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Transposable elements discovery through 
artificial intelligence approaches

Alexandre R. Paschoal
Universidade Tecnológica Federal do Paraná, Brazil 

Transposable elements (TEs) play an essential role in the genetic variability of
eukaryotic species. Few methods provide the classification of these sequences
into more profound levels, such as superfamily level, which could provide
valuable and detailed information about these sequences. Also, there is a gap
regarding user-friendly databases (particularly for plants) to retrieve the TE
data easily. Here we present and discuss how it is possible to explore
Transposable elements World in the light of artificial intelligence, data
science, and data integration approaches. In particular, some of the study-of-
case will be present, using methods like TERL [1], and databases/data
integration repositories such as PlanTE-MIR DB [2] and PlaNC-TE [3].

[1] TERL (https://github.com/muriloHoracio/TERL;
https://doi.org/10.1093/bib/bbaa185) is a deep learning method for TE
multiclass classification, which can learn how to predict any hierarchical level
of the TEs classification system and is about 20 times of magnitude faster
than other methods. 

[2] PlanTE-MIR DB (http://bioinfo-tool.cp.utfpr.edu.br/plantemirdb/) is a
database  designed to the scientific community interested in miRNA origin
evolution and regulation pathways associated with transposable elements.
We identified 152 precursor miRNAs overlapping TEs in 10 plant species. 

[3] PlaNC-TE (http://planc-te.cp.utfpr.edu.br) is a user-friendly portal
harboring a knowledgebase created by integrating and analyzing plant
ncRNA-TE data, associating non-coding RNAs (ncRNAs) ant TEs. We identified a
total of 14,350 overlaps between ncRNAs and TEs in 40 plant genomes.

Financial support: NAPI Bioinformátcia [Fundação Araucária], CAPES, NVIDIA
and CNPq.
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Coding DNA to Machine Learning : Features based on 
K-mer frequencies improve performance of Machine

learning models in LTR retrotransposons classification
Gustavo Isaza

Universidad de Caldas, Colombia

Every day more plant genomes are available in public databases and
additional massive sequencing projects (i.e., that aim to sequence thousands
of individuals) are formulated and released. Nevertheless, there are not
enough automatic tools to analyze this large amount of genomic information.
LTR retrotransposons are the most frequent repetitive sequences in plant
genomes; however, their detection and classification are commonly
performed using semi-automatic and time-consuming programs. Despite the
availability of several bioinformatic tools that follow different approaches to
detect and classify them, none of these tools can individually obtain accurate
results. Then, novel approaches such as Machine Learning (ML) models are
needed to speed up execution times and to improve results. Nevertheless,
LTR retronstraposon data require to be transform in a numerical
representation before to train models. Although there are many ways to
extract features or to represent DNA sequences by numbers, there is still not
clear which produces better results in the ML algorithms. Here, we used ML
algorithms based on k-mer counts to classify LTR retrotransposons from other
genomic sequences and into lineages/families with an F1-Score of 95%,
contributing to develop a free-alignment and automatic method to analyze
these sequences.
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Inpactor2: A Neural Network-based approach to
identify and classify LTR-retrotransposons

in plant genomes

Simón Orozco-Arias
Universidad Autónoma de Manizales, Colombia

Due to their high copy number and great structural diversity, correct
identification and classification of transposable elements (TEs) remains a
challenge for large genomes, particularly for LTR retrotransposons. Although
originally considered as "junk DNA", they have been shown to play a key role
in the host genome. A highly reliable identification and classification of these
elements is therefore crucial for a better understanding of the genome
functions and its evolution. Many bioinformatic software has been developed
to address the processes of TE identification, classification and annotation,
but there are still many problematic aspects, such as reliability, accuracy and
speed of analysis. Machine learning and deep learning are algorithms that can
make predictions and automatic decisions in a wide variety of scientific
applications, including bioinformatics. Their application to TE identification
and classification could allow the processing of a large number of genomes in
a short time. Here Inpactor2, a one-shot tool based on four neural networks
will be presented. Each was designed and trained to perform a targeted step
in the pipeline of detecting, filtering, and classifying LTR-Retrotransposons
from an assembled genome. Inpactor2 can create a curated-library in a short
time that can be used to annotate these elements in the genome using
traditional tools such as RepeatMasker.
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Challenges in predicting the genomic origin of
transcription of Transposable Elements

using RNA-Seq data
Gonzalo Riadi

Universidad de Talca, Chile

 Transposable Elements (TEs) are repeated genomic sequences able to move or
copy themselves between genomic coordinates. Most of TE sequences in
genomes seem to be fragments unable to transcribe. At the same time, it is
known that different TEs from different families play different roles in the
regulation of cell processes, causing sometimes disease and being the lead
actors in the evolution of species. One window to study the roles of TEs in the
life of the cell, is RNA-Seq. RNA-Seq is a sequencing experiment in which the
transcripts of one or many cells of a tissue under a certain condition or
treatment, are sequenced. Because in a genome TEs are so many, so diverse,
so fragmented, and at the same time repeated, the study of their expression
is a challenge. Additionally, in most cases, the focus of the study are not the
TEs, therefore in the analyses the reads from the run that map on annotated
TEs are simply disposed. However, today, there is a number of computer
programs available, that predict which TEs are being expressed in a run of
RNA-Seq. At least two of them, TEcandidates and SQuIRE, also predict their
origin of transcription. SQuIRE additionally quantifies the transcription of TEs.
This allows for the estimation of differential expression of TEs between two
conditions. Do these programs solve the problem? In this talk, I will discuss a
few of the assumptions, the consequent working principles behind the
methods and a few challenges in predicting the genomic origin of
transcription of TEs using RNA-Seq data. These include the problem of
multimapping of reads; the assumption that all or a few TEs from a family are
being expressed at the same time; and the consequent methods derived from
each of these two assumptions, used by SQuIRE and TEcandidates,
respectively.
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DNA transposons in eukaryote genomes:
diversity and evolution

Mathilde Dupeyron, T. Baril, A. Hayward
Université de Montpellier, France; IRD, France; 

University of Exeter, United Kingdom

 DNA transposons or Class II transposable elements (TEs) are one of the two
classes of TEs defined today. The most observed and described superfamilies
of DNA TEs are the DDE transposons; these elements contain a DDE
transposase, a single gene catalysing the transposition, and two terminal
inverted repeats representing recognition sites for the transposase. They are
widespread in eukaryote genomes, but they seem to be more diverse in
metazoan genomes compared to plant genomes. Many superfamilies have
been studied in specific species or genera, or for the description of new
groups or the development of genetic tools, but not much is known on their
diversity and evolution in the different eukaryote groups. During the revision
of the classification of two large famous super-families of DDE TEs, Mutators
and Tc1/mariner, we noticed a big gap of knowledge in the basic biology of
these TEs. Moreover, there is an important variation in the efforts made for
the study of each superfamily, biased toward their use as genetic tools. Often,
these superfamilies are studied through one eukaryote lineage or genus, or
the evolution of one of their families only. In an attempt to fill a portion of
this gap, we performed a broadscale analysis of the 19 DDE transposons
superfamilies, including phylogenies, to infer major evolutionary patterns. We
found a great diversity in superfamilies’ size, with Metazoans as main hosts. A
few large superfamilies contain groups specialised in plants or fungi, as well
as in animals, showing their propensity to invade genomes from various
species. This study revises the global diversity of the eukaryotic DDE
transposons, showing their capacity to invade different genomes. Moreover,
the phylogenetic analyses made for each superfamily provide a framework
for future studies.
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Exploring transposable elements in eukaryotes from a
phylogenetic perspective

Adriana Ludwig
 Instituto Carlos Chagas, Brazil

 

The amount and diversity of transposable elements (TEs) greatly vary among
eukaryotes and the increasing number of genomes available has enabled
unprecedented opportunities to study these sequences. In this sense, we are
performing some studies, from a phylogenetic perspective, of poorly explored
TEs and/or neglected taxonomic groups. We performed a comprehensive
analysis of VIPER-like (order DIRS) and CRE-like (order LINE) in the available
kinetoplastid genomes. Both groups comprise very old TEs cohabiting the
genomes for more than 400 million years with several events of loss and
degeneration occurring during a vertical transfer evolution. However,
potentially active copies in some species suggest that they have remained
active or were reactivated during host species evolution. In another study, we
explored the Merlin superfamily of DNA transposons showing its presence in
all major eukaryotic supergroups for which complete genomes are available
suggesting Merlin is a truly ancestral TE with early events of diversification
and secondary losses. Curated analysis of copies indicated a great variety of
potentially active Merlin families, some containing highly imperfect terminal
inverted repeats and internal tandem repeats. Merlin-related sequences with
no evidence of mobilization capacity were also observed and may be products
of domestication. Importantly, we document for the first time DNA
transposons in the kinetoplastid genomes that were thought to be devoid of
these TEs and Merlin was probably already present in the ancestor of this
group about 1 billion years ago. The maintenance of this TE in the extremely
reduced genome of the endosymbiont Perkinsela sp. is an intriguing
observation. Our findings represent a starting point for understanding the
long-term TE-host coevolution and raise questions about the way that these
sequences have escaped from inactivation, how the genomes control these
sequences and how TEs may have contributed to the organization and
functionality of genomes.
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UniTE: integrating tools for biodiversity

Marie-Anne Van Sluys
Universidade de São Paulo, Brazil

 The work presented here is a summary of the several research associates of
GaTE lab whereby an integrative view between the domains of cellular life is
brought to the Transposable Element universe. The genome of all organisms
shares similar trends of molecular structure such as the need for packing in
order to fit the cellular environment. Its 3R metabolism: replication, repair
and recombination essential for stability and propagation as well as the
central dogma in biology through which genetic information is transcribed
and translated. The current challenge under the genome ocean of nucleotide
sequences available, is to study these repetitive sequences with a broad
evolutive view. 

Financial support: FAPESP, CAPES and CNPq.
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Transposable elements in Neotropical 
species of Drosophila

Doris Vela, S. Orozco, N. Camargo, R. Guyot
Pontificia Universidad Católica de Ecuador, Ecuador; Universidad

Autónoma de Manizales, Colombia; IRD, France 
 

In recent years, a high number of Drosophila species have been described in
Ecuador. Few is known about the structure and composition of the genomes
of these Neotropical species of Drosophila. The sequencing of the genome of
24 Neotropical species has allowed to obtain the first data about the
composition of transposable elements in the genomes of Neotropical species.
Preliminary data indicate that there is an association between phylogenetics
relationships and the composition of transposable elements. In species of
melanogaster group there is a high percentage of retrotransposons while in
neotropical species was observed a higher percentage of DNA transposons. In
the genome of Neotropical species, the retrontransposon families with more
presence are Jockey, Bel-pao and Gypsy, while the DNA transposon families
with more presence are Helitron and hAT. These first results raise new
questions regarding the impact that transposable elements in the
evolutionary history of Drosophila genus in the Neotropical region.
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Structure and function of conjugative transposons
from the ICE SXT/R391 family

Cecilia Quiroga
Universidad de Buenos Aires, Argentina

 
Bacteria can encode in their genome large islands capable of self-transferring,
known as integrative and conjugative elements (ICE). ICE from the SXT/R391
are known for actively contributing in the spread of antimicrobial resistance
among gamma-proteobacteria. Moreover, these mobile elements can carry
other beneficial genes that will provide an adaptive advantage, such as
defense systems (TA, RM, BREX), secondary messengers genes, metal
resistance or uptake, etc. Members of the SXT/R391 family are often found in
clinical isolates, however little is known about their occurrence in
environmental niches. In addition, questions regarding their evolution and
the acquisition of new accessory traits as well as the interplay between host
and ICE upon transferring are still open.
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When junk DNA turns functional:
transposon-derived non-coding RNAs in plants

Federico D. Ariel
Universidad Nacional del Litoral, Argentina

 
Transposable elements (TEs) are major contributors to genome complexity in
eukaryotes. TE mobilization may cause genome instability, although it can
also drive genome diversity throughout evolution. TE transposition may
influence the transcriptional activity of neighboring genes by modulating the
epigenomic profile of the region or by altering the relative position of
regulatory elements. Notably, TEs have emerged in the last few years as an
important source of functional long and small non-coding RNAs. A plethora of
small RNAs derived from TEs have been linked to the trans regulation of gene
activity at the transcriptional and post-transcriptional levels. Furthermore,
TE-derived long non-coding RNAs have been shown to modulate gene
expression by interacting with protein partners, sequestering active small
RNAs, and forming duplexes with DNA or other RNA molecules. In this review,
we summarize our current knowledge of the functional and mechanistic
paradigms of TE-derived long and small non-coding RNAs and discuss their
role in plant development and evolution.
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The analysis of transposable elements in 39 Coffea
genomes reveals origin of genome size variation and

genomic differentiation

Romain Guyot
IRD, France; Universidad Autónoma de Manizales, Colombia

 
In the genus Coffea, 124 species have been described, showing spectacular
adaptations to the environment as well as important characteristics for
agronomy and market demands, such as a new source of resistance to coffee
leaf rust or the absence of caffeine in the seeds, among others. A dozen coffee
species were even cultivated in the past, but are now completely forgotten.
Unfortunately, 60% of these Coffea species are now endangered and 45% are
not conserved in any germplasm collection. In order to promote the
protection of these species and the study of their genetic heritage, we have
developed a genomic analysis program with the study of the diversity and
evolution of the genus Coffea. In total, genomic sequences of 39 Coffea
species were obtained with a 2-fold variation in genome size. Using a
phylogenetic framework, the analysis of transposable elements in the
genomic sequences revealed the source of the genome size variation and
indicated that their differential accumulation was directly involved in the
genomic differentiation of species in well-defined geographical areas. In the
future, comparative genomic approaches with complete genome sequences
will allow to precise the impact of transposable elements on genomes and the
relation with species adaptation. 
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TnCentral: a prokaryotic transposable element
database and web portal for transposon analysis

Alessandro M. Varani
Universidade Estadual Paulista - UNESP, Brazil

 
The ability of bacteria to undergo rapid evolution and adapt to changing
environmental circumstances drives the public health crisis of multiple
antibiotic resistance, as well as outbreaks of disease in economically
important agricultural crops and animal husbandry. Prokaryotic transposable
elements (TE) play a critical role in this. Many carry "passenger genes" (not
required for the transposition process) conferring resistance to antibiotics or
heavy metals or causing disease in plants and animals. Passenger genes are
spread by normal TE transposition activities and by insertion into plasmids,
which then spread via conjugation within and across bacterial populations.
Thus, an understanding of TE composition and transposition mechanisms is
key to developing strategies to combat bacterial pathogenesis. Toward this
end, we have developed TnCentral, a web resource for prokaryotic
transposable elements (TE), that currently contains ∼400 carefully annotated
TE, including transposons from the Tn3, Tn7, Tn402, and Tn554 families;
compound transposons; integrons; and associated insertion sequences (IS).
These TE carry passenger genes, including genes conferring resistance to over
25 classes of antibiotics and nine types of heavy metal, as well as genes
responsible for pathogenesis in plants, toxin/antitoxin gene pairs,
transcription factors, and genes involved in metabolism. TnCentral, is a
bioinformatics resource dedicated to describing and exploring the structural
and functional features of prokaryotic TE whose use is intuitive and accessible
to users with or without bioinformatics expertise.
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TE Hub: a community-oriented space for sharing and
connecting tools, data, resources, and methods for TE

annotation

The TE Hub Consortium, Tyler A. Elliott, T. Heitkam, R. Hubley,
H. Quesneville, A. Suh, T. J. Wheeler

University of Guelph, Canada
 

Due to their repetitive nature, Transposable Elements (TEs) and other repeats
make the assembly of genomes difficult. For a novice, navigating how to
detect, classify and annotate TEs in genomes can be difficult, due to the ever
expanding plethora of tools, databases and other resources scattered across
the internet and throughout the primary literature. With this in mind we have
created TE Hub (www.tehub.org), a community-driven wiki to compile
resources for the study of TEs. Although in its early stages, TE Hub collects
resources on software tools, databases and classification schema for TEs, and
will expand in the near future based on the needs of the community. I will go
over how I came to be involved in its creation, it’s current state, and where  it
could go in the future. Users can contribute to this resource via an ORCID
login system. We are seeking input from the TE and genomics communities on
what resources would be useful to compile in TE Hub, and invite interested
parties to participate. One of our aims is to create a network which
interconnects various online resources for TEs to facilitate standards for the
storage, annotation and classification of TEs.
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Computational challenges and workflows in analyzing
the transcriptional regulatory contributions of TEs

Doga Eskier
Dokuz Eylul University, Turkey

 
Transposable elements (TEs) are repeat elements in the genome with the
capacity to transpose themselves to new locations, either through removing
the original instance, or creating a novel instance through an RNA
intermediary. Nearly half (&gt;46%) of the human genome comprises TEs,
among the highest found in mammalian species, contributing to the
complexity of the human genome. One of the mechanisms behind the
functional contributions of TEs to the genome is by creating new genes or
altering the expressions of extant genes. Many TE consensus sequences
contain functional motifs, such as promoter or enhancer elements, and
transcription factor binding sites. By transposing into or near gene or
pseudogene regions, TEs can alter the transcription of these regions through
the contribution of these functional motifs, or cause pseudogene regions to
exhibit transcriptional activity. These regulatory contributions of TEs can
occur either on a generational scale, or be evolutionarily conserved across a
species, and can cause phenotypes of interest, such as immune response to
bacteria, or diseases including anemia and cancer. Therefore, identifying TE
contribution to transcriptional regulation is of great interest. However, the
repeat nature of TEs across the genome makes applying known scalable
methods of high- throughput nucleotide sequencing more challenging
compared to non-repeat regions, such as many protein-coding genes. Here,
we will discuss the challenges facing computational studies of TEs, as well as a
few of the computational workflows created and used by our lab specialized
in the analysis of TE-mediated transcriptional regulation, such as TEffectR and
DTExpress. Our workflows are publically available and designed to be used
with minimal scripting proficiency, making them invaluable tools for
researchers of all stripes to study TE contributions to genomic and
transcriptional complexity.
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