Genomic DNA

1) Classification of Genomic DNA

2) Complexity of Genomic DNA

Genomic DNA Classification

Protein coding genes
Solitary
Duplicated/Diverged

Tandemly repeated genes
rRNA, tRNA, histones

Repetitive DNA
Simple sequence
Moderately repeated
Mobile elements

Spacer DNA

See for a terrific breakdown on the
Major Classes of Eukaryotic DNA




C-Value Paradox

C-Value = amount of haploid DNA

Nematode 0.097 (x10°)
Fruit Fly 0.18

Sea Urchin 0.87
Chicken 1.13
Zebrafish 1.64
Mouse 3.01
Human 3.19
Octopus 4.56
Grasshopper 13.4
Salamander 38.3
Lungfish 140 A

”

Paradox: Not consistent with “complexity
or phylogeny

Complexity of Genomic DNA

The complexity of a DNA sequence is the amount
of DNA, counted in bp, such that all sequence
is represented only once.

Sequence Complexity
AAAAAAA 1
ATCGAATCGAATCGA 5

E. coli genome 4 X 106
Human ~50% of the

Genome Unique

Renaturation of DNA
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Highly repetitive sequence renatures quickly
Single copy sequence renatures slowly

Does this make sense? WHY?
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http://www.ucl.ac.uk/~ucbhjow/b241/genome.html

Theme #2

Inference vs. Observation

Inference: Deduction, to draw a conclusion
from prior knowledge and evidence.

Most experimental science relies on
inference rather than observation

(Exam questions will require inference.)

There are Three Major
Fractions of Eukaryotic DNA

1) (50-60% in mammals)
~5% mammalian Genome is coding region
Remainder is introns, regulatory regions

and spacer DNA

2) (10-15% in mammals)
“Satellite DNA”

3) (25-40% in mammals)
Small percentage of gene families
and tandemly repeated genes
Mobile elements




Single Copy DNA
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50-60% of genome is Single Copy sequence

~5% genome is coding region

Remainder is introns, cis-regulatory regions
and spacer DNA

Genome Sequences

Estimated genes

C. elegans 20,000
D. melanogaster 15,000
H. sapiens 40,000

Apparently little relationship between
“complexity” and number of genes.

Eucaryotic Gene Structure

(a) Simple transcription unit
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Multi-cellular Eukaryotes
have Significant Regions of
Non-Coding DNA

80kb regions of Yeast and Human chromosomes

[a) Human {-globin gene cluster (chromosemae 11)
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Fig 10-3
Simple Sequence DNA
1) —localized to centromeres
Short (< 100 bp)repeats in tandem arrays
Millions of bp
2) - highly polymorphic
5-100 bp long, up to 3000 repeats
“DNA fingerprinting”
3) - about 30,000 loci

scattered throughout genome
1-5 bp sequence repeated to
50-100 bp lengths




Satellite DNA

Short (< 100 bp) repeats in tandem arrays
Millions of bp in length
Example: Centromeric DNA from Humans contains

a 171 bp AT-rich repeat called
alpha-satellite DNA

Purpose: Some satellite DNA appears to
contribute to kinetochore structure

Density Gradient:
Satellite DNA
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Unequal Recombination:
microsatellite wvariation

Simple-sequence tandem array
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DNA Fingerprinting
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Fig 10-7

DNA Fingerprinting:
Utility
e Solving Crimes: Used in 70,000 cases

e Paternity Testing: 130,000 paternity
tests/year in US

¢ Identifying Victims of Sept. 1llth

e Hundreds of scientific studies - Animal
behavior, population genetics




Criminal Case:
DNA Fingerprinting
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Moderately Repeated DNA

Gene Families
e.g., Kinases
Transcription Factors

Tandemly repeated genes
rRNA
tRNA
Histones

Mobile Elements
“Selfish DNA”
Transposons

Gene Duplication from
Unequal Crossing Over

L1 B-globin gene
*
Recombination
{unequal crossing over)
e Lo
Recombinant

chromosomes

Ll = Line 1 Mobile Element

Fig 10-4
Tubulin
Duplication N
and Ancestral :.' Tuboi) \
Divergence cell N =

~ ~

1 Gene duplication
l and divergence
Why are these —

duplicates ot =
. - -Tubulin  f-Tubulin
maintained? . oA LU -/
) B — Gene duplication
Any potential / \and divergence
advantages? — —

2

2
3
=5
s
g
o
.=
=
=

&-Tubulin 2 B-Tubulin 2>,
b /

Sps;ies 1 Spaes 2

Fig 9-32




Ortholog & Paralogs

Orthologous

ey
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Importance: Gene identity used to infer function
Fig 9-32




