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What is bioinformatics

DNA =3 RNA = Protein
e Bioinformatics:

* Biology + information
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*  How much information:
— Human genome: 3 billion nucleotides
— ~20,000 genes

* many more when considering “junk DNA” and
alternative splicing

— >10 million sites of DNA variation

— Countless possible interactions between
DNA, RNA, and proteins



What is this?

print('hello world!")

 Computer code is a set of instructions that tells a computer how to
process data and output results
 The genetic code is also a set of instructions, that tells a cell how to
produce a protein from a DNA molecule
* Information flows from DNA - RNA > protein
e This information determines the structure/function of RNA and
protein



Central Dogma of Molecular Biology
DNA =% RNA=—" Protein
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* The function of a protein can be predicted from its DNA or protein sequence

* Just like Java (or Python) is a language for computers, genetics is the
language of life (DNA is the alphabet)

* This is a fundamental concept in bioinformatics



Bioinformatics example

* Let's look briefly at the gene BRCA1 (breast cancer type 1
susceptibility protein)
* http://www.ncbi.nlm.nih.gov
» Search Nucleotide for BRCA1
* Click on the Genomic reference sequence

* Hopefully this now makes sense!


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

Why do we need bioinformatics?

 To identify genetic mechanisms of diseases and other inherited (or
acquired) conditions
* Nature via nurture

* For personalized treatment of disease



Why do we need bioinformatics?

* BLAST

* Sequence Alignment
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The genomic landscape of bladder cancer

€0

: 80

a = Non-papillary go 40-

= Papillary % % 33

@ Non-smoker 58 2

- amoket = |8
= Male

m Female §#,%‘k¥ﬁ°

o Stage I-1I pHec

= Stage -1V tage

Cluster

TP53 (49%)

MLL2 (27%:)

ARIDTA (25%)
KDMEA (24%)
PIK3CA (20%)
EP300 (15%)
CDKN1A (14%)
RB1 (13%)
ERCC2 (12%)
FGFR3 (12%)
STAG?2 fl 196)
ERBB3 (11%)
FBXW7 (10%)
RXAA (99%)
ELF3 (8%)
NFE2L2 (8%)
TSC1 (8%)
KLF5 (8%)
TXNIP (7%)
FOXQT (5%)
CDKNZA (5%)
RHOB (5%)
FOXAT (5%)
PAIPT (5%)
BTG2 (5%
HRAS (5%
ZFP36L7T (5%)
RHOA (4%)
CCND3 (4%:)

r
80

20 20 O
Mutatlons

CDKN2A (47%)
E2F3/SOX4 (20%)
CCND1 (10%)
RB1 (14%)

EGFR (11%
PPARG (1 7%;
PVAL4" (19%)
YWHMHAZ" (22%)
MDMZ (9%)
ERBB2 (7%)
CREBBFP (13%)
NCOR1 (25%)
YAPT (49%)
CCNE1 (12%)
MYC (13%)
ZNF703 (10%)
FGFR3 (3%:)
PTEN (13%)
MYCLT (69%)
BCL2L1T (11%)

c

60 40 20 O
Somatic CNAs

FGFR3

® Synonymous = Non-synonymous

et A OB A L iR
R 1 ot T
i 1
< ¢ 1 1] ] 4 | q & “ | <
i ¢ m_ ! i m [
N e B L] L | ] B
=ll llll 1 (LIEN N L)
v im0 i | S )
© ] (1] 1 1] e 8 L] |
i ma 8 I ] 1 e @ )
i i 13 B i = L n 1
I3 ] T B 1 E N
ifTm l‘ (1] )
] i LI L} i b b B
L B 4 | I ) ] £ | H
4 2 n ] ] ¥ 1
1 l. H 1] ]
" 0 ! ] !
LI = ? 1 H
3 L] g L €
[} ] | na 3 |
T H 11
] 1 H | L] H
[ 8 n
& | ) n n
| | | | |
W Synonymous 2 In frame indel | Other non-synonymous | Missense | Splice site M Frame shift W Nonsense
¥ | My TrTy wmmmTrmmmw Ty o | B |
m e 1 b i § | 1] m i " H 3 1
il | i [ | 1] H § ] [}
| ) ]
1 B | a H ] 3 o | H H i
H (| 2t | B | B Kl e I i ]
i 8 B8 % ] ' 1 3 H M mn 1 B |
BI0EE 5% 2 M2 i MINEg 8 0 2 i i L 1 "N
H § i " 3 B | ' 3
] s € .: . rnn L B 4
| H 1
g | B :
"n : H P " 3 ] i 0
s M1 BsF WMDY i g g |
[ : B i i 0 1 ! 2 H :
] L] | B
| b 2 F I8
e 1 1 i i i i = - E 1 . |
m Copy number < 1 = 1 < copy humber < 1.5 = 3 < copy number <5 = Copy number > 5 m NA
s r llllmn IMIII 11111 i . |
L} i J L} | ] mn |
i nmma | | | . N | ] 1
m mRNA fold < 0.33 @ 0.33 < mRNA fold < 0.67 m 1.5 <mRNAfold <3 m 3 < mRNA fold m NA

The Cancer Genome Atlas Research Network Nature 507, 315-322 (2014) doi:10.1038/nature 12965



More bioinformatics applications and research

* Advanced bioinformatics rapidly identifies existing therapeutics for
patients with coronavirus disease-2019 (COVID-19)

* https://translational-medicine.biomedcentral.com/articles/10.1186/s12967-020-
02430-9

* Species identification using DNA barcoding and BLAST
e https://www.sciencedirect.com/science/article/abs/pii/S0956713521008902

* [dentification of mutation hotspots using Biopython
* https://www.mdpi.com/1422-0067/25/12/6612

* Topic modeling (summarizing the literature) using Biopython
* https://academic.oup.com/bib/article/23/5/bbac194/6590367

* Creating custom tracks for UCSC Genome Browser
 https://www.biorxiv.org/content/10.1101/2024.12.23.629822v1.abstract
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https://www.biorxiv.org/content/10.1101/2024.12.23.629822v1.abstract

Additional Databases and Tools

* The Cancer Genome Atlas
e http://cancergenome.nih.gov
* Comprehensive genomic characterization of tumors

e cBioPortal for Cancer Genomics
* https://www.cbioportal.org/

* Genomics of Drug Sensitivity in Cancer
* http://www.cancerrxgene.org
* Screen > 1000 cell lines with drug
* Genomic characterization of cell lines

* And many more (current research)
e http://bioinformatics.oxfordjournals.org
e http://www.biomedcentral.com/bmcbioinformatics
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