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Table 1 Estimating the magnitude of microbial diversity

Number of bacteriophages on Earth

Number of microbes on Earth

Number of stars in the universe

Number of microbes in all humans
Number of humans

Number of microbial cells in one human gut
Number of human cells in one human
Number of microbial genes in one human gut
Number of genes in the human genome
Combined length of all bacteriophages on Earth
Diameter of the Milky Way

"An inordinate fondness of bacteriophages..."

1031

5 x 1030
7 x 1021
6 x 1023
6 x 10°
1014
1013
3x 106
2.5x 104
108 Ly
10° Ly
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A Brief History of
Biological Information

Based on three excellent books:

“THE LOGIC OF LIFE - A History of Heredity”’, by Francois Jacob (Vintage Books,
A Division of Random House, New York, 1973, translated by Betty E. Spillman).

“WHO WROTE THE BOOK OF LIFE? - A History of The Genetic Code”, by Lily
E. Kay (Stanford University Press, Stanford, California, 2000).

“THE INSIDE STORY - DNA to RNA to Protein”, edited by Jan Witkowski (Cold
Spring Harbor Press, New York, 2005).
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Aristotle

~350 B.C.

plants
animals
minerals
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GENETICS

DNA Reveals Diatom’'s Complexity

Diatoms are an enigma. Neither plant nor
animal, they share biochemical features of
both. Though simple single-celled algae,
they are covered with elegant casings
sculpted from silica.

Now a team of 45 biologists has taken a
big step toward resolving the paradoxical na-
ture of these odd microbes. They have se-
quenced the genome of Thalassiosira
pseudonana, which lives in salt water and is ~ Aqueous snowflake. The sequence of a diatom should
N lab favori te among diatom exper ts. The reveal the secrets of its decorative shell.

www.sciencemag.org SCIENCE VOL 306 1 OCTOBER 2004
Published by AAAS

sisAjeue aosuanbag |esibojolg 10} 12)Ua)

yewusq jo Ausiaaun [eojuyos] ‘Abojolg swaeysAg jo juswpeds( |



Comparative Microbial Genomics group

8
BACTERIA 3
s £
g £ Q
s § F S
) 3 & &
2 S a &
e
5 3 $
s T &
o
o
o) &
", J/a”%
J’o; GO/
Chiogy, € ~_ 78
/Orobl,
Bacteroidetes
Spirochaetes
Clostridium
€S s
FrmoC gl
( X \?
0 GRS
o e 5
QO X 070
o oL F
B S & &
QQ/ ‘(\Q' Q\
&

sisAjeue asuanbag jesibojoig 10} 193U39)

yewusq jo Aysieaiun [ealuyos] “ABojoig swelsAg Jo juswpedeq |



Center for Biological Sequence analysis

1866

Comparative Microbial Genomics group

Gregor Mendel
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Albrecht Kossel 1881

HN—CO HN—CO

| | ||

Col Il CH
HN—CH N—C——N="
Thymine Guanine
N=C—NH, N=C—NH,
|| | |
OC CH HC C—NH\
|l (. CH
HN—CH N—C—N=—
Cytosine Adenine
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Chromosomes
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one enzyme
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G. Beadle & E. Tatum
1930s
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O. Avery 1941
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E. Schr odinger 1943

e 1
. ! “We believe a gene - or perhaps

the whole chromosome fibre - to be
an periodic solid.”

“...For an illustration,
think of Morse code...”

"What is Life?" by Erwin Schrodinger
(Cambridge University Press, 1944)
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DNA is like Coca-colal

Coke

DNA

Water
S u g ar (sucrose)

Phosphate -

Caffeine

Water

(deoxyribose)

(POg4) backbone

Bases
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DNA bases will spontaneously stack on
top of each other and form a helix!

L~
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OH H

Deoxyribose \ Ribose
(only in DNA) (only in RNA)
OH (0} (0}
| | |
O—p—0O—pP—O—P—OH Trihosphate
| | |
0] (0] (0]

~—0
~—Q
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dATP uTP
(deoxyadenoside 3 phosphate) (Uridine 3 phosphate)
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360°= one helical
turn

10.5 bp per turn

34.3° twist angle
(rotation per residue)
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Helix Pitch

35.7A

P

Major

Groove

1

i)

Helix Diameter
20A

.~ Base Pair Tilt - 6°

j 3.4A Axial Rise
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DNA 5’...GATCTAGCGATGCCGATGAAACATGATCATG. . .3’
3. ..CTAGATCGCTACGGCTACTTTGTACTAGTAC. . .5’

l transcription l

MRNA 5’ .. GAUCUAGCGAUGCCGAUGAANCAUGAUCAUG. . .3’

transtation / / j /

Protein N met-pro-met-lys-his-his-his...C
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The General ldea

1. The Sequence Hypothesis

The amino acid sequence in proteins is specified from DNA and RNA.

2. The Central Dogma

Once information flows to protein, it cannot come back!

Genome -> Transcriptome ->Proteome

sisAjeue aosuanbag |esibojolg 10} 12)Ua)

yewusq jo Ausiaaun [eojuyos] ‘Abojolg swaeysAg jo juswpeds( |



Center for Biological Sequence analysis

Comparative Microbial Genomics group

| Department of Systems Biology, Technical University of Denmark



Comparative Microbial Genomics group

Biological Sequences as Information

DNA sequences as information

1. DNA sequence can code for an amino acid sequences (MRNAS)

2. The DNA sequence can code for stable RNA sequences
tRNA rRNA snRNA telomerase RNA

3. The DNA sequence can code for protein binding sites

4. The DNA can code for architectural information
Intrinsic DNA curvature
nucleosome positioning

5. The DNA can code for structural / stability information
transcription initiation
origins of replication
mutational "hot spots”
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Biological Sequences as Information
RNA sequences as information
1. The mRNAs can contain several different levels of information:
- specifies amino acid sequence for proteins
- localisation signals for WHERE the protein will be made
- stability signals to determine HOW MUCH protein is made
- splice sites

- editing sites

2. The tRNAs code for the genetic code - same in all living organisms
(n.b. diff. in mitochondria)

3. The rRNAs code for the structures of ribosomes

4. Other RNA/protein complexes
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Biological Sequences as Information

Protein sequences as information

1. The protein sequence can code for an "active site" for enzymes

2. The protein sequence can code for structural roles:
microtubules, myosin, collagen, efc.

3. The protein sequence can code for ion channels/pumps
4. The protein sequence can code for localisation information

5. The protein sequence can code for modification sites
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Kinases/PhoSphaiasesamubi

GTPase/Regulators Other Enzymes Malaria

Oxidoreductase
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Summary (so far!)

DNA

Sequences #Structure » Function
RNA

Protein
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