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Outline 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.



Outline ADP

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

6. Genome browsers, problem description and state of the solutions
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Genome browsers
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Bacterial DNA Plasmids
Eukaryotic genomes

Where is eukaryotic genome located?
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Nuclear genome, mitochondrial genome,
chloroplast genome

Bacteriophage Human Immunodeficiency Virus
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Genome browsers

The Genetic Codes

The following genetic codes are described here:

. The Standard Code

. The Vertebrate Mitochondrial Code

. The Yeast Mitochondrial Code

. The Mold, Protozoan, and Coelenterate Mitochondrial Code and the Mycoplasma/Spiroplasma Code

. The Invertebrate Mitochondrial Code

. The Ciliate, Dasycladacean and Hexamita Nuclear Code

. The Echinoderm and Flatworm Mitochondrial Code

. The Euplotid Nuclear Code

. The Bacterial, Archaeal and Plant Plastid Code

. The Alternative Yeast Nuclear Code

. The Ascidian Mitochondrial Code

. The Alternative Flatworm Mitochondrial Code

. Chlorophycean Mitochondrial Code

. Trematode Mitochondrial Code

. Scenedesmus obliquus Mitochondrial Code

. Thraustochytrium Mitochondrial Code

. Rhabdopleuridae Mitochondrial Code

. Candidate Division SR1 and Gracilibacteria Code
. Pachysolen tannophilus Nuclear Code

. Karyorelict Nuclear Code

. Condylostoma Nuclear Code

. Mesodinium Nuclear Code

. Peritrich Nuclear Code

. Blastocrithidia Nuclear Code

. Cephalodiscidae Mitochondrial UAA-Tyr Code

ADP


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

1. The Standard Code (transl_table=1)

By default all transl table in GenBank flatfiles are equal to id 1, and this is not shown. When transl table is not equal to id 1, it is shown as a
qualifier on the CDS feature.

AAs = FFLLSSSSYY**CC*WLLLLPPPPHHQQRRRRIIIMTTTTNNKKSSRRVVVVAAAADDEEGGGG
Starts = ---M------ e ——— e
Basel = TTTTTTTTTTTTTTTTCCCCCCCCCCCCCCCCAAAAAAAAAAAAAAAAGGGGGGGGGGGEGGGE
Base2 = TTTTCCCCAAAAGGGGTTTTCCCCAAAAGGGGTTTTCCCCAAAAGGGGTTTTCCCCAAAAGGGG
Base3 = TCAGTCAGTCAGTCAGTCAGTCAGTCAGTCAGTCAGTCAGTCAGTCAGTCAGTCAGTCAGTCAG

Click here to change format

Initiation Codon:
AUG
Alternative Initiation Codons:

In rare cases, translation in eukaryotes can be initiated from codons other than AUG. A well documented case (including direct protein
sequencing) is the GUG start of a ribosomal P protein of the fungus

Candida albicans (Abramczyk et al.) and the GUG initiation in mammalian NAT1 (Takahashi et al. 2005).

Other examples can be found in the following references: Peabody 1989; Prats et al. 1989; Hann et al. 1992; Sugihara et al. 1990. The standard
code currently allows initiation from UUG and CUG in addition to AUG.
Back to top
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2. The Vertebrate Mitochondrial Code (transl table=2)

AAs = FFLLSSS5YY**CCWWLLLLPPPPHHOORRRRIIMMT TTTNNKKSS* *WWWVAAAADDEEGGGG
Starts = ---------- R MMMM- - - - ------ M-
Basel = TTTTTTTTTTTITTITITTCCCCCCCCCCCCCCCCAAAAARAARAAAAAAAGGLGLGGGGGGGOGGEG
Base2 = TTTTCCCCAAAAGGGGTTTTCCCCAAAAGGGGTTTTCCCCAAAAGGGGTTTTCCCCAAAAGOGD
BaseZ = TCAGTCAGTCAGTCAGTCAGTCAGTCAGTCAGTCAGTCAGTCAGTCAGTCAGTCAGTCAGTCAG

Click here to change format

Differences from the Standard Code:

Code 2 Standard
AGA Ter * Arg R
AGG Ter * Arg R
ALA Met M Ile I
UGA Trp W Ter *

Alternative Initiation Codons:

Bos: AUA
Homo: AUA, AUU
Mus: AUA, AUU, AUC

Coturnix, Gallus: also GUG (Desjardins and Morais, 1991)



https://www.ncbi.nlm.nih.gov/Taxonomy/Utils/wprintgc.cgi
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4. The Mold, Protozoan, and Coelenterate Mitochondrial Code and the
Mycoplasma/Spiroplasma Code (transl _table=4)

AAs = FFLLSSSSYY**CCWWLLLLPPPPHHOORRRRIIIMTTTTHMNKKSSRRVVYVAAAADDEEGGGG
Starts = MM------ e M---emmm e - - MMMM- - - - - - == o - - - M----ee e e
Basel = TTTTTTTTITTTTTTITTCCCCCCCCCCCCCCCCAAAAARARAAAMAAMARAGGGEGLGLGGGGGGGGEG
Base2 = TTTTCCCCAAAAGGGGTTTTCCCCAAAAGGGGTTTTCCCCAAAAGGGGTTTTCCCCAAAAGGGD
Based = TCAGTCAGTCAGTCAGTCAGTCAGTCAGTCAGTCAGTCAGTCAGTCAGTCAGTCAGTCAGTCAG

Click here to change format

Differences from the Standard Code:

Code 4 Standard

UGA Trp W Ter *

Alternative Initiation Codons:

Trypanosoma: UUA, UUG, CUG
Leishmania: AUU, AUA
Tertrahymena: AUU, AUA, AUG

Paramecium: AUU, AUA, AUG, AUC, GUG, GUA(?)


https://www.ncbi.nlm.nih.gov/Taxonomy/Utils/wprintgc.cgi
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https://en.wikipedia.org/wiki/Bacterial_genome

Challenging biological dogmas ADP

biological catalysts by accelerating chemical reactions

Maltose substrate
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RNA message Ribozyme-mediated cut Cut (cleaved) RNA messages
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Adenovirus
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Viral genomes
| I

! ! l l

Linear Circular Linear Circular

| | | |
' !

I.-'" "‘-. I.-" -::--I
|

— s b

e s a ds

Parvovirus Herpesvirus M13  Baculovirus ThMV Reovirus Hepatitis D virus



Genome browsers ADP

Mimivirus (host amoeba)

Genome: 1.2 MB

~1000 genes
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https://en.wikipedia.org/wiki/Escherichia_virus_T4#/media/File:Tevenphage.svg
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https://en.wikipedia.org/wiki/Lytic_cycle#/media/File:Phage2.JPG
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Virﬂphage ¥p 14 languages ~

Article Talk Read Edit View history Tools ~

From Wikipedia, the free encyclopedia

Virophages are small, double-stranded DNA viral phages that require the co-

Virophaviricetes

infection of another virus. The co-infecting viruses are typically giant viruses.
Virophages rely on the viral replication factory of the co-infecting giant virus for
their own replication. One of the characteristics of virophages is that they have a
parasitic relationship with the co-infecting virus. Their dependence upon the giant
virus for replication often results in the deactivation of the giant viruses. The
virophage may improve the recovery and survival of the host organism.
Virophages constitute the class Virophaviricetes.

Discovery [edit]

The first virophage was discovered in a cooling tower in Paris in 2008. It was

discovered with its co-infecting giant virus, Acanthamoeba castellanii mamavirus Sputnik virophage
(ACMV). The virophage was named Sputnik and its replication relied entirely on Virus classification »
the co-infection of ACMV and its cytoplasmic replication machinery. Sputnik was (unranked): Virus

also discovered to have an inhibitory effect on ACMV and improved the survival of | pezim: Varidnaviria

the host. Other characterised virophages include Sputnik 2, Sputnik 3, Zamilon

Kingdom: Bamfordvirae
and Mavirus.[21[31[4][5] g

] ST PR Dranlacrminriricata
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Bacterial DNA Plasmids

Prokaryotic genomes

* Most genomes are:
1. single molecule.
2. one circular chromosome.
3. double stranded DNA.

4. some have small additional circular DNA
that can replicate independently (plasmid).

* Genome is organized in a structure called
(Nucleoid).
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Bacterial DNA Plasmids

Prokaryotic genomes organization

Prokaryote genome organization through:
1.Nucleoid (protein DNA interaction).
2.Supercoiling. : '
3.DNA loops

Proteins




Operons ADP

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

1: RNA Polymerase, 2: Repressor, =

3: Promoter, 4: Operator, 5: Lactose,
6: lacZ, 7: lacy, 8: lacA.

https://en.wikipedia.org/wiki/Operon
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Operon is a functioning unit of DNA containing a cluster of genes
under the control of a single promoter
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D D [ I

Haemophilus influenzae

D[ D [/ [ EED

Helicobacter pylori

T we > @

w [ (D

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



Synteny

ADP

Synteny conservation of blocks of order within two sets of

chromosomes

Caencrhabditis elegans

P oA

Mus musculus and Homo sapiens
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Feature Operon synteny

Definition Cluster of co-transcribed, related Conserved gene order across genomes
genes

Functionality Genes have related biological May or may not have related Functions
Function

Transcription Transcribed as one mRNA Mot necessarily co-transcribed

(polycistronic)

Scope Within one genome Across genomes (comparative contexk)
Example lacZ-lacY-lacA in E coli dnaA-dnaN-recF conserved in multiple species
Used in Gene regulation, pathway analysis Evolutionary studies, genome strucbure comparison

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.
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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.omb.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://cch.nki.nl/software/operpred/
YOOPER - https://www.cmbl.uga.edu/software/yooper.html
nnpOperon — https://github.com/bioinformatics-centre/nnpoperon
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DNA packing proteins

aoctamer of core histones:
H2A, HZ2B, H3, H4 (each one x2)

core DNA

histone H1 linker DNA
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DNA packing proteins

aoctamer of core histones:
H2A, HZ2B, H3, H4 (each one x2)

core DNA

histone H1 linker DNA

bioRyiv
Histone-organized chromatin in bacteria THE PREPRINT SERVER FOR BIOLOGY
Antoine Hocher, 2 Shawn P. Laursen, Paul Radford, Jess Tyson, (2 Carey Lambert,

Kathryn M Stevens, Mathieu Picardeau, = R. Elizabeth Sockett, Karolin Luger, 2 Tobias Warnecke
doi: https://doi.org/10.1101/2023.01.26.525422

Posted January 26, 2023.
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DNA packing proteins
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DNA packing proteins
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Bacterial DNA Plasmids

Prokaryotic genomes organization
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Bacterial DNA Plasmids
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. . Genome size Approx. no.
Organism type =+ Organism # . * Note
(base pairs) of genes

, Nasuia deltocephalinicola Smallest known non-viral genome. Symbiont of

Bacterium , 112,091 (112 kB | 137 59
(strain NAS-ALF) leathoppers.[39]
Bacterium Carsonella ruddii 159,662 | 160 kB An endosymbiont of psyllid insects
Bacterium Buchnera aphidicola 600,000 | 600 kB An endosymbiont of aphids!69]
Bacterium Wigglesworthia glossinidia 700,000 | 700Kb A symbiont in the gut of the tsetse fly
Bacterium - Prochlorococcus spp. (1.7 Smallest known cyanobacterium genome. One of
, 1,700,000 | 1.7 MB | 1,884 ‘ }

cyanobacterium Mb) the primary photosynthesizers on Earth.[61162]

, L First genome of a living organism sequenced, July
Bacterium Haemophilus influenzae 1,830,000 (1.8 MB  aanieH]
Bacterium Escherichia coli 4,600,000 | 4.6 MB | 4,288 [641
Bacterium - ) .

, Nostoc punctiforme 9,000,000 | 9 MB 7,432 7432 open reading framesl©>]

cyanobacterium

, Solibacter usitatus (strain
Bacterium , 9,970,000 | 10 MB [66]

Ellin 6076)
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Bacterial DNA Plasmids

i
fa

'a I/I!
\\H‘M\\»un uu/ ’UH, N
I-.
2 w-
\\\‘“‘ = ',"«.'//,Q PN

R

xxxxxx
Staphylococcus aureus N315.
2813641 bp

xJ /
5, Y gy e
& & N4 .’l 5
Clr U "\‘u'\‘-u\\\‘ =,
K

. . Genome size Approx. no.
Organism type =+ Organism # . * Note
(base pairs) of genes

, Nasuia deltocephalinicola Smallest known non-viral genome. Symbiont of

Bacterium , 112,091 (112 kB | 137 59
(strain NAS-ALF) leathoppers.[39]
Bacterium Carsonella ruddii 159,662 | 160 kB An endosymbiont of psyllid insects
Bacterium Buchnera aphidicola 600,000 | 600 kB An endosymbiont of aphids!69]
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, L First genome of a living organism sequenced, July
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, Nostoc punctiforme 9,000,000 | 9 MB 7,432 7432 open reading framesl©>]

cyanobacterium

, Solibacter usitatus (strain
Bacterium , 9,970,000 | 10 MB [66]
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Genome browsers

Eukaryotic genomes

* Genomes are:
1. Genome is a double stranded DNA.

2. Genome arranged in several linear
packages called chromosomes through
interactions with several proteins.
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Eukaryotic genomes

* The chromosomes in their most condensed
form are called metaphase chromosomes.

* The entire genome represented by metaphase
chromosomes is called karyotype.

* The number of sets of chromosomes in a given
eukaryotic cell is referred to as the level of ploidy.

What is your level of ploidy?
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Ploidy
« Haploid (1N): cells Haploid (N) Diploid (2N)
that contain one set f | ([ )
of chromosomes. "y
Which of human cells |
are haploid and what v U
IN=7
Triploid (3N) Tetraploid (4N)

o i ol
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 §
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of chromosomes. |

Which of human cells
are haploid and what
2N =7

* Diploid (2N): cells
that contain two sets l] f
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. ) Genome size Approx. no.
Organism type Organism % . Note
(base pairs) of genes
Polychaos dubium
Amoeboid 4 , 670,000,000,000 670 GB Largest known genome.[®7] (Disputed)[©8]
( "Amoeba" dubia)
, Smallest recorded flowering plant genome,
Plant Genlisea tuberosa 61,000,000 | 61 MB
2014.169]
First plant genome sequenced, December
Plant Arabidopsis thaliana 135,000,0000701 | 135 MB | 27,655[71] EUDUFEHI g 9
Plant Populus trichocarpa 480,000,000 | 480 MB | 73,013 First tree genome sequenced, September 200673
Plant Fritillaria assyriaca 130,000,000,000 | 130 GB
Paris japonica (Japanese-
Plant ) Jap Jap 150,000,000,000 | 150 GB Largest plant genome known(74]
native, pale-petal)
. First genome of a bryophyte sequenced, January
Plant - moss Physcomitrella patens 480,000,000 | 480 MB 20081751
Fungus - yeast Saccharomyces cerevisiae 12,100,000  12.1 MB | 6,294 First eukaryotic genome sequenced, 1996.7¢!
Fungus Aspergillus nidulans 30,000,000 | 30 MB | 9,541 [77]
Mematode Pratylenchus coffeae 20,000,000 | 20 MB [78] smallest animal genome known(7?]
. First multicellular animal genome sequenced,
Nematode Caenorhabditis elegans 100,300,000 | 100 MB | 19,000 -
December 1998[80]
Drosophila melanogaster Size variation based on strain (175-180Mb:
Insect . 175,000,000 | 175 MB | 13,600 o
(fruit fly) standard y w strain is 175Mb)[81]
Insect Apis mellifera (honey bee) 236,000,000 | 236 MB | 10,157 [82]
Insect Bombyx mori (silk moth) 432,000,000 432 MB | 14,623 14,623 predicted genesl&3]
Insect Solenopsis invicta (fire ant) 480,000,000 | 480 MB | 16,569 [84]
Mammal Mus musculus 2,700,000,000 | 2.7 GB | 20,210 [85]
Mammal Pan paniscus 3,286,640,000 | 3.3 GB | 20,000 Bonobo - estimated genome size 3.29 billion bpl&8]




i . Genome size Approx. no.
Organism type Organism % . Note
(base pairs) of genes
Polychaos dubium
Amoeboid 4 , 670,000,000,000 670 GB Largest known genome.[®7] (Disputed)[©8]
( "Amoeba" dubia)
, Smallest recorded flowering plant genome,
Plant Genlisea tuberosa 61,000,000 | 61 MB
20141631
First plant genome sequenced, December
Plant Arabidopsis thaliana 135,000,0000701 | 135 MB | 27,655[71] EUDUFEHI g 9
PrETTT PO T O S U U TS S ME T T SO TS P T T S e e S e e T e 2 OO
Plant Fritillaria assyriaca 130,000,000,000 | 130 GB
Paris japonica (Japanese-
Plant ) Jap Jap 150,000,000,000 | 150 GB Largest plant genome known(74]
native, pale-petal)
. First genome of a bryophyte sequenced, January
Plant - moss Physcomitrella patens 480,000,000 | 480 MB 20081751
Fungus - yeast Saccharomyces cerevisiae 12,100,000  12.1 MB | 6,294 First eukaryotic genome sequenced, 1996.7¢!
Fungus Aspergillus nidulans 30,000,000 | 30 MB | 9,541 [77]
Mematode Pratylenchus coffeae 20,000,000 | 20 MB [78] smallest animal genome known(7?]
. First multicellular animal genome sequenced,
Nematode Caenorhabditis elegans 100,300,000 | 100 MB | 19,000 -
December 1998[80]
Drosophila melanogaster Size variation based on strain (175-180Mb:
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. . Genome size Approx. no.
Organism type + Organism % . & Note
(base pairs) of genes
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Homo sapiens genome size estimated at 3.2 Gbp
in 2001[871(88]
Mammal Homo sapiens 3,000,000,000 | 3 GB 20,000 . . .
Initial sequencing and analysis of the human
genomel89]
Bird Gallus gallus 1,043,000,000 | 1.0 GB | 20,000 [30]
. Tetraodon nigroviridis (type Smallest vertebrate genome known estimated to
Fish 385,000,000 | 390 MB
of puffer fish) be 340 Mbl21l32] _ 385 Mb.[?3]
. Protopterus aethiopicus
Fish . 130,000,000,000 | 130 GB Largest vertebrate genome known
{marbled lungfish)
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Human Genome Project

Started in 1990, finished 2003
Cost: $2.7 billion
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(~10,000 active in given tissue + splicing isoforms)
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~20,000 genes

(~10,000 active In given tissue + splicing isoforms)
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~20,000 genes

(~10,000 active in given tissue + splicing isoforms)
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~20,000 genes

(~10,000 active in given tissue + splicing isoforms)
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(~10,000 active In given tissue + splicing isoforms)
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SNPs

Missense mutation

Criginal DNA code for an amino acid sequence.

onaCATCATCATCATCAT
bases
== His H His H His H His H His H His H His -

-
T
]
(g
=
—

Amine acid Replacement of a

single nucleotide.

-- His H His H His HWIT®H His H His H His }-

Incorrect amino acid, which may

produce a malfunctioning protein.

1.5, Hational Library of Medicine
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SNPs

& s

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)
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Metaphase chromosomes have:

1. Two arms (short p, long q) and separated
by centromere.

2. Centromere (region holds the arms).

3. telomeres (ends of the chromosome).

I'M m'{ ;‘ ’
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Telomere-to-telomere consortium

Introduction

We have sequenced the CHM13hTERT human cell line with a number of
technologies. Human genomic DNA was extracted from the cultured cell line. As the
DNA is native, modified bases will be preserved. The data includes 30x PacBio HiFi,
120x coverage of Oxford Nanopore, 70x PacBio CLR, 50x 10X Genomics, as well
as BioNano DLS and Arima Genomics HIC. Most raw data is available from this site,
with the exception of the PacBio data which was generated by the University of
Washington/PacBio and is available from NCBI SRA.
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Telomere-to-telomere consortium

Introduction

We have sequenced the CHM13hTERT human cell line with a number of
technologies. Human genomic DNA was extracted from the cultured cell line. As the
DNA is native, modified bases will be preserved. The data includes 30){ PacBio HiFi,l
120x coverage Dflefcrd Nanﬂporel 70x PacBio CLR, 50x 10X Genomics, as well
as BioNano DLS and Il\rima (Genomics HiC| Most raw data is available from this site,
with the exception of the PacBio data which was generated by the University of
Washington/PacBio and is available from NCBI SRA.

y




Genome browsers ADP

2.3 Mb

Nanopore sequencing provides the longest read lengths, from 500 bp to the current
record of 2.3 Mb [16], with 10—-30-kb genomic libraries being common. Feb 7, 2020

https://genomebiology.biomedcentral.com » articles

Opportunities and challenges in long-read sequencing data ...
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Table 1. Comparison of GRCh38 and T2T-CHM13 human genome assemblies

Summary GRCh38p13 CHM13v1.1 +%
Assembled bases (Gbp) 2.92 3.05 +4.5%
Unplaced bases (Mbp) 11.42 0 -100.0%
Gap bases (Mbp) 120.31 0 -100.0%
# Contigs 949 24 -97.5%
Ctg NG50 (Mbp) 56.41 154.26 +173.5%
# Issues 230 46 -80.0%
Issues (Mbp) 23043 8.18 -96.5%
Gene Annotation
# Genes 60,090 63,494 +5.7%
protein coding 19,890 19,969 +0.4%
# Exclusive genes 263 3,604
protein coding 63 140
# Transcripts 228,597 233,615 +2.2%
protein coding 84,277 86,245 +2.3%
# Exclusive transcripts 1,708 6,693
protein coding 829 2,780
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Segmental duplications (SDs)

% SDs 5.00% 6.61%

SD bases (Mbp) 151.71 201.93 +33.1%

# SDs 24097 41528 +72.3%

RepeatMasker

% Repeats 50.03% 53.94%

Repeat bases (Mbp) 1,916.37 1,647.81 +8.7%
LINE 626.33 631.64 +0.8%
SINE 386.48 390.27 +1.0%
LTR 267.52 269.91 +0.9%
Satellite 76.51 150.42 +96.6%
DNA 108.53 109.35 +0.8%
Simple repeat 36.5 77.69 +112.9%
Low complexity 6.16 6.44 +4.6%
Retroposon 4.51 4.65 +3.3%
rRNA 0.21 1.71 +730.4%
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Human Pangenome

The international journal of sclence /11 May 2023

nature
—

HUMAN
P NGENI]M[

Data from 47 individuals combine to create
reference resource that reflects human diversity

Considered position  Predictive power Screen test

The debate over Four steps to fashion Microl EDs induced 1E

pricrities for ascienoe of human toself-assemble into
autism research algorithm behaviour next-generationdisplay  #

ADP

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

Human Pangenome

ADP
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Pangenomics enables genotyping of known structural
variants in 5202 diverse genomes

SLENN HICKE PHCHUAN CHANG |-..], AND BENEDICT PATEN +10 authors = Authors Info & Affiliations
~167,000 structural variants 5202 genomes
Catalogs from Reference structural variant
long-read studies pangenome graph

- <<

Short sequencing reads

Map reads to pangenome with Giraffe —» Comparison of accuracy, \

——— speed, ' , )
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Alignment versus De Novo Assembly

Yes

l

Alignment to Reference

Is a Reference Genome available?

hitp dwwwoncbl.nlm.nih. govi sites/ genome
“Browse by organism groups”

No

l

" 7= de novo Assembly

ADP

= — = Short Sequence "Reads”
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Sequence file formats

= Next gen sequence file formats are based on the
commonly used

FASTA format

>sequence_|D and optional comments
ATTCCGGTGCLGGTGCGLGTGC TGCCGTGCCGGTEC
TTCGAAATTGGCGTCAGT

* The Phred quality scores per base were added to form
the FASTQ format
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Fastq Quality values

43 B4
5 = Banger Fhred+313;
¥ - Bolexa BEalaxa+hd,

I - Illumina 1.3+ Phrad+ad,
J = Illomina 1.5+ Phrad+6d,
with D=unused,

4

Caw
EawW
EawW
Eaw

raw reads typleally (0, 41)

reads
reads
reade
raads

l=upnused; 2=Read Segment Quality Contrel Indicator (bold)

Hote: See discussion abowve] .
L - Tllumins 1.E4 Phrad+il

13 104 126

typically (0, 40)
typleally (-5, 40)
typiecally (0, 40)
typically (3, 40)

(= =1l logy M
'; g5 Phred Quality Score Probability of incomest base call E-:. B : A -_;_ 1, [ -.|-. t..jj;_;.-,.:_.l I:. =__.,.
i 1im1d
= 1in 100 If base quality =
an 1 im 10080 _35/10 .
a0 1 In 10300 P=10 =(0.00032 (or 1/3200 inco
B 1 im 103330

Tesangnormaly expected up to 40in a Phred scale.

m&m «=hitp/'en wikipedia.ong/wiki' ASCII>

From hitn:/) Kinedi Wikl FASTQ I

BEBEEE R R R B e BB B e B B E B BB B R BB EEE B s v st s d R RS E RGP R R E R AR R e

e BRI NN NER s v envvvrnnsrnnnarnnaas
IITITIITITRNRIIIRNITIIIRTIINNNTIIINNNITIIINII.
. RS P o P P e P A P SasEEEsssEEaEa
LLLL LLTTT LTTT TLTTT LTTT TLTTT LTTT I

|"#5%8 "' [)*4,-. 0123456789 j<=> 7§ ABCDEFGHI JELMNOPORSTUVHEYE [\ ] " _"abedefghl jklmnopgratuvwxyz{ | }~

ADP
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Running FastQC

Open FastQC program

Open in browser:

fastqc_report.html —
Per base sequence quality
i .l"-ﬂ:HI:ﬂ-llﬂ:Fll-"".'?l'. E i LISV L B ) p‘-.ljlaluﬁ' :ﬂm.‘l
Nennienonennganoeniasniaannealing
. 1. p-value =0.001
) | p-value = 0.01
H p-value = 0.05

Babraham Bioinformatics hitp:/'www.bioinformatics.babraham.ac.uk/projects/fastqc/
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Short Read Alignment Software

= BFAST

= BLASTN
= BLAT

= Bowtie

= BWA

= ELAND

= GNUMAP

= GMAP and
GSNAP

= MAQ = SSAHA and

«mrFAST and  SSAHAZ2
mrsFAST « STAR

= MOSAIK * TopHat

* Novoalign =~20 more...
= RUM

= SHRIMP

= SOAP

= SpliceMap

ls /usr/lecal/bic_apps/

http:/len.wikipedia.org/wiki/List of sequence_alignment_software

m> niect http:/ftinyurl.com/seganswers-mapping
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Issues of Consideration for Alignment
Software
* Types of reads

e.q. SRRO36642.fastq

e.q. SRR027894 1 .fastg, SRR027894 2 .fastq
1

. F'E""Ed-End %

+——p 2

Mean, Standard Deviation of Inner Distance
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Most commonly used alignment file formats

= SAM (sequence alignment map)

Unified format for storing alignments to a reference genome
= BAM (binary version of SAM)

Compressed SAM file, is normally indexed
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SAM/BAM format (sequence alignment map):
Most commonly used alignment file formats

Unified format for storing alignments to a reference genome

BAM iz a compressed SAM file, normally inde xed __,..--—l* b picam sowrcsiorge netexpiandlags Mml

ADP

CINAME FLAG RMAME POSITION MAPQ CIGAR  MRNM MPOS TLEM
ERRBR4Q54,.TORSH93 147 1 923012 29 AT = 9253487 -165
ERREA4B54, 9520602 99 1 925777 19 im™ = 925878 138
ERRGA4R54. 0548602 147 1 025878 23 ™ - 9257717 -138
SEQ CQUAL OFT

TEATCOGCCCACCTCAGCCTCCCARAGTGCTGGGATT
GATTCTCCTGCCTCAGCCTCCCLAGTAGCTGGGALTG
GGECCAGGCCGOLTCTCLGAACTCCTGACCTCAGGCGATT

Col

1

11

12+

Field Dezordption Flag
QUAME lJuery templatefpair RAHE BxBaAl
FL&G biltwise FLEG B BER D
FMAME Rpfordnds seguence WAME —
=% 1-haned leftmnet POSitiofranrdinate of clipped mequence R
ME>] MaPFpirg Quallty (Phred-sialed]

BxBalm
CIAGRE ewtended CIGAR sTirlng

BEREZR
HiNM  Hate Aeference sequerce MaMe (o' IF same B3 EHOGME)

B el B
HM™0Ek  1-based FAate POS1istlor
TLEM inferred Template LENGTH [insort slzae) i
=19 query 3LQuence on the ssee strand az the reference Ixildd
QUAL guery QUALity (ASCII-33 gives the Phred base guality) BxBzBe
o=y varlaEle OPTional fields in Che fermatl TaE:WTYPE:WALLE R E]

BN coctious Discases

http ://=samt ools.so0u rceforge.net'samtools . shtmil

http:/! samtools source forge. net/'SAM 1. pdf

7A13@E=: CECABEAGBRCEACEF@EBAABDABED 7=+
=27 7BADBAFCCBDAEDBBDBE=AE>=CR2EF5 7 YBED
=71 DABEETABAEA=D =D 7E0AC>BCAFDBE=B=>:

Chr

B
p
u

AT=A=R HWM:21:8
ATzA:R NM:i:8
AT:z=h:=U HWM:1i:8

kS & =

pescripition
the read 1s paired in seguencing
the resd is mapped in & proger pair
the guery seguence Ltself is vnrapped
the mate is urmapped
strand af the guery (I for reversel
strand of the mate
the read is the first read in & pair
the read iz the second read im a palr
the allgrment is not primary
the read fails platformfwerdor guality checlks

the read is elther & PCR ar an cptlcal duplicate
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Shotgun Sequencing

~

Cloned genomes

Multiple genomes are sheared
into variable sized segments

Unordered sequenced
segments

Computational automated
assembly

Resulting overlapping sequence
segments. (The higher the
coverage the better the quality
of the sequencing.

Overlapping sequence segments
ATGTTCCGATTAGGAAA AACTGTTTCATTCAGTAAAAGGAGGAAATATAA combined to construct the
genome consensus.




Introduction to sequencing

Multiple Copies of a Genome

Consensus Sequence

-

High Coverage

Low Coverage

Reads

Consensus
Sequence

ATGGCATTGCAA
TGGCATTGCAATTTG
AGATGGTATTG
GATGGCATTGCAA
GCATTGCAATTTGAC
ATGGCATTGCAATTT
AGATGGTATTGCAATTTG

AGATGGCATTGCAATTTGAC

http://gcat.davidson.edu/phast/



Sequencing platforms

Platform lllumina MiSeq  lon Torrent PGM PacBio RS lllumina GAlIx lllumina HiSeq 2000
Instrument Cost* $128 K 580 K** 5695 K $256 K 5654 K
Sequence yield per run 1.5-2Gb 20-50 Mb on 314 chip, 100 Mb 30Gb 600Gb

100-200 Mb on 316 chip,

1Gb on 318 chip
Sequencing cost per Gb* 5502 $1000 (318 chip) 52000 5148 541
Run Time 27 hours*** 2 hours 2 hours 10 days 11 days
Reported Accuracy Mostly > Q30 Maostly Q20 <Q10 Mostly > Q30 Mostly > Q30
Observed Raw Error Rate 0.80 % 1.71 % 12.86 % 0.76 % 0.26 %
Read length up to 150 bases  ~200 bases Average 1500 bases****  up to 150 bases  up to 150 bases

(C1 chemistry)

Paired reads Yes Yes No Yes Yes
Insert size up to 700 bases  up to 250 bases up to 10 kb up to 700 bases  up to 700 bases
Typical DNA requirements  50-1000 ng 100-1000 ng ~1 ug 50-1000 ng 50-1000 ng

* All cost calculations are based on list price quotations obtained from the manufacturer and assume expected sequence yield stated.
** System price including PGM, server, OneTouch and OneTouch ES.
*** Includes two hours of cluster generation.
*#¥% Mean mapped read length includes adapter and reverse strand sequences. Subread lengths, i.e. the individual stretches of sequence originating from the
sequenced fragment, are significantly shorter.
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Technology used

Generation | Company Platform Approx. Read Length (nt)
First ABl/Life Technologies | 3730xI 600 - 1000

MNext Roche/454 Genome Sequencer FLX Titanium | 300 - 1000

Next lllumina HiSeq 2000 36-100

MNext ABl/Life Technologies | 5500xI SOLID System 50-75

One Genome — One Large Scaffold — One Week

Microbial Genome Assembly Genome Assembly

Organism S. pneumoniae E. coli T. thermophilus C. jejuni Organism S. cerevisiae
Number of Chromosomes 1 1 2 1 Number of Chromosomes 17
Large Scaffolds 1 1 2 1 Large Scaffolds 17
Genome Size 2.2 Mb 46 Mb 2.1 Mb 1.6 Mb Genome Size 12.1 Mb
N50 Scaffold Size 2.2 Mb 46 Mb 1.9 Mb 1.6 Mb N50 Scaffold Size 79-1,523 kb
N50 Contig Size 26.1 kb 571 kb 10.5 kb 1538 kb Chromosome Size 86-1,532 kb
Genome Coverage 99.6% 100% 100% 99.3% N50 Contig Size 53.1 kb
Oversampling 25x% 15x 33x 33x Genome Coverage 99.5%
Number of GS FLX Runs 1/4 1/4 1/4 1/4 Oversampling 23x
Number of GS Junior Runs 2 2 2 2 Number of Runs 1 8
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Data éExGenomes

HU7BLKYO01 = 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) aJoO COMMUNITY D) O
32 Mbps in total (GC content 0.61)

N50 399 Q O
HU7BLKYO02 = phi amplified DNA pool of 8 old phages OO O OO%O

Provided fasta file contains 117186 reads OO

METAGENOME ASSEMBLY Ch;ronri'iric
The average size of sequence is 429.21 (min=39, max=847). polymorphism / =
50.3 Mbps in total (GC content 0.44). N

N50 482 —— ———

HU7BLKYO03 = 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



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

VVVVYVYY

- genomes come from Island (hot springs, geysers)

- IMCB 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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General strategy of assembling a genome
de novo

PLHRISRERD. JI00E JES RABEREH1IR1AS 41 2F194; 251d /1
TG TALG T AT G A A T O T T e TR AT AT LT TG A TGAT A CCRC TTRATATASITCTTOTCTS

FHHHA-RHHHA-HHHAA" FHHF B HHF S-HEFFFRFFFAZHEEH F-OFOOCADDFECEEDD * EEBDICEDCE-EDE
ESRR1i4885.2380] SadRABRE]11e183 41 112 esd 1 2EE L]
BATH TAT R CE RS T TE T TTH T CARGRE TTHRI AL AARRIC TECTOAC TT

FHHHH-HHHHA-HHHHSHHHHA-HHHH PP FFERBET DEBCCTONASDRT | < (=i <0FT
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Imperfect Overlap Between Reads Can Lead to
Incorrect Assembly in the Greedy Approach

ACAGGTAG-GT

Imperfect overlap
G-AGTGTCCAGA
— I I —
Correct!
A B C D
Incomrec
A D B C

m> et A Brief Bioinform. 2009 July; 10(4): 354-366.
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De Bruijn Graph

It breaks reads into successive k-mers and the graph maps the k-mers
Each k-mer is a node and edges are drawn between each k-mer in a read.

Repeat sequences create a fork in the graph; alternative sequences create a
bubble.

» The k-mer size can only be determined by “trial and error”.

« Asmall value of K wil create a complex graph but a large value of K may miss
small overlaps. A good starting point would be a k-mer size that is 2/3 the size of

the read

Good for short reads or small genomes. With long reads and/or large genomes,
may require lots of RAM (e.q., ~0.5 TB for human)
C de Bruijn Graph o TAG

...-*GTT

EEE:. i E, h‘.‘l:E'.[;_l' I-IE_'EJ -;'\:E;.-"; .I'\'E"EA_.'-':I h'\-l;i&-"l t;&g. l|_AE |

&6
Examples are: H —

NIH) 2 Velvet, SOAPdenovo, ALLPATHS-LG, ABySS e‘@
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De Bruijn Graph

It breaks reads into successive k-mers and the graph maps the k-mers
Each k-mer is a node and edges are drawn between each k-mer in a read.

Repeat sequences create a fork in the graph; alternative sequences create a
bubble.

» The k-mer size can only be determined by “trial and error”.

« Asmall value of K wil create a complex graph but a large value of K may miss
small overlaps. A good starting point would be a k-mer size that is 2/3 the size of

the read

Good for short reads or small genomes. With long reads and/or large genomes,
may require lots of RAM (e.q., ~0.5 TB for human)
C de Bruijn Graph o TAG

...-*GTT

EEE. ’-E,‘ .le.\_I:E-_[:.-'..-'FT"'I TAE im hE—M '#G_.-' \'_

Yoo Examples are: '
NIH) 28 vawetismme ElLPAﬂ-IS-LGm e‘@




Genome assembly algorithms based on de Bruijn graphs

de Bruijn graph with k(mer) = 4

O Al AccC
AAC r:%? cAC CCCA
fon—CCAC CCAA Reads
"E?O K CAAC
C <l AACC
ACC ] ACCA
I O CCAC
e
cce ACCCAACCAC Consensus

For simplicity, reverse complement edges and nodes are ignored.

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"

16
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Evaluating the assembly

* Genome assembly results:
contig size and number of contigs produced
scaffold size and number
NS0 and NS0

Coverage

GC Content

Genome annotation

repeats analysis and annotation

protein-coding gene annotation (including gene structure prediction and gene function
annotation)

non-coding RN A gene annotation (including annotation of microRNA, tRNA, rENA, and other

NCcRMA)
transposon and tandem repe ats annotation

* Comparative genomics and evolution (chromosome structure, conserved gene
families)
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Evaluating the assembly

Basic statistics

N50 the length of the shortest contig such that the sum of contigs of equal
length or longer is at least 50% of the total length of all contigs.

Contig size (bp)
3000
2000 =— N50
1200
800
600 <— N90
400
Total: 8000

N90 = the length of the shortest contig such that the sum of
mntl s of equal length or longer is at least 90% of the total

ﬁ of all contigs.
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To Determine Optimal kmer Size, Try Many

Effect of kmer Length on Contig Length in ABySS

1000

-

200 P

700 1%

ABYSS N2S
il 5 55 M5
e A 55 N7 5

100

Al OIS MATHIMIUATIZARIA B\ HIFTJd /A0 40 L 3] [ 454047 |05 2 5354535 9857 9 S HIE I H2 HI1HS

- kmer bp)
*This will vary based on dataset (genome, read length, etc.)

)" *Good starting point is 2/3 of the read length.

Fiee o=



Assemblers comparison

OPEN @ ACCESS Freely available online ="PLoS one

A Practical Comparison of De Novo Genome Assembly
Software Tools for Next-Generation Sequencing
Technologies

Wenyu Zhang, Jiajia Chen, Yang Yang, Yifei Tang, Jing Shang, Bairong Shen*



Assemblers comparison

“PLOS one

SEMBLATHON £3

Assemblathon 2: evaluating de novo methods of genome assembly in three vertebrate species

Keith R. Bradnam (1), Joseph N. Fass (1), Anton Alexandrov (36), Paul Baranay (2), Michael Bechner (39), inang Birol (33), Sébastien Boisvert10, (11), Jarrod A. Chapman (20), Guillaume
Chapuis (7,9), Rayan Chikhi (7,9), Hamidreza Chitsaz (6), Wen-Chi Chou (14,16), Jacques Corbeil (10,13), Cristian Del Fabbro (17), T. Roderick Docking (33), Richard Durbin (34), Dent
Earl (40), Scott Emrich (3), Pavel Fedotov (36), Nuno A. Fonseca (30,35), Ganeshkumar Ganapathy (38), Richard A. Gibbs (32), Sante Gnerre (22), Elénie Godzaridis (11), Steve Goldstein
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Background - The process of generating raw genome sequence data continues to become cheaper, faster, and more accurate. However, assembly of such data into high-quality, finished genome
sequences remains challenging. Many genome assembly tools are available, but they differ greatly in terms of their performance (speed, scalability, hardware requirements, acceptance of newer read
technologies) and in their final output (composition of assembled sequence). More importantly, it remains largely unclear how to best assess the quality of assembled genome sequences. The
Assemblathon competitions are intended to assess current state-of-the-art methods in genome assembly. Results - In Assemblathon 2, we provided a variety of sequence data to be assembled for three
vertebrate species (a bird, a fish, and snake). This resulted in a total of 43 submitted assemblies from 21 participating teams. We evaluated these assemblies using a combination of optical map data,
Fosmid sequences, and several statistical methods. From over 100 different metrics, we chose ten key measures by which to assess the overall quality of the assemblies. Conclusions - Many current
genome assemblers produced useful assemblies, containing a significant representation of their genes, regulatory sequences, and overall genome structure. However, the high degree of variability
between the entries suggests that there is still much room for improvement in the field of genome assembly and that approaches which work well in assembling the genome of one species may not
necessarily work well for another.
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sequences remains challenging. Many genome assembly tools are available, but they differ greatly in terms of their performance (speed, scalability, hardware requirements, acceptance of newer read
technologies) and in their final output (composition of assembled sequence). More importantly, it remains largely unclear how to best assess the quality of assembled genome sequences. The
Assemblathon competitions are intended to assess current state-of-the-art methods in genome assembly. Results - In Assemblathon 2, we provided a variety of sequence data to be assembled for three
vertebrate species (a bird, a fish, and snake). This resulted in a total of 43 submitted assemblies from 21 participating teams. We evaluated these assemblies using a combination of optical map data,
Fosmid sequences, and several statistical methods. From over 100 different metrics, we chose ten key measures by which to assess the overall quality of the assemblies. Conclusions - Many current
genome assemblers produced useful assemblies, containing a significant representation of their genes, regulatory sequences, and overall genome structure. However, the high degree of variability

between the entries suggests that there is still much room for improvement in the field of genome assembly and that approaches which work well in assembling the genome of one species may not
necessarily work well for another.
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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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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
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TAVA'

biopython

GenomeDiagram

http:/Ibiopython.org/DIST/docs/tutorial/
Tutorial.html#sec336
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2 SANTA CROL Fegere

Genome Browser

; :Z Genome Browser

Tools

Mirrors

Downloads My Data Projects Help
Our tools
B Genome Browser

interactively visualize genomic data
COVID-19 Research

use the SARS-CoV-2 genome browser and explore coronavirus datasets

ELAT

rapidly align sequences to the genome

Table Browser
download data from the Genome Browser database

Variant Annotation Integrator
get functional effect predictions for variant calls

Data Integrator
combine data sources from the Genome Browser database

Genome Browser in a Box (GBIB)
run the Genome Browser on your laptop or server

In-Silico PCR
rapidly align PCR primer pairs to the genome

LiftOver

convert genome coordinates between assemblies

Track Hubs

import and view external data tracks

REST API

returns datain JSON format

More tools...

About Us

ADP
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) Submitter Genome Reference Consortium
+_ + harse shesp Level Chromosome
) Arobidagsis Category Reference genome
dog Replaced by GCF_000001405.25
* grape Annotation details
soybaan Annotation Release 109 €}
Release date May 16, 2021

e

https://lwww.ncbi.nim.nih.govigenome/gdv/
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BioViz about~ Help Developers~ IGB Genomes Apps for IGB  BioViz Connect

Integrated Genome Browser

Visualization for genome-scale data

Integrated Cemome Browser 8.5.4
Lo b= '& ﬁ '|' Ii j e Selecrion Info k (i)

Welcome to
Integrated Genome Browser
To get started, choose a genome version using the Current Genome tab.

Or click an image below.

e - Annotation Graph = Advanced Search Selection Info Sliced View  External View Plug-ins

sovailable Data - Corfigures Data Management Table
FG_BG | +/- Load Mode Track Name

SNS UOIIMISSY  SIRLLYO0g o U A

IGB start screen.


https://www.bioviz.org/
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NM_152526

}-r-o-o-)-)-a'-a-) ->->->Jr-:-->->->->-:-->->->->-:-->->->->-:-->->-r-r-¢-¢-+w-r-w-o-r-w-+-w-o-r-w+HN»-@-@-rH-H-)-)-h) |-:--:-->->-1{-:--:-->->->-:--:-->r->->-:--:-->->->-:--:-¢-Jr-r-¢-a-o-@-r-ur+

NM_205863

}—:—)—)—)—)—:—)—)—)—)—)+—)—)—)—)—> —3—3—3—3 —)—D—D—l—l—b—}—b—l—l—b—}—b{—D-—I-—}—)—}—}—*—}—}—}—}*\)--NNJ—)—)—)H)~|~{—)—)—)—)+}—)—)—)—{—)—)—) —3—¥}=3—3 —:F—}—b—}—l—b—l—b—}—)—b—l—b—}—l—b—l—)—}-b

617,878

[#]

-

InterPro name PDZ PDZ

application HMMSmart HMMSmart

library SMART SMART

URL hrp: / fwww.ebi.ac.uk/interpro/entry/IPRO01478 http: / fwww.ebi.ac.uk/interpro/entry /IPRO01478
InterPro accession IPROD1478 IPROD1478

InterPro description PDZ domain PDZ domain

start 599838 599838

end 658674 612021

length 58836 12183

num_spans 3 2

aa start 211 211


http://www.ensembl.org/
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BioViz

About - -

Integrative
Genomics
Viewer

gv

4 Home

¥ Downloads

[E] pocuments
HIGY User Guide

Tutorial Videos

HFile Formats
Hosted Genomes
FAQ

xRelease Notes
Credits

Search website

search

£ 2013-2018

Broad Institute

and the Regents of the
University of Californi

Ann= for IGE

IGR Genomes

Home

Integrative .
Genomics T
Viewer

i sk il

koo bk o

Overview

- The Integrative Genomics Viewer (IGV) is a

[N high-performance, easy-to-use, interactive tool

I o fOr the visual exploration of genomic data. It
HISBWSS  cypports flexible integration of all the common
types of genomic data and metadata, investigator-generated
or publicly available, loaded from local or cloud sources.

IGV is available in multiple forms, including:

« the original IGV - a Java desktop application,
+ IGV-Web - a web application,
* igv.js - a JavaScript component that can be embedded

irm wsend e Ao doasslanoee

ADP

Install IGR

Connect

Citing IGV

To cite your use of IGV in your publication, please reference
one or more of:

James T. Robinson, Helga Thorvaldsdottir, Wendy Winckler,
Mitchell Guttman, Eric S. Lander, Gad Getz, Jill P.
Mesirov._Integrative Genomics Viewer. Nature
Biotechnology 29, 2426 (2011). (Free PMC article here).

Helga Thorvaldsdattir, James T. Robinson, Jill P. Mesirov.
Integrative Genomics Viewer (1GV): high-performance

genomics data visualization and exploration. Briefings in
Bioinformatics 14, 178-192 (2013).

E. 3
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ﬁ Documentation
Gorilla
Baboon
Marmoset
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Zebrafish

Chicken
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https://epigenomegateway.wustl.edu/browser/
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v53.1.0 .
. WASHU EPIGENOME BROWSER chr7:27053397-27373765 | llTracks {Settings L. Help
p213 N | I I EE == [ o211 1 W | I o34 EEE
10.0M 20.0M 30.0M 40.0M 50.0M 60.0M 70.0M 80.0M 90.0M 100.0M 110.0M 120.0M 130.0M 140.0M 150.0M
chr7
Tools: n 0+ ‘ 4| +5 | +1 | +5 | . | -1 | -5 | > ‘ 9 o @ Viewing a 320.4 kb region in 1156px, 1 pixel spans 277 bp
refGene HOXAL =l HOXA4 HOXAS = HOXAL3 =i EVX1-AS ==
HOXA] ma HOXA-AS3 3=——mm HOTT| P - EVX1a-m
HOTAIRM1 3= HOXAS e HOXA11 =ka EVX1w=m
HOTAIRM1 »=m HOXAG HOXA11-AS = EVX1 =
HOXAZ ath HOXA-AS3 3=
HOXAS midei—— HOXAT st
HOXA3 midei—t—i—t—an HOXA10-AS ==
HOXA-AS2 mes— HOXALQ =He
HOXALO-HOXAQ ss——t—i—a
HOXA10 meisis
1 itemn too small - zoom in to view. (Dismiss)
gencodeV2s HOXAL =l HOX A dimtoiimsie] HOXA1l=Hl AC004080.14 HMRMPALIPZ3 R AC0040cC
4P2P2 HOXA1 = HOXA4 HOXAT= RF021421 EVX1-AS & AC004009.1 3>
HOXAl == HOXA4 ok HOXAS =i HOXA13# EVX1-AS
HOTAIRM1 B HOXA-AS3 i=——-1 HOXA]3 wfie EVX1-ASH
HOTAIRM13+ HOXAS e HOXAL1Q s EVX1am
HOTAIRM1 3-8 HOXAS B HOXA10=H EVX14En
HOTAIRM1 %8 HOXAG s HOXALL =He EVX1 =
HOTAIRM1 B HOXAGHH HOXAL1-ASH EVX13H
RF019761 HOXA-AS3 82 HOXA13 mmils RPL35P41
HOTAIRM11 AC004080.5 4 HOTTIPH
RF019791 HOXA-AS3 = HOTTIP:
HOXA2 s HOXA4 =1 HOXA9 4~ HOTTIPE
HOXAZ 4@ HOXA4H HOXA9 #<—i RF020411
HOXAS mbdc—=a HOXAT s RFO21401
HOXA 3 mdaimimimaia HOXATH RF021411
HOXA3 HOXA10=H
HOXA-AS 2 ===l HOXAQS »a HOTTIPZ3
HOXAS ittt HOXALOH RF020431
HOXA3 o= HOXA-AS3H RF02042 1
- e



https://epigenomegateway.wustl.edu/browser/
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'_;1 GTEX I:]Dr-t a | © About GTEx & Publications & Access Biospecimens (@ FAQs & Contact

@ Home B Datasets~ X Expression~ & QTLs & Browsers~ 8 le Data~ [ Documentation~ Q, Search Gene or SNP ID_..

Please take our very brief user survey to help us plan new features for the GTEx Partal: htip:/bit.ly/202 1 giexsurvey

21 414
MNew Multi-C

|
Resource Overview Explore GTEX
Current Release (V8) TN By gene ID Browse and search all data by gene
_ \\g }I Browse
Tissue & ba"”,':'lt .‘:::at sHes - By variantorrs ID Browse and search all data by variant
Tissue Sampling Info (Anatomogram)
Access & Download Data By Tissue Browse and search all data by fissue
Release History
How to cite GTEx? Histology Image Viewer Browse and search GTEx histology images

The Genotype-Tissue Expression (GTEX) project is


https://gtexportal.org/home/

Genome browsers ADP
__;j GTEX pD rt a | © About GTEx & Publications & Access Biospecimens (@ FAQs & Contact

@ Home B Datasets~ X Expression~ & QTL:

Locus Browser Visualize QTLs by gene in the Locus Browser

Please take our very brief user survey to help us pl lll,'ll,-., OTL
Locus Browser VG Visualize QTLs by variant in the Locus Browser VC (Variant Centric)
|GV Browser Visualize tissue-specific eQTLs and coverage data in the IGV Browser
eQTL Dashboard Batch query eQTLs by gene and tissue
eQTL Calculator Test your own eQTLs

Resource Overview Explore GTEx

Current Release (V8) 5 By gene ID Browse and search all data by gene
rowse

T!ssue & Sa*nlple S'._at_stlos By variantorrs ID Browse and search all data by variant
Tissue Sampling Info (Anatomogram)
Access & Download Data By Tissue Browse and search all data by tissue
Release History
How to cite GTEx? Histology Image Viewer Browse and search GTEXx histology images

The Genotype-Tissue Expression (GTEX) project is

Browse H3K27ac ChlP-seq, meA methylation, and WGBS DNA

K27 NG
eGTEx  H3K27ac, meA, WGBS methylation data in IGV Browser

®

@ @ | Biobank Access Biospecimens Search and request available GTEx biospecimens

"'\.\'


https://gtexportal.org/home/
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gnomAD browser About News Downloads Terms Publications Contact Changelog Help

We want to hear about how you use gnomAD and your wish list! Please take 5 minutes to fill out our user survey.

gnomAD
NTVYY

genome aggregation database

gnomAD v2.1.1 - Search by gene, region, or variant

Please note that gnomAD v2.1.1 and v3.1.1 have substantially different but overlapping sample
compositions and are on different genome builds. For more information, see "Should | switch to
the latest version of gnomAD?"

Examples

o Gene: PCSK9
» Transcript; ENST00000302118
e gnomAD v2.1.1 variant: 1-55516888-G-CA


https://gnomad.broadinstitute.org/

Genome browsers ADP

Welcome to YUE Lab 71
Computational and Functional Genomics/Epigenomics w / '

Intro i- Virtual 4C ChlA-PET & Similar Capture Hi-C Compare Hi-C

Inter-chrom Tutorial Download

Welcome to 3D Genome Browser, where you can join 50,000 other users from over 100 countries to explore chromatin

interaction data, such as Hi-C, ChlA-PET, Capture Hi-C, PLAC-Seq, and more. Up till Dec. 2017, we have been visited
more than 500,000 times!

& 200
TAD
DHSs Il IW

Genes F'.'.'l:l :'r;nd [+)

Hi-C '

AL AN

180,000,000 181,000,000

ocuntony roccogm
: tons
USP1 3 HIM ATPIIGHER R]LHLMI s

http:/[3dgenome.fsm.northwestern.edu/
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ENCODE
Welcome to YUE Lab
Computational and Functional Genomics/Epigenomics
Virtual 4C ChlA-PET & Similar Capture Hi-C Compare Hi-C Inter-chrom Tutorial Download
Welcome to 3D Genome Browser, where you can join 50,000 other users from over 100 countries to explore chromatin
interaction data, such as Hi-C, ChlA-PET, Capture Hi-C, PLAC-Seq, and more. Up till Dec. 2017, we have been visited
more than 500,000 times!
(A) o deep (B) ,
crosslinked sequencing L high
- L
chromatin : b o
T network . .
== Hi-C library
|, RE digestion  So——
pull-down
| (""'* = |
proteins i
¢ biotinylation crosslink reversal
DNA shearing
> (C)

ligation
http:/[3dgenome.fsm.northwestern.edu/
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Mavigation

GMOD Home
Software
Categories / Tags
View all pages

Documentation

Overview
FAQs
HOWTOs
Glossary

Community

GMOD News
Training / Ouireach
Support

GMOD Promotion
Meetings
Calendar

browsers

ge Discussion

Welcome to the Generic Model Organism Database project, a collection of open source software
tools for managing, visualising, storing, and disseminating genetic and genomic data.

Get Started

Read the GMOD overview for the big picture, or visit GMOD Components for a comprehensive list of GMOD tools. If GMOD
looks promising for your needs, consider attending the next GMOD community meeting.

Get Support

GMOD support is available from several different sources. Support introduces each support option (this web site, GMOD

Mailing Lists, Training and Outreach activities (including GMOD Schools), and the GMOD Help Desk) and offers guidance on
which one is the most appropriate for your question.

Get Involved

As an open source project GMOD relies on the donation of time and software by groups and individuals. Contribution of new
tools, adoption of existing ones, and improving the documentation are all welcome. Existing and potential users are
encouraged to provide feedback via mailing lists or the help desk. You can also attend project meetings.

Popular GMOD Tools

http:/Ilgmod.org/wiki/Main_Page

Read View source View history

ADP

Search

GMOD is Social

Follow The Tweet of GMOD &
(@gmodproject &

in}

JBrowse2 v1.1.0 Released

Prospecting for Proposals for GSoC 2021
Codefest 2020

Tripal 3.5 Released

JBrowse 2 release

Prospecting for Proposals for GSoC 2020
Call for PAG Abstracts

New GMOD Server

GMOD-JBrowse 2016 Survey

GCC2016

oMK
Join other GMOD users on
LinkedIn g

GMOD News Add
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Page Discussion

V—

~J)B
rowse
Mavigation
JBrowse 2: Mew super-fast genome
e annotation viewer
Software

Categories / Tags
View all pages

Documentation

Overview
FAQs
HOWTOs
Glossary

CHADO

Chado: Biological database schema

Community

GMOD News
Training / Ouireach
Support

GMOD Promotion
Meetings
Calendar

Web /—,pollo

WebApollo: browser-based annotation editor

“9 Tripal -,

Tripal: Chado web interface

Pathway Tools @

Pathway Tools: Metabolic, regulatory
pathways

L i i e
T T T rad

=GBrowse

GBrowse: Genome annotation viewer

JBrowse: Super-fast genome annotation
viewer

MAKER

Annotate this!

MAKER: Genome annotation pipeline

Mine

Interiing: Data warehousing

] Canto

Canto: literature annotation tool

http:/Ilgmod.org/wiki/Main_Page

Read View source

= Galaxy

View history

PRO]J

Search

cCT

Galaxy: Data analysis & integration

blo

mart

BioMart: Data mining system

Browse

syn

N

GBrowse_syn: Synteny viewer

vy
A

CMap: Comparative map viewer

CNIap

ADP

-y

30N

Addr'j

iC 2021

G 2020




Thank you for your time
and
See you at the next lecture

Any other
guestions & comments

lukaskoz@mimuw.edu.pl



Credits & links:

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

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

https://www.ncbi.nim.nih.gov/Taxonomy/Utils/wprintgc.cdi

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
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