
 

 

Characterization and phylogenetic analysis of NDR domain-containing protein from 

Strongyloides ratti using Degenerate Primers-Based Polymerase Chain Reaction 

 

 
Abbas Jolodar* 

 

Department of Basic Sciences, Biochemistry and Molecular Biology Section, Faculty of Veterinary 

Medicine, Shahid Chamran University of Ahvaz, Ahvaz, Iran 

 

 

Running title: Characterization of NDR domain-containing protein from Strongyloides ratti 
 

* Corresponding author: Dr. Abbas Jolodar, Associate Professor in Faculty of Veterinary Medicine, 

Shahid Chamran University of Ahvaz, 61355-145, Ahvaz, Iran.  

Phone: +98-61-33330073; Fax: +98-61-33360807; jolodara@scu.ac.ir 

 

 

 
Abstract 

 

The intestinal nematode Strongyloides ratti is important as an optimal model the human 

pathogen, S. stercoralis. A pair of degenerate primers was designed to amplify the target gene 

associated to the NDR domain-containing proteins based on the two conserved regions using 

the related nematode protein sequences. The putative NDR domain-containing gene fragment 

of 249 bp from the S. ratti was amplified using Touchdown RT-PCR. The results showed that 

the amplified fragment between these two motifs from S. ratti with the C-terminus part of 

reference protein has 66.3% similarities. By searching the EST (Expressed Sequence Tags) 

GenBank database, an overlapping 1082 bp cDNA fragment named SrNDR was compiled 

and found to contain a 972-nucleotide open reading frame that encodes a protein of 324 

amino acids of 23.4 kDa expected molecular mass and a calculated pI of 7.64. The phylogram 

of SrNDR revealed that the gene variants of S. ratti SrNDR were grouped together with a 

strong bootstrap score of 87. Domain search analysis, showed the e-values of 1.05e-100 with 

the conserved NDR1 domain-containing of  hydrolase superfamily protein (pfam03096) 

between amino acid residues 9 to 287. The core domain of SrNDR folded with 12 alpha-

helical conformation surrounded by 8 stranded antiparallel-beta-sheet. The three-dimensional 

structure model of SrNDR (residues 31-319) showed 100% similarity with human protein 

NDRG1 in 248 amino acids with 77% coverage. By using this program, we found a 

prediction of mostly a-helical (44.86%), Strand (1.08%) and random coils (54.05%) for the 

coding sequence of SrNDR. Based on the alignment of this protein with the corresponding 

nematodes, it can play a vital role in the survival of the parasite in the host cells. 
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The intestinal nematode Strongyloides ratti, a common parasite of rats is parasitic nematodes 

with a unique life-cycle characterized by obligate parasitic and facultative free-living 

generations (Bethony et al., 2006; Buonfrate et al., 2020). This parasite is important as a 

suitable model parasite which is genetically very similar to the human pathogen, S. 

stercoralis.  

 
The N-myc downstream regulated gene (NDRG) protein family consists of 4 members, 

NDRG1-4 in human with 57-65% amino acid homology (Okuda and Kondoh, 1999). They 

are belongs to hydrolase superfamily (ABHD) which is well conserved through 

evolution. It has been shown that the excretory and secretory (ES) products of parasitic 

nematodes such as Haemonchus contortus (Wang et al., 2019), Heligmosomoides polygyrus 

(Moreno et al., 2011), and Mesocestoides corti (Vendelova et al., 2016) were rich in ABHD 

proteins. Similar expressions of ABHD proteins/homologs were also demonstrated in free-

living and parasitic parasites such as Caenorhabditis elegans ABHD5 (Xie and Roy, 2015), 

Cryptosporidium parvum Type II thioesterase (CpTEII) (Guo et al., 2019), and Schistosoma 

japonicum lysophospholipase (Fan et al., 2008). Apart from the expression of ABHD proteins 

in a wide range of mammals, the expression of a small amount of this proteins and its 

homologs in plants such as Arabidopsis thaliana ABHD11 and ABHD5 (Vijayakumar et al., 

2016; Park et al., 2013), and Saccharomyces cerevisiae ABHD5 homologs (Ghosh et al., 

2008) has also been reported. Members of this family are also found in wide variety of 

multicellular eukaryotes, including an Ndr1 type protein in Helianthus annuus (Common 

sunflower), known as Sf21.  

 

Although the exact function of NDR domain-containing proteins has not been clearly 

explained, the recent evidence shows that mutation in these genes are associated with 

different neurological and physiological complications. It was predicted that this protein is a 

cytoplasmic protein associated in energy metabolism, stress responses, hormone responses, 

cell signaling, growth and differentiation (Qu et al., 2002). As indicated that NDRG1 is 

primarily localized in the cytoplasm, followed by its localization in the nucleus and 

mitochondrion, at probabilities of 47.8%, 26.1% and 8.7%, respectively NDRG1 is 

translocated from the cytoplasm to the nucleus in response to DNA damage and hypoxia  

(Bae et al., 2013). As reviewed by Fang et al., NDRG1 is also involved in embryogenesis and 

development, cell growth and differentiation, lipid biosynthesis and myelination, stress 

responses, immunity, DNA repair and cell adhesion among other functions. As shown in the 

literature review (Kovacevic and Richardson, 2006; Sahni et al., 2019), NDRG1 has been 

shown to be an effective inhibitor of metastasis signaling in a number of invasive cancers 

such as cancer prostate, pancreatic, breast, and colon cancers.  
 

In this study, we aimed to do a preliminary characterization of a NDR domain-containing 

protein from S. ratti to gain a better understanding of parasite-host interaction. 

 

2. Materials and Methods 

2.1 RNA isolation and cDNA synthesis  

Total RNAs from larvae S. ratti were prepared using the RNX plus solution (CinnaGen, Iran) 

according to the manufacturer’s instructions. The extracted total RNA was calculated by 

absorbance at 260 nm and utilized directly or kept at -80°C. Briefly, 12 μl (2 μg each) of total 

RNA was incubated with 0.5 μg of ModT (modified oligodT) (5´-

GGGTCTAGAGCTCGAGTCACTTTTTTTTTTTTTTTTT-3´) primer at 70°C, for 10 min. 
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The reaction was located on ice before adding 1 μl RNasin (CinnaGen, Iran), 1 μl dNTP 

mixture (120 mM of each nucleotide), 2.5μl of 5X enzyme buffer and 1 μl (200 U) of 

Moloney Murine Leukemia Virus (M-MulV) reverse transcriptase (CinnaGen, Iran). The 

reaction was incubated at 42°C for 1 h before inactivation at 70°C. Reverse transcriptase was   

 

2.2 Sequences obtained from GenBank database 

Sequences associated to the NDR domain-containing proteins were obtained from the 

GenBank database, after an extensive study related to target genes in several nematode 

species. The assemblies from different species included in the family of Strongyloides were 

retrieved, to make a database of proteins associated with S. ratti. The maximum approved e-

value in this study was 8e-07; sequence scores less than this value were rejected.  

 

2.3 RT-PCR amplification using degenerate primers 

On the basis of the preserved sequences, two degenerate primers were made. To generate a 

homologous DNA fragment for the isolation of the S. ratti NDR domain-containing protein, a 

fragment of the gene was amplified from cDNA in the polymerase chain reaction (PCR) 

using degenerate primers (Jolodar, 2019). Primer sequences were: sense primer sequence 

NDR-F (5′-GCGgaattcGGNGCNTGGGAYTA), related to N-terminal region of protein 

(GAWDY) and antisense primer sequence NDR-R (5′-GCGaagcttCCRCANCCYTTRCA), 

and related to C-terminal region of protein (CKGCG). (N, R, and Y represent A/G/C/T, A/G 

and C/T, respectively). To facilitate the directional cloning, EcoRI and BamHI were 

introduced to the 5´ends of the forward and reverse primers, respectively. Semi-Nested RT-

PCR reactions were done for cDNA by use of touchdown PCR (TD-PCR) conditions. In 

order to facilitate Touchdown Semi-Nested RT-PCR, cDNA was produced using the 

modified oligo(dT) (Mod-T). This technique let us the amplification of the right transcripts in 

a two-round PCR protocol. For performing the first round of amplification, ModT-R primer 

(5 ́-CCCAGATCTCGAGCTCAGTG) was designed. This was complemented to the 5'-end 

tail of the modified oligodT (ModT) primer. TD-PCR reactions were performed the following 

conditions: 94°C×3 min for one cycle; 94°C × 30s, 42°C × 50s, 72°C × 1 min for 15 cycles 

by increasing 1°C per cycle; 94°C × 30s, 57°C × 50s, 72°C× 40s for 20 cycles. The first 

round of Touchdown PCR (TD-PCR) was done by ModT-R and NDR-F primers and the 

original cDNA as template. The second round of PCR was done by using NDR-F and NDR-R 

primers and the diluted first PCR (one-tenth) as templates. The PCR conditions for second 

rounds were 30 cycles with denaturation at 94°C for 0.5 min, annealing at 57°C for 0.5 min, 

and extension at 72°C 1.0 min and final extension at 72ºC for 5 min. PCR reaction was 

performed using cDNA from S. ratti as template with the mix: Tris-HCl 20mM, KCl 50mM, 

MgCl2 1.4mM, dNTPs 0.2mM of each, 0.5 U Taq Polymerase, each primer at 0.4 μM, and 5 

μl of cDNA. Analytical agarose gel containing 50 g/ml of safe stain was prepared. PCR 

products were fractionated on 1% agarose gel electrophoresis and detected by UV 

transilluminatore.  

 

2.4 DNA sequence analysis 



 

 

The amplified cDNA fragments were subjected to sequencing in both strands using a dideoxy 

termination method and run on an Applied Biosystems 373 DNA sequencer. The complete 

cDNA was determined by using overlapping fragments. The primer was designed using 

Primer3 program. The sequence was compared with sequences in the database using the 

BLAST algorithm from the NCBI website (ncbi.nlm.nih.gov). To evaluate the evolutionary 

relationships between NDR domain-containing genes, we retrieved target sequences of the 

other species from the NCBI GenBank. The putative signal peptides were analyzed using 

SignalP software (Nielsen et al., 1997) (cbs.dtu.dk/services/SignalP). The multiple 

alignments were made using the CLUSTAL_W program (Thompson et al., 1994) and edited 

with the BOXSHADE software (ch.embnet.org/software/BOX_form.html). The CDD-Search 

software from the NCBI site was used to determine the conserved domains (Marchler-Bauer 

et al, 2017). The molecular weight (MW) and theoretical isoelectric point (pI) of the deduced 

amino acid sequences were analyzed using the export protein analysis program 

(ca.expasy.org/tools). The secondary structure of protein was predicted using the PSIPRED 

Protein Sequence Analysis Workbench (bioinf.cs.ucl.ac.uk/psipred) (Buchan and Jones, 

2019). It was used DAS-Transmembrane Prediction server (tmdos.bioinfo.se). The 3D 

structure prediction was performed by the Phyre2 program (Kelley and Sternberg, 2009). 

Phylogenetic analysis and genetic distance was carried out by the “neighbor-joining” method 

bootstrap tests 1000 using MEGA11 software (Tamura et al., 2007).  

 

3. Results 

3.1 Semi-Nested RT-PCR amplification using degenerate primers 
NCBI GenBank protein database were searched using keyword "NDR domain-containing 

protein nematodes". Twelve protein sequences including Wuchereria bancrofti 

(EJW87670.1), Brugia malayi (XP_001899587.2), Litomosoides sigmodontis 

(VDM91312.1), Loa loa (XP_020302625.1)], Acanthocheilonema viteae  (VBB26456.1)],  

Onchocerca flexuosa (VDO39025.1),  Litomosoides sigmodontis (VDM91312.1), 

Ditylenchus destructor (KAI1725449.1), Caenorhabditis elegans (NP_510634.1), 

Haemonchus contortus (CDJ84079.1), Nippostrongylus brasiliensis (WKY14995.1), 

Oesophagostomum dentatum (KHJ98162.1) and Cylicocyclus nassatus (CAJ0609661.1) were 

retrieved and used in the alignment. Based on the multiple alignments using sequence data of 

reference sequences shows two blocks of highly preserved protein sequences GAWDY (for 

sense primer) and CKGCG (for antisense primer). Degenerate primers were chosen from 

regions of amino acid positions around 111-115 for the sense primers and around 223-227 for 

the antisense primers (Figure 1).  

 

Those two blocks are translated using IUPAC coding system. Some amino acids are coded 

for by more triplet codon possibilities than others. The fold of degeneracy for each primer is 

estimated by multiplying the degenerate values of different amino acids using the IUPAC 

coding system. The fold of degeneracy for both primers was calculated 32. Starting with 0.5 g 

of larvae sample, 4 μg of total RNA were extracted and cDNA was synthesized.  The TD-

PCR starts with a low annealing temperature (42°C) for 15 cycles, followed by 20 cycles at a 

high annealing temperature (57°C). The low annealing situations permit the short conserved 

primer regions to hybridize to their complementary strand. By changing to a high annealing 

temperature, specificity can be increased.  
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3.2 Identification of NDR domain-containing gene 

The degenerate primers were amplified the putative NDR domain-containing gene fragment 

of 340 bp from the S. ratti cDNA template in the second round of PCR. The amplified NDR-

containing partial gene from S. ratti was confirmed by sequence analysis. The amplified 

DNA contained an open reading frame of 116 amino acids with sequence identity to other 

NDR domain-containing protein. This is in concordance with the expected amplicons 

predicted by manual calculation. Sequence comparison was done with GenBank database 

using the BLAST program from NCBI GenBank. In order to compare the nucleotide 

sequence of SrNDR domain-containing gene with the sequences available in the GenBank 

database, the BLASTn program available in the NCBI website was applied using the "Highly 

similar sequences (megablast)" program. Comparisons between the amplified cDNA 

fragment sequences with BLASTn program showed that this sequence is similar (99%) to 

the only two sequences from S. ratti including a 975 bp partial mRNA sequence 

(XM_024650741.1) and a 513 bp genomic assembly (LN609396.1). These two sequences 

are almost identical. Searching the EST (Expressed sequence tag) showed a few 

overlapping sequences named BI323694.1, FC811605.1 and FC817168.1 with the size of 

496, 666 and 652 bp, respectively. An overlapping 1082 bp cDNA fragment named SrNDR 

was compiled and found to contain a 972-nucleotide open reading frame that encodes a 

protein of 324 amino acids of 23.4 kDa expected molecular mass and a calculated pI of 7.64 

(Figure 2). Based on sequence alignments, it includes C-terminus part of protein. Domain 

database searching showed the e-values of 1.05e-100 with the conserved NDR1 containing 

domain of alpha/beta hydrolase superfamily protein (pfam03096) between amino acid 

residues 9 to 287 (Marchler-Bauer et al. 2017).  

 

The assembled nucleotide sequence showed 99-84% identity with the 5 sequences of NDR-

containing partial mRNA genes. Taxonomic report of SrNDR showed similarity with 5 hits 

from the family Strongyloididae, and a total of 4 hits belonged to the genus Strongyloides. It 

was revealed that S. ratti with 2 hits has the most similarity in this family, while only one hit 

was related to S. papillosus species (Table 1). Parastrongyloides trichosuri showed the least 

similarity with one hit.  

 
3.3 Secondary structure and amino acid characterization 

The PSIPRED protein sequence analysis method predicted the secondary structure of SrNDR 

protein. Each residue was assigned values for alpha helix, beta sheet, and coils using a 

window of 7 residues (Figure 3A). The use of these parameters, the probability of a given 

residue calculated, and the conformation with the largest confidence were predicted. Based 

on the secondary structure data and computational three dimensional structure model (Figure 

3B), the protein was folded into 12 alpha-helical conformation and 8 stranded antiparallel-

beta-sheet. The three-dimensional structure folded core domain of SrNDR (residues 31-

319) showed 100% similarity with human protein NDRG1 in 248 amino acids with 

77% coverage. The core of SrNDR is composed of an alpha/beta hydrolase fold with a 

central eight-stranded  sheet surrounded by alpha helices.  

 

By using this program, we found a prediction of mostly a-helical (44.86%), Strand (1.08%) 

and random coils (54.05%) for the coding sequence of SrNDR (Figure 3A). The three-

dimensional (3D) structure of SrNDR protein (Figure 3B) was modeled using 181 amino 

acids (98% of the entire coding sequence) with 100% confidence the single highest scoring 

https://www.ncbi.nlm.nih.gov/nucleotide/XM_024650741.1?report=genbank&log$=nuclalign&blast_rank=1&RID=U9VTX9ZY013
https://www.ncbi.nlm.nih.gov/nucleotide/BI323694.1?report=genbank&log$=nuclalign&blast_rank=1&RID=B76EHFTB013
https://www.ncbi.nlm.nih.gov/nucleotide/FC811605.1?report=genbank&log$=nuclalign&blast_rank=2&RID=B76EHFTB013
https://www.ncbi.nlm.nih.gov/nucleotide/FC817168.1?report=genbank&log$=nuclalign&blast_rank=3&RID=B76EHFTB013
https://www.ncbi.nlm.nih.gov/Structure/cdd/cddsrv.cgi?ascbin=8&maxaln=10&seltype=2&uid=pfam03096
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=6246
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=6247
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=101364
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=174720
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=131310


 

 

template (Kelley and Sternberg, 2009). DAS-Transmembrane analysis of the SrNDR amino 

acid sequence identified three putative transmembrane domains. The putative transmembrane 

domains are located between amino acids (65-69), (131-140) and (277-285). This analysis 

suggests that SrNDR may be a transmembrane protein, however; the subcellular location 

of this protein is not known. 

 

3.4 Phylogenetic analysis 

The phylogeny tree of SrNDR nucleotide sequence was performed by the Neighbor-Joining 

method using MEGA11 software with all 5 homolog sequences that were observed in the 

GenBank. Phylogenetic analysis clearly showed an evolutionary relationship of SrNDR with 

the only 2 homolog sequences from S. ratti (one partial mRNA, and other a genome 

assembly), revealing that this sequence was closely related to Strongyloides genus but, 

divergent from other parasitic nematode (Parastrongyloides trichosuri) orthologs (Figure 4). 

Among the 5 nucleotide sequences given in (Table 1), SrNDR and two sequences from S. 

ratti (XM 024650741.1 and LN609396.1) with high similarity are in the same cluster. 

However, the sequence from S. stercoralis (LL999077.1) with bootstrap value 65 is separated 

from both of them. The other sequence Strongyloides papillosus (LM525602.1) was placed in 

a separate cluster. Parastrongyloides trichosuri (LM523192.1) sequence is used as an out 

group. 

 

In order to analyze SrNDR in the larger context of NDR domain-containing proteins, 

phylogenetic analysis was conducted based on the deduced amino acid sequences from S. 

ratti with 18 sequences from parasitic nematode family, as shown in Figure 5. The 

constructed phylogram showed two distinct clusters (A and B). In cluster A, the gene variant 

of S. ratti SrNDR is grouped together with mostly filarial and nematode parasite with a 

bootstrap score of 87. Within this cluster, SrNDR formed a separated branch. As it is 

expected SrNDR used in this study is perfectly arranged in cluster A showing higher genetic 

similarity with different NDR domain-containing protein homologs. All intestinal nematodes 

parasites belonging to Cluster B are placed together with a strong bootstrap score of 98. 

Cephalotus follicularis (GAV68301.1) is used as an out group. 

 

The genetic distance of SrNDR was calculated with NDR-domain containing nucleotide 

variant sequences using MEGA11 software. According to Table 1, among the five NDR-

containing nucleotide sequences available in GenBank, SrNDR had the highest and lowest 

genetic distance with S. papillosus (LM525602.1) (10.6%) and sequences from S. ratti (XM 

024650741.1 and LN609396.1) (0.3%), respectively.  

 

4. Discussion 

Members of the NDRG1 family all possess an NDR domain-containing of an esterases, 

lipases, proteases, peroxidases, dehalogenases, and epoxide hydrolases which are belongs to 

alphabetahydrolase superfamily (ABHD) proteins that are highly conserved and 

ubiquitously distributed throughout the organisms (Carr and Ollis, 2009). It is suggested that 

this gene may act as a stress response or potentially as a transcription factor (Sun et al., 2013; 



 

 

Fang et al., 2014). However, the precise molecular and cellular function of these family 

members is still unknown. 
 
Parasitic helminthes have evolved sophisticated and highly complex mechanisms for 

cohabitant with hosts in different environments (Harris, 2017). They could release 

Excretory/Secretory (ES) proteins into the host environment to suppress host immune 

response so as to ensure their survival (Harnett, 2014).  It has been reported that one of the 

components of ES isolated from Haemonchus contortus was a member of the NDR 

containing-domain protein that interacted with host T cells (Shapiro et al., 2001). Currently, 

to our knowledge, no structural characterization of this protein has been done from S. ratti. 

Since NDR domain-containing proteins are relatively conservative with each other within the 

ABHD superfamily (Carr and Ollis, 2009), we decided to isolate the counterpart of this 

protein from S. ratti.  
 
Degenerate primers are commonly used for isolation of unidentified gene sequences in 

related organisms. This allows us to discover unknown sequences of new members of gene 

families with unknown molecular functions. We designed degenerate primers from several 

known sequences associated with NDR domain-containing protein in different nematode 

species related to target genes in the S. ratti. The alignments of the selected sequences 

revealed two highly conserve motif regions of amino acids that enabled us to design 

degenerate primers. By synthesizing the degenerate primers, the preserved sequence gene 

fragments from the related organisms were isolated using Degenerate primers-based 

polymerase chain reaction technique. At first, a primer pair in the normal PCR was used to 

isolate the gene fragment, which was not successful. Since it was speculated that this lack of 

success might be due to the low level of expression of this gene, the amount of cDNA 

template was increased in each reaction. Again, no product was produced. Therefore, we 

decided to perform a TD-PCR technique. In this technique, the temperature selected for the 

annealing step is initially set 5°C lower than the calculated melting point of the primers. 

Annealing under conditions of low stringency allows the formation of more primer-template 

hybrids. 

 

Multiple alignment and phylogenetic analysis of SrNDR at nucleotide and amino acid 

sequences revealed that the gene was the NDR domain-containing protein. Based on the 

phylogenetic analysis with helminthes homologs, SrNDR was supposed to belong to ABHD 

subfamily. SrNDR possessed no signal peptide, suggesting that this reported gene is 

incomplete in the N-terminus part, or the protein as an intracellular protein perhaps not be 

secreted from cells.  

 

The function of NDR family proteins in the cell has not yet been well defined. 

However, it is believed that the proteins of this family of putative signaling molecules 

have an essential role in the host-parasite relationship. The role of NDR1 as a 

representative of a large group of ABHD family proteins whose functions is involved in the 

Control of programmed cell death in Arabidopsis has been reported (Shapiro et al., 2001). By 

comparing the role of HcABHD protein in Haemonchus contortus, particularly its 

involvement in cell proliferation and apoptosis, SrNDR could also be one of the proteins that 

may play a vital control over the cell cycle and the survival of key host cells. 
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Legends 

 

Figure 1. Alignments of nematode NDR domain-containing proteins related to S. ratti for 

designing degenerate primers. Shading indicates identity (black) or conservative substitutions 

(grey). The conserved amino acids for designing degenerate primers are indicated by arrows.  
 
Figure 2. A schematic representation of SrNDR domain.  

 
Figure 3. A schematic representation of the secondary structure (A) and three dimensional 

model (B) of SrNDR.  

 

Figure 4: Phylogenetic analysis of SrNDR nucleotide sequences with homolog sequences 

using the Neighbor-joining method. Bootstrap value is based on 1000 replicates. The 

numbers in front of the species are the accession numbers of the related gene variants in the 

GenBank. The numbers above the lines indicate the relationship between the groups.  

 

Figure 5: Phylogenetic tree constructed from the amino acid sequences of SrNDR with the 

related sequences using Neighbor-joining analysis. Bootstrap numbers are based on 1000 

replicates. The numbers in front of the species are the accession numbers of the related genes 

in the GenBank. The numbers above the lines indicate the relationship between the groups. 

Table 1. Taxonomy report of SrNDR sequence based on blastn program. 

 

Table 2. The genetic pairwise distances of SrNDR compared to the related nematode variant 

nucleotide sequences. 



 

 

 

Teble 1: 
 

Organism Blast Name Score # of Hits 

Strongyloididae nematodes  5 
. Strongyloides nematodes  4 
. . Strongyloides ratti BcDNA.GH02439 (SRAE_X000159500), partial mRNA nematodes 1786 2 
. . Strongyloides stercoralis genome assembly S_ratti_ED321, scaffold srae_chrx_scaffold0000002 nematodes 743 1 
. . Strongyloides papillosus genome assembly S_papillosus_LIN, scaffold SPAL _ scaffold0000034 nematodes 616 1 
. Parastrongyloides trichosuri genome assembly P_trichosuri_KNP, scaffold PTRK _ contig0000003 nematodes 505 1 
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Table 2: 

 

 1 2 3 4 5 6 

SR-NDR_Strongyloides_ratti-1         

2- XM_024650741.1_Strongyloides_ratti 0.003      

- LN609396.1_Strongyloides_ratti 0.003 0.000     

4- LL999077.1_Strongyloides_stercoralis 0.071 0.068 0.068    

5- LM525602.1_Strongyloides_papillosus 0.106 0.104 0.104 0.106   

6-LM523192.1_Parastrongyloides_trichosuri 0.367 0.365 0.365 0.395 0.395  

 

 


