......CA. ..T.--TC.G CTG....... [150]
Cordonicola gibsoni***      C...T.--.. G......... .......CA. ..T..-.... .G-....... [150]
Hammerschmidtiella diesingi GC.TT.G... .......... .....T.... G.T.A-.... C.....A... [150]
Aoruroides sp.              C..T..--.. G......... .......... T.TCGCTT.G CTTC...... [150]
Thelastoma sp.              C..T..--.. G......... .......... T.TCGCTT.G CTTC...... [150]
Leidynema appendiculata† CACCATAGCC CCGTCCTCGT TGCTTGCAAT AGGGCGGAGG AAGAGCGCAT  [200] 
Leidynema appendiculata .......... .......... .......... .......... ..[200]
Hammerschmidtiella cristata .......... .....T.T.. .......... .......... .......... [200]
Leidynema portentosae .......... ......CTA. .........A .......... T......... [200]
Cordonicola sp.             .......... ......C... .......... .......... T......... [200]
Cordonicola gibsoni*        .......... ......C... .......... .......... T......... [200]
Cordonicola gibsoni**       .......... ......C... .......... .......... T......... [200]
Cordonicola gibsoni***      .......... ......C... .......... .......... T......... [200]
Hammerschmidtiella diesingi .......... .....T.T.. .......... .......... T......... [200]
Aoruroides sp.              .......... ......C... .......... .......... T......... [200]
Thelastoma sp. .......... ......C... .......... .......... T......... [200]
Leidynema appendiculata† ACGCTGAGAC CCGAAAGATG GTGAAAAA [228]
Leidynema appendiculata .......... .......... .....CT. [228]
Hammerschmidtiella cristata .......... .......... .....CT. [228]
Leidynema portentosae .......... .......... .....CT. [228]
Cordonicola sp. .......... .......... .....CT. [228]
Cordonicola gibsoni* .......... .......... .....CT. [228]
Cordonicola gibsoni** .......... .......... .....CT. [228]
Cordonicola gibsoni*** .......... T......... .....CT. [228]
Hammerschmidtiella diesingi .......... .......... .....CT. [228]
Aoruroides sp. .......... .......... .....CT. [228]
Thelastoma sp. .......... .......... .....CT. [228]

Figure 4. Alignment of 28S sequences for comparative purposes of different species from different geographical locations showed nucleotide 
identical to L. appendiculata. Dots indicate identity with the first sequence and dashes are inferred insertion-deletion. (the asterisk is used due 
to same species name †Species sequenced in the present study.
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Genetic comparison with other species documented from different parts of the world may alter our taxonomical concept of 
this group/genus and provide further clues to the understanding of the evolution of the L. appendiculata. In conclusion, this work 
confirms that for modern identification and understanding of this genus, works should be necessarily accompanied with DNA 
analyses. Besides this, it is also recommended that the criteria to validate and identify species must be based on morphological 
characteristics, genetic identification and sequence comparison of genes having taxonomic importance.

Hammerschmidtiella indicus

The rDNA (18S) gene sequence was obtained from specimens of H. indicus [24], 18S sequence aligned using the clustal W [11] 
to perform the phylogenetic analysis (Tables 3 and 4; Figures 5-8). The reference sequences used in this study are listed in Table 
3. Pairwise comparisons of the sequences were made (Table 4) using Kimura-2 parameter model (Kimura). The phylogenetic 
reconstructions inferred from analysis of the 18S rDNA sequences exhibit significant resolution for this species of the nematode. 
The Electropherogram of sequencing sample is also provided as shown in Figure 5. DNA sequences of closely related species were 
also download and used in the phylogenetic analysis. Phylogenetic analysis was performed using MEGA ver. 4.0 [21]. Phylogenetic 
trees were constructed from this using the neighbour-joining (NJ) and maximum parsimony (MP) method with a high degree 
of confidence (Figures 6 and 7). Bootstrap resampling (1,000 pseudoreplicates) was done and a bootstrap consensus tree 
produced. Both the methods yielded phylogenetic trees with similar topology and approximate relatively bootstrapped values. 
These sequences were aligned with the 18S rDNA genes and revealed clear differences in nucleotide sequences among different 
species in comparison (Figure 8). 

Species Location/Source Genbank Accession No.
Hammerschmidtiella indicus† India GU968649†

Leidynema portentosae USA EF180073
Skrjabinema sp. USA EF180060

Thelastoma icemi India GU968647
Thelastoma krausi USA EF180068

Oxyuris equi USA EF180062
Aspiculuris tetraptera USA EF464551

†Species sequenced in the present study

Table 3. Reference sequences (18S) used in this study, their geographical origins as well as accession numbers.

H. indicus† A. tetraptera    L. portentosae      T. icemi       S. sp.     T. krausi    O. equi
H. indicus†

A. tetraptera 0.0221
L. portentosae 0.0249 0.0193

T. icemi 0.0264 0.0292 0.0236
S. sp. 0.0278 0.0166 0.0235 0.0378

T. krausi 0.0335 0.0264 0.0208 0.0364 0.0321
O. equi 0.0406 0.0307 0.0363 0.0466 0.0307 0.0421

†Species sequenced in the present study.

Table 4. Kimura 2- parameter distances comparison of sequence differences (in %) in the 18S among species. 

Ribosomal DNA sequences are widely used in the evolutionary studies of many different groups of organisms. rDNA provide 
a closed system within which the mechanisms of genome rearrangement, the utility of gene order in reconstructing phylogenies, 
and the differences in base composition are currently progressive areas of research using comparative genomics. Ribosomal 
comparative genomics and phylogenetic reconstruction could allow us to gain insights into several aspects of the rDNA evolution 
in animals including parasites. 

Hammerschmidtiella indicus is the first species of this genus to have small ribosomal subunit rRNA gene regions sequenced 
for the purposes of species discrimination. However, further sequences are required from additional species of the genus 
Hammerschmidtiella to reveal the position within the nematoda. The position of H. indicus in the phylogenetic trees reconstructed 
confirms its placement within family Thelastomatidae. Their validity is also strongly supported by molecular evidence inferred from 
rDNA sequence. The tree topologies derived from the phylogenetic analysis inferred from the 18S rDNA data-set is in agreement 
that it is closely related sister-taxa genetically viz., L. portentosae, T. icemi and A. tetraptera. Further studies with additional 
molecular markers are needed to determine the divergence between H. indicus and other nematodes.

This study also indicates that molecular markers, such as those provided by rDNA, are useful markers for distinguishing 
sister-species and is helpful in discriminating species where there is species overlap and co-infection of the same definitive host 
especially when morphological differences are often difficult to determine. However, nematode molecular phylogenetic studies 
are still at an early stage. 
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Figure 5. Electropherogram
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Figure 6. A phylogenetic tree constructed by neighbour-joining method (1,000 bootstraps) for 18S region. Bootstrap values (as percentages) are 
shown at internal nodes. The scale bar indicates the proportion of sites changing along each branch. †Species sequenced in the present study. 
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Figure 7. Phylogenetic relationship of the species H. indicus inferred from the 18S region using the Maximum Parismony (MP) method (1,000 
bootstraps). The scale bar indicates the proportion of sites changing along each branch. †Species sequenced in the present study. 

Schwenkiella icemi

During the course of study analysis of nucleotide sequences of 18S, 28S region of the nuclear ribosomal DNA (rDNA) was 
made (Tables 5-8 and Figures 9 - 16). The alignment of the sequences with other nematode sequences published in GenBank 
was done using clustal W [25]. The reference sequences used in this study for 18S are listed in Table 5 and for 28S listed in 
Table 7. Pairwise comparisons were made by using Kimura-2 parameter model that are shown in Table 6 for 18S and Table 
8 for 28S rDNA sequences. The phylogenetic reconstructions inferred from analysis of the 28S rDNA sequences showed great 
resolution for this species of the nematode. The Electropherogram of sequencing sample is also provided as shown in Figure 
9 for 18S and Figure 13 for 28S. DNA sequences of closely related species were also download and used in the phylogenetic 
analysis. Phylogenetic analysis was performed using MEGA ver. 4.0. The sequences appeared to be the most closely related and 
is much more divergent with a well supported clade by neighbour joining (NJ) and maximum parsimony (MP) with a high degree 
of confidence (Figures10 and 11 for 18S; Figures 14 and 15 for 28S.

Species Location/Source Genbank Accession No.
Thelastoma icemi India GU968647†

Leidynema portentosae USA EF180073
Thelastoma krausi USA EF180068

Hammerschmidtiella indicus India GU968649
Paraspidodera sp. AF083005

Aspiculuris tetraptera USA EF464551
†Species sequenced in the present study

Table 5. Reference sequences (18S) used in this study, their geographical origins as well as accession numbers.

Table 6. Kimura 2- parameter distances comparison of sequence differences (in %) in the 18S among species. †Species sequenced in the 
present study.

T. icemi† L. portentosae T. krausi H. indicus P. sp. A. tetraptera
T. icemi†

L. portentosae 0.0222
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T. krausi 0.0336 0.0194
H. indicus 0.0250 0.0222 0.0321

P. sp. 0.0394 0.0408 0.0541 0.0496
A. tetraptera 0.0279 0.0166 0.0251 0.0194 0.0481

Species Location/Source Genbank Accession No.
Thelastoma icemi India GU968648†

Thelastoma sp. Russia GQ368468
Cordonicola gibsoni* Australia AM232757

Cordonicola gibsoni** Australia AM232758
Cordonicola gibsoni*** Australia AM232758

Cordonicola sp. Russia GQ368464
Desmicola sp Russia GQ368463

Desmicola ornata Australia AM232760
Leidynema portentosae Russia GQ401114

Aoruroides sp. Vietnam FJ936558

Table 7. Reference sequences (28S) used in this study, their geographical origins as well as accession numbers.

†Species sequenced in the present study

T. icemi† T. sp C. gibsoni* C. gibsoni** C. gibsoni***  C. sp D. sp. D. ornata       L. portentosae A. sp.
T. icemi†

T. sp 0.0490
C. gibsoni* 0.0490 0.0326   

C. gibsoni** 0.0490 0.0326 0.0000
C. gibsoni***  0.0547 0.0383 0.0053 0.0053

C. sp 0.0546 0.0381 0.0053 0.0053 0.0106
D. sp. 0.0841 0.0672 0.0438 0.0438 0.0495 0.0493

D. ornata       0.0841 0.0672 0.0438 0.0438 0.0495 0.0493 0.0000
L. portentosae        0.0778 0.0551 0.0379 0.0379 0.0436 0.0435 0.0612 0.0612

A. sp. 0.0837 0.0666 0.0549 0.0607 0.0605 0.0436 0.0436 0.0725

Table 8. Kimura 2- parameter distances comparison of sequence differences (in %) in the 28S among species. †Species  sequenced in the 
present study. The asterisk is used due to same species name.

Bootstrap values, indicating the robustness of the internal nodes, were set at 1000 replications. Both the methods gave 
phylogenetic trees with similar topology and approximate relatively bootstrapped values. These sequences were aligned with the 
18S and 28S rDNA genes and revealed clear differences in nucleotide sequences among different species shown in Figure 12 
for 18S and Figure 16 for 28S.

Several recent studies of nematodes used rDNA sequences in phylogenetic analyses to make strong inferences of ancestor 
descendant relationships when analyses of morphological data only resulted in more unanswered questions. Therefore, it was 
decided to perform a phylogenetic analysis on species of the genus Schwenkiella based on ribosomal DNA (rDNA) sequences. 
Evolution of rDNA is relatively independent of changes in morphology, and analysis of these genetic data has been shown to 
provide good phylogenetic resolution. The region of choice should have enough variability among the taxa in question to allow 
an estimation of their historical relationships. This variation must not be too great so as to obscure past ancestor-descendant 
relationships. rRNA genes that has been used very frequently in molecular systematics is the small and large subunit rRNA gene 
(18S and 28S). These rRNA genes have been shown to be useful in estimating phylogeny because it contains regions that evolve 
slowly and other regions that evolve more quickly. During the study, I have used 18S and 28S rDNA to examine the evolutionary 
relationships among animal parasitic nematode with Schwenkiella icemi [26]. 

In the present study, phylogenetic relationships of S. icemi [27] with several other species of the nematodes were investigated 
using nucleotide sequences of 18S and 28S rDNA. The obtained sequences in this study have been aligned with sequences of 
other nematodes available in GenBank. Comparing the 18 S sequences through BLAST search, the query-18S sequence was 
found to be highly similar to the sequence of Hammerschmidtiella indicus (97%), Leidynema portentosae (96%), Paraspidodera 
sp. (96%), Aspiculuris tetraptera (96%), Thelastoma krausi (95%).  Moreover, the BLAST results showed that the query-28S 
sequence is closely similar to the sequence of Thelastoma sp. (97%), Cordonicola gibsoni (97%).  The phylogenetic analysis 
revealed that the high bootstrap values strongly confirm the position of T. icemi within the family Thelastomatidae (Figures 10, 
11, 14 and 15). The results of all the phylogenetic analysis clearly demonstrated that S. icemi represented by a single branch that 
was clearly distinct from other related nematodes. But the gene bank and molecular biological data recognizes it as Thelastoma 
icemi rather than S. icemi.  Further studies with additional molecular markers are needed to determine the divergence between 
T. icemi and other Thelastomatids.
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Hammerschmidtiella indicus ------GTTA TCGGAATGGG TACAATTTAA ACCCGTTAAC GAGGATCTAT [50]
Leidynema portentosae AGGCCG.... .......... .......... ...T...... .......... [50]
Skrjabinema sp.             AGGCCG.... .......... .......... ...T...... .......... [50]
Thelastoma icemi AGGCCG...G GA........ .......... .......... .......... [50]
Thelastoma krausi AGGCCG.... .......... .......... .......... .......... [50]
Oxyuris equi AGGCCG.... .......... .......... .......... .......... [50]
Aspiculuris tetraptera ---------- ---------- ---------- ---------- ---------- [50]

Hammerschmidtiella indicus GAGAGGGCAA GTCTGGTGCC AGCAGCCGCG GTAATTCCAG CTCTCAAAGT [100]
Leidynema portentosae .......... .......... .......... .......... .......... [100]
Skrjabinema sp.             .......... .......... .......... .......... .......... [100]
Thelastoma icemi .......... .......... .......... .......... .......... [100]
Thelastoma krausi .......... .......... .......... .......... .......... [100]
Oxyuris equi .......... .......... .......... .......... .......... [100]
Aspiculuris tetraptera ---......- .......... .......... .......... .......... [100]

Hammerschmidtiella indicus GTATATCGTC ATTGCTGCGG TTAAAAAGCT CGTAGTTGGA TCTGCGCTTG [150]
Leidynema portentosae .......... .......... .......... .......... .......... [150]
Skrjabinema sp. .......... .......... .......... .......... .......... [150]
Thelastoma icemi .......... .......... .......... .......... .......... [150]
Thelastoma krausi .......... .......... .......... .......... .......... [150]
Oxyuris equi .......... .......... .......... .......... ..C.A..... [150]
Aspiculuris tetraptera .......... .......... .......... .......... .......... [150]

Hammerschmidtiella indicus AGGACTCGGT CCACCTTGAT GGGTGCTGAA CTGGGGCTCC TCGGCTAGTT [200]
Leidynema portentosae ......T... .....C-.T. .....A-... .....-.... .......CG. [200]
Skrjabinema sp.             ......T... .....AATT. T......... ..AA.-...T .......T.G [200]
Thelastoma icemi .......... .....C-.T. .....A-... .....-.... ........AA [200]
Thelastoma krausi .A........ .....C-TC. .....A-... .....-...T .......CG. [200]
Oxyuris equi ......T... .....A-TT. C......... ...A.-.... ..A....... [200]
Aspiculuris tetraptera .......... .....A-TT. T......... .....-.... .......CAA [200]

Hammerschmidtiella indicus -TCTGCTGGT TTTCCCTACG TTGCCTTTAC CGGTTGCGTA GGGTGGCTGG [250]
Leidynema portentosae -.G....... .......G.. .......... ....C..... ........A. [250]
Skrjabinema sp.             A.G....... .......... ..A....... ....C..... ........A. [250]
Thelastoma icemi -.A..T.... .......G.. .......C.. ....C..... .........A [250]
Thelastoma krausi -.G....... .......G.A .......... ....C.T... ........A. [250]
Oxyuris equi A.G....... .....T.... .......G.T ...CC..... ........A. [250]
Aspiculuris tetraptera T.G....... .......... .......... ....C..... ........A. [250]

Hammerschmidtiella indicus CGAGTTTACT TTGAAAAAAT TAGAGTGCTT CAAGCGGGCT TTAA-GTCTG [300]
Leidynema portentosae .......... .......... .......... A........A ..TT-..... [300]
Skrjabinema sp.             .......... .......... .......... A......... ..C.A..... [300]
Thelastoma icemi .......... .......... .......... .........A ..T.-..... [300]
Thelastoma krausi .......... .......... .......... A......... ....-.C... [300]
Oxyuris equi .......... .......... .......... A....A...G ..C.-.C... [300]
Aspiculuris tetraptera .......... .......... .......... A......... ....-..... [300]

Hammerschmidtiella indicus AATATTTGTG CATGGAATAA TAGAATAGGA TCTCGGTTCT ATTTTGTTGG [350]
Leidynema portentosae .......... .......... .......... .......... .......... [350]
Skrjabinema sp.             .......... .......... .......... .......... .......... [350]
Thelastoma icemi .......... .......... .......... .T........ .......... [350]
Thelastoma krausi .......... .......... .......A.. ......A... .......... [350]
Oxyuris equi .......... .......... .......... ......C... .......... [350]
Aspiculuris tetraptera .......... .......... .......... .......... .......... [350]

Hammerschmidtiella indicus TTTTCTGAAC TGCGATAATG GTTAAGAGGG ACAGACGGGG GCATTCGTAT [400]
Leidynema portentosae ........T. ..A....... .......... .......... .......... [400]
Skrjabinema sp.             .......... ..A....... .......... .......... .......... [400]
Thelastoma icemi .......... ..A....... .......... .......... .......... [400]
Thelastoma krausi ........T. ..AA...... .......... .......... .......... [400]
Oxyuris equi .......GT. C.A....... .......... .......... .......... [400]
Aspiculuris tetraptera ........T. ..A....... .......... .......... .......... [400]

Hammerschmidtiella indicus CGCTGCGTGA GAGGTGAAAT TCTTGGACCG TAGCGAGACG CCCGACTGCG [450]
Leidynema portentosae .......... .......... .......... .......... ...T...... [450]
Skrjabinema sp.             .......... .......... .......... .......... ...T...... [450]
Thelastoma icemi .......... .......... .......... .......... .......... [450]

Thelastoma krausi .......... .......... .......... .......... ...T...... [450]
Oxyuris equi .......... .......... .......... .......... .......... [450]
Aspiculuris tetraptera .......... .......... .......... .......... .......... [450]

Hammerschmidtiella indicus AAAGCATTTG CCAAGAATGT CTTCATTAAT CAAGAACGAA AGTCAGAGGT [500]
Leidynema portentosae .......... .......... .......... .......... .......... [500]
Skrjabinema sp.             .......... .......... .......... .......... .......... [500]
Thelastoma icemi .......... .......... .......... .......... .......... [500]
Thelastoma krausi .......... .......... .......... .......... .......... [500]
Oxyuris equi .......... .......... .......... .......... .......... [500]
Aspiculuris tetraptera .......... .......... .......... .......... .......... [500]
Hammerschmidtiella indicus TCGAAGGCGA TCAGATACCG CCCTAGTTCT GACCGTAAAC GATACCAACT [550]
Leidynema portentosae .......... .......... .......... .......... .......... [550]
Skrjabinema sp.             .......... .......... .......... .......... .......... [550]
Thelastoma icemi .......... .......... .......... .......... .......... [550]
Thelastoma krausi .......... .......... .......... .......... .......... [550]
Oxyuris equi .......... .......... .......... .......... .......... [550]
Aspiculuris tetraptera .......... .......... .......... .......... .......... [550]

Hammerschmidtiella indicus AGCGTTCCGC CGCTGGCAAG CACGCCATGG CGGGCAGCTT CCCGGAAACG [600]
Leidynema portentosae .......... .......... ......T... .......... .......... [600]
Skrjabinema sp.             .......... .......... ......T... .......... .......... [600]
Thelastoma icemi .........T .........A ......T..A .......... .......... [600]
Thelastoma krausi .......... .........A ......T... .......... .......... [600]
Oxyuris equi .......... .........A ......T... .......... .......... [600]
Aspiculuris tetraptera .......... .......... ......T... .......... .......... [600]

Hammerschmidtiella indicus AAAGTTTTTC GGTTCCGGGG GAAGTATGGT TGCAAAGCTG AAACTTAAAG [650]
Leidynema portentosae .......... .......... .......... .......... .......... [650]
Skrjabinema sp.             .......... .......... .......... .......... .......... [650]
Thelastoma icemi .......... .......... .......... .......... .......... [650]
Thelastoma krausi .......... .......... .......... .......... .......... [650]
Oxyuris equi .......... .......... .......... .......... .......... [650]
Aspiculuris tetraptera .......... .......... .......... .......... .......... [650]

Hammerschmidtiella indicus AAATTGACGG AAGGGCACCA CCAGGAGTGG AGCCTGCGGC TTAATTTGAC [700]
Leidynema portentosae .......... .......... .......... .......... .......... [700]
Skrjabinema sp.             .......... .......... .......... .......... .......... [700]
Thelastoma icemi .......... .......... .......... .......... .......... [700]
Thelastoma krausi .......... .......... .......... .......... .......... [700]
Oxyuris equi .......... .......... .......... .......... .......... [700]
Aspiculuris tetraptera .......... .......... .......... .......... .......... [700]

Hammerschmidtiella indicus TCAACACGGG AAAACTCACC TGGCCCGGAC ACCGTGAGGA TTGACAGATT [750]
Leidynema portentosae .......... .......... .......... .......... .......... [750]
Skrjabinema sp.             .......... .......... .......... .......... .......... [750]
Thelastoma icemi .......... .......... .......... .......... .......... [750]
Thelastoma krausi .......... .......... .......... .......... .......... [750]
Oxyuris equi .......... .......... .......... .......... .......... [750]
Aspiculuris tetraptera .......... .......... .......... ..T....... .......... [750]

Hammerschmidtiella indicus GAGAGCTCTT TCTTGATTCG GTGGTTGGTG GTGCATGGCC GTT [793]
Leidynema portentosae .......... .......... .......... .......... ... [793]
Skrjabinema sp.             ..T....... .......... .......... .......... ... [793]
Thelastoma icemi .......... .......... .......... .......... ... [793]
Thelastoma krausi .......... .......... .......... .......... ... [793]
Oxyuris equi ..T....... .......... .......... .......... ... [793]
Aspiculuris tetraptera ..T....... .......... .......... .......... ... [793]

Figure 8. Alignment of 18S sequences for comparative purposes of different species from different geographical locations showed nucleotide 
identical to H. indicus. Dots indicate identity with the first sequence and dashes are inferred insertion-deletion. 
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Figure 9.  Electropherogram of 18s rDNA.
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 Leidynema portentosae 

 Thelastoma krausi 

 Hammerschmidtiella indicus 

 Aspiculuris tetraptera 

 Thelastoma icemi † 
 Paraspidodera sp. 

61 
84 

52 

0.005 
Figure 10. A phylogenetic tree constructed by neighbour-joining method (1,000 bootstraps) for 18S region. Bootstrap values (as percentages) are 
shown at internal nodes. The scale bar indicates the proportion of sites changing along each branch. †Species sequenced in the present study.

 Leidynema portentosae 

 Thelastoma krausi 

 Aspiculuris tetraptera 

 Hammerschmidtiella indicus 
 Thelastoma icemi † 
  Paraspidodera sp. 

82 

49 
53 

5 
Figure 11. Phylogenetic relationship of the species T. icemi inferred from the 18S region using the Maximum Parismony (MP) method (1,000 
bootstraps). The scale bar indicates the proportion of sites changing along each branch. †Species sequenced in the present study.

Thelastoma icemi ------TTCT CGTTGAGGCC GGTTGGAGGA ATGGGTACAA TTTAAACCCG [50]
Leidynema portentosae  AGACCG.... .TA....... ....ATC... .......... ........T. [50]
Thelastoma krausi AGACCG.... .TA....... ....ATC... .......... .......... [50]
Hammerschmidtiella sp. ---------- ---------- -...ATC... .......... .......... [50]
Paraspidodera sp.      AGGCCG.... .TA....... ..CCATC... .......... .......... [50]
Aspiculuris tetraptera ---------- ---------- ---------- ---------- ---------- [50]

Thelastoma icemi       TTAACGAGGA TCTATGAGAG GGCAAGTCTG GTGCCAGCAG CCGCGGTAAT [100]
Leidynema portentosae  .......... .......... .......... .......... .......... [100]
Thelastoma krausi      .......... .......... .......... .......... .......... [100]
Hammerschmidtiella sp. .......... .......... .......... .......... .......... [100]
Paraspidodera sp. .......... .......... .......... .......... .......... [100]
Aspiculuris tetraptera ---------- --------.. ....-..... .......... .......... [100]

Thelastoma icemi       TCCAGCTCTC AAAGTGTATA TCGTCATTGC TGCGGTTAAA AAGCTCGTAG [150]
Leidynema portentosae  .......... .......... .......... .......... .......... [150]
Thelastoma krausi      .......... .......... .......... .......... .......... [150]
Hammerschmidtiella sp. .......... .......... .......... .......... .......... [150]
Paraspidodera sp.      .......... .......... .......... .......... .......... [150]
Aspiculuris tetraptera .......... .......... .......... .......... .......... [150]
Thelastoma icemi       TTGGATCTGC GCTTGAGGAC TCGGTCCACC C-GTTGGGTG A-GAACTGGG [200]
Leidynema portentosae  .......... .......... .T........ .-........ .-........ [200]
Thelastoma krausi      .......... ......A... .......... .-TC...... .-........ [200]
Hammerschmidtiella sp  .......... .......... .......... TT.A...... CT........ [200]
Paraspidodera sp.      .......... ..C.C..... .T........ .-A....... .-.....A.. [200]
Aspiculuris tetraptera .......... .......... .......... A-T..T.... CT........ [200]

Thelastoma icemi -CTCCTCGGC TAG-AATATG TTGGTTTTCC CTGCGTTGCC TTCACCGGTC [250]
Leidynema portentosae -......... ..C-GT.G.. C......... .......... ..T....... [250]
Thelastoma krausi -...T..... ..C-GT.G.. C......... ....A..... ..T....... [250]
Hammerschmidtiella sp. G......... ...-TT.C.. C......... ..A....... ..T......T [250]
Paraspidodera sp. -.....G... ..--GTAC.. .......... ..A....... ....T..... [250]
Aspiculuris tetraptera -......... ..CA.T.G.. C......... ..A....... ..T....... [250]

Thelastoma sp.         GCGTAGGGTG GCTGACGAGT TTACTTTGAA AAAATTAGAG TGCTTCAAGC [300]
Leidynema portentosae  .......... ...AG..... .......... .......... .....A.... [300]
Thelastoma krausi      .T........ ...AG..... .......... .......... .....A.... [300]
Hammerschmidtiella sp. .......... ....G..... .......... .......... .......... [300]
Paraspidodera sp.      .......... ...A...... .......... .......... .......C.. [300]
Aspiculuris tetraptera .......... ...AG..... .......... .......... .....A.... [300]

Thelastoma icemi       GGGCATTTAG TCTGAATATT TGTGCATGGA ATAATAGAAT AGGATTTCGG [350]
Leidynema portentosae  ........T. .......... .......... .......... .....C.... [350]
Thelastoma krausi      ....T..A.. C......... .......... .......... .A...C.... [350]
Hammerschmidtiella sp. ....T..A.. .......... .......... .......... .....C.... [350]
Paraspidodera sp.      ....-..AT. ........C. C......... .......... .....C.... [350]
Aspiculuris tetraptera ....T..A.. .......... .......... .......... .....C.... [350]

Thelastoma icemi       TTCTATTTTG TTGGTTTTCT GAACTGAGAT AATGGTTAAG AGGGACAGAC [400]
Leidynema portentosae  .......... .......... ..T....... .......... .......... [400]
Thelastoma krausi      A......... .......... ..T....A.. .......... .......... [400]
Hammerschmidtiella sp. .......... .......... ......C... .......... .......... [400]
Paraspidodera sp.      .......... .......... ..T....... .......... ......G... [400]
Aspiculuris tetraptera .......... .......... ..T....... .......... .......... [400]

Thelastoma icemi       GGGGGCATTC GTATCGCTGC GTGAGAGGTG AAATTCTTGG ACCGTAGCGA [450]
Leidynema portentosae  .......... .......... .......... .......... .......... [450]
Thelastoma krausi      .......... .......... .......... .......... .......... [450]
Hammerschmidtiella sp. .......... .......... .......... .......... .......... [450]
Paraspidodera sp.      .......... .......... .......... .......... .......... [450]
Aspiculuris tetraptera .......... .......... .......... .......... .......... [450]

Thelastoma icemi       GACGCCCGAC TGCGAAAGCA TTTGCCAAGA ATGTCTTCAT TAATCAAGAA [500]
Leidynema portentosae  .......T.. .......... .......... .......... .......... [500]
Thelastoma krausi      .......T.. .......... .......... .......... .......... [500]
Hammerschmidtiella sp. .......... .......... .......... .......... .......... [500]
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Paraspidodera sp.      ....T..... .......... .......... .......... .......... [500]
Aspiculuris tetraptera .......... .......... .......... .......... .......... [500]

Thelastoma icemi       CGAAAGTCAG AGGTTCGAAG GCGATCAGAT ACCGCCCTAG TTCTGACCGT [550]
Leidynema portentosae  .......... .......... .......... .......... .......... [550]
Thelastoma krausi      .......... .......... .......... .......... .......... [550]
Hammerschmidtiella sp. .......... .......... .......... .......... .......... [550]
Paraspidodera sp.      .......... .......... .......... .......... .......... [550]
Aspiculuris tetraptera .......... .......... .......... .......... .......... [550]

Thelastoma icemi       AAACGATACC AACTAGCGTT CCGTCGCTGG CAAACACGCC TTGACGGGCA [600]
Leidynema portentosae  .......... .......... ...C...... ...G...... ...G...... [600]
Thelastoma krausi      .......... .......... ...C...... .......... ...G...... [600]
Hammerschmidtiella sp. .......... .......... ...C...... ...G...... A..G...... [600]
Paraspidodera sp.      .......... .......... ......GC.. T...TTT... .......... [600]
Aspiculuris tetraptera .......... .......... ...C...... ...G...... ...G...... [600]

Thelastoma icemi       GCTTCCCGGA AACGAAAGTT TTTCGGTTCC GGGGGAAGTA TGGTTGCAAA [650]
Leidynema portentosae  .......... .......... .......... .......... .......... [650]
Thelastoma krausi      .......... .......... .......... .......... .......... [650]
Hammerschmidtiella sp. .......... .......... .......... .......... .......... [650]
Paraspidodera sp.      .......... .......... .......... .......... .......... [650]
Aspiculuris tetraptera .......... .......... .......... .......... .......... [650]

Thelastoma icemi       GCTGAAACTT AAAGAAATTG ACGGAAGGGC ACCACCAGGA GTGGAGCCTG [700]
Leidynema portentosae  .......... .......... .......... .......... .......... [700]
Thelastoma krausi .......... .......... .......... .......... .......... [700]
Hammerschmidtiella sp. .......... .......... .......... .......... .......... [700]
Paraspidodera sp.      .......... .......... .......... .......... .......... [700]
Aspiculuris tetraptera .......... .......... .......... .......... .......... [700]

Thelastoma icemi       CGGCTTAATT TGACTCAACA CGGGAAAACT CACCTGGCCC GGACACCGTG [750]
Leidynema portentosae  .......... .......... .......... .......... .......... [750]
Thelastoma krausi      .......... .......... .......... .......... .......... [750]
Hammerschmidtiella sp. .......... .......... .......... .......... .......... [750]
Paraspidodera sp.      .......... .......... .......... .......... .......... [750]
Aspiculuris tetraptera .......... .......... .......... .......... ......T... [750]

Thelastoma icemi       AGGATTGACA GATTGAGAGC TCTTTCTTGA TTCGGTGGTT GGTGGTGCAT [800]
Leidynema portentosae  .......... .......... .......... .......... .......... [800]
Thelastoma krausi      .......... .......... .......... .......... .......... [800]
Hammerschmidtiella sp. .......... .......... .......... .......... .......... [800]
Paraspidodera sp.      .......... .......... .......... .......... .......... [800]
Aspiculuris tetraptera .......... ......T... .......... .......... .......... [800]

Thelastoma icemi       GGCCGTTCTT AGTAGGGGGA GTGAT [825]
Leidynema portentosae  .......... ...T..T... ..... [825]
Thelastoma krausi      .......... ...T..T... ..... [825]
Hammerschmidtiella sp. .......--- ---------- ----- [825]
Paraspidodera sp.      .......... ...T..T... ..... [825]
Aspiculuris tetraptera .......... ...T..T... ..... [825]

Figure 12. Alignment of 18S sequences for comparative purposes of different species from different geographical locations showed nucleotide 
identical to T. icemi. Dots indicate identity with the first sequence and dashes are inferred insertion-deletion.

 

Figure 13. Electropherogram of 28s rDNA.
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Figure 14. A phylogenetic tree constructed by neighbour-joining method (1,000 bootstraps) for 28S region. Bootstrap values (as 
percentages) are shown at internal nodes. The scale bar indicates the proportion of sites changing along each branch. †Species 
sequenced in the present study.
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Figure 15. Phylogenetic relationship of the species T. icemi inferred from the 28S region using the Maximum Parismony (MP) method (1,000 
bootstraps). The scale bar indicates the proportion of sites changing along each branch. †Species sequenced in the present study.

Thelastoma icemi ------AAGA GAGTTTAGCA TATGCGCGAG TCATTGGGTG GTAAACCTAA    [50]
Thelastoma sp.         ACGGACC.AG .......... .......... .......... ..........    [50]
Cordonicola gibsoni* ACGGACC.AG .......... .......... .......... ..........    [50]
Cordonicola gibsoni**  ACGGACC.AG .......... .......... .......... ..........    [50]
Cordonicola gibsoni*** ACGGACC.AG .......... .......... .......... ..........    [50]
Cordonicola sp.        ACGGACC.AG .......... .......... .......... ..........    [50]
Desmicola sp.          ACGGACC.AG .......... .......A.. .......... ..........    [50]
Desmicola ornata ACGGACC.AG .......... .......A.. .......... ..........    [50]
Leidynema portentosae ACGGACC.AG .......... .......A.. .......... ..........    [50]
Aoruroides sp.         ACGGACC.AG .....C.... .......... .......... ..........    [50]

Thelastoma icemi AGGCGTAATG AAAGTAAAGA TCGCTTCTA- GCGGTTGATA TGGGATCCGT    [100]
Thelastoma sp.         .......... .......... .........- .......... .......T..    [100]
Cordonicola gibsoni*   .......... .......... .........- .......... .........C    [100]
Cordonicola gibsoni**  .......... .......... .........- .......... .........C    [100]
Cordonicola gibsoni*** .......... .......... .........- .......... .........C    [100]
Cordonicola sp.        .......... ......C... .........- .......... .........C    [100]
Desmicola sp.          .......... .......... ......TA.- .......... ..........    [100]
Desmicola ornata .......... .......... ......TA.- .......... ..........    [100]
Leidynema portentosae .......... .......... .......A.T .......... .........C    [100]
Aoruroides sp.         .......... .......... ......TA.- .......... ..........    [100]

Thelastoma icemi GCAGTTT--C GGCTG-TGCG GCGCACCATA GCCCCGTCCC C-GTTGCTTG    [150]
Thelastoma sp.         .......--. .A...-.... .......... .......... .-........    [150]
Cordonicola gibsoni*   AT.....--. .....-.... .......... .......... .-........    [150]
Cordonicola gibsoni**  AT.....--. .....-.... .......... .......... .-........    [150]
Cordonicola gibsoni*** AT.....--. .....-.... .......... .......... .-........    [150]
Cordonicola sp.        AT.....--. .....-.... .......... .......... .-........    [150]
Desmicola sp.          ATG....--T ...CA-.... .......... .......... .C........    [150]
Desmicola ornata ATG...--TT ...CA-.... .......... .......... .C........    [150]
Leidynema portentosae .T..C.G--. .....C.... .......... .......... T-A.......    [150]

Aoruroides sp.         .TT..CGCTT ....T-C... .......... .......... .-........    [150]

Thelastoma icemi CAATAGGGCG GAGGTAGAGC GCATACGCTG AGACCCGAAA GATGGTGAAA GC [202]
Thelastoma sp.         ...C...... .......... .......... .......... .........C TA [202]
Cordonicola gibsoni*   .......... .......... .......... .......... .........C TA [202]
Cordonicola gibsoni**  .......... .......... .......... .......... .........C TA [202]
Cordonicola gibsoni*** .......... .......... .......... ....T..... .........C TA [202]
Cordonicola sp.        .......... .......... .......... .......... .........C TA [202]
Desmicola sp.          .......... .......... .......... .......... .........C TA [202]
Desmicola ornata .......... .......... .......... .......... .........C TA [202]
Leidynema portentosae ...A...... .......... .......... .......... .........C TA [202]
Aoruroides sp.         .......... .......... .......... .......... .........C TA [202]

Figure 16. Alignment of 28S sequences for comparative purposes of different species from different geographical locations showed nucleotide 
identical to T. icemi. Dots indicate identity with the first sequence and dashes are inferred insertion-deletion.



64RRJZS| Volume 4 | Issue 3 | July-December, 2016

e-ISSN:2321-6190
p-ISSN:2347-2294Research & Reviews: Journal of Zoological Sciences

ACKNOWLEDGEMENTS
The authors are thankful to Head, department of Zoology, C.C.S. University, Meerut, for providing laboratory facilities. This 

work was funded by the Department of Science and Technology (Grant number SR/SO/A543/2005).

REFERENCES
1. Aleshin VV, et al. Relationships among nematodes based on the analysis of 18S rRNA gene sequences: molecular evidence 

for monophyly of chromadorian and secernentian nematodes. Russian Journal of Nematology. 1998;6:175-184.
2. De Ley P and Blaxter ML. Systematic position and phylogeny. In: Lee DL (ed.). The Biology of Nematodes. Taylor & Francis, 

London, UK. 2002; pp: 1-30.
3. De Ley P and Blaxter ML. A new system for Nematode: combining morphological characters with molecular trees, and 

translating clades into ranks and taxa. Namatology Monographs and Perspectives. 2004;2:633-653. 
4. Basir MA. Oxyuroid parasites of Arthropods. A monographic study. 1. Thelastomatidae 2. Oxyuroidae. Zoologica. 1956;38:1-79.
5. Holterman M, et al. Phylum-wide analysis of SSU rDNA reveals deep phylogenetic relationships among nematodes and 

accelerated evolution toward crown clades. Molecular Biology and Evolution 2006;23:1792-1800.
6. Meldal BHM, et al. An improved molecular phylogeny of the Nematoda with special emphasis on marine taxa. Molecular 

Phylogenetics and Evolution. 2007;42:622-636.
7. Zhao ZQ and Buckley TR. Phylogenetic analysis of nematode nuclear 18S rDNA sequences indicates the genus Tripylina 

Brzeski, (1963) Nematoda: Tripylidae de Man, (1876) should be placed in Enoplid Zootaxa. 2009;2238:25-32.
8. Carmean D, et al. 18S rDNA sequences and the Holometabolous insects. Molecular Phylogenetics and Evolution. 

1992;1:270-278. 
9. Heise PJ, et al. Higher-level snake phylogeny inferred from mitochondrial DNA sequences of 12S rRNA and 16S rRNA genes. 

Molecular Biology and Evolution. 1995;12:259-265.
10. Derr JN, et al. Variation and the phylogenetic utility of the large ribosomal subunit of mitochondrial DNA from the insect 

order Hymenoptera. Molecular Phylogenetics and Evolution. 1992;1:136-147. 
11. Thompson JD, et al. CLUSTAL W: improving the sensitivity of progressive multiple sequence alignment through sequence 

weighting, positions-specific gap penalties and weight matrix choice, Nucleic Acids Research. 1994;22:4673-4680. 
12. Hillis DM and Dixon MT. Ribosomal DNA molecular evolution and phylogenetic inference. Quarterly Review of Biology. 

1991;66:410-453. 
13. Halanych KM, et al. Evidence from 18S ribosomal DNA that the Lophophorates are protostome animals Science. 

1995;267:1641-1643. 
14. Nadler S A. Phylogeny of some Ascaridoid nematodes, inferred from comparison of 18S and 28S rRNA sequences. Molecular 

Phylogenetics and Evolution. 1992;9:932-944. 
15. Koubkova B, et al. A new species of Thelastoma Leidy, 1849 (Nematoda: Thelastomatidae) from the Senegal diplopod 

Archispirostreptus tumuliporus (Diplopoda: Spirostreptidae). Nematology 2006;8:739-747. 
16. Nadler SA, et al. Molecular phylogeny of clade III nematodes reveals multiple origins of tissue parasitism. Parasitology. 

2007;134:1421-1442. 
17. Spiridonov SE and Guzeeva EA. Phylogeny of nematodes of the superfamily Thelastomatoidea (Oxyurida) inferred from LSU 

rDNA sequence. Russian Journal of Nematology. 2009;17:127-134.
18. Leidy J. Description of some nematoid Entozoa infesting insects. Proceedings of the Academy of Natural Sciences, 

Philadelphia 1850;5:100-102. 
19. Singh HS and Malti. Studies of some nematode parasites of Periplanata americana Linnaeus at Meerut, Uttar Pradesh, 

India. Flora and Fauna. 2003;2:59-66.
20. Sidow A and Thomas WK. A molecular evolutionary framework for eukaryotic model organisms. Current biology. 1926;4:596-603. 
21. Tamura K, et al. MEGA 4: Molecular Evolutionary Genetics Analysis (MEGA) software version 4.0. Molecular Biology and 

Evolution. 2007;24:1596-1599. 
22. Kimura M. A simple method for estimating evolutionary rate of base substitutions through comparative studies of nucleotide 

sequences. Journal of Molecular Evolution. 1980;16:111-120.
23. Chitwood BG. A synopsis of nematodes parasitic in insects of the family Blattidae. Zeitschrift fu¨r Parasitenkunde 

1932;5:14-50. 
24. Singh HS and Malti. On a known and some unknown species of nematode parasites of Gryllotalpa africana. Journal of 

Experimental Zoology, India. 2003;6:329-330. 
25. Blaxter ML, et al. A molecular evolutionary framework for the phylum Nematoda. Nature 1998;392:71-75. 
26. Schwenk JM. Fauna parasitologia des blattoides do Brasil. Sciencia Medica. Anno 2014;9:3-16.
27. Spiridonov SE. Phylogeny of the intestinal nematodes of invertebrates 2009.

http://www.mapress.com./zootaxa/index.html

