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Peripheral Structures in Unlabelled Trees and Inference About Autopolyploids 

 

Fatemeh Pouryahya, David Sankoff 

University of Ottawa, Canada  

 

Abstract Virtually all known flowering plants evidence at least one polyploidization 
event in their lineage. In their genomes, it may be relatively easy to recognize all the 

$\xi$ sets of $n$ homeologous chromosomes, but it is much harder, if not impossible, 
to partition these chromosomes into $n$ subgenomes, each representing one distinct 

genomic component of $\xi$ chromosomes making up the original polyploid. 

 

Here, we suggest that despite of lacking a consistent 1-1 correspondence between 

the chromosomes in different sets, the topological structure of the trees may display 
sufficient resemblance so that a higher level consensus could be revealing of 

evolutionary history. This would be especially true of the peripheral structures of the 
tree, likely representing events that occurred more recently and have thus been less 
obscured by subsequent evolutionary processes. We present a statistical test to 

assess whether the subgenomes in a polyploid could have been added one at a time. 
The null hypothesis is that the accumulation of chromosomes follows a stochastic 

process in which transition from one generation to the next is through randomly 
choosing an edge, and then subdividing this edge in order to link the new internal 
vertex to a new external vertex. 

 

We explore the possibility that the 80-chromosome octoploid \textit{Saccharum 
officinarum} (sugarcane) has been generated by this one-at-a-time procedure. 

Because each of the ten sets set of eight homeologs has no discernible 1-1 
relationship with any of the other nine sets, the ten eight-leaf phylogenetic trees based 

on sequence identity measures within each set cannot have any meaningful labelling 
of the leaves. This explains our focus on the peripheral structures of unlabelled trees. 
The number of terminal pairs for the ten sets are shown to be statistically signicant, 

suggesting rejection of the one-at-a-time model, in favour of an alternative such as two 
rounds of whole genome doubling. 
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Species Boundaries and Molecular Markers for the Classification of 16SrI 
Phytoplasmas Inferred by Genome Analysis 

 

Shu-Ting Cho, Hung-Jui Kung 

Institute of Plant and Microbial Biology, Academia Sinica, Taiwan 

Weijie Huang,   Saskia Hogenhout  

Department of Crop Genetics, John Innes Centre, United Kingdom  

Chih-Horng Kuo  

Institute of Plant and Microbial Biology, Academia Sinica, Taiwan 

 

Abstract Phytoplasmas are plant-pathogenic bacteria that impact agriculture 
worldwide. The commonly adopted classification system for phytoplasmas is based 

on the restriction fragment length polymorphism (RFLP) analysis of their 16S rRNA 
genes. With the increased availability of phytoplasma genome sequences, the 
classification system can now be refined. This work examined 11 strains in the 16SrI 

group within the genus ‘Candidatus Phytoplasma’ and investigated the possible 
species boundaries. We confirmed that the RFLP classification method is problematic 

due to intragenomic variation of the 16S rRNA genes and uneven weighing of different 
nucleotide positions. Importantly, our results based on the molecular phylogeny, 
differentiations in chromosomal segments and gene content, and divergence in 

homologous sequences, all supported that these strains may be classified into multiple 
operational taxonomic units (OTUs) equivalent to species. Strains assigned to the 

same OTU share >97% genome-wide average nucleotide identity (ANI) and >78% of 
their protein-coding genes. In comparison, strains assigned to different OTUs share < 
94% ANI and < 75% of their genes. Reduction in homologous recombination between 

OTUs is one possible explanation for the discontinuity in genome similarities, and 
these findings supported the proposal that 95% ANI could serve as a cutoff for 

distinguishing species in bacteria. Additionally, critical examination of these results 
and the raw sequencing reads led to the identification of one genome that was 
presumably mis-assembled by combining two sequencing libraries built from 

phytoplasmas belonging to different OTUs. This finding provided a cautionary tale for 
working on uncultivated bacteria. Based on the new understanding of phytoplasma 

divergence and the current genome availability, we developed five molecular markers 
that could be used for multilocus sequence analysis (MLSA). By selecting markers 
that are short yet highly informative, and are distributed evenly across the 

chromosome, these markers provided a cost-effective system that is robust against 
recombination. Finally, examination of the effector gene distribution further confirmed 

the rapid gains and losses of these genes, as well as the involvement of potential 
mobile units (PMUs) in their molecular evolution. Future improvements on the taxon 
sampling of phytoplasma genomes will allow further expansions of similar analysis, 

and thus contribute to phytoplasma taxonomy and diagnostics. 
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Bacteriophage Classification for Assembled Contigs Using Graph 
Convolutional Network 

 

Jiayu Shang, Jingzhe Jiang, Yanni Sun 

City University of Hong Kong, China 

 

Abstract: Bacteriophages (aka phages), which mainly infect bacteria, play key roles 

in the biology of microbes. As the most abundant biological entities on the planet, the 
number of discovered phages is only the tip of the iceberg. Recently, many new 

phages have been revealed using high-throughput sequencing, particularly 
metagenomic sequencing. Compared to the fast accumulation of phage-like 
sequences, there is a serious lag in taxonomic classification of phages. High diversity, 

abundance and limited known phages pose great challenges for taxonomic analysis. 
In particular, alignment-based tools have difficulty in classifying fast accumulating 

contigs assembled from metagenomic data. 

In this work, we present a novel semi-supervised learning model, named PhaGCN, to 
conduct taxonomic classification for phage contigs. In this learning model, we 

construct a knowledge graph by combining the DNA sequence features learned by 
convolutional neural network and protein sequence similarity gained from gene-

sharing network. Then we apply graph convolutional network to utilize both the labeled 
and unlabeled samples in training to enhance the learning ability. We tested PhaGCN 
on both simulated and real sequencing data. The results clearly show that our method  

competes favourably against available phage classification tools. 
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Novel Adversarial Autoencoders To Simulate Human Genomic Data for Clinical 
Research 

 

Callum Burnard, William Ritchie 

IGH, CNRS, France  

Alban Mancheron 

LIRMM, CNRS, France 

 

Abstract   Complete human genomes available in full online are quite rare, and for a 
good reason: allowing anyone to download your genome represents a major privacy 
risk. However, they remain a useful resource for researchers, as all studies need large 

sample sizes for statistical relevance. Applying machine learning methods to these 
datasets would allow users to produce synthetic genomes that still follow the implicit 

rules of the genomes it has learned from, but this poses a challenge due to the scale 
of data to analyse. 

In their 2021 paper, Yelmen et al. applied generative neural networks (GNNs) to sub-

sections of the human genome, demonstrating that the principle is sound, but complex 
to apply to the scale of a chromosome. We seek to apply dimensionality reduction 

methods to available genomic data, specifically deep autoencoders, allowing a GNN 
to simulate full scale genomes in two steps: first by producing compressed data, then 
by feeding that data into the autoencoder for expansion. The genome, represented as 

a series of mutations, is separated into areas bounded by crossing over hotspots. An 
autoencoder is applied to each of these sections, each being trained to learn only the 
mutation association patterns of its specific region. A GAN then reads the files 

produced by all of the encoders, containing compressed sample data, and attempts to 
create novel compressed samples. The Wasserstein loss is implemented in the GAN 

to help reduce the likelihood of mode collapse occurring during the learning process. 

Although preliminary, our results show that a deep autoencoder is able to compress 
genomic data and reduce its scale by at least twenty times. It can recognise patterns 

in sets of mutations occurring at frequencies as low as 0.06% in our dataset and 
reproduce them with very high accuracy. In addition, our generative model is able to 

produce samples that follow the statistical distribution of mutations of the dataset it 
has learned from. However, we are still dealing with mode collapse issues, and 
additional research is currently underway to resolve this problem. 

We demonstrate here that this structure of autoencoders associated with a GAN is 
appropriate for learning and reproducing large scale genomic data. The efficiency in 

pattern recognition and compression of the autoencoders is well suited to recognising 
linkage between mutations over distances of up to a few megabases. The generation 
of novel samples that can be used in genomic research projects is not yet achieved, 

but we have made good progress in fulfilling this task and are confident that it is 
possible within this PhD project. 
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Markov Chain Monte Carlo Simulation of Domain Architecture Evolution 

 

Maureen Stolzer, Alejandro Garces, Dannie Durand 

Carnegie Mellon University, USA 

 

Abstract Multidomain proteins (Fig. 1) are mosaics of sequence fragments that 
encode protein modules: structural or functional units called domains. Because of their 

modular nature, multidomain proteins play central roles in cellular communication with 
other cells and with the environment. In human health, multidomain families are 

implicated in tissue repair, apoptosis, inflammation response, and innate immunity. 

 

Novel domain architectures evolve by insertion, duplication, and deletion of domains 

into existing protein-coding genes (Fig. 2). Although these processes have the 
potential to generate any domain architecture, only a tiny fraction of possible domain 

combinations are observed in nature. This suggests that domain order and co-
occurrence are stringently constrained. The last two decades have produced a rich 
literature on simulating sequence evolution, including simulators that allow for different 

rates categories, spatial variation in evolutionary rates and processes, alternate 
splicing, sequence evolution constrained by HMM models of Pfam domains, and 

simulators that allow for insertion, duplication, and deletion of sequence fragments. 
Despite this growth of sophisticated methodology, to our knowledge, no simulators 
currently exist that model the constraints that shape domain architectures observed in 

nature. 

 

Here, we present a domain architecture simulator that is designed to capture the 

constraints on domain order and adjacency observed in genuine domain architectures. 
This is a Markov-chain simulation engine, in which states correspond to domain 

architectures with data-driven transition probabilities. The evolutionary trajectory of a 
domain architecture is simulated using a Markov Chain Monte Carlo (MCMC) strategy 
based on the Metropolis-Hastings algorithm. 

 

We present preliminary results with a restricted model with two events: gains and 

losses. State transition probabilities are estimated from domain architecture statistics 
in primate genomes. We assess the effectiveness of our model in generating 
biologically realistic architectures by comparing properties of simulated and genuine 

domain architectures (e.g., Fig. 3). We further discuss an expansion of the simulator 
to model both duplications and insertions, currently in progress. Simulators are 

essential for the generation of data sets with "known" evolutionary histories for testing, 
validation, and comparison of evolutionary algorithms and software. This work 
expands the realm of evolutionary processes that are amenable to simulation. 
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The Role of Potential Mobile Units in Phytoplasma Genome Evolution 

 

Ching-Ting Huang, Shu-Ting Cho,  

Institute of Plant and Microbial Biology, Academia Sinica, Taiwan  

Choon-Meng Tan, Jian-Rong Li, Yuan-Yu Chien, Yi-Ching Chiu, Jun-Yi Yang,  

National Chung Hsing University 

Chih-Horng Kuo 

Institute of Plant and Microbial Biology, Academia Sinica, Taiwan 

 

Abstract  Phytoplasmas are insect-transmitted plant pathogens that impact 
agriculture worldwide. The study of these bacteria is difficult because they have 

remained uncultivated. Fortunately, the advancements in sequencing technologies led 
to breakthroughs in genomic analysis. In previous reports, potential mobile units 
(PMUs) identified in phytoplasmas were hypothesized to be associated with their 

genome plasticity and virulence gene evolution. However, this hypothesis has not 
been formally tested, partly due to the limitation of genome availability. To date, only 

five of the 33 characterized 16S rRNA (16Sr) groups (i.e., equivalent of species) have 
complete genomes available. In this study, we determined the complete genome of a 
‘Candidatus Phytoplasma luffae’ strain, which causes witches’ broom disease of 

loofah and is the first representative of the 16SrVIII group. It has a 769,143 bp circular 
chromosome with 738 protein-coding genes. A total of 13 PMUs were identified, 

accounting for 26.3% of its genome size. Comparison of 10 complete phytoplasma 
genomes demonstrated that PMUs abundance explains a large proportion of the 
extensive genome size variation in this genus (R2 = 0.76; p-value = 9.7e-04; range = 

576-960 kb). Examination of their effector genes revealed extensive 
presence/absence patterns, and ‘Ca. P. luffae’ and its sister species ‘Ca. P. ziziphi’  

are the only two that have multiple copies of SAP54 (i.e., an effector that induces 
indeterminate leaf-like flower development in infected plants). In summary, this work 
improved the taxon sampling of phytoplasma genomes, provided novel insights into 

their evolution, and identified virulence genes for future 
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Accuracy Of RACCROCHE in Reconstructing Chromosomal Gene Order of 
Early Plant Ancestor 

 

Qiaoji Xu 

University of Ottawa, Canada 

James H. Leebens-Mack 

University of Georgia, USA 

Lingling Jin 

University of Saskatchewan, Canada  

David Sankoff  

University of Ottawa, Canada 

 

Abstract Given a phylogeny of plant species, the reconstruction of their ancestral 
genomes at the gene order and chromosome level is hampered by cycles whole 
genome doubling followed by fractionation. These scramble the gene adjacencies 

basic to existing reconstruction methods. Instead of piecing together common 
adjacencies to make small ancestral segments, RACCROCHE accumulates a very 

large number of syntenically and phylo-genetically validated candidate adjacencies to 
produce long ancestral contigs via Maximum Weight Matching. 

RACCROCHE then constructs chromosomes by first counting all pairwise contig co-

occurrences when matched to individual extant genome chromosomes. By clustering 
the co-occurrence matrix, ordered chromosomal assemblies of contigs emerge at 

each ancestral node of the phylogeny. We applied these methods to six monocot 
genomes representing the most widely divergent orders in this major plant clade. 

 

To validate our method, we simulated the evolutionary processes giving rise to the 
gene content and order of the six monocot genomes,. We started by randomly 
permuting the gene order of the earliest ancestor as previously inferred by 

RACCROCHE. Starting with this randomized ancestor, we used statistics on gene 
turnover, fractionation rates, and genome rearrangements to simulate the given extant 

genomes and their immediate ancestors. 

 

Applying RACCROCHE to the six simulated “extant" genomes, we reconstructed 

ancestral chromosomes almost identical to those initiating the simulation. A clear 
clustering pattern is evident, reminiscent of that obtained for the real data. There is 

somewhat more noise, suggesting that our simulation is more disruptive of gene order 
than is natural evolution., Nevertheless, RACCROCHE reconstructed clusters of 
contigs for each ancestor , each of which contains almost exclusively genes from only 

one of the chromosomes in the original ancestor that initialized the simulation. This 
gives us reasonable confidence that the ancestor we constructed from the real data is 

an excellent inference of the true ancestor over 100 Mya. 
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Where Do Lost Genes Go? 

 

Zhe Yu, David Sankoff, Chunfang Zheng 

Unversity of Ottawa, Canada   

 

Abstract:  We take advantage of synteny blocks, the analytical construct enabled at 
the evolutionary moment of speciation or polyploidization, to follow the independent 

loss of duplicate genes in two sister species or the loss through fractionation of 
syntenic paralogs in a doubled genome. By examining how much sequence remains 

after a contiguous series of genes is deleted, we discover that this residue remains at 
a constant low level independent of how many genes are lost—there are few if any 
relics of the missing sequence. Pseudogenes are rare or extremely transient in this 

context. The DNA of the missing genes has simply been excised from the genome. 
We believe that this strong quantitative tendency has not been reported previously. 

 

We present the comparison of DNA content in unfractionated and fractionated 
intervals in the (a)Salix and Populus genomes (b) Salvia and Tectona genomes (c) 

Linum and Hevea genomes (d) Pyrus and Malus genomes (e) Coffea canephora and 
Coffea eugenioides as well as their corresponding subgenomes in their allotetraploid 

Coffea arabica. 

 

First we analyzed the ten plant genomes, organized into pairs of species in same 

family, all of which had undergone whole genome duplication. Five different flowering 
plant families were represented. For each pair, we studied synteny blocks created by 
speciation and those created by whole genome duplication. For one pair, we also 

analyzed the allotetraploid created by the ancestors of the two species, so that we 
could compare the fractionation in the subgenomes with the loss of genes from the 

progenitor species. Excision completely dominated pseudogenization in all cases. The 
exceptions lay exclusively with two examples of speciation, where the synteny blocks 
in some larger genomes tolerate degenerate sequence during genomic divergence of 

two species, but not after whole genome doubling in the same species, where 
fractionation pressure eliminates virtually all non-coding sequence. 

 

Focusing on one pair of genomes, we searched for the lost genes elsewhere in the genome but could 
only find a small proportion of them; the rest had disappeared. Moreover, the data we analyzed d o 
not support the idea that the non-deleted member of a reduced duplicate pair could be a 
retroposition or other insertion, rather than a loss. 
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Trees Versus Traits for Ancestral Genome Reconstruction 

 

 Yuting Xiao, Maureen Stolzer, Dannie Durand 

 Carnegie Mellon University, USA 

 

Abstract Reconstructing the evolution of orthologous families in the context of species 
evolution links new molecular functions to ecological, geological, and morphological 

changes. Various methodological approaches have been developed for reconstructing 
genome evolution that exploit different types of information and use different 

optimization criteria. Here, we investigate the impact of the choice of method on 
ancestral reconstructions and on conclusions about the processes driving genome 
evolution empirically. We compare the evolutionary inferences of 10,628 

cyanobacterial gene families obtained via three different popular methods: tree 
reconciliation, Wagner parsimony, and a probabilistic birth-death-gain model. 

Wagner parsimony [1] was originally designed to capture the gain and loss of 
phenotypic traits and later adapted to capture the gain and loss of genomic “traits” 
(e.g., genes, gene families, folds, introns, etc.). Wagner takes a species tree and 

present-day gene counts as inputs and infers ancestral content by minimizing gains 
and losses along the branches of the species tree. The birth-death-gain approach [2] 

also treats genomic features as traits, but uses a probabilistic model for reconstruction. 
Using the same inputs as Wagner does, birth-death-gain models infer event rates and 
the history of events that most likely produced present-day counts. Reconciliation [3] 

takes as input a species tree and a set of gene trees reconstructed from the sequences 
of present-day genes. It infers the gene events and ancestral states that best explain 
the topology of the gene trees compared with the species tree. 

Here, we performed genome reconstruction for 10,628 cyanobacterial gene families 
[4] using Wagner parsimony, COUNT's birth-death-gain model [5], and parsimony-

based reconciliation, as implemented in NOTUNG-3.0 [6]. The inferences of genome 
dynamics vary dramatically among these three methods (Figure 1). Wagner supports 
a history of gradual increase in genomic gene content, whilst the probabilistic model 

infers that present day-genomes are the product of ongoing loss from a very large 
ancestor. Reconciliation reveals a much more dynamic history with ongoing gains and 

losses on every species tree branch, consistent with family turnover, functional 
specialization, and genome streamlining. 

The inference of dramatically different histories is troubling; which, if any, should we 

trust? We use well studied metabolic pathways and protein complexes to evaluate 
which of these histories is most plausible. The gain of gas vesicles and loss of nitrogen 

fixation genes are both associated with recent ecological adaptation in the toxic bloom 
former, Microcystis aeruginosa [7, 8]. Wagner parsimony identifies the gain of gas 
vesicle genes, but fails to infer the loss of nitrogen fixation genes in this lineage. The 

birth-death-gain model infers loss of nitrogen fixation genes, but not the gain of gas 
vesicle genes. Reconciliation with NOTUNG-3.0 correctly infers both aspects of the 

molecular basis behind Microcystis' unique ecological strategy, illustrating the 
inferential advantage of phylogenetic over trait-based methods for this dataset. 
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Comparative Genomics of Priestia Bacteria Isolated from The Air 

 

Sam Spence, Stephan Schuster, Hie Lim Kim 

 Nanyang Technological University  

 

Abstract The air microbiome is an understudied ecosystem that is a medium for global 
dispersal and also harbours opportunistic human pathogens. Spore-forming bacteria 

are well equipped to survive the stresses of transport through air and have been 
commonly found in samples of Singapore air – in particular, species of the genera 

Bacillus and Priestia. 

It has been debated whether Priestia megaterium and Priestia aryabhattai are two 
closely related species or one true species that has been given two names. Using 

Priestia genomes isolated from Singapore air, our whole-genome phylogenetic 
analysis clearly demonstrates that P. aryabhattai forms a distinct clade from P. 

megaterium, and that the two bacteria are on the borderline of being separate species 
according to genome similarity scores. 

Next, a gene content analysis analysis of Priestia genomes was conducted in order to 

identify genes with notable differences between the two species. A number of genes 
with copy number variations or amino acid substitutions were identified with functions 

related to sporulation and protection from oxidative stress. 

In order to test the hypothesis that P. aryabhattai is an air-specialised subgroup of P. 
megaterium, air samples taken at different altitudes were analysed for the presence 

of Priestia reads. It was found that the relative abundance of P. aryabhattai was lower 
than that of P. megaterium at all altitudes, indicating that P. aryabhattai is not actual ly 
better adapted for surviving airborne transport. Future work will aim to describe the 

chemical and function differences produced by the variant genes in these two species, 
and the cause of their divergence from each other. 
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Detecting Transposable Elements In Plant Genomes 

 

Shivani Sehrawat, Lingling Jin 

University of Saskatchewan, Canada  

 

Abstract A significant advancement in genome annotation has resulted from the 
processing of genome sequences, which is closely related to the precise determination 

of their content in terms of repeats, including transposable elements (TEs). 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. After the emergence of large-scale DNA sequencing, it has become 
evident that TEs are the single largest component of the genetic material of most 

eukaryotes, rather than being an unusual component of certain genomes. They 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 genome evolution. Furthermore, the annotation of TEs 

may boost the accuracy of coding area annotations and promote functional gene 
studies by relying on the development of different strategies for automatic 

bioinformatic identification and classification of Transposable Elements. Several 
methods have been introduced to locate and annotate Transposable Elements in the 
literature. 

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. The broad 

classifications of TEs into various families with nomenclatures will be discussed. 
Limitations of current methodologies in identifying and classifying TEs in plants will 

also be addressed. Finally, existing bioinformatics methods and algorithms for 
detecting and classifying TEs in whole-genome assembled sequences of Zea mays 
and Arabidopsis thaliana will be discussed. In the paper, a comparative study of some 

randomly chosen TE detection tools with an emphasis on LTR, non-LTR 
retrotransposons, MITEs, TIRs and Helitrons will be presented. One of the key issues 

in TE detection is 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. Using the genome dataset of Z. mays and A. thaliana, we 

will benchmark the performance by measuring the accuracy, sensitivity, precision, and 
F1-score of some commonly used tools/pipelines. We found substantial variation 

among the considered tools. In general, the results reveal a decrease in sensitivity 
percentage for almost every tool used. Several tools for discovering and annotating 
TEs have been published, but no single tool achieves good results on all types of TEs 

in plant genomes. Different tools should be considered for the respective type of TEs 
for achieving valuable results for plant genomes. This work will provide a general 

context for incorporating and interpreting findings from a variety of TE detection 
methods, as well as useful guidance for plant TE researchers. 
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Multiple Spliced Alignment for Transcript Evolution Estimation and Gene 
Models Prediction 

 

Safa Jammali, Abigail Djossou, Aıda Ouangraoua 

Universit´e de Sherbrooke, Canada 

 

Abstract We have developed a collection of algorithms to compute multiple 

spliced alignments, infer splicing orthology relationships, and predict new gene models 

to reconstruct transcript and gene evolutionary histories.    

The application of the algorithms on real vertebrates and simulated data show that the 
new method provides a good balance between accuracy and execution time, 

compared to existing sequence alignment algorithms. 
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Structural Variant Identification with Various Types of Genomic Data 

 

Clarence Malcolm Todd, Kevin Koh 

University of Saskatchewan, Canada    

David Sankoff 

University of Ottawa, Canada   

Isobel Parkin 

Agriculture and Agri-Food Canada, Canada    

Lingling Jin 

University of Saskatchewan, Canada  

 

Abstract Structural variants (SVs) are rearrangements within a species' genetic 

sequence and their identification represents a growing interest in both computer 
science and biology. Additionally, there are many types of SVs that can be found within 
a genome based on the type of rearrangement that occurs including deletions, 

insertions, duplications, inversions, and transpositions. Deletions, insertions, and 
duplications can be considered as copy number variations as they are unbalanced 

variations wherein genetic material is duplicated or lost when they occur [1]. Unlike the 
previously mentioned types, inversions, transpositions, and translocations consist of a 
reordering of the genetic sequence and do not result in the loss or gain of genetic 

material. 

 

The growing importance of SVs is due to the significant role SVs can play in the 
diversity and evolution of a species, and SVs have even been linked to many important 
biological traits and diseases. For example, there exists an association between 

certain deletions in human exons and diseases such as psoriasis and diabetes [2]. 
Additionally, the impact of SVs has even been linked to numerous diseases and 
biological traits, including stress resistance, yield, and flowering time in plants [3]. 

While the importance of structural variants has been demonstrated in multiple studies, 
there remains no one best tool or method with which SVs can be accurately identified 

in all situations. For this reason, many new structural variant identification tools, called 
SV callers, continue to be created annually and the results produced from each of 
these SV callers can often vary significantly. 

 

To explore reducing the variability in SV caller results, we explore the use of cross-

comparison between multiple SV identification software with the goal of obtaining a 
more comprehensive and accurate set of structural variants. To that end, we have 
created a pipeline that accepts raw short- and long-read data to complete all the 

necessary steps to generate a set of resulting SVs common to multiple SV 
identification software. During execution, the pipeline features a four-stage process 

including short- read preprocessing, read alignment, SV caller execution, and SV 
caller results comparison. First short-read preprocessing is performed on the input 
data using Trimmomatic [4] to ensure any low-quality reads or leftover sequencing 

adapters are removed. Second, read alignment is performed by Bowtie2 [5] for short - 
read data and Minimap2 [6] for long-read data. Third, SV calling is performed using 

six SV calling software including DELLY [7], GRIDSS [8], Manta [9], Picky [10], Sniffles 
[11], and SVIM [12]. Last, the BEDtools [13] toolset is used to compare all SV caller 
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results to locate any SVs with more than 50% overlap in common. Furthermore, the 
pipeline completes data quality assurance at several stages throughout the process 

using FastQC [14] and Qualimap [15] to verify data and alignment quality prior to SV 
calling. 

 

Finally, validation of the results is performed using both long-read and short-read data 
and reference assemblies from two Brassica nigra samples, NI100 and C2 from [17], 

to explore the degree of variability found between different SV callers when cross 
comparing their results. From the results, a high degree of variability was observed in 

the short-read data SV caller results with none of the identified SVs being common to 
all SV callers. From the long-read data SV callers, a lower amount of variability was 
observed with 7766 SVs common to all long-read SV callers. Further, a whole genome 

comparison of the two B. nigra assemblies is performed by MUMmer4 [16] to identify 
a set of SV locations in a whole genome level, which is used as a verification set of 

SV locations to quantify the SV caller precision rates experienced when comparing 
multiple software results for commonalities. In future, Hi-C data will be incorporated to 
the pipeline to provide further evidence on the identified SVs. 
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Abstract Gene trees enable the detailed study of the evolution of genes. These trees 

can be additive, based purely on mutational counts, or ultrametric, where the branches 
represent the time elapsed. The purpose of this thesis will be to relate evolutionary 
rate changes to gene function by examining the effects of a tree transformation on 

gene trees. The study will focus on the coffee genomes C. arabica, C. eugenoides and 
C. canephora. Three gene family trees will be studied: N-methyltransferases, FAD2 

enzymes and terpenes. An additive tree can be transformed into an ultrametric tree 
using a transformation method. By taking each additive tree branch length and dividing 
the branch by the ultrametric branch length we can get a branch mutation rate. To 

quantify functional divergence, we compared aligned sequences of genes from groups 
of interest to calculate the ratio of non-synonymous mutations to synonymous 

mutations (Kn/Ks). Kn/Ks was found to correlate with the branch mutation rate in some 
but not all groups of interest. In groups in which correlation was present, there was 
also a correlation between Kn/Ks and branch length. The branch mutation rate can be 

used in some cases to further prove that functional divergence is present. 
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Abstract Over course of the last half decade the use of genome-resolved 

metagenome analysis has become an common approach for dealing with whole 
community metagenome data collected from microbiomes and complex microbial 

communities, permitting the recovery of genomes of member species that would 
otherwise remain understudied due to lack of culturability. While short read 
sequencing has been the workhorse of such activity, long read sequencing 

technologies are poised to have a substantive impact on metagenomics and 
microbiome bioinformatics. Analyses to date, including our own, have largely focused 

on complete genomes that are recovered \textit{de novo} from metagenome assembly, 
however it is clear that a larger complement of member genomes can be recovered 
from the use of genome binning procedures that are adapted to the long read data 

context. Here we describe our recent work towards improving the yield of long read 
metagenome assembled genomes (LR-MAG) using using methodology based on 

sequence-composition approach augmented with coverage data. Our workflow, 
suitable for single sample assemblies, is a two-stage approach, with an initial step 
based on clustering contigs using their sequence properties (specifically a 

compositional form of k-mer frequency) and the subsequent incorporating coverage 
data using the 1-d k-means clustering algorithm. Using data from a deeply sequenced 

(ONT MinION) representative sample of the microbial community of an operational 
UASB bioreactor treating wastewater from a citric acid production plant (undertaken 
as part of the research activities of the ASEAN Industrial Wastewater Genomics 

Consortium), we demonstrate the recovery of 35 complete genomes, of which 15 were 
recovered directly at the level of metagenome assembly. Comparison to the other 

extant workflows for LR-MAG recovery are presented.  
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Abstract THAP9 is a transposable element-derived gene that encodes the THAP9 
protein. It is a homolog of Drosophila P-element transposase (DmTNP). hTHAP9 

belongs to the THAP (Thanatos-associated protein) protein family in humans, which 
has twelve proteins (hTHAP0-hTHAP11). Human THAP proteins have a ~90 amino 
acid long conserved THAP domain located at the N-terminal end of the protein. The 

THAP domain is a C2CH type Zinc Finger domain that binds specific DNA sequences 
and has a conserved secondary structure, namely a characteristic β-α-β fold. THAP 

family proteins are known to be involved in various human diseases like torsional 
dystonia, hemophilia, heart diseases, and multiple cancers. Also, the THAP9-AS1 
gene, which is the neighboring gene in the 5' upstream region of THAP9, is 

overexpressed in pancreatic cancer. But the exact functional role of THAP9 and its 
association with various diseases remains a significant gap in our understanding. Here, 

we present the evolutionary analysis and extensive in silico characterization, including 
predicting domains and putative post-translational modification sites for THAP9 to 
understand its function better. Our studies identified some previously unreported 

functional features in the THAP9 protein sequence, including four adjacent motifs 
following the THAP domain: N-glycosylation site, Protein kinase C (PKC) 
phosphorylation site, Leucine zipper domain, and Bipartite nuclear localization signal 

(NLS). These motifs, which are highly conserved in mammals, may play a role in the 
subcellular localization of THAP9. The study also revealed two N-myristoylation sites 

within the THAP domain, pointing towards the post-translational modification of 
THAP9. We also observed that the THAP9 has evolved under a strong pervasive 
purifying selection, yielding high conservation of THAP9. Furthermore, investigation of 

THAP9 expression profiles in various cancer and matched normal datasets 
demonstrated underexpression and overexpression in Testicular cancers and Thymic 

Epithelial Tumors respectively. These findings make Testicular cancer and Thymic 
Epithelial Tumor good candidates for further examination on the role of THAP9 in 
cancers. 

 

 

 


