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Abstract 

Pelodera strongyloides is a generally free-living gonochoristic facultative nematode. The whole 

genomic sequence of P. strongyloides remains unknown but 4 small subunit ribosomal RNA gene 

(ssrRNA) sequences are available. This project launched a de novo transcriptome assembly with 

100 bp paired-end RNA-seq reads from normal, starved and wet-plate cultured animals. Trinity 

assembly tool generated 104,634 transcript contigs with N50 contig being 2,195 bp and average 

contig length at 1,103 bp. Transcriptome BLASTX matching results of five nematodes (C. 

elegans, Strongyloides stercoralis, Necator americanus, Trichuris trichiura, and Pristionchus 

pacificus) were consistent with their evolutionary relationships. Sixteen genes were identified to 

be homologous to key elements of the C.elegans RNA interference system, such as Dicer, 

Argonaute, RNA-dependent RNA polymerase and double strand RNA transport proteins. In 

starved samples, we observed up-regulation of cuticle related genes and 3 dauer formation genes. 

Dauer morphology was captured with enlarged phasmid under light microscopy, and dauer and 

normal larvae counts in clumps had a Pearson's product-moment correlation of 0.805 with p-

value = 0.0088. Our results demonstrate that P. strongyloides could be used for studying 

nematode-related human or pet parasitic diseases. The sequenced assembled transcriptome 

reported here may be useful to understand the evolution of parasitism in Nematoda. 

Key words: Dauer, facultative parasite, Pelodera strongyloides, starvation, transcriptome 

assembly 

 

Abbreviations: DE, Differential expression; dsRNA, double strand RNA; FDR, false discovery 

rate; FPKM, Fragments Per Kilobase Million; GO, Gene ontology; KEGG, Kyoto Encyclopedia 

of Genes and Genomes; NGM, Nematode Growth Medium; N, Normal; PE, paired ends; S, 

Starved; RdRP, RNA-dependent RNA polymerase; RSEM, RNA-Seq by Expectation-

Maximization; TPM, Transcripts Per Kilobase Million; W, Wet-plate. 

ACCEPTED MANUSCRIPT



AC
CEP

TE
D M

AN
USC

RIP
T

3 
 

1. Introduction 

Pelodera (syn. Rhabditis) strongyloides (Scheider, 1860) is a gonochoristic nematode with separate 

sexes, generally free-living in decaying organic material or wet soil [1]. It is located in clade 9 close 

to the free-living nematode C. elegans and parasitic nematode Pristionchus pacificus (Figure 1A) 

[2]. The esophagus of this species is typically rhabditoid shaped with a corpus, isthmus, and bulb, 

which can be readily observed under light microscopy [3]. It has a life cycle of 3.5 days under 

laboratory conditions, (E. coli agar medium, 22 °C lab room temperature) [4], and the whole life 

cycle contains 1 adult stage and 4 larval stages (L1-L4). Mature female adults can produce ~500 

eggs in one lifetime [5]. The female adults’ mean body length is approximately 992 µm, and the 

body length of male adults is about 885 µm [6]. Although P. strongyloides is primarily a free-living 

animal, it can occasionally invade a host and then exit several days later, which is defined as a 

directly transmitted parasite [7] or a facultative parasite [8]. The dauer-stage larvae [9] and the 

third-stage larvae of the dermatitica strain [3] have the ability to invade in hair follicles as well as 

urine and lacrimal fluid by penetration. The wild post-parasitic larvae (removed from hosts) can 

molt to the adult stage and return to a free-living condition [9]. Currently, about 50 P. strongyloides 

infection cases have been reported in terrestrial and marine mammals, such as dogs, cats, voles, 

sheep, horses, black bears, dairy herd, harbor seals and humans [1, 9-16].  

Despite many cases reported, the study of this worm are mainly focused on morphology description. 

Except for 4 sequences published in National Center for Biotechnology Information (NCBI) for 

evolutionary purposes [17, 18], no more publicly available genetic information exists for this 

species. Since transcriptome assembly is now possible for species lacking a sequenced genome 

[19], we aimed to produce a de novo transcriptome assembly for this species. This study should 

provide a genomic resource for the facultative parasite P. strongyloides and insights into its 

evolution and molecular biology that could be exploited to improve human and mammal pet health. 
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2. Material and methods 

2.1 Sample preparation 

P. strongyloides (Strain DF5013 obtained from Caenorhabditis Genetics Center (CGC)) was 

maintained on Nematode Growth Medium (NGM) seeded with NA22 [20]. Control/normal 

samples were collected after a week of cultivation on NGM plates. Starved samples were collected 

after 12 days cultivation on NGM plates when all food was consumed and worms started to appear 

on the plate lid. Wet-plate samples were collected from animals cultured on wet NGM plates that 

were maintained in a thin layer of liquid for 10 days in a humid box at 22 °C [21]. Samples were 

mixed cultures and included all 4 larval stages and adults of both genders. All samples were 

harvested with M9 and homogenized in Trizol (Invitrogen Life Technologies) and then stored in -

80 °C.  

2.2 RNA isolation, cDNA preparation and RNA-seq 

Total RNA was isolated from the frozen normal (control), starved, and wet-plate samples using 

Trizol following the manufacturer’s protocol. Each treatment had 2 biological replicates. RNA 

concentration was measured using an Agilent 2100 Bioanalyzer (Agilent Technologies) [22]. The 

cDNA libraries were prepared with NEBNext Poly(A) mRNA Magnetic Isolation Module for 

Illumina according to the instructions provided by the manufacturer (New England Biolabs). The 

libraries were sequenced using Illumina HiSeq2500 in the local Genomics & Bioinformatics Core 

of the Faculty of Health Sciences, University of Macau. The output reads were set to be 100 base 

pair (bp) long paired ends (PE). RNA sequencing data has been deposited in the NCBI database 

under BioProject: PRJNA408007, accessible with the following link: 

http://www.ncbi.nlm.nih.gov/bioproject/408007. 

2.3 Quality control and De novo transcriptome assembly 
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Clean reads were achieved from raw paired-end reads of high quality (Q >30) after adaptor 

sequence trimming, and E. coli reads were removed by aligning them to the E. coli genome using 

bowtie2 (Burrows-Wheeler transform indexing) [23] with parameters “bowtie2 -p 1 --un-conc-

gz”. All 6 libraries of clean reads were pooled into a single left-end FASTA file together with a 

single right-end FASTA file. The de novo transcriptome assembly was performed using two 

methods. Trinity-2.2.0 was used with optimized 25 kmer and the de Bruijn graph algorithm [19], 

and SOAPdenovo-Trans-bin-v1.03 was used with the same kmer length, but using the de Bruijn 

graph algorithm with an effective scaffolding module [24]. The assembly resulting in longer 

average contig was considered to be the primary assembly and used in the down-stream analysis. 

Further justification of this decision was supported by global length comparison based on C. 

elegans mRNAs (Supplementary Figure 1). Redundancy Filtering of the primary assembly was 

done with cd-hit-v4.6.1, using greedy incremental clustering algorithm [25] with the parameter “-

c 1”, which meant that only 100% matching redundancies were removed, and the remnant was 

called transcriptome. Assembly quality was assessed by RNA-Seq read representation examined 

by aligning paired-end clean reads to the transcriptome using a perl script 

“bowtie_PE_separate_then_join.pl” provided by Trinity, and the alignment statistics were 

obtained by running another Trinity script “SAM_nameSorted_to_uniq_count_stats.pl” [26]. 

Transcriptome completeness was measured using BUSCO v2 based on evolutionarily-informed 

expectations of gene content from near-universal single-copy orthologs provided by OrthoDB v9 

[27]. 

2.4 Functional annotation  

The transcripts were examined by aligning the assembly to the reference proteins of C. elegans 

(free-living, clade 9A), Strongyloides stercoralis (parasitic, clade 10B), Necator americanus 

(parasitic, clade 9B), Trichuris trichiura (parasitic, clade 2A) and Pristionchus pacificus 

(parasitic, clade 9A) (Figure 1) [2] in Wormbase (Version: WS256) using BLASTX with a 10-10 
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expectation value. The candidate coding regions within transcript sequences were identified using 

TransDecoder [26] based on minimum length open reading frame and log-likelihood score. The 

length coverage of predicted peptides was examined using BLASP with the same reference 

proteins mentioned above. Peptide functional annotation was performed using Trinotate [26]. 

Various functional annotations were combined together into a SQLite database, including 

homology search to known sequence data (BLAST+/SwissProt) [28], protein domain 

identification (HMMER/PFAM) [29], protein signal peptide and transmembrane domain 

prediction (signalP/tmHMM) [30], and leveraging various annotation databases 

(eggNOG/GO/KEGG databases). The Gene ontology (GO) and KEGG (Kyoto Encyclopedia of 

Genes and Genomes) analysis was conducted by R package clusterProfiler 3.8.0. 

2.5 Differential expression (DE) analysis 

Transcript abundance of counts, FPKM (Fragments Per Kilobase Million), and TPM (Transcripts 

Per Kilobase Million) were estimated by aligning clean reads of 3 treatments with 2 biological 

replicates separately back to the transcriptome using Trinity toolkit 

align_and_estimate_abundance.pl choosing RSEM (RNA-Seq by Expectation-Maximization) 

method [31]. Six sets of RSEM gene results were combined into a matrix by 

abundance_estimates_to_matrix.pl script. Differentially expressed  genes were identified using 

the EdgeR Bioconductor package and based on the Empirical Bayes moderated overdispersed 

Poisson model [32] using run_DE_analysis.pl provided by Trinity.  

The DE result was normalized using run_TMM_normalization_write_FPKM_matrix.pl with 

N_rep1 length as reference. Differential expression analyses were conducted using 

analyze_diff_expr.pl with parameter “--samples samples_described.txt -C 2 -P 0.001” to extract 

transcripts that were at least 2^2 fold differentially expressed with false discovery rate (FDR) of 

at most 1e-3. The genes were then clustered according to their patterns of differential expression 

across the samples. The differentially expressed genes were annotated based on homology to C. 

ACCEPTED MANUSCRIPT



AC
CEP

TE
D M

AN
USC

RIP
T

7 
 

elegans proteins in Wormbase (Version: WS256). GO term enrichment was conducted by 

clusterProfiler. 

2.6 Dauer morphology examination and count statistics  

Animal samples for examination of dauer stage were obtained from starved plates. Plates which 

had clumped animals [33] on the lid, lid edge or on the agar were checked with a platinum wire 

under bright field light microscopy and photographs were obtained using a Carl Zeiss Axio 

Observer Z1 camera. Worms were treated with sodium azide (5mM) diluted by M9 from 100mM 

stock provided by Sigma-Aldrich) and then examined carefully under 40X magnification. The 

dauer stage was confirmed by presence of an enlarged phasmid in the tail. Those without enlarged 

phasmid were treated as normal larvae. The number of dauer and normal animal were counted, of 

which basic statistics and correlation were performed using R 3.4.4. For relative proportion 

statistics, different developmental stages (adult, larvae, dauer) of each treatment (normal, starved, 

wet) were calculated from worms grown in 6 cm plates. Worms were washed off with M9 using 

glass tips. After centrifugation, buffer was removed and volume was brought up to 300 μl with 

M9. A 2 μl thoroughly mixed sample was taken from each tube and placed into 10 μl sodium 

azide (5mM) with primed tips (with M9) [34]. Each treatment had 4 plates as replicates and each 

replicate was randomly sampled 3 times for recording adult, larvae, dauer numbers. Mean value 

of relative proportions of each replicate were used to draw the error bar plot with R 3.4.4.  

 

3. Results 

3.1 Transcriptome assembly 

The total number of paired-end (PE) reads used for assembly was 285.0 M obtained from 6 

sample libraries: Normal 1 (N1, 37.0 M reads), Normal 2 (N2, 46.2M reads), Starved 1 (S1, 
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88.3M reads), Starved 2 (S2, 40.5M reads), Wet-plate 1 (W1, 38.6M reads), Wet-plate 2 (W2, 

34.4M reads). Read quality (Q>30) were checked by FastQC [35]. 

Trinity generated 104,962 transcript contigs with N50 of 2,198 bp and average length of 1,104 

bp. Correspondingly, SOAPdenovo produced 178,118 transcript contigs, with N50 of 476 bp and 

average length of 319 bp. The Trinity assembly was chosen for further analysis because of its 

longer average length, which was supported by the length distribution of SOAPdenovo, Trinity 

output when compared to the corresponding C. elegans mRNA (Supplementary Figure 1). After 

removing redundancy, the remnant contained 104,634 transcript contigs with contig N50 of 2,195 

bp and average contig length of 1,103 bp, which was employed as the transcriptome in 

downstream analysis (Table 1). The length distribution of the transcriptome is shown in Figure 

2. From the analysis, 29.6% of transcriptome was located in the 300 bp bin, 33.4% of the 

transcriptome was longer than 1000 bp, and the number of transcripts longer than 5000 bp was 

2411. The percentage of RNA-seq paired-end reads yielding concordant alignments at least 1 

time to the reconstructed transcriptome was over 81% for all the libraries (81.51% (N1), 81.58% 

(N2), 82.03% (S1), 84.18% (S2), 85.39% (W1) and 84.36% (W2)). Furthermore, the 

completeness of the transcriptome based on conserved gene contents (protein sequences) of 

nematoda_odb9 (982 genes), metazoa_odb9 (843 genes) and eukaryota_odb9 (429 genes) in 

BUSCO annotation were 89%, 83% and 95% respectively.  

3.2 Functional annotation 

The translated P. strongyloides transcriptome was compared to protein sequences from 5 

nematodes. There were 28,939 translated transcripts similar to 10,313 C. elegans proteins, 26,587 

transcripts similar to 7,421 N. americanus proteins, 26,445 transcripts similar to 7,659 P. 

pacificus proteins, 24,858 transcripts similar to 6,967 S. stercoralis proteins and 14,494 

transcripts similar to 3,512 T. trichiura proteins. Distribution of P. strongyloides transcripts 

amongst proteins of the above nematodes is illustrated in a Venn diagram (Figure 1B). Of these, 
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12,798 transcripts were commonly similar to all 5 reference nematodes. The numbers of 

transcripts specifically aligned to only C. elegans, P. pacificus, S. ratti, N. americanus and T. 

trichiura were 1,453, 843, 197, 161 and 77, respectively.  

Because RNA interference is an important process to regulate gene expression [36], we looked 

for pathway components in P. strogyloides. According to C. elegans BLASTX result, the 

assembled transcriptome contained translated protein sequences that were matched to miRNA 

and siRNA pathway genes from C.elegans, of which 16 were identified to be homologous to 9 

proteins from the C.elegans RNAi (RNA interference) system and 22 genes were homologous to 

C. elegans phenotype genes (Table 2).  

The GO term enrichment of P. strongyloides transcriptome was analyzed based on homology to 

C. elegans proteins. There were 961 GO terms enriched with P-value < 0.01 and q-value < 0.05, 

and 53 KEGG pathway terms with P-value < 0.05 were mapped (Figure 3).  

Furthermore, based on the peptide functional annotation, Transdecoder predicted 39,073 CDS 

contained in the transcriptome. Except for those transcripts annotated by C. elegans BLASTX 

results, there were 20,,268 more transcript remnants annotated based on the homologous 

predicted peptide to eggNOG, GO, and KEGG databases via Trinotate. The top 10 biological 

process, cellular component and molecular function GO terms with most transcript counts were 

plotted (Figure 4). The KEGG pathways and eggNOG orthologous protein groups with top 15 

most transcript counts are shown in Figure 4.  

3.3 Differential expression analysis 

The relationship of differentially expressed genes (DE genes) among P. strongyloides samples is 

shown in Figure 5. Rows (genes) and columns (samples) were hierarchically clustered based on 

the gene median-centered log2 transformed expression values (FPKM), which was represented in 

color ranging from purple (down-regulated with negative value) to yellow (up-regulated with 
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positive value) (Figure 5A). Spearman correlation for each pair of samples according to the 

difference of the transcript expression values (TMM-normalized FPKM) varied from 0.6 (green) 

to 1 (red) (Figure 5B). Replicates of each treatment were clustered together, starved and wet-

plate samples were more similar to each other than to normal samples both in DE gene level 

(Figure 5B) and in all transcriptome level (Figure 5C).  

Compared to normal samples (N), wet-plate samples (W) up-regulated 136 genes 

(Supplementary Table 1) and down-regulated 655 genes (Supplementary Table 2), while 

starved samples (S) had 536 up-regulated genes (Supplementary Table 3) and 962 down-

regulated genes (Supplementary Table 4). Among the starvation up-regulated genes, three of 

them are closely related to dauer formation (Table 3). Furthermore, those up-regulated genes 

were enriched in 3 categories: "collagen trimer", "structural constituent of cuticle" and "structural 

molecule activity" (Figure 6A). No enriched term was found when analyzing the wet-plate up-

regulated genes. Wet-plate and starved down-regulated genes were enriched in 28 and 56 terms 

respectively (p-value < 0.01, q-value < 0.05). The top 10 GO terms of starved and wet-plate 

samples are shown in Figure 6B (S) and Figure 6C (W).  

3.4 Dauer morphology examination and count statistics  

Dauer animals were only found in newly hatched larvae clumps from starvation plates. The 

enlarged phasmid of dauer animal can be seen in Figure 7A. Dauer number and normal larvae 

number were recorded for one clump per plate. The distribution of each type of larvae (dauer, 

normal) and their correlation are illustrated in Figure 7B. According to the mean value, there 

were about 11 dauer and 20 normal larvae in each clump. And the Pearson's product-moment 

correlation of dauer and normal larvae number was 0.805 with p-value = 0.0088. Mean relative 

proportions (adult, larvae, dauer) in each experimental condition are shown in Figure 7C. 
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4. Discussion 

The majority of P. strongyloides literature are descriptions of morphology and life history, and 

only one sequence paper has been published to our knowledge with 4 ssrRNA sequences for 

phylogenetic purposes [18]. Our study provides transcriptome sequence information of P. 

strongyloides using 285 million 100bp PE reads with coverage >100× based upon 20,000 genes 

of 1,500 bp size estimation. In the human transcriptome project, 200 million PE reads meets the 

minimum coverage required [37]. Therefore, we are confident that we have sufficient sequencing 

coverage for this nematode. We found that the median length of transcript contigs is 489 bp 

(Table 1), which is much shorter than 1,956 bp, the median size of C. elegans coding genes. The 

difference in median length could potentially be due to presence of introns and lack of 3’ 

noncoding regions used to calculate the median size of the C. elegans gene [38]. There are 

49,207transcripts (47% of the transcriptome) annotated together by C. elegans sequences and 

unique Trinotate peptide function (Figure 4), which is 10,000 more than the predicted CDS 

number, suggesting that gene annotation is sufficient at the transcriptome level. 

 

The clock hypothesis predicts that unit base substitution in DNA/RNA sequences is proportional 

to evolutionary time [39]. The more related reference species share more specific genes [40]. 

According to multi-nematode sequence based BLASTX results, the number of transcripts 

annotated is coherent with their evolutional relationship, moreover, it also suggests that P. 

strongyloides is more close to C. elegans than P. pacificus. Moreover, the number of unique 

genes annotated indicates similar results except that the unique annotated genes of another 9 clade 

nematode N. americanus are less than the 10B clade S. ratti.  

 

RNA-seq libraries were constructed from RNA isolated from a well-populated mixture, so the 

GO annotation of transcriptome includes the biological process of embryo development, larval 
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development, sex differentiation and dauer entry. The KEGG pathways with top 15 least P-value 

are essential pathways concerning metabolism, nucleic acid synthesis and degradation, and mass 

transportation (Figure 3).  

 

Since RNAi gene silencing techniques were established in C. elegans by Fire et al. (1998) [36], it 

has been a powerful method in gene function studies. To conduct the RNAi experiment, there are 

several essential elements should be available: Dicer, Argonaute, RNA-dependent RNA 

polymerase (RdRP) and double strand RNA (dsRNA) transport proteins [41, 42]. The table of 

RNAi genes illustrates that P. strongyloides has all those mentioned RNAi key elements (Table 

2). Furthermore, there are 4 genes found in P. strongyloides homologous to genes forming 

phenotypes to validate the success of RNAi in C. elegans, including animals with no sperm, 

lumpy-dumpy larvae, strong twitchers and paralysed behaviors [36]. It is thus very likely that 

employing RNAi methods to investigate the function of potential “parasitic gene” or other genes 

in P. strongyloides is viable. 

 

Environmental changes can provoke an organism to respond through changes in gene expression 

[43]. Organisms from the same treatment had similar gene expression patterns (Figure 5). The 

cuticle structure and its collagen components are conserved throughout the nematode phylum 

[44]. Moreover, cuticle is one of the main self-protecting shields of parasitic nematodes in 

evading host defenses [45, 46]. Starved up-regulated genes are enriched in cuticle related terms 

(Figure 6A) which provides a clue of parasitism, and dauer is considered to be an infective stage 

of this facultative parasite [9]. Unlike C.elegans, whose body normally straightens to a rod shape 

following sodium azide exposure, P. strongyloides worm body showed a strong shrinkage. All 

normal larva shrank dramatically, while dauer and adults displayed better tolerance to sodium 

azide exposure (Figure 7B). There was a high correlation between number of normal and dauer 

larvae in clumps in the starved plates (Figure 7C). This suggests that these animals have mixed 
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dauer/non-dauer populations which may be advantageous during infection. Alternatively, 

starvation may only partially induce dauer formation and other more severe treatments (e.g. 

dessication, overcrowding) may be necessary to induce full dauer populations. The top 10 

significant GO terms of starved down-regulated genes demonstrated that worms decrease the pace 

of development. Wet-plate down-regulated genes were enriched in cuticle related and 

extracellular terms and even some death related terms. While wet-plate methods have been used 

for C. elegans to induce dauers, in the current study, we observed many dead animals, and few 

and inconsistent formation of dauers, suggesting that not all methodologies can be transferred 

from different nematode species. 

 

This project aimed to assemble the transcriptome of P. strongyloides for the first time. Animals of 

multi-stage from different treatments were collected and sequenced with the intent of having as 

many genes expressed as possible. While we were able to produce a de novo transcriptome, there 

are some shortcomings in this project. First, the worms used in this project originated from a 

single isolated culture from CGC, therefore, it is likely to be fairly homogenous.  Second, we 

used 2 replicate libraries for each treatment, and while we were able to obtain statistical 

significance, more replicates would increase statistical power. However, we should point out that 

data from RNA-seq libraries were internally normalized and should improve accuracy of our 

observations. 

 

In summary, this study obtained a de novo assembled transcriptome of P. strongyloides. The 

differential analysis of starved, wet-plate and normal samples allowed us to find the dauer animal. 

This suggests that this species might be a surrogate system for nematode-related human or pet 

parasitic diseases. Since there are currently only 96 nematodes studied with genetic information 

available at genome and transcriptome level to our knowledge, far fewer than the number of 
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species in the Phylum Nematoda (estimated 100 million), this project provides valuable sequence 

information of a facultative parasite that can be used to investigate the evolution of parasitism in 

this phylum and provide resources for other comparative studies in the future. 
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Figure Legends. 

Table 1. De novo assembled and non-redundant transcripts summary 

Table 2. P. strongyloides homologous genes to C.elegans RNA interference related genes 

Table 3. Starvation up-regulated dauer related genes 

Figure 1. Phylogenetic location of nematodes and Venn diagram of P. strongyloides 

transcripts BLASTX matches. (A) Branches with a number indicate the corresponding clade in 
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nematoda phylum summarized from Megen et al (2009). (B) Venn diagram showing distribution 

of P. strongyloides transcript BLASTX matches by protein among 5 nematode species with 

different lifestyles. Nematodes matched are: C. elegans (free-living), Strongyloides 

stercoralis (parasitic), Necator americanus (parasitic), Trichuris trichiura (parasitic) and 

Pristionchus pacificus (parasitic). 

Figure 2. Contig length distribution of Trinity assembly. Numbers of contigs with lengths 

from 300 bp to 4,900 bp were counted every 200 bp.  The number of contigs over 5,000 bp long 

were merged into one bin. 

Figure 3. Transcriptome KEGG pathway (P < 0.05) based on BLASTX results. The axis is 

P-value treated by –LOG10. Pathways in the inset area are top 15 lowest p-value, and their 

mapped transcript number is shown in the colored bar chart. 

Figure 4. Trinotate unique transcripts annotation. The transcriptome is first annotated by 

BLASTX matched by C.elegans, then the remnant was annotated by Trinotate based on peptide 

homologous in GO/KEGG/EGGnog databases. The pie chart shows the distribution of each 

annotation type. The axis is P-value treated by –LOG10. 

Figure 5. Differentially expressed transcripts among different treatments. N: normal 

treatment (replicate: N1, N2), S: starved sample (replicate: S1, S2); W: wet-plate sample 

(replicate: W1, W2).  (A) Differentially expressed transcripts clustered among treated replicates. 

(B) Correlation between replicates of normal, starved and wet-plate samples of differentially 

expressed transcripts. (C) Correlation between replicates of samples across all transcripts. 

Figure 6. GO enrichment analysis of differentially expressed genes. (A) starvation up-

regulated gene enrichment result. (B) starvation down-regulated gene enrichment result. (C) wet-

plate down-regulated gene enrichment result. 

Figure 7. Dauer location, morphology and related count statistics. (A) the red box highlights 

where the dauer animals were found in starved plates; enlarged phasmid of dauer with both lateral 
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and vertical views. (B) Boxplot and correlation of dauer and normal larva. (C) Relative 

proportions of adult, larvae, and dauer animals in each treatment. Data shown are average ± S.D. 

from 4 individual plates for each treatment. Three technical replicates were sampled from each 

plate. N, normal; S, starving; W, wet.  
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Table 1. De novo assembled and non-redundant transcripts summary 

  Trinity_cl_100 Trinity SOAPdenovo 

Total trinity 'genes‘ number 72805 73071 155384 

Total trinity transcripts no. 104634 104962 178118 

Percent GC 43.66 43.66 42.62 

Transcript contig N50/bp 2195 2198 476 

Median transcript contig length 489 490 168 

Average transcript contig 1102.67 1104.51 319 

Total transcript assembled bases 115376920 115931948 56993506 

GENE' contig N50 1579 1583 1038 

Median 'GENE' contig length 360 361 166 

Average 'GENE' contig 783.87 785.65 407 

Total 'GENE' assembled bases 57069323 57408459 63220198 
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Table 2. P. strongyloides homologous genes to C.elegans RNA interference related genes 

Transcript ID C. elegans gene ID Function/phenotype 

TRINITY_DN10682_c0_g1 

alg-1 Argonaut ortholog 
TRINITY_DN10682_c0_g2 

TRINITY_DN10682_c0_g3 

TRINITY_DN20412_c2_g1 

TRINITY_DN24358_c0_g1 alg-4  Argonaute (AGO)  

TRINITY_DN18852_c0_g1 drh-1 Dicer-related helicase that contains a DExD/H-box helicase domain 

TRINITY_DN21014_c1_g1 drh-3 DEAH/D-box helicase 

TRINITY_DN4627_c0_g1 rrf-3 RNA-directed RNA polymerase (RdRP) homolog 

TRINITY_DN14696_c0_g2 drsh-1 RNase III-type ribonuclease orthologous to Drosophila and human Drosha 

TRINITY_DN10471_c0_g1 

ego-1 Homolog of RNA-directed RNA polymerase TRINITY_DN17651_c1_g1 

TRINITY_DN21553_c1_g1 

TRINITY_DN3780_c0_g2 
eri-1 SAP/SAF box domain and a DEDDh-like 3'-5' exonuclease domain 

TRINITY_DN3780_c0_g1 

TRINITY_DN20333_c0_g1 prg-1 Piwi subfamily protein of highly conserved Argonaut/Piwi proteins 

TRINITY_DN20784_c1_g3 sid-3 Regulate the import of dsRNA into cells 

TRINITY_DN20492_c1_g1 fem-1 femal (no sperm) 

TRINITY_DN14313_c0_g1 hlh-1 lumpy-dumpy larvae 

TRINITY_DN16389_c0_g1 unc-22 Strong twitchers 

TRINITY_DN16775_c0_g1 

unc-54 Paralysed 

TRINITY_DN16775_c0_g2 

TRINITY_DN16775_c1_g1 

TRINITY_DN16775_c2_g2 

TRINITY_DN16775_c3_g1 

TRINITY_DN20497_c0_g1 

TRINITY_DN20497_c0_g2 

TRINITY_DN20497_c0_g3 

TRINITY_DN20497_c0_g5 

TRINITY_DN20497_c1_g1 

TRINITY_DN20497_c2_g1 

TRINITY_DN20497_c3_g1 

TRINITY_DN20497_c4_g1 

TRINITY_DN21170_c0_g1 

TRINITY_DN21170_c0_g2 

TRINITY_DN21170_c1_g2 

TRINITY_DN21170_c2_g1 

TRINITY_DN21170_c5_g1 

TRINITY_DN21170_c7_g1 
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Table 3. Starvation up-regulated dauer related genes 

ID Locus Symbol Description FDR 

TRINITY_DN11239_c0_g2 hsp-12.6 F38E11.2 may contribute to prolonged lifespan in dauer larvae 2.46E-38 

TRINITY_DN20807_c3_g2 col-40 T13B5.4 present in L1 larvae and at the L2d-dauer molt 3.49E-19 

TRINITY_DN18259_c0_g1 cut-1 C47G2.1 alae formation and radial shrinking in dauer differentiation 1.92E-10 
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Highlights 

 

 The transcriptome of a facultative nematode Pelodera strongyloides was sequenced. 

 

 Assembled transcriptome BLASTX alignments with 1 free-living and 4 parasitic 

nematodes were consistent with their evolutionary relationships. 

 

 A total of 104,634 transcript contigs with N50 contig length of 2,195 nucleotides were 

obtained. 

 

 Starving conditions resulted in up-regulation of cuticle related and dauer formation 

genes.  
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