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conserved protein domains 
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Classification of transposable elements

 Piégu et al. Molecular Phylogenetics and Evolution 2015: 90-109

“Unified” Repbase
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Criteria for classification of transposable elements

Type of transposition:
● copy and paste (I)
● cut and paste (II)

class
(e.g. class I)

Structure:
● domain order
● type of element 

termini

superfamily
(e.g. Gypsy)

Sequence similarity:
● 80-80-80 rule
● RepeatMasker,  

CENSOR

family
(e.g. Peabody)

Structure:
● type of element 

termini
Type of replication
Protein domain types
Phylogeny

order
(e.g. LTR)

Hierarchical levels
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Approaches for identification and classification of transposable elements

Structural features - LTRs, TIRs

various programs (LTR_finder, TIRfinder ...)

Similarity to sequences in DNA databases

Repbase (subscription needed, 1 year - $1439.00) - Repeatmasker, RepetDB - 
REPET/PASTEC, DFAM - dfamscan (or nhmmer)  

TEs are highly divergent in their DNA sequences - DNA databases are of limited use.

Similarity to sequences in protein databases

Pfam (some TE domain types are still missing, the annotations do not follow the established 
hierarchical classification of TEs) 

Protein domains are relatively conserved in sequence, therefore, all types of 
autonomous TEs can be determined based on the presence and type of protein 
domains                   REXdb.



RepeatExplorer workshop 2021

REXdb database and transposon classification using 
conserved protein domains 

REXdb covers TEs from a wide range of Viridiplantae species; from Chlorophyta to 
Spermatophyta).

A parallel detabase exists also for Metazoa (not yet released but optional in 
RepeatExplorer). 

All sequences in REXdb are classified according to the unified classification system 
(Wicker et al. 2007).

In RepeatExplorer it serves for automatic classification of TEs. It can also be 
downloaded from the RepeatExplorer web page (http://repeatexplorer.org/).
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REXdb database and transposon classification using 
conserved protein domains 

>Ty1-RT__REXdb_ID1442
WRQAMVDEMAALHSNGSWDLVVLPSGKSTVGCRWVYAVKVGPDGQVDRLKARLVAKGYTQ
VYGSDYGDTFSPVAKIASVRLLLSMAAMCSWPLYQLDIKNAFLHGDLAEEVYMEQPPGFV
AQGESGLVCRLRRSLYGLKQSPRAWFSRFSSVVQEFGMLRSTADHSVFYHHNSLGQCIYL
VVYVDDIVITGSDQDGIQKLKQHLFTHFQTKDLGKLKYFLGIEIAQSSSGVVLSQRKYAL
DILEETGMLDCKPVDTP
>Ty1-INT__REXdb_ID1442
HNRLGHPSLSKFQKMVPRFSTLSSLPCESCQLGKHTRVSFPKRLNNRAKSPFELVHTDVW
GPCRTASTLGFQYFVTFIDDYSRCTWLFLMKNRAELFSIFQKFYTEIQTQFNISIRVLRS
DNAREYFSAQFTSFMSHHGILHQSSCAHTPQQNGVAERKNRHLVETARTLLLHNHVPFRF
WGDAVLTACYLIN

REXdb_ID1442 Class_I LTR Ty1/copia Ale
REXdb_ID1443 Class_I LTR Ty1/copia Ale
REXdb_ID1444 Class_I LTR Ty1/copia Ale
REXdb_ID1445 Class_I LTR Ty1/copia Ale
REXdb_ID1446 Class_I LTR Ty1/copia Ale
REXdb_ID1447 Class_I LTR Ty1/copia Ale

fasta file:
protein domains 

Classification file:
protein domains 
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REXdb database and transposon classification using 
conserved protein domains 

Viridiplantae v3.0: 80446 protein domain sequences from a total of 17634 elements 
from 241 species

13863 LTR retrotransposons (5410 Ty1/copia and 8453 Ty3/gypsy)

GAG, PROT, RT, RH, aRH, INT, ChDII, CHDCR domains

852 LINE elements

RT, RH, ENDO domains

23 DIRS elements

RT, RH, YR (Tyrosine recombinase)

2 Penelope elements

RT

65 pararetroviruses

PROT, RT, RH domains

2829 Class II transposons

TPase or Helicase domain
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REXdb database and transposon classification using 
conserved protein domains 

Metazoa v3.0: 11192  protein domain sequences from a total of 5462 elements 

2161 LTR retroelements (245 Ty1/copia, 1298 Ty3/gypsy, 564 Bel-Pao, 54 Retroviruses)

GAG, PROT, RT, RH, INT domains

1905 LINE elements

RT, RH, ENDO domains

209 DIRS elements

RT, RH, YR (Tyrosine recombinase)

90 Penelope elements

RT, ENDO

1097 Class II transposons

TPase or Helicase domain
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REXdb database and transposon classification using 
conserved protein domains 

Class_II|Subclass_1|TIR|Academ
Class_II|Subclass_1|TIR|EnSpm/CACTA
Class_II|Subclass_1|TIR|Ginger
Class_II|Subclass_1|TIR|Kolobok
Class_II|Subclass_1|TIR|Merlin
Class_II|Subclass_1|TIR|MuDR/Mutator
Class_II|Subclass_1|TIR|Novosib
Class_II|Subclass_1|TIR|P
Class_II|Subclass_1|TIR|PIF/Harbinger
Class_II|Subclass_1|TIR|PiggyBac
Class_II|Subclass_1|TIR|Sola1
Class_II|Subclass_1|TIR|Sola2
Class_II|Subclass_1|TIR|Sola3
Class_II|Subclass_1|TIR|Transib
Class_II|Subclass_1|TIR|Zator
Class_II|Subclass_1|TIR|Tc1/Mariner
Class_II|Subclass_1|TIR|hAT
Class_II|Subclass_2|Helitron
Class_II|Subclass_2|Maverick

Class_I|LTR|Ty1/copia
Class_I|LTR|Ty3/gypsy
Class_I|DIRS
Class_I|LINE
Class_I|Penelope
Class_I|pararetrovirus
Class_I|LTR|Bel-Pao
Class_I|LTR|Retrovirus

Viridiplantae + Metazoa

Viridiplantae

Metazoa
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REXdb: classification of plant LTR retrotransposons into 
lineages

superfamily
(Ty1/Copia and Ty3/Gypsy)

family
(e.g.Peabody)

Domain order
● INT-RT-RH
● RT-RH-INT

Phylogeny
● Bel/Pao

Phylogeny/ENV
● Retrovirus/ERV

DNA sequence similarity
● 80-80-80 rule
● RepeatMasker,  

CENSOR
● species-specific
● naming problem 

(synonyms, homonyms)

● Classification problem:

Phylogeny of polyprotein 
domains (RT, RH, INT)

Additional support in 
lineage-specific fetaures

lineage

A CB

85 %85 %

75 % ?A CB

common 
ancestor

all the same lineage

A + B
B + C
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REXdb: classification of plant Ty3/gypsy retrotransposons into 
lineages

The classification is based on 
phylogenies inferred from RT, RH, 
INT, RT-RH-INT sequences

It is strongly supported by 
structural and sequence features 
(chromodomain, aRH, eORF, PBS)
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REXdb: classification of plant Ty1/copia retrotransposons into 
lineages

INT-RT-RH
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REXdb: classification of transposable elements in 
RepeatExplorer

supercluster_report.html

blastx hits of NGS 
reads to REXdb 
domain sequences
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DANTE: a tool for annotation of transposable elements based 
on the similarity to conserved protein domains database
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Final remarks

Always select the appropriate database of protein domains (either for Viridiplantae or Metazoa 
spp.).

Seed-free vascular plants (lycopods, mosses, ferns, horsetails) and more primitive plants are not 
yet sufficiently represented in the database and they are likely to have unique lineages of some 
types of TEs.

The REXdb-based classification of TEs in RepeatExplorer and DANTE works reliably for higher 
plants but if you encounter conflicts or problems remember that:

It is better to classify TEs on the level which is reliable than to classify them incorrectly; pay 
attention to conflicts (e.g. due to chimerical clusters, nested insertions).

Non-autonomous TEs, possessing truncated CDS, and old/mutated TEs are difficult or 
impossible to classify using protein domain sequences.

Analyze all protein domains found in the TE to get the highest confidence of the classification.

Let us know ....
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