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MirGeneDB2.0: the curated microRNA Gene Database 1 

Non-coding RNAs (ncRNA), a significant part of the increasingly popular ‘dark matter’ of 2 

the human genome1, have gained substantial attention due to their involvement in animal 3 

development and human disorders such as cardiovascular diseases and cancer2. Although 4 

many different types of regulatory ncRNAs have been discovered over the last 25 years, 5 

microRNAs (miRNAs) are unique within these as they are the only class of ncRNAs with 6 

individual genes sequentially conserved across the animal kingdom3. Because of the 7 

conserved roles miRNAs play in establishing robustness of gene regulatory networks across 8 

Metazoa4, it is important that homologous miRNAs in different species are correctly 9 

identified, annotated, and named using consistent criteria5 against the backdrop of numerous 10 

other types of coding and non-coding RNA fragments6.  11 

Unlike miRBase7, which has developed organically through community-wide submissions, 12 

and thus does not use consistent annotation or nomenclature criteria6, MirGeneDB2.0 13 

(http://mirgenedb.org), a manually curated open source miRNA gene database, contains high 14 

quality annotations of 7,785 bona fide and consistently named miRNAs from 32 species 15 

representing major metazoan groups (including many invertebrate and vertebrate model 16 

organisms). The number of miRNAs conforming to the annotation criteria is almost four 17 

times higher than in miRBase (~2000 for the miRBase 'high confidence' set7), and can be 18 

considered free of false positives. For the expansion of the previous version, we used more 19 

than 250 publicly available sequencing datasets (for a total of 4.2 billion reads) derived from 20 

at least one representative dataset for each organism (such as whole organisms, organs, 21 

tissues or cell-types), which allowed for a consistent and uniform annotation of 22 

microRNAomes for each species (Supplementary File, “file_info”; Supplementary 23 

Methods)8. Existing MirGeneDB.org miRNA complements for human, mouse, chicken and 24 

zebrafish were expanded from our initial effort by 65, 49, 28 and 100 genes, respectively 25 
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(Supplementary File, table), and annotation-accuracy was further improved using available 26 

Cap Analysis of Gene Expression (CAGE) data when available (Supplementary File, 27 

“CAGE”)9.  28 

Because miRBase has become increasingly heterogeneous with respect to the number of bona 29 

fide miRNAs relative to other types of non-coding RNAs, it has considerable variation in the 30 

number of miRNAs for closely related groups (Supplementary File, graph miRBase). 31 

However, in MirGeneDB, congruent miRNA complements in terms of total miRNA genes 32 

and miRNA families were observed in related groups, such as the Vertebrates and 33 

arthropods3,10 (Figure 1). Big differences between miRBase and MirGeneDB2.0 can be 34 

observed because miRBase has on the one hand a much larger number of annotated 35 

sequences for some of the 23 taxa shared with MirGeneDB2.0 including human, mouse, and 36 

chicken, accounting for 4,243 false positives, and on the other hand it lacks 22% of all 37 

MirGeneDB2.0 genes, accounting for 1,180 false negatives (Figure 2, Supplementary File, 38 

“overview”). Finally, 31% of the remaining 4,275 miRNAs are incompletely annotated in 39 

miRBase, whereas in MirGeneDB2.0 each miRNA has both arms annotated, with a clear 40 

distinction made between sequenced reads and predicted reads for each miRNA entry with 41 

predictions derived from both considerations of secondary structure and expressed 42 

orthologues in other taxa. 43 

The expanded web-interface of MirGeneDB2.0 allows browsing, searching and downloading 44 

of miRNA-complements for each organism. Annotations are downloadable as fasta, gff, or 45 

bed-files containing distinct sub-annotations for all miRNA components such as precursor 46 

(pre), mature, loop, co-mature or star sequences. Unlike miRBase, seed sequences are also 47 

identified, and can be searched independently from the rest of the mature sequence. In 48 

addition, we included 30-nucleotide flanking regions on both arms for each precursor 49 

transcript to generate an extended precursor transcript, which again is downloadable.  50 
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MirGeneDB2.0 employs an internally consistent nomenclature system where genes of 51 

common descent are assigned the same miRNA family name, allowing for the easy 52 

recognition of both orthologues in other species, and paralogues within the same species. 53 

This nomenclature system allows for an accurate reconstruction of ancestral miRNA 54 

repertoires – both at the family level and at the gene level – that is now provided in 55 

MirGeneDB2.0 for all nodes leading to the 32 terminal taxa considered, which allows users 56 

to easily assess both gains and losses of miRNA genes through time. However, in order to not 57 

increase confusion about the naming of miRNA genes, we continue to provide commonly 58 

used miRBase names – if available – in our “Browse” section of MirGeneDB2.0 (i.e. 59 

http://mirgenedb.org/browse/hsa). 60 

Gene-pages for each miRNA gene contain names, orthologues & paralogues, downloadable 61 

sequences, structure, and a range of other previously available information including genomic 62 

coordinates (i.e. http://mirgenedb.org/show/hsa/Let-7-P1). New features in MirGeneDB2.0 63 

include accurate information on 3’ non-templated uridylations, which characterize an 64 

important sub-group of miRNAs; information of the presence or absence of the recently 65 

discovered sequential motifs (UG, UGUG, CNNC); and the visualization of at least one 66 

expression dataset for each gene in each organism. Further, read-pages are also provided for 67 

each gene (i.e. http://mirgenedb.org/static/graph/hsa/results/Hsa-Let-7-P1.html), which show 68 

an overview of read-stacks on the corresponding extended precursor sequence of each gene-69 

page. They contain detailed representation of templated and non-templated reads for 70 

individual datasets for each gene including reports on miRNA isoforms and downloadable 71 

read-mappings.  72 

The establishment of this carefully curated data base of miRNA genes, supplementing 73 

existing databases including miRBase, allows for a stable and robust foundation for miRNA 74 

studies, in particular studies that rely on cross-species comparisons to explore the roles 75 
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miRNAs play in development and disease, as well as the evolution of miRNAs (and animals) 76 

themselves. 77 

Note: Supplementary Methods and Supplementary files are available in the online version of 78 

the paper.   79 
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Figures 138 

 139 

 140 

Figure 1: High consistency of conserved miRNA gene and family numbers in closely related groups in 141 

MirGeneDB2.0 can be observed for groups with more than two representatives. High variation in 142 

gene-numbers for Danio and Eisenia (double asterisks) are explainable by genome-duplication events 143 

within that particular monophyletic group (vertebrates and annelids, respectively), while high 144 

numbers of unique /novel genes and families in Homo, Mus, Canis, Drosophila, Tribolium and 145 
Caenorhabditis might be explainable by the significantly higher number of studies and/or the 146 

relatively higher number of absolute small RNA reads on these organisms (single asterisks). 147 
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 149 

Figure 2: High number of incorrect and missing miRNA annotations in miRBase as compared to MirGeneDB. 150 

A comparison of the microRNA complements of 23 organisms shared between miRBase and MirGeneDB 151 

revealed that only 4,275 of the 8,531 entries in miRBase are shared with MirGeneDB (green).  An additional 152 

4,243 miRBase entries represent false positives (red), miRNAs found in miRBase that do not satisfy standard 153 

annotation criteria, whereas 1,180 MirGeneDB entries represent false negatives (blue), miRNAs that are present 154 

in these taxa that are not currently annotated in miRBase.   155 

.CC-BY-NC-ND 4.0 International licensea
certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made available under 

The copyright holder for this preprint (which was notthis version posted February 5, 2018. ; https://doi.org/10.1101/258749doi: bioRxiv preprint 

https://doi.org/10.1101/258749
http://creativecommons.org/licenses/by-nc-nd/4.0/


10 

 

Supplementary Methods 156 

Features of miRNAs 157 

In the last two decades the small non-coding RNA field has significantly expanded beyond 158 

snRNAs & snoRNAs1 to include piRNAs2, siRNAs3 , novel small RNAs derived from known 159 

non-coding RNAs including tRNAs4 and rRNAs5 and, of course, microRNAs (miRNAs)6-9. 160 

Each of these types of smallRNAs is characterized by a distinctive suite of characteristics and 161 

a unique evolutionary history. MiRNAs can be distinguished from other small genomically 162 

encoded RNA families by a set of unique features as described earlier10,11: The presence of 163 

two 20-26nt long reads that are expressed from each of the two arms derived from a stable 164 

hairpin precursor is essential to assess whether or not Drosha and Dicer were involved in the 165 

processing. Since the ends of canonical miRNA reads are generated enzymatically, the 5’ 166 

ends of the reads are homogeneous (>90%). The hairpin precursor shows imperfect 167 

complementarity and base pairs in at least 16 of the ~ 22 nucleotides. The 5p and 3p reads are 168 

offset by 2 nucleotides on both ends due to the sequential processing of the miRNA transcript 169 

by Drosha and Dicer to generate the mature ~22 nucleotide read(s). In some cases, the 170 

Drosha offset is only offset by 1 templated nucleotide, but in these cases the 3’ end of the 3p 171 

arm is monouridilyated12,13. The length of the loop is at least 8 nucleotides long; there is no 172 

apparent maximum in loop length, even in organisms possessing only a single Dicer gene, 173 

contra our earlier statement11, even though most taxa like vertebrates with single Dicer genes 174 

never show loop lengths greater than ~40 nucleotides. 175 

There are other features of miRNAs, in particular structural and evolutionary signatures that 176 

allow them to be further distinguished from other small RNAs. The mature miRNA sequence 177 

usually starts with A or U, and is often mismatched with the complementary arm, which 178 

seems to facilitate arm selection by Argonaute (at least in mammals)11,14,15. Nucleotide 179 
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positions 2 through 8 of the mature sequence (the "seed") are strongly conserved through 180 

evolution, as are positions 13-16 (the 3' complementary region)11,16. Recently it was 181 

demonstrated that processing motifs are often (but not always) present in the primary miRNA 182 

transcript including a UG motif 14 nucleotides upstream of the 5p arm, a UGU motif at the 3' 183 

end of the 5p arm, and a CNNC motif 17 nucleotides downstream of the 3p arm17-19. 184 

Recognition and utilization of clear and, for the most part mechanistically well understood, 185 

criteria for the annotation of miRNAs allows the delineation of bona fide miRNAs from the 186 

myriad small RNAs generated in eukaryotic cells, providing deeper and more significant 187 

insights into their function, possible mis-regulation, and evolution. 188 

Data processing 189 

Publicly available smallRNA sequencing data of whole organisms, healthy organs, tissue or 190 

cell-isolates was downloaded from European Genome-phenome Archive (EGA), the 191 

Sequence Read Archive (SRA) and the the Gene Expression Omnibus (GEO) respectively 192 

(see Supplementary File, “file_info”). For download and processing we used the latest 193 

version of sRNAbench20. Corresponding files were automatically downloaded and converted 194 

into fastq files. All datasets were consistently processed with the following parameters: 3' 195 

adapter sequences were automatically identified and trimmed using sRNAbench (detection of 196 

at least 10nt of the adapter allowing 1 mismatch)20; reads within length of 18 and 27 nts were 197 

retained and collapsed for mapping employing fastx-toolkit, and custom perl scripts. 198 

Collapsed reads were mapped to miRBase complements and MirGeneDB11 using 199 

bowtie1.221, requiring an 18 nucleotide seed sequence of zero mismatches to avoid cross-200 

mapping. All mappings were transformed to bam-files using SAMtools22.   201 

  202 
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Confident miRNA complement annotations for 32 metazoan taxa 203 

Similar to our previous efforts for the four vertebrates of MirGeneDB1.011, we analyzed all 204 

miRBase “miRNA” entries for the 23 available taxa. We included, however, at least one 205 

smallRNAseq dataset to assess the status of the unique miRNA features for each miRNA 206 

individually. For this task, we used an improved version of MirMiner to visualize read-207 

mappings and structures, which also allowed us to predict previously missing genes and the 208 

miRNA complements for the nine organisms which are not found in miRBase16.  209 

Because these criteria can only be applied in miRNAs processed by the canonical pathway 210 

(i.e. they are processed by Drosha and Dicer respectively), and literally no non-canonical 211 

miRNA is conserved beyond very close relatives, we have only considered canonical 212 

miRNAs. One exception we made was the non-canonical erythroid miRNA Mir-451 that is a 213 

very important regulator of erythroid development and highly conserved in all vertebrates23 214 

(http://mirgenedb.org/browse/ALL?family=MIR-451). 215 

Mature arm annotations 216 

Mature and star, and Co-mature status of miRNAs was assigned by assessing the expression 217 

of 5’ and 3’ arms overall available datasets, respectively. Only if one arm was expressed 218 

more than twofold higher as the other mature status was assigned, else Co-mature status was 219 

given (Supplementary markdown).  In the few cases were arms were not both expressed we 220 

used information from orthologous genes in related organisms and assigned predicted status 221 

of mature /star  based on the expression ratios in the corresponding datasets of the related 222 

species.  223 

Refinement of pre-miRNA 3’end annotation with CAGE data 224 

Human annotation 225 
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We downloaded the hg38 bigwig files associated to all ENCODE CAGE experiments from 226 

the ENCODE data portal (see 227 

https://www.encodeproject.org/metadata/type=Experiment&assay_slims=Transcription&assa228 

y_title=CAGE&assembly=GRCh38&files.file_type=bigWig/metadata.tsv). We merged the 229 

data from all the experiments and converted the files in the BED format. Computation and 230 

plotting of the distribution of CAGE tags around the 3’ end of pre-miRNAs annotated in 231 

MirGeneDB were performed using the deepTools v. 2.4.024,25 (Supplementary Figure 1a). As 232 

described in previous studies26,27 we observed a peak for CAGE tags 1 nt downstream (i.e. 233 

the +1 nt) of the pre-miRNA 3’ ends (Supplementary Figure 1). We considered for manual 234 

curation the pre-miRNAs showing a higher number of CAGE tags at positions 0 or +2 with 235 

respect to the annotated pre-miRNA 3’ end, which could correspond to a 1 nt off 236 

misannotation (see http://fantom.gsc.riken.jp/zenbu/gLyphs/#config=ufw7Z_rvFF5juG_FZhbOD for an 237 

example). After manual curation through the Zenbu genome browser28, we corrected the 3’ 238 

end position for pre-miRNAs Hsa-Mir-145, Hsa-Let-7-P12, Hsa-Let-7-P7 (Supplementary 239 

File, “CAGE”). 240 

Zebrafish annotation 241 

We applied the same methodology to the CAGE data obtained from 12 developmental stages 242 

of embryogenesis in zebrafish27. Bigwig files of CAGE tags mapping were retrieved using 243 

the CAGEr R package29. Data from all developmental stages were merged to analyze the 244 

distribution of CAGE tags around pre-miRNA 3’ ends (Supplementary Figure 1b). After 245 

manual curation, we updated the 3’ end position of the pre-miRNAs Dre-Mir-153-P1a and 246 

Dre-Let-7-P6 (Supplementary File, “CAGE”). 247 

Water flea annotation 248 
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CAGE data for Daphnia pulex derived from three developmental states were retrieved from 249 

GEO (GSE80141)30. We followed the same steps as described above for human and zebrafish 250 

CAGE data but did not find any 3’ end annotation of pre-miRNAs to update.  251 
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Supplementary Figure 1: The distribution of CAGE tags around the 3’ end of pre-miRNAs annotated 328 

in MirGeneDB for a) human and b) zebrafish shows a clear peak for CAGE tags 1 nt downstream (i.e. 329 

the +1 nt) of the pre-miRNA 3’ ends as described before26,27. 330 
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