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Pluripotency is maintained in germ cells and other stem cells through the action of a 
small number of highly conserved proteins. Free-living and parasitic flatworms 
(phylum Platyhelminthes) are unique in relying entirely on stem cells, called ‘neo-
blasts’ for growth, tissue turnover and regeneration. Recent research suggests that 
the same regulatory network functions to maintain stemness in free-living flatworms 
(i.e. planarians). However, little is known about neoblast regulation in parasitic flat-
worms which rely upon them not for regeneration, but for their complex life cycles. 
Using the model tapeworm Hymenolepis microstoma, we are investigating the com-
ponents and roles of three well known germline makers:

 

The BLAST searching tool was used to search the Hymenolepis genome, 
gene model database and transcriptome. Sequences with similarity to Vasa, 
Piwi and Nanos were obtained using sequences from evolutionarily distant 
species, as well as the more closely related flatworms (Schistosoma japoni-
cum, Schistosoma mansoni) and other lophotrochozoans (Helobdella ro-
busta) as search enquiries. 

Sequences were analysed using the NCBI conserved domain database and In-
terproscan protein signature recognition software to analyse for functional do-
mains. Phylogenetic analyses were performed using a Bayesian algorithm in 
order to assess the grouping of the identified sequences with closely related 
protein clades. 

Seven sequences were identified as showing similarity to Vasa-like pro-
teins, each displaying variations in combinations of the eight characteris-
tic motifs found in Vasa homologs (Figure 2). One sequence contained 
multiple stop codons, and was discarded. Phylogenetic analysis showed 
that no identified sequence grouped structurally with known Vasa pro-
teins. Two of the sequences grouped with the related PL10 sub-family 
(Figure 3), while another grouped with the eiF4A sub-family (Figure 3). 

Readily identifiable orthologs of these germline markers are known 
from free-living flatworms; however, it appears that parasitic flatworms have fewer 
and more divergent orthologs that are difficult to classify.
 
Future research aims to characterise the spatial expression of the identified rela-
tives of these proteins via whole mount in-situ hybridisation in order to determine 
whether these DEAD-box helicases and Argonaute family proteins play a role in 
the germline of Hymenolepis. This search will also include characterisation of 
other prospective germline markers.

As no other Argonaute proteins associate with piRNAs, this raises questions about 
the importance of piRNAs in other flatworm species. These data also support the 
relevance of studying stem cell regulation in Hymenolepis in order to contextual-
ise the role that they play during regeneration in free-living flatworms. 
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Domain analysis revealed two sequences containing both PAZ and piwi-
like domains found in piwi proteins. However, these sequences grouped 
independently of the piwi clade in phylogenetic analysis (Figure 4). Se-
quences with potential homology to Nanos have not yet been varified, 
however, Nanos-like genes are known from other flatworms.  

Figure 2 a) Multiple alignment of identified 
gene models with Vasa from Drosophila 
melanogaster, Xenopus laevis, Danio 
rario and Mus musculus. The eight con-
served motifs are marked. b) Table showing 
the presence of Vasa conserved motifs in 
the identified transcript data.  c. 

Figure 3. Vasa-like genes in Hymenolepis: Phylogenetic tree of representative DEAD box helicase proteins 
constructed using Bayesian inference analysis of amino acid sequences,  using p68 as an outgroup. Gene 
models from Hymenolepis are indicated by the prefix HmN, and are followed by the accession information for 
the corresponding transcript data, as indicated by the prefix Aby or Contig.                                                                          . 

Figure 4. Piwi-like genes in Hymenolepis: Phylogenetic tree of representative Argonaute proteins constructed 
using Bayesian inference analysis of amino acid sequences, using Piwi-domain containing protein from 
Brugia as an outgroup. Gene models from Hymenolepis are indicated by the prefix HmN, and are followed by 
the accession information for the corresponding transcript data, as indicated by the prefix Aby or Contig.                  

Figure 1 Hymenolepis microstoma 
has a complex lifecycle, where a 
larval stage must be completed in an 
intermediate beetles host, while pro-
gression to sexually reproductive 
adult stage occurs in the mouse de-
finitive host.         .   

Vasa is an ATP-dependent DEAD-box helicase, which plays a 
role in both the separation of the germline and soma (Pfister 
et. al., 2008), as well as regeneration in flatworms (Rebscher 
et. al., 2007).
Piwi plays a role in gene silencing by binding antisense 
piRNAs (Palakodeti et. al., 2008). This protein has emerged as 
a vital component for germline specification, and survival 
(Nakagawa, 2012), playing a role both in protecting germline 
integrity and epigenetic gene regulation of germline fate 
(Palakodeti et al 2008).
Nanos is a posterior group gene which is widely associated 
with the germline in a variety of taxa including vertebrates, 
nematodes, planarians and cnidarians (Handberg and Salο, 
2007) (Agee et. al., 2006)
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