
FEMS Microbes , 2024, 5 , xtae003 

DOI: 10.1093/femsmc/xtae003 
Ad v ance access publication date: 23 February 2024 

Research Article – Microbes & Environment 

Insights into freshwater ciliate di v ersity through high 

throughput DNA metabarcoding 

J eev a Susan Abraham 

1 , Sripoorna Somasundaram 

1 , Swati Maurya 1 , Utkarsh Sood 

2 , Rup Lal 1 , Ravi Toteja 1 , Seema Makhija 1 ,* 

1 Ciliate Biology Laboratory, Department of Zoology, Acharya Narendra Dev College, University of Delhi, Govindpuri, Kalkaji, New Delhi 110019, India 
2 Department of Zoology, Kirori Mal College, University of Delhi, Delhi 110007, India 
∗Corresponding author. Ciliate Biology Laboratory, Department of Zoology, Acharya Narendra Dev College, University of Delhi, Govindpuri, Kalkaji, New Delhi 
110019, India. Tel: + 91 9136563762; E-mail: seemamakhija@andc.du.ac.in 
Editor: [Gauri Garg Dhingra] 

Abstract 

The fr eshw ater bodies of India ar e highl y biodi v erse but still understudied, especiall y concerning ciliates. Ciliates constitute a signif- 
icant portion of eukaryotic diversity and play crucial roles in microbial loops, nutrient recycling, and ecosystem maintenance. The 
present study aimed to elucidate ciliate diversity in three freshwater sites in the Delhi region of India: Okhla Bird Sanctuary (OBS), 
Sanjay Lake (SL), and Raj Ghat pond (RJ). This study r e pr esents the first investigation into the taxonomic diversity and richness of 
fr eshw ater ciliates in India using a high-throughput DN A metabar coding approac h. For the analysis, total environmental DNA was 
extracted from the three freshwater samples, followed by sequencing of the 18S V4 barcode region and subsequent phylogenetic 
analyses. Operational taxonomic units (OTU) analyses revealed maximum species diversity in OBS (106), followed by SL (104) and RJ 
(99) sites. Ciliates from the classes Oligohymenophorea, Prostomatea, and Spirotrichea were dominant in the three sites. The study 
discusses the ability of the metabarcoding approach to uncover unknown and rare species. The study highlights the need for refined 

r efer ence data bases and cautious interpr etation of the high-thr oughput sequencing-generated data while emphasizing the comple- 
mentar y natur e of molecular and morphological appr oaches in studying ciliate di v ersity. 
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Introduction 

Ciliates r epr esent a r emarkabl y div erse clade of eukaryotic mi- 
cr oor ganisms, showcasing the utmost morphological complex- 
ity and differentiation among single-celled organisms (Chen et 
al. 2017 ). With an extensive species div ersity, ther e ar e ov er 
4000 described free-living ciliates (Gao et al. 2017 , Canals et al.
2020 ). These micr oor ganisms exhibit distinctiv e structur al and 

functional features, including intricate subcellular and organel- 
lar structur es, functionall y div erse macr onuclear and micr onu- 
clear genomes, sexual r epr oduction thr ough conjugation, whole- 
genome duplications, unique patterns of cortical structure with 

semi-autonomous mechanisms of inheritance and morphogen- 
esis. Additionall y, ther e is e vidence of epigenetic mec hanisms,
reflecting a broad array of ecological niches , lifestyles , coupled 

with r a pid e volutionary r adiation at the population le v el due 
to their short generation time (Clamp and Lynn 2017 ). Ciliates 
play a vital role in freshwater ecosystems, being the richest and 

r elativ el y most abundant group (Carvalho da Silva and Fernan- 
des 2023 ). They serve as major contributors to the microbial 
loop, acting as recyclers, and r eminer alizers of or ganic material.
The y also pre y upon bacteria and smaller protists, contribut- 
ing significantly to maintaining ecosystem balance (Abraham 

et al. 2019 ). 
The taxonomic identifications of ciliates tr aditionall y r elies on 

micr oscopic tec hniques involving observ ation of liv e or fixed cells,
with a focus on ciliature or silver-line system (Foissner 2016 ). How- 
e v er, r el ying solel y on micr oscopy for identification presents cer- 
tain limitations, including the time-intensiv e pr ocess of cultur- 
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r e pr oduction in any medium, provided the original work is properly cited. For com
ng ciliates, complex staining pr ocedur es, and the existence of
orphospecies and cryptic species that can only be distinguished

t the genetic le v el, posing c hallenges to accur ate identifications
Rajter et al. 2022 ). Consequently, the identification of ciliates
nd other micr oor ganisms has pr oposed DNA-based methods as
n alternative taxonomic approach to unveil their vast diversity 
Medinger et al. 2010 , Cahoon et al. 2018 , Pitsch et al. 2019 , Antil
t al. 2023 ). 

DN A bar coding is a method of identifying species on the based
n short DNA sequences linked to mor phologicall y identified
pecies (Hebert et al. 2003 ). DN A metabar coding, or metabar cod-
ng, is a method of identifying multiple species from bulk samples
y r el ying on r efer ence bar code sequences (Cor dier et al. 2021 ).
nvironmental DNA can be directly extracted from soil or wa- 
er and sequenced using high-throughput sequencing techniques 
uch as 454-pyrosequencing, Ion torrent, and Illumina (Goodwin 

t al. 2017 , Burki et al. 2021 ). The choice of a barcoding marker
hat provides the desired taxonomic resolution is crucial for cili-
te metabarcoding studies. Hypervariable regions of the 18S ribo- 
omal DNA (V4 or V9), COI gene, ITS1-5.8S-ITS2 region, and D1-D2
egion of the 28S rDNA have been suggested as barcoding genes
or ciliates (Zhao et al. 2016 , Abraham et al. 2019 , Antil et al. 2023 ).
he method generates millions of short sequence reads (metabar- 
odes) of less than 500 bps in a single run (Slatko et al. 2018 ).
 hese barcodes ha v e cr eated opportunities for discov eries fr om
iv erse envir onments, including the detection of r ar e , o verlooked,
nd unculturable taxa (Andreoli et al. 2009 , de Vargas et al. 2015 ,
ernice et al. 2016 , Boenigk et al. 2018 , Oliverio et al. 2020 , Mugnai
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