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 Grading/Requirements

 Introduction to databases

 Examples  browsing through NCBI
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Overview
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 Final Exam 50%

 Small Assay 10%

 Reports 35%

 Attendance / Participation in class 5%

Grading scale:

1: 100-90%, 2: 89-80%, 3: 79-70%, 4: 69-60%, 5: 59-0%

Grading
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 PDF files of the lecture available in MOODLE

 digital recordings of the lectures available in MOODLE

 Access to MOODLE: https://moodle.jku.at/jku2015/index.php

Resources
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Genome     data     analysis

?
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 genetic material 
of an organism

Genome           data           analysis

 DNA – RNA – protein

 DNA – ncRNA – x
miRNA

 repetitive DNA  satellite DNA
 transposons

 chromosomes

 genes = coding regions

 non-coding regions
= “junk DNA” ?

 nucleotide sequence

 centromeres
 telomeres

 the human genome:
3x109 bp
3 billion bp = 3 Milliarden bp
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 DNA = Deoxyribonucleic acid

 Structure:
- Phosphate Backbone
- deoxyribose (sugar)
- Bases: A (adenine)

G (guanine)
T (thymine)
C (cytosine)

 A T

 G C

 Coding regions: genes

 Non-coding regions

DNA

purines

pyrimidines

pairing via hydrogen bonds

nucleotide
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 RNA= Ribonucleic acid

 Structure:
- Phosphate Backbone
- ribose (sugar)
- Bases: A (adenine)

G (guanine)
U (uracil)
C (cytosine)

 Types:
- coding: mRNA (messenger RNA)
- non-coding: rRNA (ribosomal RNA)

tRNA (transfer RNA)
miRNA (micro RNA)
snRNA (small nuclear RNA) …

RNA
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DNA vs. RNA
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 DNA is transcribed to mRNA which is translated to amino acid sequence
= PROTEIN

 Nucleotide sequence
atgccaagtacgccccctattgacgtcaatgacggtaaatggcccgcctgg

 Codon/Base-triplets (mRNA) coding for one amino acid

 Amino acid sequence

 3-letter code
Met-Pro-Ser-Thr-Pro-Pro-Ile-Asp-Val-Asn-Asp-Gly-Lys-Trp-Pro

 single letter code
MPSTPPIDVNDGKWPAWHYAQYMTLWDFPTWQYIYVLVIAIT

Proteins

Myoglobin
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Amino acid codes

Name 3-Letter 1-Letter

Alanine Ala A

Arginine Arg R

Asparagine Asn N

Aspartic acid Asp D

Cysteine Cys C

Glutamic Acid Glu E

Glutamine Gln Q

Glycine Gly G

Histidine His H

Isoleucine Ile I

Name 3-Letter 1-Letter

Leucine Leu L

Lysine Lys K

Methionine Met M

Phenylalanine Phe F

Proline Pro P

Serine Ser S

Threonine Thr T

Tryptophan Trp W

Tyrosine Tyr Y

Valine Val V
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 genetic material 
of an organism

Genome data analysis

 nucleotide sequence
 different species
 genes

 DNA – RNA – protein

 DNA – ncRNA – x
miRNA

 repetitive DNA  satellite DNA
 transposons

 chromosomes

 genes = coding regions

 non-coding regions
= “junk DNA” ?

 nucleotide sequence

 centromeres
 telomeres

 the human genome:
3x109 bp
3 billion bp = 3 Milliarden bp
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Example: DNA sequencing

You will get DNA fragments of 1.000 base pairs

---

The human genome has 3.000.000.000 base pairs
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Sequence of the human genome

 first published in February 2001
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 genetic material 
of an organism

Genome data analysis

 nucleotide sequence
 different species
 genes

 DNA – RNA – protein

 DNA – ncRNA – x
miRNA

 repetitive DNA  satellite DNA
 transposons

 chromosomes

 genes = coding regions

 non-coding regions
= “junk DNA” ?

 nucleotide sequence

 centromeres
 telomeres

 the human genome:
3x109 bp
3 billion bp = 3 Milliarden bp

 get sequence of a gene
 compare sequences
 diseases
 literature research
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 genetic material 
of an organism

Genome           data analysis

 nucleotide sequence
 different species
 genes

 get sequence of a gene
 compare sequences
 diseases
 literature research

 DNA – RNA – protein

 DNA – ncRNA – x
miRNA

 repetitive DNA  satellite DNA
 transposons

 chromosomes

 genes = coding regions

 non-coding regions
= “junk DNA” ?

 nucleotide sequence

 centromeres
 telomeres

 the human genome:
3x109 bp
3 billion bp = 3 Milliarden bp
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Online databases

 What are genomic databases and why are they useful?

- Collection of genomic information, online available
(DNA profiles, protein specifications, …)

- get information of gene / genomic region / protein / etc. of interest
you need for your research

- analyze obtained data and compare with available data

- …
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Necessity of DNA databases

 Due to advances in DNA sequencing technologies the
number of sequenced genomes rose drastically.
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There are three major public DNA databases

GenBankEMBL DDBJ

Housed
at EBI

European
Bioinformatics

Institute

Housed 
at NCBI
National

Center for
Biotechnology
Information

Housed 
in Japan

DNA 
Database of 

Japan

http://www.ensembl.org

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

http://www.ddbj.nig.ac.jp/
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NCBI homepage

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

Use the 
dropdown 

menu

And click 
“Search” to 
get details

NCBI is a 
collection of many 

databases
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NCBI databases
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NCBI databases
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How does NCBI get the data?

 Scientist will publish/submit their data  e.g. new sequences

 Curators will verify the data and link them to the different databases

 The most reliable sequences are called Reference Sequences
(RefSeq)

 RefSeqs are the most stable references for studies since they are

 non-redundant

 well-annotated (introns, exons)

 curated, reviewed
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Identification numbers

 GeneIDs Gene ID: 11830

 gi (gene info identifier) numbers gi | 147905620 |

 mRNA accession numbers NM_020227

 mRNA version numbers NM_020227.2

 Uni gene accession numbers UniGene Mm.45580

 EST identification numbers BY704936.1

 GeneBank protein numbers AAC02945

 PDB (protein data bank) accession numbers 1KT7
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 NC_000005.10

 NM_020227.2

 NP_064612.2

Accession numbers & prefixes
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 Text-based format representing nucleotide or amino acid sequences

 Standard format in the field of bioinformatics

 Databases and programs recognize a nucleotide or amino acid sequence
when it is written in FASTA format

 FASTA sequence characteristics:

> „greater than“ sign marks the start of a FASTA sequence

followed by a description of the sequence in the same line

followed by a line break ( ENTER)

in the second line comes the nucleotide or amino acid sequence in the
single letter code

FASTA sequence
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Examples:

 >nucleotide_sequence_XY
CTCACTAAAAAAGATAAGACAACAAACAAGCATCCAAAAGAATGCTCATGGCACTTGTCATAG
GGAAAAGCAAATTAATGCAACAATGGTATACCACTGAGCATCTACTAATAGACAACAAACAAGC
ATCCAATTAATGCAACAAT

 >amino_acid_sequence_XY
MSPEKSQEESPEEDTERTERKPMVKDAFKDISIYFTKEEWAEMGDWEKTRYRNVKRNYNALITI
GLRATRPAFMCHRRQAIKLQVDDTEDSDEEWTPRQQVKPPWMALRVEQRHRRQAIKLQVDD
TEDSDEEKDISIYFTKEEWAEMGD

FASTA sequence
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Today we will get familiar with the following NCBI databases:

 Gene Database

 CCDS Database

 UniGene Database

 Taxonomy Database

 Nucleotide Database

 Protein Database

 OMIM Database

NCBI databases
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NCBI – search through databases
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NCBI – search through databases



Theresa Schwarz

choose the 
Gene Database
and search for 
hemoglobin

Gene Database
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Gene Database

Use filters
to limit

your
search
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Gene Database

Click on 
RefSeq

Click on
Homo sapiens
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Gene Database

Active filters are shown

But: Be aware – these filter settings are
saved for the next search…

…make sure you clear them for a NEW 
search

 Click on first entry HBB
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Gene Database

At the right-hand 
side you will find 

links to other 
HBB 

database entries 

General 
information 
about this gene
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Gene Database

Get information on the genomic location of the gene: chromosome 
and nucleotide coordinates (using a certain genome assembly)

 Scroll down to Genomic context
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 Assembly of short DNA sequences to create a representation of the 
chromosomes of a certain species

 Current version for the human genome: GRCh38.p12 
= Genome Reference Consortium Human Build 38patch release 12

 Nucleotide positions can change between different genome 
assemblies 

What is a genome assembly?
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5x coverage

What is a genome assembly?
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Gene Database

Zoom in and out 
in this map

Quickly obtain 
the FASTA 
sequence

 Click on FASTA
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Gene Database

Genomic
sequence

Coordinates
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Gene Database

Under 
Gene Ontology 

you can find 
information about 

Function and Process
of the gene

 Go back and scroll down to General gene information
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Gene Database

Here you can find the 
accession numbers 

for the mRNA and 
protein sequences.

 Click on the mRNA accession number

 Scroll down to NCBI Reference Sequences (RefSeq)

This is NOT the 
accession number of 

genomic DNA – it’s an 
incomplete genomic 

region
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Gene Database

Quick link to 
FASTA sequence

A lot of other 
information…
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Consensus coding sequence (CCDS)

Go back and use the link at the

right-hand side to get to the

CCDS Database!
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 Allows you to analyze the coding region of genes = ORFs

 ORF = open-reading-frame

Consensus coding sequence (CCDS)
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 An mRNA sequence contains the

 5’ UTR (untranslated region)

 ORF (open reading frame) = coding sequence  CCDS database

 3‘ UTR (untranslated region)

 Poly-A tail

genomic DNA vs. mRNA sequence

splicing
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Consensus coding sequence (CCDS)

Click on red C
and scroll down
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 Allows you to analyze
the coding region of
genes = ORFs

 Shows base triplets in
nucleotide sequence
and respective amino
acid sequence

 Alternating exons are
shown in black or blue

Consensus coding sequence (CCDS)
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 UniGene is a database with information on 
- where in the body
- when in development
- how abundantly a gene is expressed.

UniGene Database (expression of genes)
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UniGene and ESTs

DNA RNA

complementary DNA
(cDNA)

protein

ESTs

 ESTs = Expressed sequence tags

 ESTs are short DNA sequences, 
produced by reverse 
transcription of mRNA

 Represent small parts of genes 
that are expressed in certain 
tissues
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 Search for hemoglobin in the UniGene database and select
Hemoglobin, beta

UniGene Database (expression of genes)
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Expressed sequence tags (ESTs)

EST profile

UGID = 
UniGene ID

Accession
number

 Click on EST profile
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ESTs profile
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Expressed sequence tags (ESTs)

 Go back and scroll down to EST sequences

EST sequence
identification
numbers

Where is the
EST expressed

 Click on one EST sequence
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Expressed sequence tags (ESTs)

EST sequence
length

Expression tissue
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 Search for chicken in the taxonomy database

Taxonomy Database
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Taxonomy Database

Organism

sub-species

 Click on Gallus gallus
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Taxonomy Database

right-hand side:
direct links to other 

databases
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 Search for the organism gallus gallus in the Nucleotide database using
advanced search

Nucleotide Database

Choose Organism in the drop down menu 
and enter the taxonomy ID
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Nucleotide Database

Set filters:

for example
RefSeq
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Nucleotide Database

Active filters are shown

But: Be aware – these filter settings are
saved for the next search…

…make sure you clear them for a NEW 
search
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 How many proteins in humans are between 150 and
200kDa?

Protein Database
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Protein Database

Limit your search with the
SPECIES filter on the left-hand 

side:

Click „Customize…“

Add the species of interest
„homo sapiens“
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Protein Database

9469 proteins in the human organism have a molecular weigth
between 150-200kDa.
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OMIM database

OMIM is a great source to look up information about genetic diseases

OMIM = Online Mendelian Inheritance in Man

created by Dr. Victor McKusick; led by Dr. Ada Hamosh at JHMI

 Search for the hutchinson gilford progeria syndrome
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OMIM database
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OMIM database

Here you can find a lot of information about the disease. 
Scroll down to see more.
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 After each lecture you get exercises you have to address in a written format =
Reports

 Prepare reports in groups of 2

 Upload the report to MOODLE until next Monday 08:00 a.m. (as a PDF file)

 Proper formatting:

 Name the file “Report#1_surname1_surename2”

 Insert report number and your name to the header

1. Explain in key words how you get your results

2. Show your results and critical steps in a representative screenshot

3. Write down your result/answer to the question

Reports
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Search for human Huntingtin in the Gene database and name the different RefSeq accession
numbers for genomic DNA, mRNA and protein.

Go to NCBI -> select Gene database and search for huntingtin -> set filter to homo sapiens -> select first
entry HTT -> scroll down to Genomic context and to NCBI RefSeq to find the accession numbers

The accession numbers are the following:

Genomic DNA NC_000004.12

mRNA NM_002111.8

Protein NP_002102.4

Example
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 QUESTIONS?

 Please, download Report #1 from MOODLE

 Upload the Report until next Monday 8:00 a.m.

GOOD LUCK!


