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Transposable Elememts (TEs) are DNA sequences that can
travel around and transpose in a genome. TEs play a
significant role in both genome modification diseases and
species evolution as mutation agents.

TEs make up at least 45 percent of the human genome and
50–85 percent of the genomes of certain plants. Since
transposable elements make up to 85 percent of plant
genomes, their characterization and classification becomes
important for understanding the complexities and processes
of plant genome evolution.

The role of transposable elements in genome architecture
and evolution will be addressed in the paper, as well as the
need and challenge of detecting and classifying TEs quickly
and accurately in an era of massive plant genome
sequencing.

ABSTRACT

BACKGROUND

There is no single method that can be used to assess all TE forms across all species. As a result, the literature contains a wide range of
approaches, methods, and software. There are various ways to group strategies or methods for defining TEs are: De Novo, Homology-Based,
Structure-Based and Comparative Genomics.

➢ TE detections tool/pipeline used in the study:
• Extensive de-novo TE Annotator (EDTA) Pipeline
EDTA is a comprehensive pipeline that uses the most robust programs to produce a non-redundant filtered TE library for the annotation of
structurally intact and fragmented elements [3]. It extensively recognizes most of the types of TEs.
• LTRharvest
LTRharvest is known for detecting full-length LTR retrotransposons in large sequence sets, which are found in an abundant form in plants
[4]. Annotations based on known LTR transposon features such as length, distance, and sequence motifs are usually produced with high
efficiency by LTRharvest.

➢ Measures for Evaluation:
• Sensitivity = TP / (TP + FN)
• Precision = TP / (TP + FP)
• False Discovery Rate = FP / (FP + TP)
• False Negative Rate = FN / (FN + TP)
• F1 Score = 2TP / (2TP + FP + FN)

METHODS 

Some consider TEs as trash while some as treasure, but the point
of focus is that they are impossible to ignore. Analysis of TEs is
difficult because of their complexity and high number in many
plant genomes. Despite this, the interest in detecting and
classifying TEs in plant genomes has grown in recent years.

The results presented by these tools substantially varied from the
actual repeats present in TE databases. In terms of runtime,
LTRharvest presented results very fast compared to EDTA.
Though, EDTA showed overall better results than LTRharvest in
terms of detecting the major abundant TEs in plants i.e., LTRs, its
performance was not good enough for both the plant species.
The values calculated for EDTA were significantly low from the
threshold values of each measure.

The values of sensitivity at different overlap percentages showed
that one of the key issues in TE detection might be the agreement
between different tools, since some tools may or may not
recognize a given TE, and even if they do, they may disagree on its
length and/or location within the genome.

Some presumable reasons for these significant low results might
be due to the highly complex nature of the plant genomes or
because the plant TE databases are not comprehensive enough
yet. There is still a need for tools and methods which can prove to
be the gold standard in presenting a comprehensive
benchmarking study for annotating TEs in plant genomes.

DISCUSSION & CONCLUSIONS

TEs are divided into two groups based on the intermediate
substrate propagating insertions (RNA or DNA), and then
further divided into families and subfamilies based on
structural characteristics [1] (Fig. 1).

Fig. 1: General Classification of currently known TEs

Detecting and classifying TEs in plants is a complex task, with
many families from different orders being potentially
activated in plants and also the amount of truncated non-
autonomous elements vastly outnumber the active copies in
most plant species [2]. It is important to detect and classify
TEs for plant research by developing tools to represent the
diversity of the TE landscape in all plant species.

Here, we present an extensive introduction to the methods
and software tools present in the literature. This work mainly
aims to evaluate the efficiency of a few existing TE detection
software particularly focusing on plant genomes. We have
used whole-genome data sets of Zea mays and Arabidopsis
thaliana. We chose two tools for our study which detects the
most abundant TEs in plants and they will be tested using
those two plant genome data sets to evaluate the number
and accuracy of the detected TEs.

RESULTS

We evaluated the performance of LTRharvest for annotating LTRs in the genomes of Arabidopsis thaliana (Fig 2) and Zea mays (Fig 3).
Similarly, EDTA’s effectiveness was assessed based on the detection of LTRs, TIRs, as well as Helitrons in the genomes of A. thaliana (Fig 4) and
Z. mays (Fig 5). The metrics used for assessing the performance of the tools are Sensitivity, Precision, FDR, FNR, and F1-Score (Table 1 & 2).
The predicted results were compared with the TE libraries retrieved from TE databases for both the species. The positive and negative
predictions resulted by the tools were evaluated by comparing the chromosomal positions of the predicted and known repeats. We also
calculated the values of sensitivity at 50%, 75%, and 100% overlaps between the chromosome locations from the tool’s results and the repeat
maps for both species (Table 3 & 4). While comparing the results with the repeat map of A. thaliana, it was found that almost double LTR
elements were detected by LTRharvest which caused a high FNR and low sensitivity. Again, similar low sensitivity, precision, and F1 score
values were found when the results were compared with the repeat map of Z. mays. EDTA on the other hand provided better results
compared to LTRharvest but not in general because its performance metrics also showed very low scores compared to thresholds.
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Fig 2: LTRs detected by 
LTRharvest in A. thaliana
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Fig 3: LTRs detected by 
LTRharvest in Z. mays
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Fig 4: TEs detected by EDTA
in A. thaliana
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Fig 5: TEs detected by EDTA
in Z. mays
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Measures Value for 
LTRharvest

Value for 
EDTA 
(LTRs)

Value for 
EDTA 

(Helitrons)

Value for 
EDTA (TIRs)

Sensitivity 16.4% 46.8% 30.5% 55.5%

Precision 23.9% 15.6% 1.8% 26.4%

FDR 76% 84.3% 98.12% 73.5%

FNR 83.5% 53.1% 69.47% 44.4%

F1 Score 0.19 0.23 0.03 0.35

Measures Value for 
LTRharvest

Value for 
EDTA 
(LTRs)

Value for 
EDTA 

(Helitrons)

Value for 
EDTA (TIRs)

Sensitivity 21% 28.4% 42.5% 37.2%

Precision 16.4% 52.5% 31.9% 39.2%

FDR 83.5% 47.5% 68% 60.7%

FNR 78.9% 71.5% 57.4% 62.7%

F1 Score 0.18 0.36 0.36 0.38

Table: 1 Values of evaluation measures of tools for A. thaliana

Table: 2 Values of evaluation measures of tools for Z. mays

Note : TP represents the number of true positives that are
known repeats correctly identified by the tool. FN represents
the number of false negatives that are known repeats
unidentified by the tool. FP represents the number of false
positives that are unknown repeats identified by the tools.

Measure Value for 
LTRharvest

Value for 
EDTA 
(LTRs)

Value for 
EDTA 

(Helitrons)

Value for 
EDTA 
(TIRs)

Sensitivity at 
50% overlap

3.95% 7.6% 0% 35.8%

Sensitivity at 
75% overlap

3.38% 5.29% 0% 26.7%

Sensitivity at 
100% overlap

2.75% 3.45% 0% 13.3%

Measure Value for 
LTRharvest

Value for 
EDTA 
(LTRs)

Value for 
EDTA 

(Helitrons)

Value for 
EDTA 
(TIRs)

Sensitivity at 
50% overlap

8.57% 12.86% 23.54% 18.9%

Sensitivity at 
75% overlap

5.75% 9.52% 19.68% 16.31%

Sensitivity at 
100% overlap

5.18% 8.84% 15.63% 10.89%

Table: 3 Values of Sensitivity at 50%, 75% and 100% overlap 
between detected TEs by the tools and TEs found in repeat map 

of A. thaliana

Table: 4 Values of Sensitivity at 50%, 75% and 100% overlap 
between detected TEs by the tools and TEs found in repeat map 

of Z. mays


