Chromosome Structure
& Mobile Elements

September 27 - Chromatin structure and mobile genetic elements RH (6.1-6.3, 6.6-6.7)
September 30 - Genomics RH (6.5)
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Chromosomal Organization

AEach human cell contains 2 meters of
DNA.

AThe human genome contains 23 pairs of
chromosomes.

Aow are chromosomes organized?

Aow are chromosomes packaged?



Simple transcription unit
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Complex transcription units
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Higher eukaryotes contain large
amounts of non-coding DNA.

(a) Human B-globin gene cluster (chromosome 11)
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Composition by Category

percentage
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Major Classes of Sequences

TABLE 6-1 Major Classes of Nuclear Eukaryotic DNA and Their Representation in the Human Genome

CLASS LENGTH COPY NUMBER IN HUMAN GENOME FRACTION OF HUMAN GENOME (%)
Protein-coding genes 0.5-2200 kb =~25,000 ~55*% (1.8)"
Tandemly repeated genes
U2 snRNA 6.1 kb* ~20 <0.001
rRNAs 43 kb* =300 0.4
Repetitious DNA
Simple-sequence DNA 1-500 bp Variable ~6
Interspersed repeats (mobile DNA elements)
DNA transposons 2-3 kb 300,000 3
LTR retrotransposons 6-11 kb 440,000 8
Non-LTR retrotransposons
LINEs 6-8 kb 860,000 21
SINEs 100-400 bp 1,600,000 13
Processed pseudogenes Variable 1—=100 =~0.4
Unclassified spacer DNA? Variable n.a. ~25

* Complete transcription units including introns.

 Transcription units not including introns. Protein-coding regions (exons) total 1.1% of the genome.

¥ Length of tandemly repeated sequence.

§ Sequences between transcription units that are not repeated in the genome; n.a. = not applicable.

SOURCE: International Human Genome Sequencing Consortium, 2001, Nature 409:860 and 2004, Nature 431:931.
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ENCODE Project
Challenges
Assumptions

A 1% of human genome
selected for detailed
analysis.

AGenome i s i
transcri bedo

A Transcription start sites
more complex

A Chromatin structure
underestimated

A Integration of multiple
sources of information
yields new mechanisms
and insights
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Genes and Gene Families

AGenes may béonichedopyt ar
per genome and not related to other genes
(25-50% of genes).

A Duplicated genes are close in sequence
but not identical (~50% of genes). Gene
family.

A What is the source of gene families?



Unequal crossing over

A Use homologous repeated sequence
elements (e.g. L1) to drive recombination.

Gene duplication

B-globin gene
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Or use homol ogo
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Genetic drift and pseudogenes

A Duplicated genes accumulate mutations
(genetic drift).

A As long as one copy is functional, second
can diverge without penalty.

A If mutations inactivate gene, becomes
pseudogene.

A Continued mutation or rearrangement may
give rise to new function, may be
selectable phenotype; new gene.



Tandem repeats

A Best example is the ribosomal RNA-
encoding genes (transcribe large
precursor processed into mature rRNAS).

A Head-to-tail, near-perfect repeated
seqguences.

A Humans typically contain ~100 repeats.

A Allows parallel transcription of key cellular
component (rRNA).



Very shordgeqguien ang
may be localize on chromosomes

A ~3% genome
A 1-13 bp repeats
microsatellites

A 14-500 bp repeats
satellite DNA

A Hundreds to
thousands of
copies

A Some localized




Satellites also rearranged by
unegual crossing over

A This is relatively
common during
meiosis.

A Differences in
lengths of
satellites can
distinguish
most individuals.

Simple-sequence tandem array
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Human DNA Fingerprints
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Methods for STR Genotyping
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A AmplifiSTR Identifiler Kit,
PCR-based, assayed on
3100 sequencers.
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NMI ddl eo repeats
usually mobile elements

A ~45% of human DNA

A Interspersed in genome

A May transpose using specific mechanisms
AFrancis Crick | abel ec



Mobile Genetic Elements

A First recognized by Barbara
McClintock In corn plants
(Nobel prize 1983)

A Genes affecting kernel color &\
mutate at high frequency, and e
revert at high frequency




Mobile genes in corn

A mobile genetic element is inserted within thgene in the
anthocyanin pathway. This inactivates #éhgene

(Top) The mobile genetic element is stationary. The
defectivea gene in the anthocyanin pathway is
excised early in development. All resulting cells are
colorless.

(Bottom)The mobile genetic elemertgene in the
anthocyanin pathway is active, and excised from some
genes during development. Those cells produce purple
pigment. Cells with the element remaining are
colorless.




Two mechanisms

(a) (b)
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Typical IS element structure
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IS mechanism

A Mediated by IS-
encoded protein.

A Requires inverted
repeat sequences.

A Insertion generates
new direct repeats
at termini.
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Target DNA
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Mobile Genetic Elements using
DNA intermediate

A P element in Drosophila.
AMc Cl intockos el ement ¢



Some elements using RNA intermediates
look like integrated RNA viruses.

LTR retrotransposon (=6-11 kb)
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Transposition requires RNA
Intermediate

A RNA transcribed from retrotransposon is
primed with tRNA

A Copied by reverse transcriptase

A Requires re-positioning (jumping) of
primed product to copy entire genome

A Integrate into host genome

A Retrotransposons encode reverse
transcripase and integrase.



Proof that RNA Iintermediate used
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Non-viral retrotransposons

A LINE: long interspersed elements
I ~6 kb long
I Several families (L1, L2, L3)
I ~900,000 copies per genome (21%!)
A SINE: short interspersed elements
I ~300 bp long
I Primarily found in mammals
I ~13% of genome
I Do not encode protein
I Transcribed by RNA pol Il (tRNA, 5S rRNA)
I Most important is Alu sequence



LINE

A ORFs (protein-coding region)

A Short direct repeats

A No LTRs

A Transcribed by RNA pol Il

A LINE RNA also mediates transposition



