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What is Broinformatics?
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The staggering volume of molecular data and its
cryptic and subtle patterns have led to an absolute requirement for

approaches to deal with the volume and complexity of data, and in

providing researchers with to analysis and computing
advance

(abstracted from ‘general introduction of NCBI’)

Definition
by National Human Genome Research Institute

m Bioinformatics, as related to zhtelgenomic
scientific subdiscipline that involves using ([delggJelVi=I@{=Teslsle)[eTe}Y;
weycollect, store, analyze and disseminatefsitellefte1Ne iz atsl
information, such as DNA and amino acid sequences or

annotations about those sequences.

m Scientists and clinicians use databases that organize and index
such biological information to increase our understanding of
health and disease and, in certain cases, as part of medical care.
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deoxyribonucleic acid
(DNA) in chromosome
can be represented as 4
characters: A, T, C, G




Multi-disciplinary Research Group
5 2 BB 5T

m Computer scientists

m Molecular biologists

m Mathematicians
® Biochemists

m Research physicians

Molecular Genetics

chromosomes




Genes, DNA and Chromosomes explained

m https://www.youtube.com/watch?v=hywRdDVR76A&ab_chann
el=ScienceExplained
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SIGNAL TRANSMISSION in a cell A
begins when messenger molacules,
such as harmanaes, deck with
recepter molecules on the cell surface.
Thiz docking induces the cell ta relay
the messenger's command down
spacific signaling pathways te molecules
that respond to the order. In this case, the
response includes activation of a gene,
followed by production and secretion of
the protein it encodes. How is such precise
slgnaling accomplishad? Untll racently,
ANSWETS WATE SCATCe.



https://www.youtube.com/watch?v=hywRdDVR76A&ab_channel=ScienceExplained
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Base pairs [ C—

Adenine Thymine

C——

Guanine Cytosine

Sugar phosphate
backbone

Hydrogen bond

Plate | Double-helix of DMNA. (See page 5.0
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Gene: protein-coding DNA

DNA CCTGAGCCAACTATTGATGAA

‘rranicrip‘rion

mRNA
I

translation

Protein

From DNA to protein - 3D film

https:/ /www.youtube.com/watch?v=gG7uCskUOrA



https://www.youtube.com/watch?v=gG7uCskUOrA
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Human Genome Project

m 15-year-project; began in 1990, end in 2005

m Sponsored by the US Dept. of Energy and National
Institute of Health; $3 billion budget

m 18 countries worldwide participated, with significant
contributions from the Sanger Center in the United
Kingdom and research centers in Germany, France, and
Japan. China recently joined the effort.

Human Genome Project

Human Genome Project Information Archive
1990—2003

Site Mag Contact Us

Archive Site Provided for Historical Purposes

12



Project Goals

all the approximate 20,500 genes in human DNA

the sequences of the 3 billion chemical base

pairs that make up human DNA

this information in databases

tools for data analysis

related technologies to the private sector

the ethical, legal, and social issues

Human Genome Project

X ) @ Human Genoma Preje X

T8 B GooglenR

Human Genome Project Information Archive

19902003

HGP RESEARCH CURRENT DOE GENOMICS RESEARCH

= HGP Research by Topic e,
g The DOE Genomic Science o
e .ng T . Program uses microbial and . ‘:Z
. uencing Technologies = L)
2 plant genomic data, high- %
B throughput analytical
= Bioinformatics
= ) . technologies, and modeling and simulation to
= Functional and Comparative Genomics - 3 o o Dk
m ﬂm\l& understand W
= Ethical, Legal, and Social Issues (ELSI) i
e systems behavior relevant to solving energy and
environmental challenges including bioenergy
production, environmental remediation, and
climate stabilization.

Explore the Project's History

5 include

DOE JOINT GENOME INSTITUTE

DOE JGI in Walnut Creek, | =4
California, provides state-of-the- N
science capabilities for genome -
sequencing and analysis. With more than 1100
worldwide collaborators on active projects, JGI
is the preeminent facility for sequencing plants,
microbes, and microbial communities that are
foundational to energy and environmental
research.

13
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= NCBI Genome Preject — Tofttyation e

Limits | Preview/ndex | History | Cliphoard | Details

Display | Overview Zlsnow[20 Zl[Sotby  Tl[Sendto =]
|N|51 Prokaryates: 0 -
Links
Genome Project > Honto supiess (human) ()
Resource Links  Human genome projects have generated an unprecedented amount of knowledge about human genetics and health.
Lineage: EFukaryota, Metazoz, Chordata, Craniata; Vertebrata, Euteleostomi, Mammalia, Eutheria; Euarchantoglires, Primates, Haplorthing, Catarrhini,
g
O LEEErED Hominidae, Homa, Homo sapiens
o BLAST genome
* TaPlot H \E—F ]
o Consensus Iuddd) “ | 108y,
CoDing Sequente [I II i ﬁ ﬁ ﬁ ﬁ ﬁ [-I
(CCDSs, — ﬂ |l
® Human Genome = Loz 8 4 5 B I 8 8 moM L84
Resources =
® NCBI Handbook — )
& RefSeq L~ T8 a0 -
« Whole Genam 4 3 Iidiasssals .
Association (NGA) 2']“3 / ﬁ 1015 16 17 16 13 m A g ¥ ¥ M
Search Map Viewer for | Find Advanced Search
N Egnm Available maps View Avallable Assemblies
. Sequence Maps Cytogenetic maps Genetic maps RH maps
« Protein 31 maps B maps 3 maps 7 maps
. WGS
Genome Projects Comparative genomics:
gr— >  Homo sapiens overview (Peoject ID: 9558)
* Kezusa
o e e Genorne sequencing:
R Hewo aapiens at T 1 Human Genote Consortium [Cornplete]
b WREm B Expand to show the list of Centers
Homo sapions at Celera Genomics [ Assembly]
Homo sapiens at The Centre for Applied Genornics [ Assembly]
Annotation
EIHUCE Hormo sapiens at Wellcome Trust Sanger Institute
vl Homo sapions ar ICEL
. RefSeq Alternate:
Harna sapiens at Celera Genomics
o ERGEEE ]:I:oma sapians atgslsra Gsnomcf .
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+ Gene Testing Research Milestones
3 Gens Them
e Human Chromosome 1 Completed, May 2006
+ Deneto Counseling Human Ct 3 Completed, April 2006,
Human Chromosoms 17 Completed, Apri 2006
Ethical, Legal, Human Chromosome 11 Completed, March 2006
Social Issues Humen Chromosome 12 Completed, March 2006
e Hurnan Chromosome 15 Completed, March 2006,
S GensTeing Human Chromosome 8 Completed, Jamary 2006,
? Edlening Human Chromosome 4 Completed, April 2005
“ Genstically Medified Food Human CI 2 Completed, Apnl 2005.
Behaional Gensiics Human Chromosome X Completed, March 2005
Human Chromosome 16 Completed, December 2004
Human Gene Count Estimates Changed to 20,000 to 25,000, October 2004
Education Hurnan Chromosome 5 Completed, Septerber 2004
Human Chromosoms 9 Completed, May 2004
Human Chromosome 10 Completed, May 2004,
Hurmen Ct 12 Completed, March 2004
Hurnan Chromosome 19 Completed, March 2004,
3 Chiomasome Poster Hurnan Ct 13 Completed, March 2004
s Enanttons Human Chromosome 6 Completed, October 2003
e o Human C} 7 Completed, Tuly 2003
Human Chromosoms ¥ Completed, June 2003
Research Human Genome Proect Completion 1990-2003 (April 2003)
- vame Human Chromosome 14 Completed, January 2003
3 Seausnan Mouse Genome Sequencing Consortin publizhee draft sequence of mouse genome, December 2002,
SfpaeF International consortium led by the DOE Jeint Genoms Instifute publishes draft sequence of Fugu rubripes, Tuly 2002
? Blaintormatics Human Chromosome 20 Completed, December 2001
2 Eunional Genomies HGP leaders publish the initial analysis of the working draft of the human genome sequence, February 2001
* Rasent Absizcks HGP leaders and President Clinton announce the completion of a "working draft” DA sequence of the human genotne, Tune 26, 2000
o Press briefing and remarks
o Human Genoms News article
Publications Human Chromosome 21 Completed, May 2000
Draft Seauences of Human Chromosomes 5. 16, 19 Completed, April 2000
Drosophila Genome Completed, March 2000
Hurman Ct 22 Completed First Human Chromosome to be d, December 1959
HGP Leaders Confirm Accelerated Timetable for Draft Sequence, Ottober 1999
Completion Dats for "Human Genome Working Draft’ Accelerated to Spring of 2000, March 1999 news relsase
P Human Genome Proiect 5-Year Research Goals 1398-2003, October 1998, also contains links to previous goals since the project's beginnings
A Scarch This Site Human Genome Project Dasses Midpoint, April 199%

Send the url of this page o afriend v

5 Geneties in Courroom

+ Genétioa Websites en Espafiol

> Funding

> List of All Publications




Highlights of the New 5-Year Plan for the U.S.
Human Genome Project

= Human DNA Sequencing

= Generate a working draft of 90% of the genome (2001).

= Obtain a complete, high-quality genomic sequence
(2003).

= Make all data publicly available.

m Sequencing Technology

m Create a long-term, sustainable sequencing capacity by improving
current technology and developing highly efficient novel technologies.

m Sequence Variation

m Develop technologies for rapid identification of DNA sequence
variants.

m Functional Genomics
m Bxpand support for current approaches and innovative technologies.
m Comparative Genomics

= Obtain complete genomic sequences for C. elegans (1998), Drosophila
(2002), and mouse (2008).




m Ethical, Legal, and Social Implications (ELSI)

= Analyze and address implications of identifying DNA sequence
information for individuals, families, and communities.

m Facilitate safe and effective integration of genetic technologies.

m Facilitate education about genomics in nonclinical and research
settings.

= Bioinformatics and Computational Biology

= Improve current databases and develop new databases and better
tools for data generation and capture and comprehensive functional
studies.

n Training

= Nurture the training of genomic scientists and establish career paths.

m Increase the number of scholars knowledgeable in genomics and ethics,
law, or the social sciences.




Genome Scientists' To-Do List

m Correct errors and proofread

m [ill tens of thousands of gaps

m Sequence the 7 percent

m HFinish finding all the genes that make proteins

m Find the non-protein-making genes

m Discover the regulatory sequences

m Untangle the genes' intricate interactions with other molecules

m Identify gene functions

Databases & information retrieval

O — Maintained by National Center for
Biotechnology Information (NCBI), USA.

m [t is divided into several sections with sequences grouped

according to species.
m Searches can be made by keywords or by sequence.

m http:/ /www.ncbi.nlm.nih.gov/



http://www.ncbi.nlm.nih.gov/

NCBI website

NCBI Home

Resource List (A-Z)

Develop

Popular Resources
mation advances science and health by providing a o PubMed
okshe
PubMec

PubMec

Learn

| Announcements
Analyze Research

/3 NCBI HomePage - Microsoft Intsrnet Explorer
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National Center for Biotechnology Information

National Institutes of Health

Molecular
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National Library of Me

» What does NCBI do?

Established in 1988 as a national
resource for molecular biology
information, NCBI creates public
databases, conducts research in
computational biology, develops
software tools for analyzing genome
data, and disseminates biomedical
information - all for the better
understanding of molecular
processes affecting human health
and disease. More...

Mouse Genome

Resources: explore tools for
manipulating the mouse genome.

Try these: wap Viever Sequencing Hurman-Mouse
Progress Hamnology

Protein matches for ESTs

Hot Spots

¥ Cancer
genome anatomy
project

¥ Clusters of
orthologous
groups

¥ Coffes Break

¥ Electronic PCR
Y Gene
expression

omnibus

> Genes and
disease

» Human
genome
resources

@ R
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/A Entrez-Protein - Microsoft Internet Explorer
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D) | &) hitps nchi.nlin nih. fegi®db d h&term=human
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Protein Ge e Structure

-

Search | Protein ~ | fgr human
Limits Preview/Index History Clipboard Details

Surmrnary

v Ttems 1-20 of 361255 Page 1 of 16063 Select page:1234567839100

D1 NP_ 003811 vew Links

T crosis factor receptor superfamily, member 14 precurser; herpesvirus entry mediator; CD40-like protein precursor;
tumor necrogis factor receptor-like geneZ; herpesvirus entry mediator A [Homo sapiens)
¢il2320004 1refINP_D03511.21[23200041]

[02: NP_683875 wen Liks
tumnor necrogis factor receptor superfamily, member 12 isoform 11 precursor; translocating chain-association mermbrane
protein; death domain receptor 3; death domain receptor 3 soluble form; apoptosis-mediating receptor; lymphocyte
associated receptor of death; death receptor beta; apoptosis inducing receptor; WSL-1 protein [Homo sapiens]
1123200039Iref INP_683875. 11[23200039]

[3: NP_683874 mew Links
tumor necrosis factor receptor superfamily, member 12 isoform 10 precursor; translocating chain-association membrane
protein; death domain receptor 3; death domain receptor 3 soluble form; apoptesis-mediating receptor; lymphacyte
associated receptor of death; death receptor beta; apoptosis inducing receptor; WSL-1 protein [Homo sapiens)
gil23200037IrefINP_6583874. 11[23200037]
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Q- © HNREG P& T B P
Limits Freview/Index History Clipboard Details A
[ Add o Clipboard ] [ Get Subsequence

default

O1: NP_(I03811. turnor necrosis fa...[¢1:23200041] vew Links

LOCUS TNFRSF14 283 aa linear PRI 1%-SEP-2002

DEFIMITION tumor necrosis factor receptor superfamily, member 14 precursor;
herpesvirus entry mediator; CD40-like protein precursor; tumer
necrosis factor receptor-like gene2; herpesvirus entry mediator A
[Homo sapiens].

ACCESSION  NP_DO3811

YERSION WP_003811.2 G1:23200041

DBSOURCE REFSEQ: accession NM_D03820.2

KEYWORDS

SOURCE human.

ORCANISM Homo sapiens
Eukaryota; Metazoa; Chordata; Craniata; Vertebrata:; Euteleostomi;
Mawmalia; Eutheria; Primates; Catarrhini: Hominidae; Homo.

REFERENCE 1 (residuss | to 283)

AUTHORS ~ Montgomery,R.I., Warmer,M.S., Lum,B.J. and Spear,P.G.

TITLE Herpes simplex virus-1 entry into cells mediated by a novel member
of the TWF/NGF receptor family

JOURNAL  Csll 87 (3), 427-436 (19%6)

MEDLINE ~ $7053782

PUBMED 8898196
REFERENCE 2 (residues | to 283)

AUTHORS  Hsu,H., Solovyev,I., Colombero,h., Elliott,R., Kelley,M. and
Boyle,W.J.

TITLE ATAR, a novel tumor necrosis factor receptor family member, signals
through TRAF2 and TRAFS

JOURNAL 1. Biol. Chem. 272 (21}, 13471-13474 (1997)

MEDLINE 97298041

PUBMED 9153189
REFERENCE 3 (residues 1 to 283)

AUTHORS  Marsters,S.A., Ayres,T.M., Skubatch, M., Gray,C.L., Rothe M. and
Ashkenazi,a.

TITLE Herpesvirus entry wediator, a mswber of the tumor necrosis factor
receptor (TWFR) family, interacts with members of the
THFR-associated factor family and activates the transcription
factors NF-kappaB and AP-1 v




T NCBI Sequence Viewer - Microsoft Internet Explorer
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#EHD) (€] hip#iwww.ncbinlm.nih fegifemd=Retrievededb list_nids=2320004 1&dopt=GenPept V| B%E = 7

fchromosome="1"
fmap="1p36.3-036.2"

Protein 1..283
/product="tumor necrosis factor receptor superfamily,
wember 14 precursor”
/note="herpesvirus entry mediator; CD40-like protein
precursor; tumor necrosis factor receptor-like genel;
herpesvirus entry mediator A"

sig peptide

mat peptide

"tumor necrosis factor receptor supsrfamily,

wember 14"

Region 78..11%

s

fcoded_by="HNM_003820.2:300..1151"

fnote="HYEM; member of TWF/NGF receptor family"
fdb_xre D

fdb_xref="MIM: 602740"

ORIGIN
meppgdwgpp pwrstpktdy 1rlvlyltfl gapcyapalp sckedeypvg seccpkespg
yrvkeacgel tgtveepcpp gtyiahlngl skclgegmed pamglrasrn csrtenaveg
cspghfcivg degdheaacra yatsspegry gkegtesgdt legneppgtf spngtlescg
hgtkeswlvt kagagtsssh wewwllsgs] vivivestvg lilevkrrkp redvvkvivs
vorkrgeaeg eatviealga ppdvttvave etipsftgrs pnh
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/3 NCBI HomePage - Microsoft Intsrnet Explorer
BEO WEE #Ee FENSEEG LEO SHEd@
Q= - Q- KR e S @ @ -2 B[

#4001 htipdor ncbinlm.nibgov/ BCEE

National Center for Biotechnology Information

National Library of Medicine National Institutes of Health

B C
‘ for |human

» What does NCBI do? Hot Spots

Established in 1988 as a national > Cancer
resource for molecular biology gemr’;e anatomy
information, NCBI creates public projse
databases, conducts research in » Clusters of
computational biology, develops orthologoLis
software tools for analyzing genome  groups

data, and disseminates biomedical

information - all for the better > Coffee Break
understanding of molecular
processes affecting human health
and disease. More...

* Electronic PCR

¥ Geng
expression
Mouse Genome omnibus

Resources: explore tools for

Molecular the mouse genome. ¥ Genes and
databases ’ @ @ @ disease

Try these: MapViever Sequencing Hurman-Mouse
Progress Hornalegy

¥ Human
genome
Protein matches for ESTs resources

~
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=} Entrez-Nucleotide - Microsoft Internet Explorer

BEE #mEE HEE FNeEE@w ILEO #HEQ
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#EHD) (€] hip#iwww.ncbinlm.nih fegiFdb=nucleotidedcmd=search&term=human V| B%E = 7
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<3 NCBI ﬁﬁ‘ g SNucleotide

Limits Preview/Index History Clipboard Details

[ Display | surmmary v [save ][ Text] [ Clio Add |
Bl

Ttems 1-20 of 6934975 Page 1 of 346749 Select page:12345678910»

new Links
S0 sapiers tumer necrosis factor receptor superfamily, member 14 ¢herpeswirus entry mediator) (TNFRSF14), mRNA
51123200040IrefINM_003820.21[23200040]

02: NM_148974 wen Links
Homo sapiens tumer necrosis factor receptor superfamily, member 12 ¢ranslocating chain-association membrane protein)
(TNFRSF12), transcript variant 11, mRNA
1123200038Iref INM_148074.11[23200038]

[013: WM_146973 mew Links
Homo sapiens tumer necrosis factor receptor superfamily, member 12 (translocating chain-association membrane protein)
(TNFRSF12), transcript variant 10, mRNA
2il23200036IrefINM _148973.11[23200036]

C4: N 148972 mee Links
Homo sapiens tumer necrosis factor receptor superfamily, member 12 (translocating chain-association membrane protein)

B R

e S0 E g
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/3 NCBI Sequence Viewer - Microsoft Internet Explorer
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HEAED) [ hitps ncbialm.nih fegi temd=Retrieveddb=nucleotide&list_uids=23200040&cpt=CenBank v|BBE =

q:ﬁ.a o ANucleotide

~

Search | Nucketide  ~ | for |
Limits Freview/Index History Clipboard Details

Add ta Cliphoard ]I Get Subsequerce

O1: NM_003820. Homo sapiens tume...[gi:23200040] vew Links

LOCUs THFRSF14 1730 bp mRNA linear PRI 19-SEP-2002
DEFINITION Homo sapiens tumor necrosis factor receptor superfamily, member 14
(herpesvirus entry mediator) (TNFRSFI14), mRNA.
ACCESSION  NM_003820
VERSION NM_003820.2 GI:23200040
KEYWORDS
SOURCE human.
ORGANISH Homo sapiens
Bukaryota; Metazoa; Chordata; Craniata; Yertebrata; Euteleostomi;
Mawoalia; Eutheria; Primates; Catarrhini; Hominidae: Howo.
REFERENCE 1 (bases | to 1730)
AUTHORS ~ Montgomery,R.I., Warmer,M.S., Lum,B.J. and Spear,P.C.
TITLE Herpes simplex virus-1 entry into cells mediated by a novel member
of the TNF/NGF receptor family
JOURMAL ~ Cell 87 (3), 427-436 (1996)
WEDLINE 27053782
PUBMED 8828196
REFERENCE 2 (basss | to 1730)
AUTHORS ~ Hsu,H., Solovyev,l., Colomberc,A., Elliott,R., Kelley, M. and
Boyle,W.].

© B
[ % Bioinformatics

[ e -y




NCBI Sequence Viewer - Microsoft Internet Explorer
BEE #mEE HEE FNeEE@w ILEO #HEQ

Q' - O [¥] & O LS JrimsE &R
) €] hatpsdfwwr. nebinlmuih, fegi%emd=Retr db=nuel . uids=23200040&dopt=CenBank ~ BBE =& >

BaSE COUNT 33l a 54% ¢ 512 g 338t b
ORIGIN

cctteatace ggoecticer ctoggettty cotggacage tectgector ogeagggeec

6l accigigicc ccragegeeg ctocacceag caggectgag cocctetety clgocagaca
121 cecectgety cecactotec tgctgotoge gtictegagec acagettgic acaccgagge
181 ggattctett tetctttcte ttictettet ggoccacage cgeageaate gogotgagtt
241 cctotgetop agticatect gotagetgee ttoccgaget gocgglctga goctpageca
301 tggagccicc tggagactgg gggcctcolc colggagalc caccoccaaa accgacgict
361 tgapgctget getgtatctc accticoige gagecccetg clacgececa gototgeegt
421 cctgeaagga ggacgagiac ccagleggol cogaglecty coccaagliegn aglocagett
481 atcgtptgaa ggapggoctpc goggapctea cgpgcacagt gtgtgaacce tgcoctocag
541 gcacctacat tgoccacctc aatggoctaa gcaagtgtct goagtpccaa atgtgtgace
601 cagccatggg cotgcgogeg agocggaact gotocaggac agagaacgoo gtotgtgect
661 gragcoccagg ccactictge atcgtccagg acggggacca cigogoogog tgocgogott
721 acgccacctc cagoocpggc cagagpetgc agaagggape caccgagagt caggacacecc
TR1 tgtgtcagaa ctgcccccog gpgaccltct ctoccaatpe gaccotgpag gaatgtcage
841 accagaccaa gtgcagctgg ctggtgacga aggccggage tgggaccagc agctcccact
Q0] ggptatggty gtttctctca gggagecteg tcatcgteat tgtttgctec acagttgecce
6] taatcatatg tgtgaaaaga agaaagccaa ggggtgatgt agtcaagete atcgtctoog
1021 tccageggaa aagacaggag gcagaaggtg aggecacagt cattgagece ctgecaggcec
1081 cteceggacgt caccacggte gocgtggage agacaatace ctcattcacg gggaggagec
1141 caaaccactg acccacagac tctgecaccce gacgocagag atacctggag cgacggotec
1201 tgaaagagge tgtcracctg goggaaccac cggagecogg aggctitgeeg scteoegeect
1261 gggctggctt cegtetecte cagtggagee agagstggeg cocotgetge gotagagetyg
1321 ggegacgecac gtgceattec catggeccag tgaggecctg gggecteotgt tetgotgteg
1381 cctgagetee cragagteoet gaggaggage gecagttgee cotegeteac agaccacaca
1441 ccecageecte ctgggeoeage ccagagggee cttcagacce cagetgtetg cgegtetgac
1501 tcttgtggec tcagcaggac aggcccogge cactgoctca cagecaaggce tggactgegt
1561 tggctgcagt gtggtattta gtggatacca catcggaagt gattttctaa attggatttg
1621 aattcggctc ctgttttcta tttgtcatga aacagtgtat ttggegagat gctgteggag

gatgtaaata tcttgtttct cctcaassaa amazaaaaas azaadazaaa

'Y

RefSeq Growth Statistics

Accessions complete

—— Species

100,000,000 e :otal .
ccessions
Nucleotides
10,000,000 —— Transcripts
— Proteins
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O : The European Molecular Biology
Laboratory.

m https://www.embl.org/
m . Genome Database

m https:/ /www.ncbi.nlm.nih.gcov/genome/

O : The Protein Data Bank, a repository of
3-D structure of proteins.

m https:/ /www.wwpdb.org/

“ C (0 @ rsbog 2 %« O » 0@ =ew) :
@ Chang Hsua © Fecebook @ By Google BN shoo @ BUNTERLTI_ Q Googe#® [F Google BB M E=E-hichengs.. E] =mur® [ marms. we GoogleKeep @ EZNETET M Famuse O FEmuxe » KE®
RCSB PDB Deposit + Search v Visualize + Analyze v Download + Leam ~ About v Documentation v Careers COVID-19 MyPDB + ‘Comac!us:

-1 @ - 209,611 Structure
L p)] A B FRBNES v 30 Structures @ Enter search te Entry ID(s), or sequence Include CSM @ n
PROTEIN DATA BANK [0 1068577 Co tructure
Models (CSM R e i
AR 2PDEB  20hokoure 8NAKB & wee € PDB-Dev m
A5 W
%} & New: More Computed Structure Models (CS | Leam more |
B 1N

RCSB Protein Data Bank (RCSB PDB) enables breakthroughs in September Molecule of the Month
science and education by providing access and tools for exploration,
visualization, and analysis of:

#» Deposit E Experimentally-determined 3D structures from the Protein Data
Bank (PDB) archive

Q search @ Computed Structure Models (CSM) from AlphaFold DB and
** ModelArchive

B4 Visualize These data can be explored in context of external annotations providing
a structural view of biology.

i Analyze

Explore ' E... PDB-101
NEW 22:  Training
Features [l = I Resources

# Download

Learn

Histone Deacetylases

23


https://www.embl.org/
https://www.ncbi.nlm.nih.gov/genome/
https://www.wwpdb.org/

Nurrber of Entries

RCSB PDB Statistics

m https://www.tcsb.org/stats

RCSBPDB  Deposit - Search~ Visualize - Analyze ~ Downioad - Leam ~ About - Documentation ~ Careers COVID-19

PDB Statistics

ated using

Growth of Released S es Per Year Non-redundant Protein Sequences Statistics

Small Molecule Statistics

Protein Data Bank Overall Growth of
Released Structures Per Year

I umber of Structures Released Annually Total Number of Entries Available
250000

200000
150000
100000

50000

1995
[INumber of Structures Released Annuaty: 941 — 4L I | | I | EREN l . l ||

[l Total Number of Entries Available: 3812 < > * 5 SRR
2 M H SN S U A S S R
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RCSB PDB (RCSB.org) is the US
data center for the global Protein
Data Bank (PDB) archive of 3D
structure data for large biological
molecules (proteins, DNA, and
RNA) essential for research and
education in fundamental
biology, health, energy, and
biotechnology.

PubMed Central® (PMC)

|l|-l| Central

m A free full-text archive of biomedical and life sciences journal
literature at the U.S. National Institutes of Health's National
Library of Medicine (NIH/NLM).

m In keeping with NLM's legislative mandate to collect and preserve
the biomedical literature, PMC 1s part of the NLM collection,
which also includes NLM's extensive print and licensed electronic
journal holdings and supports contemporary biomedical and
health care research and practice as well as future scholarship.
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@ Tz
ed.ncbi.nim.nih.gov

Log in

PubMed® compri more from MEDLI
Citatio ay include links to full text content from PubMed Central and publisher web si

tions for bit and online bc

sy
A/ “
Download Explore

Swiss Institute of
Bioinformatics

il Genes &
Genomes

Genomics
Metagenomics

Transcriptomics

Proteins &
Proteomes

Evolution &
Phylogeny

Evolution

® sencans 9 o2k @ o M unE " B smure [0 wawed ue . @ uaxir

Home

Expasy

Swiss Bioinformatics Resource Portal

SIB Resources ©®

e
Mo

SwissOrthology Nextstrain
One-stop shop for Impact of pathogen
orthologs genome data on science
and public health
i \ 14 < Y
Rhea Glyco@Expasy SwissRegulon Portal

HER® @ H4x

About

* O»09

SIB News Contact

Cellosaurus

xdge resource or

cell lines

UniProtKB/Swiss-Prot
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ExPASy

m The ExPASy (the Expert Protein Analysis System) World Wide
Web setrver (http://www.expasy.otg), is provided as a setvice to
the life science community by a multidisciplinary team at the
Swiss Institute of Bioinformatics (SIB).

m [t provides access to a variety of databases and analytical tools
dedicated to proteins and proteomics.

m ExPASy databases include SWISS-PROT and TrEMBL, SWISS-
2DPAGE, PROSITE, ENZYME and the SWISS-MODEL
repository.

Research Issues

Sequence comparison & database search
Fragment assembly of DNA

Physical mapping of DNA

Phylogenetic trees

Genome rearrangement

Molecular structure prediction




Global Research on
Bioinformatics

Major Cartels in the World

® In Europe

= EMBL @ https://www.embl.org/

= EBI @ https://www.ebi.ac.uk/
m In North America

= NCBI @ https://www.ncbi.nlm.nih.gov/
m [n Asia

m GenomeNet @

https:/ /www.genome.ad.jp/about_genomenet/about.html




Global Research Projects on Bioinformatics

m Detection and analysis of gene organization

= Repeating sequence patterns

m Protein domains and structural elements

m Creation of a gene map of the human genome

m Analysis of effects of sequencing errors for
database searching

Global Research Projects (cont.)

m Development of new algorithms for database searching
and multiple sequence alignment

m Construction of non-redundant sequence databases

m Mathematical models for estimation of statistical
significance of sequence similarity

m Establishment of microarray systems for screening disease
genes




The National Center for Biotechnology Information

National Center for Biotechnology Information

National Library of Medicine

All Databases v

NCBI Home Welcome to NCBI Popular Resources
Resource List (A-2)
All Resources

The National Center for Biotechnology Information advances science and health by PubMed
providing access to biomedical and genomic information. Bookshelf
Chemicals & Bioassays
Data & Software About the NCBI | Mission | Organization | NCBI News & Blog PubMed Central
DNA & RNA BLAST
Domains & Structures Nucleotide
e Submit Download Learn
Genes & Expression Genome
sposit data ransfer NCBI data to ind help documents
B s et LoRITE e
Ganodies & Mank anuscripts il > your computer attend a class or wat
H ) databases a tutorial Gene
jomology
Literature Protein
Proteins PubChem

Sequence Analysis

Taxonomy
Training & Tutorials NCBI News & Blog
Variation Coming Soon to ClinVar!
Develop Analyze Research Somatic Variants & Changes to
Use NCBI APIs and Identify an NCBI tool for  Explore NCBI research L
code librai build your data analysis task and collaborative

applications projects RefSeq Release 220

RCSB PDE: Abo X' €3 BLAST: Basic Locol Alignment @ X | o = g
€« C O @ blastacoinimningov/Blastcg G @ %

@ Chang Hsus 0

O B Gocgle®% [ vsheo @ =

BE A official website of the United States govemment He:

National Library of Medicine

National Center for Biotechnology Information

BLAST® Home RecentResults Saved Strategies Help

Basic Local Alignment Search Tool
ClusteredNR database on BLAST+

BLAST finds regions of similarity between biological sequences. The .!' The ClusteredNR database is now available for BLAST+

program compares nucleotide or protein sequences to sequence w

databases and calculates the statistical significance. Learn more S Thu 24 Aug 2023 More BLAST news.
Web BLAST

. Protein query->Translated Nucleotide
database

BLAST Genomes




e E——— £ tide BLAST: Sea X+

€ C (r @ blastncbinimningov G
g Heusn-Tin. (P Facebook @B By Google®@® [ vanco @ Zust=@nss 9 Google#E [ Google 5@ M =N - hichangé B ] Google Keep @ EumEmes M FgEnz: @ =
BLAST ®, blastn suite Home RecentResulis Saved Siralegies Help :
Standard Nucleotide BLAST
blastp blastx tblastn tblastx
BLASTN programs search nuclectide databases using a nucleotide query. more...
Enter Query Sequence
Enter accession number(s), gi(s), or FASTA sequence(s) @ Clear Query subrange @
From
To ]
Or, upload file

2]
Job Title [

criptive title for your BLAST search @

| Align two or more sequences @

Choose Search Set

Database @ Standard databases (nr etc.): rRNAVITS databases Genomic + transcript databases Betacoronavirus

B O Experimental databases Try experimental taxonomic nt databases

For more info see What are taxonomic nt databases?

[ collection (nr/nt) v e

Organism
Optional | exclude | Add organism

Enter organism on name, binomial, or tax id Only 20 top taxa w [2]

Exclude Madels (XM/XP)|_ Uncultured/environmental sample sequences
Optional

Limit to Sequences from type material

Optional
Entrez Query Youlll] Create custom database

B Feedback

Enter an Entrez g

BED @9 A SEW IAD NSO \
EE- Q| Que aamsE Oxe @ B-S M- 2L

DY [ &) nttp-hvr. el i, gowblnstrhlZseg st o0 = enE | i

BLAST 2 SEQUENCES RESULTS VERSION BLASTP 2.2.10 [0ct-19-2004]

Matrix [BLOSUMEZ j‘ gap open.ll_ gap extension: l_
x_dropoff: lF expect:| 10000 grordsize: |3_ Filter P il

Sequence 1 lcllseq_1 Length 838 (1 .. 328)
Sequence 2 lclkeq 2 Length 422 (1 .. 422)
2

i /
/],

NOTE:The statistics (bitscore and expect value) is calculated based on the size of nr database

Score = 252 bits {644y, Expect = 5e-65
Identities = 124/132 (93%), Positives = 128/132 (36R)
——

I

Query: 38  HIGVNQLOGVFVOGRPLPDITROKIVELAHSGARPCD ISRILGVSNGCVEK ILGRYVETG 97
HRGYNQLGGVEYV GRPLFDSTRQKIVELAHSGARPCD ISRILOVENGCVSKILGRYYETS
Shict: 3 HIGVNQLGGYFVNGEPLPDSTRQKIVELAHSGARPCDISRILQVSNGCVSEILGRYVETG 64

(s OR € TRPRATAASKDRVATARUYSK TSNVRRECDS TRAINE TRIRT T ARNUCTNINIDSYSS TN 157 =l

z [T T [ wee
A @ G || v | S| Elc. | E18%1. | Encer. | ok, | Enpe. |[EEe . ElRin=.| [( @RS EEEHS SE ¥ 105

31



European Bioinformatics Institute

# EMBL-EBI home A Services %2 Research & Training © About us EMBL-EBI

Aboutus Jobs People and groups News Public engagement Events Contact us

About us

EMBL-EBI: The home for big data in biology.

Overview Leadership Collaborations Our impact Equality and diversity

At EMBL’s European Bioinformatics Institute (EMBL-EBI),
we help scientists realise the potential of big data in
biology, exploiting complex information to make
discoveries that benefit humankind.

B Naticnal Center for Biotechno. X About us | EMBL-EBI % ) bicinformatics - GitHub Topics X | + ~ - o x
€« c 0
ang. Haven- ERSEI. P Googe#E [ Google BB M =X - hichangb.. B SaFME 28 Google Keep B P

EMBL-EBI is international, innovative and interdisciplinary, and a champion of open
datain the life sciences.

Who we are

We are part of the European Molecular Biology Laboratory (EMBL), an
intergovernmental research organisation funded by over 20 member states, prospect
and associate member states.

We are situated on the Wellcome Genome Campus near Cambridge, UK, one of the
world’s largest concentrations of scientific and technical expertise in genomics.

Data resources @ Research programme @ Training programme @

We provide freely available data and
bioinformatics services.

We maintain the world’s most comprehensive
range of molecular data resources, developed in
collaboration with colleagues worldwide, and
open to all.

We contribute to the advancement of biology
through computational research.

In the era of personal genomics, our
computational research is increasingly
translational and related to human health,
disease and the environment.

We provide advanced bioinformatics training to
scientists at all levels.

Our hands-on bioinformatics training helps
experimental and computational biologists make
the most of our wide range of data resources.

Industry partnerships ©

We help disseminate cutting-edge technologies

to industry.

Elixir Hub ©

As an ELIXIR Node, we support the
coordination of biological data provision
throughout Europe.
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© Focebook @ B Google ER shoo @ E@STARATI. Q Google#® [ Goog

BLAST/BLAT | VEP | Tools | BioMart | Downloads | Help & Docs | Blog

BLAST/BLAT >

Tools BioMart >

Export custor

Ensembl with thi
too

Search

All species v | for

©.g. BRCA2 or rat 5:62797383-63627669 or rs699 or coronary heart disease

All genomes Favourite genomes #

-- Select a species - v a "‘um an
! Pig breeds

Mouse
GRCm39

Zebrafish

B GRCz11

m Ensembl is a genome browser for
vertebrate genomes that supports
research in comparative genomics,
evolution, sequence variation and
transcriptional regulation. Ensembl
annotate genes, computes multiple

alignments, predicts regulatory

function and collects disease data.
Ensembl tools include BLLAST,
BLAT, BioMart and the Variant
Effect Predictor (VEP) for all

supported species.

5B M RSE-hichangs.. EJ TREFE

Variant Effect Predictor >

- o0 X
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Loading..
€) - Search all species Q

Ensembl Release 110 (July 2023)

o The bly has been updated to the

New assemblies with gene and protein annotation
every two weeks

that alread
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Applications

H B8 (F{E5 &F:2 L) Genetics (animal and plant breed improvement)
A E (P34 &% ) Molecular biology (study of life phenomena)

Tk %3 g (5 ?f}iﬁ 7o ) Clinical Medicine (Disease Treatment)

4 e (kB E 8 5 f4F @) Biotechnology (environmental protection and
species replication)

S F PR (84 L8 E ) Food and Drug Science (Food
Improvement and Drug Design)

e %5 - F 2 (DNA #) Food and Drug Science (Food Improvement and Drug
Design)

<+ & ($#Fa 1 ) Archeology (Evolution of Species)

HUMAN CHROMOSOME 3
q (long arm} p (short arm}
. Bl R HE N BE L |} =01 | BN I & BNMIE I R}
s s R  EAEmEs v e = l‘_ EsRmmar

MI_HTG".ENE
(o band 21.3)
T ISOLATE HUMAN DMNA SEQUENCE L
. GAGAACTGTTTAGATGCAAAATCCACAAGT ...

2 TRANSLATE DNA SEQUENCE INTO AMING
ACID SEQUENCES (he building blacks
ol protein} USING COMPUTER PROGRAM 07

ENCLODAKSTS ... qumanaMING ACID SEQUENCE
3 LOOK FOR SIMILAR SEQUENCES IN DATA,
BASES OF MODEL ORGANISM PROTEINS 5 FING CRUG THAT
{green argas reflect great differences; v BINDS TG
arange, smaller variatians) MODELED
4MODEL HUMAN PROTEIN  PROTEIM
HUMAM ... E NN C LD AEKZSESETUZE .. BASED ON KROWH

STRUCTURE OF A SIMILAR
- PROTEIN FROM & MODEL PI:[;S'-‘SIBI.I.
= ORGANISM i
FRUITFLY %7 ..EMH BLDAGESTH ... gneodsd b.},'fnf;::d:"“
{Drosophila melanogaster) data shown) ‘:.,-—"
MEMATODE WORM L..EMN B LDAGATTE .. b 1

(Caenarhabadilis r:h:garm‘:l

u\n
BAKERSYEAST 95 .. E N & | D AN AT M
Eﬁacﬂharﬁl'ﬂ Yoo CﬂrEVlSlaEJ

BACTERIA = "~
{Escherichia coli} ©
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Genomic Signal
j)_f/\) CessS :ll_f IEEE Signal Processing

\‘_‘) Magazine, July 2001

Dimitris Anastassion

N AN
\/"'\ 0\0\\d
J-I

enomics is a highly cross-disciplinary field  both the magnitude and the phase of properly defined
that creates paradigm shifts insuch diversear-  Fourier transforms can be used to predict important fea-
eas as medicine and agriculture. It is believed  tures like the location and certain properties of protein

that many significant scientific and techno-  coding regions in DNA. Even the process of mapping
logical endeavors in the 21st century will be related tothe - DNA into proteins and the interdependence of the two
processing and interpretation of the vast information that - kinds of sequences can be analyzed using simulations
is currently revealed from sequencing the genomes of  based on digital filtering. These and other DSP-based ap-
many living organisms, including humans. proaches result in alternative mathemarical formulations

The Problem

m Genomic information is digital letters A, T, C and G

m Signal processing deals with numerical sequences, character strings
have to be mapped into one or more numerical sequences

m Identification of protein coding regions
m Prediction of whether or not a given DNA segment is a part of a
protein coding region

m Prediction of the proper reading frame

m Comparing to traditional methods, signal processing methods are
much quicker, and can be even more accurate in some cases.
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Genomic Signal Processing

m Digital Signal Processing Techniques
=  Fourier transform - spectrogram

m  Wavelet transform

m Visualization & Feature Selection
= Genomic & protein sequences
m  Sequence representation

m Database retrieval

DNA Spectrograms
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A 8. Color spectrogram of “totally random” DNA.




Z, curve

Bioinformatics Vol. 19 no. 5 2003
Pages 593-599

© 2003 Oxford University Press

The Z curve database: a graphic representation of genome sequences
Chun-Ting Zhang 1,*, Ren Zhang 2 and Hong-Yu Ou 1
1 Department of Physics, Tianjin University, Tianjin 300072, People's Republic of
China
2 Department of Epidemiology and Biostatistics, Tianjin Cancer Institute and
Hospital, Tianjin 300060, People's Republic of China

x, = (4, +G) (G + T,
Yo WA HCD (G AT, K Yee 2 €L
z, = (4 +T) -+ G,

Z-curve flowchart

-spline
DNA Z-curve Use B-sp Z-curve
. Plot Z-curve curve to
sequence transformation database
smooth
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2 Welcome to TUBIC! - Microsoft Internet Explorer

WRE REEO WRY FOSFQ IAD HEB

Qix-O-HEG One fromez @@ 3 5om-J3

D) | ] httpsftubic. tu. edu.cnf v BE
“DashBar ~ | [Entersachwordshere || Search

of Biolnformatics
Tianjin University

>>> Introduction

‘Welcome to TUBIC-- the Tianjin University Biolnfomatics Centre. As the main node of the
Bioinformatics Network of the Education Ministry of China, TUBIC provides bioinformatics services
for biologists all over the world. In addition to some public databases of bioinformatics, this Centre
offers a number of services hased on the isti ioi i at
TUBIC during the pastyears. Those for gene-finding in microbial organisms (bacteria and yeast),
predictions of secondary structure content of globular proteins are specially recommended.
(more...)

>>»> Resource at TUBIC

New... ZCURVE 1.0 and other gene finding programs.

Software

I m DEG 1.1 New.... The Z curve Database of Genomes 1.0.

.

B 05 B9 G oo 35 P G [ % PPTiks | & #FEE [/ Mail2000 Emeil Systs..

=€ <) 73 Welcome to TUBIC! ... | /A Yahoo! Auctions - #5...

A Z curyes for, the completed genomes - Microsoft Internet Explorer

WEE REE BRY FEEw IAD HEW

Qix- O X &G Nus fomes @ue @
A4 (D) €] httpsbubic. tu. edu cnfzcurve
DashBar - | |Entrwexhworlsler: v || Search

Introduction WELCOME TO

1o the Z curve

2 curves for Genomes ¥, Database of Genomes

YWelcome to visit The Z Curve Database of Genomes. The Z curve is a unigue 3-dimensional curve
representation for a DNA sequence in the sense that each can be uniguely reconstructed given the
other. The Z curve is a unigue visualization and analysis tool of genomes. The 3-dimensional Z curves

(29} their three component curves ( X . Y \ g & }and the average of ¥ and ¥ { A7) far the
completed genomes of archaea, bacteria, eukaryota, organelles, phages, plasmids, viroids and
viruses are displayed. Using Z Curve Search, a user can guickly find the Z curve for the genome by
inputting the EMBL AC ar the name of the organism being studied. Users may use the software Z
Curve Plotter to draw the Z curve for their own DMNA sequence or genome and compute the
coordinates of the Z curve. The Z Curve Plotter (Local Version) may be downloaded and runin a
user's computer. The major publications of the Z curve are listed in References, where both the
PubMed abstract and full PDF text are available. For & more detailed description of the Z curve and the
database, please refer to Introduction to the Z curve. Should you have any guestion or suggestion,
please Contact Us. The Z curve database is established and maintained by the Center of
Bioinformatics, Tianjin University, China (TUBIC).The database is described in the article "C.T.
Zhang, R. Zhang and HY. Ou. 2003, The Z curve database: a graphic representation of genome
sequences. Bioinformatics 19(5); 593-599." [Abstract PubMed]

Please click here for the Z curves for SARS coronavirus genomes

Please click here far the Z curves for coronavirus genomes.
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Visualization and Comparison of DNA Sequences by Use of
Three-Dimensional Trajectories

Presented in 2003 Asia Pacific Bioinformatics Conference
(APBC2003)
Adelaide Australia, Feb 2003

Three-dimensional trajectory (TDT)

m A global view visualization tool
B Presentation of of DNA sequences
m Low computational overhead

m Hasy to find major similarity/difference among DNA
sequences

m Use DSP algorithms for further processing




Algorithm

TTGCAAAGGTGACACTTGTAT
I TTGCAACTGTGATGTTTG
[\

ele B S
DNA : Distance Plot trajectory
M Mapping =y accumulator in 3-D space
A

Human DNA sequence

Homo sapiens chromosome 1 clone RP11-20L9, complete sequence.
ACCESSION: AC095037, 15000 bp
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Human DNA sequence

From clone RP4-5941.9 on chromosome 11p12-13, complete sequence
ACCESSION: AL137224 85138 bp

Computer-generated
Random Sequence (1), 15000 bp
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Random Sequence (2), 15000 bp

Random Sequence (3), 60000 bp
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Same Gene From 2 Different Species

Human TGFA genes: Mouse TGFA genes :
Ko3222, 867 bp BC003895, 1042 bp

Two Different Sequences From Same

Gene & Specie

Mouse TGFA genes : Mouse TGFA genes :
BC003895, 1042 bp BC024928, 1097 bp
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Different Sequences From One Specie

Mouse TGFA genes: Mouse DHFR genes:
BC003895, 1042 bp L26316, 1499 bp
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(b) (¢)

Figure 7 The TDTs for the mouse TGFA gene BC031432, 1109 bp, with (a) 5 bps deletion,
(b) 5 bps insertion, and (¢) 5 bps substitution.

Z curvev.s. TDT

E Coli K 12 complete genome

W Forward
@ Compementary |

m Reverse ‘

m Reverse
Complementary
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Deep Learning Techniques on Bioinformatics

@

Browse State-of-the-Art Datasets Methods. More

Deep learning in bioinformatics: introduction, application, and
perspective in big data era

€ > 0

O Product ~ Solutions ¥ Open Source ~  Pricing earch or jump 1 Signin | Sign up

Related Topics

Here are 8,401 public repositories matching this topic

age: Al + Most stars v

eloper-Y / cs-video-courses
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Challenges & Future Work

m Genomic signal processing opens a new signal processing
frontier

m Sequence analysis: symbolic or categorical signal, classical signal
processing methods are not directly applicable

m Increasingly high dimensionality of genetic data sets and the
complexity involved call for fast and high throughput
implementations of genomic signal processing algorithms

m Future work: spectral analysis of DNA sequence and data
clustering of microarray data. Modify classical signal processing
methods, and develop new ones.

What are the major Challenges & Future Work of
bioinformatics research?

Bioinformatics research faces several challenges and opportunities for
tuture work, including:

1. Data management: As the amount of biological data continues to grow
exponentially, managing and storing this data is becoming increasingly
challenging. Future work in bioinformatics will focus on developing
new tools and techniques for data management.

. Integration of data: Integrating data from multiple sources is another
major challenge in bioinformatics. Future work will focus on
developing new methods for integrating and analyzing data from
different sources.




3. Algorithm development: Developing new algorithms for
analyzing biological data is a major focus of bioinformatics
research. Future work in this area will focus on developing new
algorithms that can handle increasingly complex datasets.

Interdisciplinary collaboration: Bioinformatics research requires
collaboration between researchers from different disciplines,
including biology, computer science, and statistics. Future work

will focus on fostering interdisciplinary collaboration to advance
the field.

5. Ethical considerations: As bioinformatics research becomes
more advanced, ethical considerations are becoming increasingly
important. Future work will focus on developing ethical
guidelines for bioinformatics research.

m Overall, the future of bioinformatics research looks promising,

with opportunities for new discoveries and advancements in the

tield.




m In molecular medicine
m In waste control
m In environmental cleanup

= In biotechnology

m In energy sources
m In risk assessment
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1208080001
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https://www.youtube.com/watch?v=dwgqHJ80NUk
https://www.youtube.com/watch?v=eKb_xf_tl7s
https://www.youtube.com/watch?v=NXear2KrBC8

TED Talks about bioinformatics

n SRR MBI (Jimmy Lin) at TEDxTaipei 2013
m The Human Genome: Collaboration is the New Competition |
Dr. David Haussler | TEDxSantaCruz

m How to interpret the human genome | Alisha Holloway |
TEDxClaremontColleges

m Bioinformatics: A way to deciphere DNA and cure life's deadliest
diseases | Spencer Hall | TEDxUGA

A BRI A fef i 5

n B R BRI A\ R A 8
m EEEA C BEE EXEYEREE T RS 5230%
m https://www.youtube.com/watch?v=|wTYvtUTiRM



https://www.youtube.com/watch?v=REzYErl6ipw
https://www.youtube.com/watch?v=5CaaXJTAOZA
https://www.youtube.com/watch?v=Mph3GfDKM-o
https://www.youtube.com/watch?v=_eHz6qzTCfc
https://www.youtube.com/watch?v=JwTYvtUTiRM

Thank you very much for your attention!
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