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Planarians are a group of free-living Platyhelminthes (triclads) best known largely for 
their regenerating capacity. However, the group’s diversity and evolutionary history 
has been mostly overlooked. Though traditionally the morphological features are used 
to identify a species, use of molecular data for identification can reduce the ambiguity 
about phylogenetic relationships and help us to identify and characterise the organism. 
The planarians identified through molecular phylogenetics here, were collected from 
Shivanahalli, a shruby forest region adjacent to Bengaluru city, India. The nuclear 
gene (18S rRNA) was used for species identification. The genomic DNA was 
extracted and 18S rRNA was amplified using gene specific primer. The amplified 
gene was purified and sequenced by Sanger’s method. The sequence obtained was 
used as query in nucleotide BLAST for retrieving sequences of planaria from other 
genera. Representative sequences from each genera were used to construct 
phylogenetic tree using the program Phylogeny.fr. The phylogenetic analysis showed 
that the planaria collected from Shivanahalli nested within Dugesia clade and hence 
could be Dugesia sp. There was no 100% query match seen for the gene sequence in 
the BLAST programme, which shows that the planaria in this study might be a 
putative new species which also is not represented in the sequence database. 
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Introduction  

Planarians are a group of free-living platyhelminths (triclads) best-known largely due 
to long-standing regeneration and pattern formation research. However, the group’s 
diversity and evolutionary history has been mostly overlooked (1). There are popular 
methods to identify species, morphological taxonomy and molecular systemics or 
DNA species barcoding. DNA barcoding uses molecular information to classify 
species, whereas morphological taxonomy uses morphology and phenotypic 
characteristics to differentiate species. (2) 

Morphological identification is based on the histological sections of individuals, 
which is time consuming and then added difficulties exist such as the lack of 
taxonomic keys characters to identify the species (3). 
With the growing understanding of genetics and evolution, the use of molecular data 
to identify the species is the popular and the best method (4). From a small amount of 
sample, a large amount of useable data can be obtained but morphological studies 
make up only to a small fraction of the data (5). Hence the molecular method was 
used in this study. 

18S rRNA gene has been suggested as a potential barcoding marker and one of the 
most frequently used gene in the phylogenetic studies. 18S rRNA gene is the active 
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centre of the protein synthesis and one of the basic components of all organisms (6). 
In the present study, the 18S rRNA gene was amplified from the planaria samples 
collected at shivanahalli near Bannerghatta. A phylogenetic tree constructed using the 
18S rRNA gene will give us the insight of the phylogenetic relationships from the 
present dating all the way back to the origin of life (5,7,8). 

The aim of this paper is to (i) identify and characterise the planaria; (ii) to compare 
and analyse the separated samples of planaria if they are identical or differ from each 
other. 

Material and Methods 
Sample collection 

The sample were collected at shivanahalli near Bannerghatta in Bangalore, India. 
Planaria where collected by baiting technique. The planaria collected appeared to 
differ in size, colour, length and hence were separated as small and big specimens. 
Both the specimens were separately processed for the study.  

 

Fig 1 – Big & Small specimen                    Fig 2 – Microscopic view of Big specimen 

Genomic DNA extraction 

Genomic DNA extraction was performed by DNA Sol Method. The extraction was 
carried out as per the protocol provided by GeNei Laboratories using their Genomic 
DNA extraction kit. The samples were homogenized using equal volumes of DNA 
Sol and centrifuged at 10000 rpm for 10 minutes. To the obtained supernatant 
absolute alcohol was added and incubated at -20 ̊ C for 20 minutes, centrifuged at 
10000 rpm. The pellets were collected, washed in 70% ethanol and centrifuged at 
10000 rpm for 10 minutes. The pellets were suspended in distilled water. Agarose gel 
electrophoresis was performed and the DNA was quantified using nanodrop, the 
concentration of the DNA obtained are represented in table 1.     

Sample Concentration  A260/A280  A260/230 

Sample 1 32.0 1.778 1.422 

Sample 2 43.5 1.776 1.611 

Table 1 - DNA concentrations obtained from nanodrop 
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PCR Amplification 

The 18S rRNA gene was amplified using the thermocycler PCR equipment and the 
primers were used to sequence both chains. To amplify the 18S rRNA the primers 
were chosen based on the previously published primers (Table 2) 

 
Table 2 - Forward & Reverse PCR primer chosen and source 

DNA extractions was combined with master mix - 1 µL of dNTP, 2.5 µL of Assay 
buffer, 0.5 µL of Enzyme, Forward primer and Reverse primer,15 µL of distilled 
water was added to make up the total reaction volume of 25 µL. The required PCR 
conditions was set for 35 cycles. 

·         Initial denaturation       - 95 ̊C – 3 minutes 
·         Denaturation               - 94 ̊C – 30 seconds 
·         Annealing                   - 45 ̊C – 30 seconds 
·         Extension                   - 72 ̊C – 2 minutes 
·         Final extension            - 72 ̊C – 7 minutes 

A 1 % agarose gel was prepared to view the results of the PCR reactions (Fig 2). The 
purification of the obtained PCR product was performed by Gel elution method. A 1.2 
% Non ETBR agarose gel was prepared and 10 µL of the sample combined with 2 µL 
of the GV dye was loaded in the gel and ran for approximately 30 minutes. The 
obtained band was visualized (Fig 3) and cut for elution. A gel solubilizer was added 
and incubated at 57 ̊C. About 400 µL of ethanol was added to the vials & passed 
through DNA binding columns and centrifuged for a minute. To the DNA binding 
columns about 30 µL of elution buffer was added and purified DNA was obtained. 
The purified 18S rRNA gene was sequenced by Sanger method. 

            

Fig - 3 Agarose gel electrophoresis of amplified 18S rRNA gene S – Small specimen 
& B – Big specimen and Fig 4 - Gel elution 

Sequence Alignment 

DNA sequences were obtained from both big and small planaria specimen and 
sequenced using Sanger’s sequencing method in both forward and reverse direction. 

18s rRNA 18S_1F - TACCTGGTTGATCCTGCCAGTAG 
 

18S_9R - GATCCTTCCGCAGGTTCACCTAC 

Carranza.et.al. 
(1996) 
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The forward sequence of 615bp and a reverse sequence of 737bp were combined to 
1352 bp for big specimen and408 bp forward and 680 bp reversewere combined to 
1088 bp for the small specimen.  

A complete 18S rRNA gene of Dugesia gonocephala was retrieved and compared 
with the obtained forward and reverse sequences to clarify if they are two portions of 
the 18S rRNA gene. Both forward and reverse sequences where compared separately 
with Dugesia gonocephala 18Ss rRNA gene using MEGA-X tool. As expected, the 
alignment of the forward sequence was seen to align from 262bp to 449bp and that of 
the reverse sequence was seen to align from 1070 bp to 1758bp (Fig 5). This 
confirmed that the obtained forward and reverse sequences were two portions of the 
sequenced 18S rRNA gene. Both these regions of the 18S rRNA gene was concated 
and used as query for nucleotide BLAST to reconfirm and retrieve similar 18S RNA 
sequences from different genera. 

 

Fig 5 – Showing the alignment of 18S rRNA gene 

A – Complete sequence of Dugesia gonocephala& B – Big specimen 18S rRNA 

Retrieval of Sequences using BLAST and Phylogenetic analysis 

Both 18s RNA sequences were used as query to search nr database. Representative 
sequences of each genera were selected from the BLAST hits so as to encompass as 
many genera as possible (Table 3). No 100% match was observed for the query 
sequencefor any of the hits. 

The 18S rRNA gene with the others sequences which were retrieved from the BLAST 
results were used for the phylogenetic tree construction. The phylogenetic tree was 
constructed using the software phylogeny.fr which uses MUSCLE for the alignment 
and PhyML for the phylogenetic tree construction. It also uses Gblocks to select 
phylogenetically informative sites from the multiple sequence alignment. The 
obtained 18S rRNA phylogenetic tree was rerooted using outgroups of 18S rRNA of 
Polycelis felina, Polycelis tenuis, Polycelis nigra belonging to the family 
Planarioideaas an outgroup, which is the sister group of Dugesiidae and Geoplanidae 
(1). 

KJ599713.1 Dugesia notogaea AF033040.1 Caenoplana caerulea 
DQ666002.1 Dugesia gonocephala MF802609.1 Choeradoplana 

iheringi voucher 
MZUSP PL 537 

AF013155.1 Dugesia 
subtentaculata 

MF802614.1 Choeradoplana 
pucupucu voucher 
MZUSP PL 541 

AF050433.1 Dugesia ryukyuensis DQ666001.1 Bipalium nobile 
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U31085.1 Dugesia mediterranea DQ666000.1 Bipalium adventitium 

KF308691.1 Recurva postrema 
isolate rpo01 

KR906670.1 Microplana kwiskea 
isolate 1204U468 

AF013154.1 Schmidtea polychroa DQ666013.1 Girardia anderlani 
Z99951.1 Romankenkius 

lidinosus 
DQ666015.1 Girardia schubarti 

AF033043.1 Cura pinguis AF013156.1 Girardia tigrina 
KJ599719.1 Spathula ochyra KU872580.1 Microplana astricta 

1223U471 

KJ599717.1 Romankenkius kenki DQ665996.1 Polycelis felina 
EU589209.1 Bipalium kewense Z99949.1 Polycelis tenuis 
AF013153.1 Dugesia japonica AF013151.1 Polycelis nigra 
AF033044.1 Artioposthia 

triangulata 
  

Table 3 – Representative sequences retrieved from BLAST 

Results 

The phylogenetic analysis showed that both the planarias nested within Dugesia clade. 
Hence it was inferred that the identified species belongs to Dugesia genus (Fig 6). 
 But both the morphologically different planaria under this study emerged as two 
different branches in the phylogenetic tree, which showed that they are not similar 
species. It was also seen that both the planarias were closely related Dugesia notogaea 
as they were in a single clade. 
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Fig 6 – Phylogenetic tree constructed using Maximum likelihood method using 
Polycelis sp. as outgroup and our samples are named as Shivanahalli Big and small 

specimen. 

On phylogenetic tree analysis, specific clade was selected to compare the relatedness 
of our species with each otherso, a clade with Choeradoplana 
pucupucu(MF802614.1)Choeradoplana iheringi(MF802609.1) was selected for 
comparison which had similar branch lengths to that of our sequences. The 
Choeradoplana pucupucu and Choeradoplana iheringi are 98.8% identical to each 
other. On comparison of the two 18S rRNA sequences in this study yielded an 
identity of 76.7% between big and small planaria. Also, the sequence similarity 
between big planaria and its closest relative Dugesia notogaeawas 72.6% and small 
planaria with Dugesia notogaea was 59.0%. Hence is very evident that the two 
planarias collected from shivanahalli are two different species and also a different 
species from its closest relative Dugesia notogaea. 
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Discussion 

Results from all the three suggest that the two species which were morphologically 
different in fact could be two different putative species. Both the species belong to the 
Dugesia genera.  

Geographical distribution of fresh water planarians of the genus Dugesiaare recorded 
from Madagascar and adjacent islands. Nine population were sampled and significant 
differences in their reproductive strategies and karyology were reported in the species 
collected at Yemen. The new species from Yemen are mainly distinguishable from 
other Dugesia species that are distributed exclusively in the Mediterranean basin and 
in the eastern parts of the Afrotropical region. Most of the planaria identified till date 
are mainly from Spain, Afrotropical countries and some parts of North America. Not 
much of phylogenetic studies are conducted based on the planaria geographically 
present in India and this study focussed on the identification of the planaria collected 
at shivanahalli. The molecules used in this study have given important new 
information, but some points still need to be solved. With the information obtained in 
this study I was able to understand how the genes evolved and where the species 
belonged to. 
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