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PeopleOutline ADP

1. Data formats in bioinformatics, 
2. Popular software libraries (BioPerl, BioPython)
3. Most important bioinformatics databases (UniProt, PDB, RefSeq, GenBank, ENA, InterPro, 
etc.)
4. Software licensing for scientific purposes. Free-software licensing. Patents.

5. Generic model Organism database (GMOD) project - assumptions, history and usage

6. Genome browsers, problem description and state of the solutions

7. Version control systems (CVS, SVN, git), and online collaboration ad distribution platforms 
(github, sourceforge).

8. Software testing, automated testing frameworks.

9. Scientific workflow systems - taverna and galaxy. MyExperiment platform. Reproducible 
research.

10. Literate programming idea and sweave, markdown, software documentation.

11. Interactive scripting platforms, Rstudio, Jupyter.
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Hepatitis B virus
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Mimivirus (host amoeba)

Genome: 1.2 MB

~1000 genes



ADPBacteriophages 

https://en.wikipedia.org/wiki/Escherichia_virus_T4#/media/File:Tevenphage.svg



ADPBacteriophages 

https://en.wikipedia.org/wiki/Lytic_cycle#/media/File:Phage2.JPG
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ADPOperons 

Operon is a functioning unit of DNA containing a cluster of genes 
under the control of a single promoter

https://en.wikipedia.org/wiki/Operon
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ADPSynteny 

Synteny conservation of blocks of order within two sets of 
chromosomes

https://en.wikipedia.org/wiki/Synteny



ADPOperon vs Synteny 

Not all syntenic genes form operons, and

Not all operons are syntenic across species.

However, conserved operons across species can be a part of syntenic blocks. In 
fact, synteny can help detect candidate operons in poorly annotated genomes.



ADPOperon vs Synteny 

Synteny Detection Tools:
    MCScanX – http://chibba.pgml.uga.edu/mcscan2/
    Mauve – http://darlinglab.org/mauve/mauve.html
    SynMap (CoGe) – https://genomevolution.org/coge/SynMap.pl
    i-ADHoRe – https://bioinformatics.psb.ugent.be/software/details/i-ADHoRe
    SyMAP – https://sourceforge.net/projects/symap/
    GEvo (part of CoGe) – https://genomevolution.org/CoGe/GEvo.pl
    LastZ (for pairwise synteny) – https://github.com/lastz/lastz
    C-Sibelia – https://github.com/bioinf/csibelia
    
Operon Detection Tools:
    DOOR2 – http://csbl.bmb.uga.edu/DOOR/
    Operon-mapper – https://biocomputo.ibt.unam.mx/operon_mapper/
    Rockhopper – https://cs.wellesley.edu/~btjaden/Rockhopper/
    ProOpDB – https://www.bioinformatics.org/proopdb/
    FgenesB – http://www.softberry.com/berry.phtml
    OperPred – https://ccb.nki.nl/software/operpred/
    YOOPER – https://www.cmbl.uga.edu/software/yooper.html
    nnpOperon – https://github.com/bioinformatics-centre/nnpoperon
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Human Genome Project

Started in 1990, finished 2003

Cost: $2.7 billion
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SNPs



ADPGenome browsers

Wild type (left) and mutated (right) form of lamin A (pdb id: 1IFR). Normally, Arginine 527 (blue) 
forms salt bridge with glutamate 537 (magenta), but R527L substitution results in breaking this 
interaction (leucine has a nonpolar tail and therefore cannot form a static salt bridge)

SNPs
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ADPGenome browsers

Completeness: 92% 
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ADPHuman Pangenome

Human pangenome

The human reference genome has been 
the backbone of human genomics since 
the release of the draft sequence in 2001. 
But it has its limitations: one genome 
cannot hope to capture the diversity of 
the human species. In this week’s issue, 
the Human Pangenome Reference 
Consortium presents the first draft human 
pangenome, which combines genetic 
material from 47 genetically diverse 
individuals to provide a more 
complete picture of the human 
genome. Two additional papers use this 
new resource to study regions of the 
genome that include repetitive DNA: one 
looking at segmental duplication

https://doi.org/10.1038/s41586-023-05896-x 

https://doi.org/10.1038/s41586-023-05896-x
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http://gcat.davidson.edu/phast/
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$1000 genome
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Technology used
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Exgenomes 

Total budget ~ 1 mln € 10



Data

HU7BLKY01  = Unamplified DNA, pools of 4 old and 4 new phages

Provided fasta file contains 89130 reads

The average size of sequence is 358.55 (min=39, max=1220)
32 Mbps in total (GC content 0.61)
N50 399

HU7BLKY02 = phi amplified DNA pool of 8 old phages

Provided fasta file contains 117186 reads

The average size of sequence is 429.21 (min=39, max=847).
50.3 Mbps in total (GC content 0.44).
N50 482

HU7BLKY03 = phi amplified DNA pool of 8 new phages

Provided fasta file contains 108722 reads

The average size of sequence is 418.04 (min=39, max=859).
45,5 Mbps in total (GC content 0.58).
N50 479

9



Exgenomes in brief

-aim to discover, characterise and bring on the market new thermophilic enzymes:

    Strand-displacing DNA polymerase
 RNA/DNA ligase
 Protelomerase
 Lysozyme
 Nucleases
 SSB protein

- genomes come from Island (hot springs, geysers)

- IIMCB will do bioinformatics (detecting interesting genes, fold recognition, domains, 
models etc.)

- people from Tricity will do experimental part

- 4 commercial firms will bring the product on the market

Expected outcome:

Firms: new, better products, patents

Academics: publications (after patenting and commercialization of the products)
11
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Genome assembly algorithms  based on de Bruijn graphs

Edges – unique subsequences of length k within reads
Nodes – common subsequences of length k – 1

Edge connects two nodes if the suffix of the source node shares an exact match 
of length k – 2 with the prefix of the destination node,

For example, the edge "CCAA" connects the nodes "CCA" and "CAA" because 
there is an overlap of "CA"

For simplicity, reverse complement edges and nodes are ignored.

de Bruijn graph with k(mer) = 4

ACCC
 CCCA
  CCAA
   CAAC
    AACC
     ACCA
      CCAC

ACCCAACCAC

Reads

Consensus

16
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http://cnag.bsc.es/ 

de novo genome assembly (dnGASP) using data from 2nd generation sequencing platforms. 

A sister project dubbed RGASP3 (the third incarnation of th RNA-Seq Genome Annotation 
Assessment Project) is focused on evaluating RNASeq read alignment  
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de novo genome assembly (dnGASP) using data from 2nd generation sequencing platforms. 

A sister project dubbed RGASP3 (the third incarnation of th RNA-Seq Genome Annotation Assessment 
Project) is focused on evaluating RNASeq read alignment  
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Finally – genome assembly results
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 Summary 

What matters for genome assembly?

1. Assembly program (try to use at least 2-3 with different options)

2. Read length (the longer the better)

3. Coverage (~20-30 is a must)

New putative genes were detected
 Strand-displacing DNA polymerase 62
 RNAseH 38
 Nucleases 69
 Helicase 9
 RecA 33
 PGPR 1

… will be investigated in Gdansk by our co-workers  



Thank you for your time
and

See you at the next lecture

(that will be project presentations)

Any other 

questions & comments

lukaskoz@mimuw.edu.pl
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GenomeDiagram

http://biopython.org/DIST/docs/tutorial/
Tutorial.html#sec336
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ADPGenome browsers

from Bio.Graphics import BasicChromosome
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Standalone programs
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Credits & links:

https://www.slideshare.net/hhalhaddad/281-lec7-genomeorganization
 

https://www.slideshare.net/bcbbslides/mapping-and-de-novo-assembly

https://www.ncbi.nlm.nih.gov/Taxonomy/Utils/wprintgc.cgi 

https://en.wikipedia.org/wiki/Genome 

https://en.wikipedia.org/wiki/Bacterial_genome 

https://en.wikipedia.org/wiki/Human_genome 

https://www.slideshare.net/hhalhaddad/281-lec7-genomeorganization
https://www.slideshare.net/bcbbslides/mapping-and-de-novo-assembly
https://www.ncbi.nlm.nih.gov/Taxonomy/Utils/wprintgc.cgi
https://en.wikipedia.org/wiki/Genome
https://en.wikipedia.org/wiki/Bacterial_genome
https://en.wikipedia.org/wiki/Human_genome

	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43
	Slide 44
	Slide 45
	Slide 46
	Slide 47
	Slide 48
	Slide 49
	Slide 50
	Slide 51
	Slide 52
	Slide 53
	Slide 54
	Slide 55
	Slide 56
	Slide 57
	Slide 58
	Slide 59
	Slide 60
	Slide 61
	Slide 62
	Slide 63
	Slide 64
	Slide 65
	Slide 66
	Slide 67
	Slide 68
	Slide 69
	Slide 70
	Slide 71
	Slide 72
	Slide 73
	Slide 74
	Slide 75
	Slide 76
	Slide 77
	Slide 78
	Slide 79
	Slide 80
	Slide 81
	Slide 82
	Slide 83
	Slide 84
	Slide 85
	Slide 86
	Slide 87
	Slide 88
	Slide 89
	Slide 90
	Slide 91
	Slide 92
	Slide 93
	Slide 94
	Slide 95
	Slide 96
	Slide 97
	Slide 98
	Slide 99
	Slide 100
	Slide 101
	Slide 102
	Slide 103
	Slide 104
	Slide 105
	Slide 106
	Slide 107
	Slide 108
	Slide 109
	Slide 110
	Slide 111
	Slide 112
	Slide 113
	Slide 114
	Slide 115
	Slide 116
	Slide 117
	Slide 118
	Slide 119
	Slide 120
	Slide 121
	Slide 122
	Slide 123
	Slide 124
	Slide 125
	Slide 126
	Slide 127
	Slide 128
	Slide 129
	Slide 130
	Slide 131
	Slide 132
	Slide 133
	Slide 134
	Slide 135
	Slide 136
	Slide 137
	Slide 138
	Slide 139
	Slide 140
	Slide 141
	Slide 142
	Slide 143
	Slide 144
	Slide 145
	Slide 146

