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What we know
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“croce tgoaacagac teageacagegoacatgeogat tetggoaggttetooggtotttatttgetetotoonatte. | .
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— ttetagege tgateccattttectectettetegtoggaggecatececggegace tataggagataggganggetee. . .
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Raw genome data

© SMaas 2007



Therange of genome sizes
In theanimal & plant kingdoms

Human genome =3 x 10° bp

Euglenozoa
Protists Ciliophora

Sarcodina
Fungi Fungi
Sponges
Annelids
Molluscs
Crustaceans
Insects
Echinoderms
Agnathes
Sharks and rays
Bony fishes
Amphibians
Reptiles
Birds
Mammals

Gymnosperms
Anglosperms

Algae
Plants Pteridophytes

6 7 8 g 10 11 12
Range of genome size (base pairs, log,g)

=» No correlation between genome size and complexity
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What accounts for the often massive and seemingly arbitrary differences
IN genome size observed among eukaryotic organisms?

The fruit fly The mountain grasshopper
Drosophila melanogaster Podisma pedestris

-

18,000 Mb

The difference in genome size of a factor of 100 is difficult to explain in view of the
apparently similar levels of evolutionary, developmental and behavioral complexity of

these organisms.
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Complexity does not correlate
With genome size
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Complexity does not
correlate with gene number

~31,000 genes  ~26,000 genes ~50,000 genes
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Is an Expansion in Gene Number driving
Evolution of Higher Organisms?

Urochordata

Arthropoda

Nematoda
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Structure of DNA

Watson and Crick
In 1953 proposed
that DNA isa
_ double helix In
Pared L - which the 4 bases are
- base paired,

Adenine (A) with
Thymine (T)
and Guanine (G)
with Cytosine (C).
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genome

Genes contain
instructions
for making
proteins

or in complexes Tt
perform many cellular
functions

From Genes to Proteins

http://www.ornl.gov/hgmis/publicat/primer2001/ g7




"From now on, take the Human Genome
outside before you unravel it."
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Stepsin the folding of DNA
to create an eukaryotic chromosome

30 nm fiber
(6 nucleosomes per turn)

Factor of condensation:
Ca. 10,000 fold

Why?

=>» Facilitates movement during
cal divison
=» Decreases error rate
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Genescode for Protanswith RNA as an
Inter mediate

Nucleotide sequence
in DNA molecule

Twao-step decoding An RNA intermediate
process synthesizes plays the role of
a polypeptide. "messenger”

Nucleus

Proteincoaoo

Cytuplasm Amino acid sequence
in polypeptide chain

DMA triplets encoding each amino acid
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The Genetic Code

Table 1.1 The standard genetic code

Second nucleotide in codon

Phenylalanine Serine Y Tyrosine C Cysteine
Phenvialanine Serine ¥ Tvrosine C Cysteine
Serine Termination Termination

Serine Termination W

Proline Histidine Arginine

Proline Histidine Arainine
Proline

Proline

Glutamine Arginine

Glutamine Arginine

Lolencine Threonine | AAU Asparagine Serine

Lolencine Threonine | AAC Asparagine Serine
Lolencine Threonine | AM lys L Arginine

Methionine Threonine | AAG Lvsine Arginine

Valine Alanine CAU  Asp Aspariic acid Glvcine

D Qo= = =2 =Z2|£ £ T =T

Valine Alanine CAC  Asp Aspartic acid Glycine

Valine Alanine CAA  Glu Glutamic acid Glycine

O+ Nn0C O > N CO > 0CO0%X> N C

Valine C Alanine CAG  Glu Glutamic acid (rlycine

Codon Three-letter and single-letter abbreviations




The human karyotype

(one bype of interferon)

(phosphoserine
phosphatase)

(recephor for epidermal
grovwth factor)

-4+— EPO
(erythropoietin, hommone for

red blood cell production

-+— CF
[clefect causes cystic

fibrosis

| 4+— TCRB

i {beta chain of
antigen receptor
oh Teells

Chromosome 7
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Gene splicing:
Removal of non-coding introns

| Ntron

mature splice product

l
PROTEIN
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Human genome facts

e ~ 30,000 genes

e On average:
—Coding length: 1.4 kb
—Gene extent: 30 kb

—8 Exons (135 bp), 7 introns
(2,200 bp)

—Gene density: 11.5/1 M Db
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| sthe genome empty ?




Correlation between complexity
and amount of non-coding DNA
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Nonrepetitive DNA is only part of the genome

Erirtiualles] wwe angiloussm
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E.coli fruit fly mouse
C. elegans

Moderately
MNonrepetitive repetitive
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DNA with low complexity islocated in the middle
and at the ends of a chromosome

Telomeres

I ' Orange-colored

regions indicate
heterochromatin.

Centromere

— |
= gene poor region
Euchrnmatln4| I
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| magine a gene that could duplicate copies of itself
within the genome
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Repeats dominate the human genome

One megabase from chromosome 7

Ease Fosition 270EEREa 27e5S a8
Chiomosome Eahds Localized by FISH Mapping Clones
Chromosomns Eand
2TE Markers on Genetic Chlue)y ahnd Radiation H4beid CB1ack) Maps
ETE Markers || | [ | |
Gap Locations
Gap
Kriown Genes based on SWISE-FREOT, TrEMEL, mEMA, and EefIed
Evil H
Twinscan Genes Fredictiohs Using MousesHumabh Homo 1ogd
Twinscan, H
GeEnsScan Gete Fredictions
Genscan Genes —HHH ——H HH—
Human mREMAS from Genbank
BCE4E515 | #60655 FH
ECale7iz I
Ak B95957 ||

Humath ESTs That Have Beeh Spliced
Epliced EST=
Monhuman WEMAS From Gerkbank

Honhuman mEHA (BT B | 11

Microartad Experiments for MHCI 68 Cell Lines

HCIGA
Takifugu rublkipes Translated B1at Alighments
Fuou Blat [l | | 11 | | [0
A2 E1ements by Repeath

RepeatMasken | N | [ 1 THININ (T |||l.|| | [ | | ||||-|||| ||||||--|||l| (I HE) N ER

UCSC Genome Browser
http://genome.cse.ucsc.edu

| nterspersed repeats

Human genome: ~ 50% repetitive sequences
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Transposable elementsin the human genome

Number of Percentage of
Type copies total genome

SINEs 1,558,000 13.1
Alul 1,090,000 10.6

LINEs 868,000 20.4
LINE] 516,000 16.9

LTR elements 443 000 8.3

DNA elements 294,000 2.8
mariner 14,000 0.1

Unclassified 3,000 0.1
Total of all types 44.7

Source; Data from E. S. Lander et al. 2001. Nature 409: B&0.
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Genome vs Transcriptome

How much of the genomic DNA is converted into RNA sequences?

Tilirg probes

Prabe intsnsity

=
'-\.'% "
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. o
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L8 _l_."'
= P

A0-kb ragion

TRENRDS in Ganabos
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Transcriptome facts

* 97-98% of transcriptional output Is
non coding RNA (ncRNA)

* Only 1.5% of genome are proten
coding

e But: Including introns, 30% of genome
IStranscribed

* Adding ncRNA genes. >50% of
genome istranscribed
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Genotyping

off the mark com oy Mark Parisi

— Yo CaN &ET TLL
. £IMD ouT WHo HIT ME

WITH THIS SPITBALL ... T8
A999% CERTANTY S
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Seguence variations between individuals

DNA Sequence Variation in a Gene Can Change
the Protein Produced by the Genetic Code

Gene A from GCA AGA GAT AAT TGT,. .. Protein Products

"Ala [Arg BB Asn [Cys ..
1 i 3

Person 1

4 5

Gene A from GCG AGA GAT AAT TGT..

Person 2
Codon change made no

difference in amino acid Ima Al’g - Asn C!,"S LI

sEquence 1 2 3 4 5

Gene A from GCA AAA GAT AAT TGT...
Person 3

Codon change resulted in g
a different amino acid at | Ala L}FE - Jﬂ'-Sﬂ C}FS . s .(_\—r/\l
o ~

position 2 1

-, S-E3
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Seguence variations between individuals

Health or Disease?
DNA Sequence

Person 1 AAATTT Normal protein

2,
C . Some
’  DNA

variations

have no
Person 2 AATTTT RSgative
effects

Low or

nonfunctioning protein

Person3 AACTTT ('“r’\ other
\ ’ variations

lead to

disease (e.qg., sickle cell)

or increased susceptibility
to disease (e.g., lung cancer)

© SMaas 2007




The Genome Sequence -- an open book ....
(written in well-known language but poorly understood grammar)

How make sense of whole genome sequences?

hel ps to:
~ind regulatory sequences
~ind protein coding sequences
~ind related sequences
» Compare sequences across SPecies

Main am:
understand what are the functions of all genes and
how they work together
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Mouse and Human Genetic Similarities

Mouse chromosomes
1 2 3 4 5 6 9 1
53 11
9 [Ela 7 5
2 2 4 g 4
" B 5 2 15
18 15 3 6
i
IdI 1 7 .
1 20 % e 12 3
- 10
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22 2 ﬁ 3 16 10
5 6
; 5 7 S 7 8 22 M M
10 16 8 21 5
22 []5 6 o 0 6
% L 22 oy s e
2 17 5 13 12

YGA 98-075R2

Human chromosomes

2 3 4 5 6 7 8 9
| U O
11 12 13 14 15 16 17 18

19

20 21 22 X b
d I I B
el

Courtesy Lisa Stubbs
Oak Ridge National Laboratory
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Functional classification of expressed genes

Collection of expressed genes

Cell division/
DNA synthesis

RNA synthesis/

processing/ turnover Protein synthesis/

processing/ turnover

Cotl siructurel_ Randomly
motility Sel ected

sequences from
human cells
grouped by
Sxibepusien function

Cell signaling/
communication :3':;;;::?5

Metabolism

Unclassified
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Genesin the Mycoplasma genitalium
classified by function

Smallest
Pisma  genome of
any known
Regulatory (1.4%) —BSS==——___—/ . .
Transcription (2.5%) — '”_; free | VI ng

Small

Cell envelope (3.6%) _f ';‘ii: N ~. molecule Organlsm

General metabolism (lipids, A W - E;'ES;EI?E“
amino acids, etc.) (3.8%) 0 !
L \.DNA

Mucleoside and . S
replication

nucleotide / s -
synthesisli-ﬂ.g".-'d"ﬁi Cellutar III 16.8%) 9 What ) the

R E:!therlf_ E:eli;iilism

secretion, functions (66%) smallest number

o of genes needed
Functions of 471 genes in the for survival ?

bacterium Mycoplasma genitalinm

580 kb genome <> 471 genes
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Functional genomics |
Use of DNA microarrays (chips)

__:.-'.-1
P

{eantrol) ? ? {experiment)
G g R
micieotce. § IR g o ectide Fluorescently tagged

L,

|

normal VS brain
brain tumor

cDNA probes are
RN T hybridized to DNA spots
Vo v In the microarray for
studying
differential expression of

5 255 & | Hybridization
-l-_'_. .

Example: el LNOUSANdS OF genes at a
. l;'”““““"“:“":'““ time in two mRNA

equally highly undar- highly ower-
axpressed exprassed  expressad %mpl eS
sample 2 sample 2

In sample 2, relative 1o sample 1, " " r
Gene I moderately overexpressed

Gena £ aqually expressed

Gene Fmoderately underexpressead
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What i1s Proteomics

2 nomics
l ' & Proteomics

INTERACTIONS

© SMaas 2007



N~
o
o
N
(%))
©
@©
=>
wn

L]
] -_l!nnil.n
L] [ L
l.il

=

VL) interaction

racterzed proteins

3

are represanted by color-coded lines
Green, low confidence (LC) interactions

Hed high confidence (HC) interachons

2lue medium confidenca (I

2range, disease proteins
Weldlow, uncl

cles reps

il
i

esent proteins (nodes)
* Light blue, known proteins

.
L
links

olored ci
Interactions

e
L




Stepsin the creation of a transgenic mouse

(A) /Injec:tinn needle = In{:lrinnf r

Jlf'lﬁ antation

: ! astocyst
L _Blastocyst S

Sl o/ -on

ot

[ 5

Foster mother

Transgenic progeny © S\ 2007
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Summary - Conclusions

We do know:

e Complete human genome seguence

e Function of ca. 50% of protein-coding genes
e Some interactions and regulation of genes

e > 2700 disease-causing single gene mutations

Wedon't know:
e Function of at least 50% of genes

 How do gene products work together ? (within
cells and within organism)

e \What makes the human so special ? (its not the
gene number or genome size)
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