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1 Data Mining in Metagenomics and Ge-

nomics

1.1 AmphoraNet: The Webserver Implementation of

the AMPHORA2 Metagenomic Workflow Suite

DNA sequencing technologies are applied widely and frequently today to de-

scribe metagenomes, i.e., microbial communities in environmental or clinical

samples, without the need for culturing them. Phylogenetic analysis of the

metagenomic data presents significant challenges for the biologist and the

bioinformatician. The program suite AMPHORA and its workflow version

are examples of publicly available software that yield reliable phylogenetic

results for metagenomic data.

We have developed AmphoraNet, an easy-to-use webserver that is ca-

pable of assigning a probability-weighted taxonomic group for each phy-

logenetic marker gene found in the input metagenomic sample; the web-

server is based on the AMPHORA2 workflow. We believe that the occa-

sional user may find it comfortable that, in this version, no time-consuming

installation of every component of the AMPHORA2 suite or expertise in

Linux environment are required. The webserver is freely available at http:

//amphoranet.pitgroup.org.

The results mentioned above are detailed in the subsection 2.1 based on

the paper [1].

1.2 Visual Analysis of the Quantitative Composition

of Metagenomic Communities: the AmphoraVizu

Webserver

One basic – and difficult – task is the phylogenetic annotation of the metage-

nomic samples studied. The difficulty comes from the fact that the typical
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environmental sample contains hundreds of unknown and still uncharacter-

ized microorganisms.

We have developed a visual analysis tool that is capable of demonstrat-

ing the quantitative relations gained from the output of the AMPHORA2

program or the easy–to–use AmphoraNet webserver. Our web-based tool,

the AmphoraVizu webserver, makes the phylogenetic distribution of the

metagenomic sample clearly visible by using the native output format of

AMPHORA2 or AmphoraNet. The user may set the phylogenetic resolu-

tion (i.e., superkingdom, phylum, class, order, family, genus, species) along

with the chart type, and will receive the distribution data, detailed for all

relevant marker genes in the sample. The visualization webserver is avail-

able at the address http://amphoravizu.pitgroup.org. The source code

of the AmphoraVizu program is available at http://pitgroup.org/apps/

amphoravizu/AmphoraVizu.pl.

The results mentioned above are detailed in the subsection 2.2 based on

the paper [2].

1.3 Evaluating the Quantitative Capabilities of

Metagenomic Analysis Software

DNA sequencing technologies usually return short (100-300 base-pair long)

DNA reads, and these reads are processed by metagenomic analysis software

that assign phylogenetic composition-information to the data set. We have

evaluated three metagenomic analysis software (AmphoraNet, MG-RAST

and MEGAN5) for their capabilities of assigning quantitative phylogenetic

information for the data, describing the frequency of appearance of the mi-

croorganisms of the same taxa in the sample. The difficulties of the task

arise from the fact that longer genomes produce more reads from the same

organism than shorter genomes, and some software assigns higher frequen-

cies to species with longer genomes than to those with shorter ones. This
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phenomenon is called the “genome length bias”.

Dozens of complex artificial metagenome-benchmarks can be found in

the literature. Because of the complexity of those benchmarks, it is usually

difficult to judge the resistance of a metagenomic software to this “genome

length bias”. Therefore, we have made a simple benchmark for the evaluation

of the “taxon-counting” in a metagenomic sample: we have taken the same

number of copies of three full bacterial genomes of different lengths, break

them up randomly to short reads of average length of 150 bp, and mixed

the reads, creating our simple benchmark. Because of its simplicity, the

benchmark is not supposed to serve as a mock metagenome, but if a software

fails on that simple task it will surely fail on most real metagenomes.

We applied three software for the benchmark. The ideal quantitative

solution would assign the same proportion to the three bacterial taxa. We

have found that AMPHORA2/AmphoraNet gave the most accurate results

and the other two software were under-performers: they counted quite reli-

ably each short read to their respective taxon, producing the typical genome

length bias.

The results mentioned above are detailed in the subsection 2.3 based on

the paper [3].

1.4 The ”Giant Virus Finder” Discovers an Abun-

dance of Giant Viruses in the Antarctic Dry Val-

leys

The first giant virus was identified in 2003 from a biofilm of an indus-

trial water-cooling tower in England. Later, numerous new giant viruses

were found in oceans and freshwater habitats, some of them having even

2,500 genes. We have developed a bioinformatics software called the “Gi-

ant Virus Finder” that is capable to discover the very likely presence of

the genomes of giant viruses in metagenomic shotgun-sequenced datasets.
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The new workflow is applied to numerous hot and cold desert soil sam-

ples as well as some tundra- and forest soils. We show that most of

these samples contain giant viruses and especially many were found in the

Antarctic dry valleys. The results imply that giant viruses could be fre-

quent not only in aqueous habitats but in a wide spectrum of soils on

our planet. The Giant Virus Finder software is available at the address

http://pitgroup.org/giant-virus-finder.

The results mentioned above are detailed in the subsection 2.4 based on

the paper [4].

1.5 Giant Viruses of the Kutch Desert

The Kutch desert (Great Rann of Kutch, Gujarat, India) is a unique ecosys-

tem: in the larger part of the year it is a hot, salty desert that is flooded

regularly in the Indian monsoon season. In the dry season, the crystallized

salt deposits form the ”white desert” in large regions. The first metage-

nomic analysis of the soil samples of Kutch was published in 2013, and the

data was deposited in the NCBI Sequence Read Archive. At the same time,

the sequences were analyzed phylogenetically for prokaryotes, especially for

bacterial taxa.

We have been searching for the DNA sequences of the recently discovered

giant viruses in the soil samples of the Kutch desert. Since most giant viruses

were discovered in biofilms in industrial cooling towers, ocean water and

freshwater ponds, we were surprised to find their DNA sequences in the soil

samples of a seasonally very hot and arid, salty environment.

The results mentioned above are detailed in the subsection 2.5 based on

the paper [5].
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1.6 Life without dUTPase

Fine-tuned regulation of the cellular nucleotide pools is indispensable for

faithful replication of DNA. The genetic information is also safeguarded by

DNA damage recognition and repair processes. Uracil is one of the most fre-

quently occurring erroneous base in DNA; it can arise from cytosine deami-

nation or thymine-replacing incorporation. Two enzyme families are primar-

ily involved in keeping DNA uracil-free: dUTPases that prevent thymine-

replacing incorporation and uracil-DNA glycosylases that excise uracil from

DNA and initiate uracil-excision repair. Both dUTPase and the most effi-

cient uracil-DNA glycosylase UNG is thought to be ubiquitous in free-living

organisms.

We have systematically investigated the genotype of deposited fully se-

quenced bacterial and archaeal genomes. Surprisingly, we have found that

in contrast to the generally held opinion, a wide number of bacterial and

archaeal species lack the dUTPase gene(s). The dut- genotype is present

in diverse bacterial phyla indicating that loss of this (or these) gene(s) has

occurred multiple times during evolution. We have also identified several

survival strategies in the lack of dUTPases.

The results mentioned above are detailed in the subsection 2.6 based on

the paper [6].

2 Data Mining in Connectomics

2.1 The Budapest Reference Connectome Server v2.0

The human braingraph or the connectome is the object of an intensive re-

search today. The advantage of the graph-approach to brain science is that

the rich structures, algorithms and definitions of graph theory can be applied

to the anatomical networks of the connections of the human brain. In these

graphs, the vertices correspond to the small (1-1.5 cm2) areas of the gray
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matter, and two vertices are connected by an edge, if a diffusion-MRI based

workflow finds fibers of axons, running between those small gray matter areas

in the white matter of the brain.

The connectomes of different human brains are pairwise distinct: we can-

not talk about an abstract ”graph of the brain”. Two typical connectomes,

however, have quite a few common graph edges that may describe the same

connections between the same cortical areas.

We have developed the Budapest Reference Connectome Server v2.0

which generates the common edges of the connectomes of 96 distinct cor-

texes, each with 1015 vertices, computed from 96 MRI data sets of the Hu-

man Connectome Project. The user may set numerous parameters for the

identification and filtering of common edges, and the graphs are download-

able in both csv and GraphML formats; both formats carry the anatomical

annotations of the vertices, generated by the FreeSurfer program. The result-

ing consensus graph is also automatically visualized in a 3D rotating brain

model on the website.

The consensus graphs, generated with various parameter settings, can

be used as reference connectomes based on different, independent MRI

images, therefore they may serve as reduced-error, low-noise, robust

graph representations of the human brain. The webserver is available at

http://connectome.pitgroup.org.

The results mentioned above are detailed in the subsection 3.1 based on

the paper [7].

2.2 Comparative Connectomics: Mapping the Inter-

Individual Variability of Connections within the

Regions of the Human Brain

We have constructed 1015-vertex graphs from the diffusion MRI brain images

of 395 human subjects and compared the individual graphs with respect to
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several different areas of the brain. The inter-individual variability of the

graphs within different brain regions was discovered and described.

We have found that the frontal and the limbic lobes are more conserva-

tive, while the edges in the temporal and occipital lobes are more diverse.

Interestingly, a “hybrid” conservative and diverse distribution was found in

the paracentral lobule and the fusiform gyrus. Smaller cortical areas were

also evaluated: precentral gyri were found to be more conservative, and the

postcentral and the superior temporal gyri to be very diverse.

The results mentioned above are detailed in the subsection 3.2 based on

the paper [8].

2.3 How to Direct the Edges of the Connectomes: Dy-

namics of the Consensus Connectomes and the De-

velopment of the Connections in the Human Brain

One main question of connectomics today is discovering the directions of the

connections between the small gray matter areas. Our previous work, the

Budapest Reference Connectome Server, generates the consensus braingraph

of 96 subjects in Version 2, and of 418 subjects in Version 3, according to

selectable parameters. After the Budapest Reference Connectome Server

had been published, we recognized a surprising and unforeseen property of

the server. The server can generate the braingraph of connections that are

present in at least k graphs out of the 418, for any value of k = 1, 2, . . . , 418.

When the value of k is changed from k = 418 through 1 by moving a slider

at the webserver from right to left, certainly more and more edges appear in

the consensus graph. The astonishing observation is that the appearance of

the new edges is not random: it is similar to a growing tree. We refer to this

phenomenon as the dynamics of the consensus connectomes.

We hypothesize that this movement of the slider in the webserver may

copy the development of the connections in the human brain in the following
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sense: the connections that are present in all subjects are the oldest ones,

and those that are present only in a decreasing fraction of the subjects are

gradually the newer connections in the individual brain development.

Based on this observation and the related hypothesis, we can assign di-

rections to the edges of the connectome as follows: Let Gk+1 denote the

consensus connectome where each edge is present in at least k + 1 graphs,

and let Gk denote the consensus connectome where each edge is present in at

least k graphs. Suppose that vertex v is not connected to any other vertices

in Gk+1, and becomes connected to a vertex u in Gk, where u was connected

to other vertices already in Gk+1. Then we direct this (v, u) edge from v to

u.

The results mentioned above are detailed in the subsection 3.3 based on

the paper [9].
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