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This disparity stems from challenges with axenic cul-
turing of rumen eukaryotes and the complexity of their 
genomes [1]. Consequently, metagenomic studies have 
been heavily biased toward prokaryotic members and 
metataxonomic approaches have traditionally focused on 
16S ribosomal ribonucleic acid (rRNA) gene sequencing.

Despite making up nearly half of the rumen microbial 
biomass, the biological and metabolic roles of protozoa 
remain poorly defined in vivo [1, 2]. Defaunation stud-
ies, the deliberate removal of protozoa from the rumen, 
report an increase in microbial protein flow by up to 30% 
and a reduction of methane emissions by 11%, under-
scoring their influence on nutrient cycling and green-
house gas production [2]. Protozoa are major hydrogen 
producers via their hydrogenosomes, which are special-
ised organelles that generate H2 during fermentation. 
This hydrogen production facilitates interspecies transfer 
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Abstract
Objectives  Protozoa are key members of the rumen microbiome playing significant roles in nutrient cycling and 
methane production, yet are understudied. As rumen metataxonomic studies increasingly incorporate protozoal 
primers, the lack of curated dedicated reference databases limits accurate classification. This dataset was developed to 
address that gap and support future protozoa-focused rumen microbial analyses.

Data description  The curated dataset comprises 228 rumen ciliate protozoal 18S rRNA gene sequences sourced 
from publicly available datasets. Sequences were processed to remove redundancy and standardise naming. The 
final database spans 23 families, 53 genera, and 100 species, and is suitable for use in metataxonomic pipelines, 
including QIIME2. It provides a valuable resource for researchers aiming to improve taxonomic resolution of protozoal 
communities in rumen environments.
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to methanogens, with many methanogenic archaea found 
in close physical association with protozoal cells [3]. 
While protozoa thus play a central role in methane for-
mation, their impact on methanogen community struc-
ture is complex and variable [3].

Considering the importance of protozoa in the rumen 
microbiome, it is increasingly common to include mem-
bers of eukaryotic taxa such as ciliate protozoa or anaer-
obic fungi in rumen metataxonomic studies. However, 
there is still a lack of appropriate databases specific to 
protozoal species equivalent to those available for bacte-
rial and archaeal species [4–7]. Therefore, this database 
was built to support future rumen metataxonomic stud-
ies with tools such as QIIME2 [8].

Data description
These data were sourced from three publications.

1.	 One hundred and sixty-eight 18S rRNA gene sequences 
were sourced directly from the supplementary material 
provided in Kittelmann et al. [9]

2.	 Sixty-five single amplified genome (SAG) assemblies 
were sourced from Li et al. [10], PRJNA777442

3.	 One macronuclear genome of Entodinium caudatum 
was sourced from Park et al. [11], PRJNA380643

Barrnap v0.9 [12] was used with default parameters and 
–kingdom euk to extract ribosomal RNA genes and those 

identified as 18S were selected. The other rRNA genes 
were excluded (28S, 5S_8S and 5S). The 18S rRNA gene 
sequences from all three sources were then combined 
(Data file 1 [13]). All sequences were converted to DNA 
(U-T) and then to remove redundancy in the database, 
CD-HIT (−est) [14] was used to cluster the sequences at 
100% identity and 100% length.

The output from cd-hit-est (.clstr file - Data file 2 [15]), 
was then manually examined, and for clusters containing 
multiple identical sequences (length and sequence were 
identical), only the first sequence in the cluster was kept 
as a ‘representative’ sequence. The remaining identical 
sequences were removed and recorded (38 sequences in 
total, Data file 3 [16]). The sequences that were retained 
then underwent one of two filtering steps based on their 
lineages or names.

1.	 Where IDs (NCBI accession) differed but lineages 
(provided by the publications) were the same, the 
sequences were assigned a group number (groups 
0–22). The retained representative sequence was 
then renamed to include the allocated group number 
(all group member information can be found in Data 
file 4 [17]).

2.	 Where the species name differed, the species name 
was removed and generalised to s__

For example:

More information and examples regarding the renam-
ing process can be found at the project’s GitHub reposi-
tory ​h​t​t​p​​s​:​/​​/​g​i​t​​h​u​​b​.​c​​o​m​/​​l​a​w​k​​j​/​​P​r​o​​t​o​z​​o​a​l​_​​1​8​​S​_​r​R​N​A​_​D​a​t​
a​b​a​s​e.

This curated database (v1.0.0) contains 228 rumen cili-
ate protozoal 18S rRNA gene sequences, representing 
23 families, 53 genera, and 100 species (RNA sequences 
Data file 5 [18] and DNA sequences Data file 6 [19], tax-
onomy Data file 7 [20]).

In addition to the curated 18S rRNA gene sequences, 
we provide several supporting files formatted for direct 
use with QIIME2 [8], which were produced using 
QIIME2 v2024.10.1 with sklearn v1.4.2. Taxonomy 
information is available both as a plain text file (Data file 
7 [20]), and as a QIIME2 ‘artifact’ file (Data file 8 [21]), 

while the full set of 18S rRNA gene sequences, provided 
in DNA format, is also included as a QIIME2 ‘artifact’ 
file (Data file 9 [22]). We also provide a pre-trained 
Naive Bayes classifier [23] compatible with QIIME2 
(Data file 10 [24]) and a QIIME2-formatted BLAST 
database (Data file 11 [25]). The FASTA sequence files 
(Data files 5 and 6 [18, 19]) and tab-delimited taxonomy 
file (Data file 7 [20]) follow standard formats compatible 
with mothur [26] and other sequence search and clas-
sification tools.

Together, this range of provided files enables straight-
forward integration of the RumenProtozoaDB into 
QIIME2, mothur and other 18S rRNA gene sequence 
analysis workflows. Please see Table 1 for full details and 
links to the data.

https://github.com/lawkj/Protozoal_18S_rRNA_Database
https://github.com/lawkj/Protozoal_18S_rRNA_Database
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Limitations
These data are limited in size, drawing from only three 
independent studies; however, this reflects the totality of 
publicly available data for rumen-associated protozoal 
18S rRNA gene sequences and genomes. A limitation 
of this database is that it focuses exclusively on the 18S 
rRNA region and does not cover alternative regions, such 
as ITS or 28S, which may also be used for protozoal taxo-
nomic classification. Should additional data become pub-
licly available, the authors intend to expand the database 
and update the GitHub repository accordingly.

Abbreviations
rRNA	� Ribosomal ribonucleic acid
SAG	� Single amplified genome
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Table 1  Overview of data files
Label Data file File type Data repository
Data file 1 RumenProtozoaDBv1.0.0.18S.rawsequences fasta Zenodo (​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​5​

2​8​1​​/​z​​e​n​o​d​o​.​1​8​3​2​4​7​3​7) [13]

Data file 2 RumenProtozoaDBv1.0.0.18S.clsr xlsx Zenodo (​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​5​
2​8​1​​/​z​​e​n​o​d​o​.​1​8​3​2​4​7​3​7) [15]

Data file 3 RumenProtozoaDBv1.0.0.18S.filtered prerename fasta Zenodo (​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​5​
2​8​1​​/​z​​e​n​o​d​o​.​1​8​3​2​4​7​3​7) [16]

Data file 4 RumenProtozoaDBv1.0.0.18S.group info csv Zenodo (​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​5​
2​8​1​​/​z​​e​n​o​d​o​.​1​8​3​2​4​7​3​7) [17]

Data file 5 RumenProtozoaDBv1.0.0.18S.RNAsequences fasta Zenodo (​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​5​
2​8​1​​/​z​​e​n​o​d​o​.​1​8​3​2​4​7​3​7) [18]

Data file 6 RumenProtozoaDBv1.0.0.18S.DNAsequences fasta Zenodo (​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​5​
2​8​1​​/​z​​e​n​o​d​o​.​1​8​3​2​4​7​3​7) [19]

Data file 7 RumenProtozoaDBv1.0.0.18S.taxonomy txt Zenodo (​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​5​
2​8​1​​/​z​​e​n​o​d​o​.​1​8​3​2​4​7​3​7) [20]

Data file 8 2024.10.RumenProtozoaDBv1.0.0.18S.taxonomy qza Zenodo (​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​5​
2​8​1​​/​z​​e​n​o​d​o​.​1​8​3​2​4​7​3​7) [21]

Data file 9 2024.10.RumenProtozoaDBv1.0.0.18S.sequences qza Zenodo (​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​5​
2​8​1​​/​z​​e​n​o​d​o​.​1​8​3​2​4​7​3​7) [22]

Data file 10 2024.10.RumenProtozoaDBv1.0.0.18S.nb.sklearn-1.4.2.qza qza Zenodo (​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​5​
2​8​1​​/​z​​e​n​o​d​o​.​1​8​3​2​4​7​3​7) [24]

Data file 11 2024.10.RumenProtozoaDBv1.0.0.18S.blastdb.qza qza Zenodo (​h​t​t​p​s​:​​​/​​/​d​o​​i​.​​o​r​​g​​/​​1​0​​.​5​
2​​​8​1​​/​z​e​n​​o​d​o​.​1​8​3​2​4​7​3​7) [25]
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