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Classification of TEs based on protein 
domain search

● Repetitive elements are highly diverse – their classification based on 
DNA sequences requires comprehensive databases which are available 
for a limited number of species

● Although structural features (LTR, TIR, poly-A etc.) of repetitive 
sequences are suitable for classification into major repeat types (e.g. 
LTR retrotransposons, DNA transposons, LINEs), they are usually 
difficult to recognize in sequence clusters produced by RepeatExplorer

● Coding sequences of transposable elements make up a large part of 
whole elements and encode for proteins which are relatively conserved 
among TEs of the same type/lineage. Therefore they are ideal for 
unambiguous assignment of analyzed sequences to individual types 



Preliminary classification of TEs based on 
protein domain search (blast using NGS 

reads)
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Protein domain search: database for 
blast

● Protein sequences are more conserved than DNA
● 2942 domains from a total of 1045 elements
● 398 LTR retrotransposon elements (255 Ty1/copia and 143 Ty3/gypsy)

– 386 GAG, 394 PROT, 378 RT, 383 RNaseH, 391 INT, 31 ChDII, and 45 
CHDCR domains (totally 2317domains)

● 15 pararetroviruses
– 15 PROT, 15 RT, and 15 RNaseH domains (totally 45 domains)

● 228 nonLTR retrotransposon elements
– 213 RT, 51 RNaseH, and 190 ENDO domains (totally 454 domains)

● 404 DNA transposons
– totally 435domains extracted from the following transposon families: DTH 

(Harbinger), DTM (Mutator/MuDR), DTC (EnSpm/CACTA), DTN 
(Novosib), DTA (hAT/AC), DTT (Mariner), DHH (Helitron)



Protein domain search: database for 
blast

● The database includes only plant elements, therefore, it is highly 
sensitive only for plant TE domains!

● Sources: 
– public databases of TEs:

●  RepBase (http://www.girinst.org/repbase/)

●  GyDB (http://gydb.org/index.php/Main_Page)

– research articles:

● Llorens et al., Nucleic Acids Research 2011 (mostly Ty3/gypsy)

● Wicker et al., Genome Res. 2007 (Ty1/copia)

– our published research:

● Macas et al., Gene 2007 (Ogres)

● Neumann et al., Mobile DNA 2011 (chromoviruses, CRs)

– our unpublished research

● Protein domain sequences were extracted only from elements that 
seemed to have  their CDS either intact or with a only a few mutations 
 



Blast is suitable for a rough preliminary classification 
of TEs but it is not always sufficient to reliably assign 

novel sequences into established lineages/clades of 
LTR retrotransposons

● Blast based classification is based on the best hit but the best hit is not 
always a strong hit



Reliable classification of LTR retrotransposons 
based on the comparison of polyprotein domains
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RepeatExplorer: Protein domains tools

1. Protein domain search (it scans DNA sequences with protein 
domains database using fasty)

2. Filter output (it filters raw fasty output and extracts 
sequences giving hits above given threshold)

3. Create tree (it calculates and draws phylogenetic tree from a 
set of sequences)



RepeatExplorer: Protein domains tools

What it does:

fasty parsing outputs

Sequence dataset

Database:
GAG
PROT
RT
RNaseH
IN
ChD (ChDII or ChDCR)

FASTY

no problem with frame-shifts 
convenient table output + protein 
sequences of hits
slow but highly sensitive 
false positives (importance of 
threshold score value)

Phylogenetic analyzes, 
building trees

Classification table



RepeatExplorer: database and 
classification table

Database:
>Ty1-PROT__Copia-26_SB-I
WYMDTGATDHITSELEKLTTRDKYHGGDQVHTASGSGMEIQHIGHGVLRSPTNNLHLRNILHVPAANKDLLS
>Ty3-RT__CRM3_ID37
VRESLSPCSVPVLLVPKKDGSWRMCVDCRAINNITIRYRHPIPRLDDMLDELSGSMIFSKIDLRSGYHQIRMKLGDEWKTSFKTKFGL
YEWLVMPFGLTNAPSTFMRLMNEVLRAFIGRFVVVYFDDILIYSKCLVDHLDHLRAVFNALREARLFGNLDKCTFCTDRVSFLGY
>LINE-RH__LINE1-6_OS
DGSFQESDGKGGIGAVLRNCTGEVIFAACGHVDCCSSALETELLACRDGLALALQWTLLPIVIETDCLAMIHLFRDATGAKSELAFLI
REIDSLLVGNRDISFSKCLRSQNHISH
>DTT-CD1__Mariner-3_SBi
IDEKWFYLHQKNERYYLLPEEDVPHRTCRNKNYIPRLMFLCACARPRFRDGVCTFDGKIGCFPLVHFEPAIRSNERTGRVRGDVVMKP
ITSITGDVIRDFMINKVLPAIREKWPREDLGRPIFIQQDNA

Classification table:
Copia-26_SB-I Ty1/copia AleI/Retrofit
CRM3_ID37 Ty3/gypsy chromovirus

● Classification table was made to 
classify LTR retrotransposons 
into lineages

● Types of all TEs are encoded in 
the name line text 



Protein domain search: database for 
fasty

● 398 LTR retrotransposon elements (255 Ty1/copia and 143 Ty3/gypsy)
– 386 GAG, 394 PROT, 378 RT, 383 RNaseH, 391 INT, 31 ChDII, and 

45ChDCR domains (totally 2317domains)

● different domains have different level of divergence!



Fasty using RT domain sequences

● RT is one of the most conserved domains of the polyprotein

● several conserved motifs are intermingled with less conserved regions and 
the length is highly conserved among distinct families (about 260 and 170 
aa in Ty1/copia and Ty3/gypsy, respectively) - RT domain sequences are 
relatively easy to align

● RT domain sequences are sufficiently diverse, allowing to distinguish 
among distinct lineages/clades

● RT domains have already been used to infer phylogenetic relationships of 
retrotransposon families in plants 



Parsing and filtering output of fasty

fasty36 -m 3 -m 9 -b 1 -H -q -O output_file - database_file
FASTY compares a DNA sequence to a protein sequence data bank version 35.04 Aug. 25, 2009
Please cite:
 Pearson et al, Genomics (1997) 46:24-36

Query: CL46Contig6_(825-2.7-2302), 825 aa
828>>>CL46Contig6_(825-2.7-2302) - 825 aa - 825 aa
Library: all_RT_domains_for_search_extended  181897 residues in   961 sequences

 181897 residues in   961 sequences
Statistics:  Expectation_n fit: rho(ln(x))= -93.9197+/-0.0186; mu= 591.6836+/- 0.967
 mean_var=2038.9986+/-1740.653, 0's: 0 Z-trim: 325  B-trim: 0 in 0/9
 Lambda= 0.028403
Algorithm: FASTY (3.5 Aug 2009) [optimized]
Parameters: BL50 matrix (15:-5) ktup: 2
 join: 44, opt: 40, open/ext: -12/ -2 shift: -20, subs: -24 width:  16

The best scores are:                                      opt bits E(961) %_id  %_sim   sy  alen  an0  ax0  pn0  px0  an1  ax1 pn1 
px1 gapq gapl  fs 
Ty3_454OCU_CL46Contig61_(1860-14.3-26665)      ( 173) [r] 1086 58.0 4.6e-10 0.931 0.971 1086  173  604   85  826 1650    1  173    1  
173   0   0   1

>>>CL46Contig6_(825-2.7-2302), 825 aa vs all_RT_domains_for_search_extended library

trans. Smith-Waterman score: 1086; 93.1% identity (97.1% similar) in 173 aa overlap (604-85:1-173)
>CL46Co ..
IRPSVSPWGAPVLFVKKKDGSLRMCIDYRELNQLMVKNKYPLPRIEDLFD
QLRGAGTF\SKIDLRSGYHQLKIKECDIPKMAFRTRYGHYEFVVMPFGLS
NAPAVFMDLMNRVFHPYSDKFVIIFIDDILVYSKDKE*HQEHLRITLETL
HKEKLYAKFKKYEIWLDKVGFLGH
>Ty3_45 ..
VRPSVSPWGAPVLFVKKKDGSLRMCIDYRELNRLTVKNKYPLPRIEDLFD
QLRGAGTF-SKIDLRSGYHQLKIKECDIPKTAFRTRYGHYEFVVMPFGLS
NAPAVFMDLMNRVFHPYLDKFVIVFIDDILVYSKDKEQHQEHLRITLETL
RKEKLYAKFKKCEFWLDRVGFLGQ



Parsing and filtering output of fasty: 
outputs

>CL27Contig4_592-1236
WIQAMQEELQQFELNNVWELVKRPDPRKHNIIGTKWIYRNKQDEHGQVVR
NKARLVAQGYTQVEGIDFDETFAPVARLEAIRILLAYANHHNIFLYQMDV
KSAFLNGKIEEEVYVAQPPGFEDPKRPDMVYKLNKALYGLKQAPRAWYDT
LKDFLKSKGFKPGSLDPTLFTKTYDGELFVCQIYVDDIIFGCTVKRYSYE
FGYMMQVQYQMSMMG
>CL27Contig15_5359-4586
WIQAMQEELQQFELNNVWELVKRPDPRKHNIIGTKWIYRNKQDEHGQVVR
NKARLVAQGYTQVEGIDFDETFAPVARLEAIRILLAYANHHNILLYQMDV
KSAFLNGRIEEEVYVAQPPGFEDPKRPDMVYKLNKALYGLKQAPRAWYDT
LKDFLKSKGFKPGSLDPTLFTKTYDDELFVCQIYVDDIIFGCTDKRYSDE
FGHMMQEQYQMSMMGELKFFLGLQIRQQSNGIFISQEKYLKDCLKKFGMQ
DCKGYSTP
>CL27Contig36_967-194
WIQAMHEELQQFELNNVWELVKRPDPRKHNIIGTKWIYRNKQDENGQVVI
NKARLVAQGYTQVEGIDFDETFALVARLEAIRILLAYANHHNILLYQMDV
KSAFLNGKIEEEVYVAQPPGFEDPKRPDMVYKLNKALYGLKQAPRAWYDT
LKDFLKSKGFKPGSLDPTLFTKTYDDELFVCQIYVDDIIFGCTDKRYSDE
FGHMMQEQYQMSMMGELKFFLGLQIRQQSNDIFISQEKYLKDCLKKFGMQ
DCKGYTTP

>CL1Contig12_3035-3556
VRGVIHPTWLANPVVVRKANGKWRLCIDFTDVNKACPKDPFPLPRIDQIV
DSTAGCELLSFLDAYSGYHQIFMAKEDEEKTAFITPCGTYCFIRMPFGLK
NAGSTFARVVYTAFEPQIHRNVEAYMDDIVVKSKSKETLIQDLEETFQNL
RRIQLKLNPEKCVFGVPSGKLLGF
>CL1Contig13_3060-3581
VRGVIHPTWLANPVVVRKANGKWRLCIDFTDVNKACPKDPFPLPRIDQIV
DSTAGCELLSFLDAYSGYHQIFMAEEDEEKTAFITPCGTYCFIRMPFGLK
NAGSTFARVVHTAFEPQIHRNVEAYMDDIVVKSKDKDTLIQDLDETFANL
RKIQLKLNPEKCVFGVPSGKLLGF
>CL1Contig23_3301-3822
VRGVLHPTWLANPVVVRKANGKWRLCIDFTDVNKACPKDPFPLPRIDQIV
DSTAGCDLLSFLDAYSGYHQIFMAEEDEEKTAFITPCGTYCFIRMPFGLK
NAGSTFARVVHTAFEPQIHRNVEAYMDDIVVKSKDRATLIQDLDETFANL
RKINLKLNPEKCVFGVPSGKLLGF
>CL1Contig26_2891-3412
VRGVLHPTWLANPVVVRKANGKWRLCIDFTDVNKACPKDPFPLPRIDQIV
DSTAGCELLSFLDAYSGYHQIFMAEEDEEKTAFITPCGTYCFIRMPFGLK
NAGSTFARVVHTAFEPQIHRNVEAYMDDIVVKSKDKDTLIQDLDETFANL
RKIQLKLNPEKCVFGVPSGKLLGF

output2: Ty1 domains output3: Ty3 domains

output1: table of fasty hits that passed the filter criteria



Parsing and filtering output of fasty: 
outputs

● Number of identified full-length domains depends on the length of NGS 
reads (the longer the reads the higher number of full-length domains)

● Fasty is run with default settings - the stringency is very relaxed which 
leads to many false positives

● False positives can be easily removed at the filtering step but keep in 
mind that different domains require different values of key parameters

– minimum similarity [%]: 60

– minimum identity [%]: 40

– proportion of the hit length from the length of the database sequence [0-1]: 
0.8



Classification of LTR retrotransposons: table 
or tree?

output1: table of fasty hits that passed the filter criteria

● Classification included in the table is reliable only in case of high 
similarity to the database sequences

● Sequences sharing low similarity with those from database should be 
classified using phylogenetic analysis 



Classification of LTR retrotransposons 
using phylogenetic analysis of their domains

● it helps to assign retrotransposon sequences into phylogenetic lineages 
which were established previously

● trees are calculated using NJ algorithm because its fast and provides 
reasonably accurate results

● inferring detailed phylogenetic relationships among identified elements 
should be done using more sophisticated algorithms and models



Need for unified classification of TEs 
including LTR retrotransposons 

● Nomenclature, and classification of TEs into major types is  well 
established but there are no rules for more detailed classification into 
subclasses/lineages/families ….

● The classification should be hierarchical, following principals similar to 
those used for taxonomy of species.

● Results of different studies on LTR retrotransposons are difficult to compare 
because relationships among described sequences is often not clear (there are 
a number of papers describing similar TEs  under different names)

● The deeper the level of classification the bigger the problem of category 
definition (continuum of sequence similarity)

● e.g. 80-80-80 rule for family definition

● Some attempts have been made but it is still far from perfect 
● Wicker et al. 2007: Class – subclass – order -superfamily -family – 

subfamily -insertion





WikiPoson 
web site





Ty3/gypsy

modified classification according to Llorens et al. (2011)
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Ty1/copia
classification according to Whicker et al. (2007) and Llorens et al. 

(2011) 
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Ty1/copia
modified classification according to Whicker et al. (2007) and 

Llorens et al. (2011) 



A few tips at the end

● bad alignment leads to a wrong tree
● wrong translation leads to a wrong result 

– continuous translations from multiple frames is convenient but not always 
correct; consider avoiding old severely mutated sequences - typically but 
not necessarily those in clusters composed of only a few reads

● analyze Ty3/gypsy and Ty1/copia separately (they are too divergent and 
difficult to align)

● analyze more domains to get the highest confidence
– RT, RNaseH, and INT are easy to compare

– GAG, PROT, CHDII/CHDCR are highly divergent and often difficult to 
compare but can be used for finer classification of LTR retrotransposons

● if you are not sure take a look at other features (pbs, introns, extra ORF)
● it should be you who makes the final decision; do not blindly rely on the 

automatic outputs



Coming soon ...

● DNA transposons: Full-length sequences of transposases will be added 
to the database (the short fragments will be removed)

● Protein sequences of extra ORFs present in some TEs will be added to 
the database (Athila, OGRE, PMB domain)

● Classification table will contain all types of TEs (now there are only 
LTR retrotransposons, other types are recognizable by codes in domains 
names) 

● LINEs will be classified into lineages and clades (L1 – Tal1, BNR, 
Cin4 .., RTE - ?)

● Other improvements based on your feedback ...
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