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Genome Size Number of Genes

= There exists considerable variation amongst Eukaryotes! * Prokaryotes have fewer genes than eukaryotes

= BUT within eukaryotes the number of genes is often

Ex: Lilly families Fritallaria assyriaca has 120 billion base pairs, lower than expected from simply comparing the size
40 times the size of the human genome of 3.2 billion base pairs. of the genome and the number of known

polypeptides.

Huh?
What the...?

Why could
this be....

Pm confused.

No wait...
Maybe Pm not.
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2006 -- 25,000 is our best estimate

N um be r Of Ge nes 1990s -- thought humans had 100,000 genes
2000 -- 40,000 was considered a good estimate
2004 -- 30,000 seemed more accurate

= RNA SPLICING!!!

= 75% of multi-exon genes are
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genes in
the genome
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l Multicellular Eukaryotic DNA Composition

Coding Regions =1.5%
= tRNA, rRNA, miRNA, polypeptides
Noncoding Regions = 98.5%

Repetitive
- DNA that Introns and
* Not really ‘junk’ DNA! >~_ includes regulatory

Exons (regions of genes coding for protein
or giving rise to rRNA or tRNA) (1.5%)

transp
elements
and related
sequences ™.

= Function of all this DNA is still largely
nknown
= Gene related regulatory
sequences and introns = 24%
= Some of this DNA are i
= former genes that (ngzﬁ)snces
accumulated mutations
and no longer function

= Most noncoding is algc/e)lements
A

(24%)

= sequences present in many

= Short Tandem Repeats (STRs)
= Side-by-side repeats of 2 to 5 bases
= 44% are transposons
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Unique
noncoding
DNA (15%)

Simple sequence Large-segment
. . o by, o
copies in the genome DNA @3%) duplications (5-6%)

e
Gene Density & Noncoding DNA

= Eukaryotes have fewer genes per amount of bases (but have
larger genomes) compared to Prokaryotes
= Humans and mammals have the lowest gene density

leu .
= DNA composition of Prokaryotes like bacteria: thi T 2 %on,
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Transposable Elements

L] Elements of DNA that move
from one site to another by a
type of DNA recombination process:

The Yellow color is caused by
transposons that moved adjacent to

urple-pigment producing gene which
1. Transposons PP fobs ot ge‘t)transcri 23 how
a. Cut-and-Paste mechanism of
movement onaTransposon
Moves from original site ﬁiﬁ
b. Copy-and-Paste mechanism of End Gene for Another
movement AR T T

Leaves a copy behind and new copy

added to new location jisosncsel 4
New copy of ONZYIMO/ES,
Transposon transposon )
DNA of
enome
y Tz:r::so;:g:g 3 Tr%nlsposon is cut out
i and inserted at
Insertion \new location

Transposon
Mobile transposon b

(a) Transposon movement (“copy-and-paste” mechanism) Disrupted gene




Transposable Elements

2. Retrotransposons

= Moves by means of an RNA intermediate that is a transcript of
the retrotransposon DNA

Reverse transcriptase encoded by the retrotransposon
itself not from a viral source

=  Always leaves a copy of the retrotransposon DNA behind

New copy of
Retrotransposon retrotransposon

¥
Q RNA J

transcriptase ¢

Insertion

AP Biolo
9y (b) Retrotransposon movement

Genome Evolution

“unequal crossing over”
= In crossing over, two non-sister chromatids line up locus by locus
and exchange segments.

= In unequal crossing over, chromosomes do not line up properly and
exchange unequal amounts of DNA

Equal Crossing Over: AATTAATT

TTAATTAA B i homologous
o chromosomes
r;::f“l'e' misalign during
A, TT Crossing ovet, ..
o o
4n 4B
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) Unequal crossing over
Unegqual Crossing Over:

B3 .. .one crossover
product contains
C“é:‘-:“t’e’ e an insertion...
Alee AATTAATT
Conkiclad TTAATTAA

= \ B} .. and the other
4R 8 [TAA has a deletion.
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Genome Evolution

For evolution, the genome must be altered in a way that
alters phenotype in a beneficial manner.

= Genome evolution involves
= DNA duplications
= DNA rearrangements
= All other types of point mutations Polyploidy is common in plants. Ex:
and sometimes even non-disjunction This day lilly is a tetraploid (4n)
events that alter the ploidy number of a daughter cell
= Polyploidy = result from errors in meiosis.

= With gene or chromosomal DUPLICATIONS:
= Organism still have one functional copy of genes needed so they can
make any necessary RNA and protein correctly
= Extra copies of genes can accumulate mutations easier because
they do not stop the organisms form being able to produce the
AP Biology essential polypeptides or gene products to LIVE & REPRODUCE.
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Genome Evolution

"= Transposable elements can contribute to unequal crossing over

= Crossing over may occur between similar transposable elements on
two non-sister chromatids that are not located at the same locus but
are located on the sides of a gene

Transposable  Gene

Homologous
chromosomes

Chiasma %

Incorrect pairing
of two homologues
during meiosis

Recombinant
chromatids

N
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Transposable elements contribute to genome evolution

® Unequal crossing over can cause DNA duplication.

= Also because some transposons duplicate themselves,
they create numerous homologous regions of DNA
throughout the genome, leading to regions were
non-homologous chromosomes could cross over

= Transposons could carry genes to new locations
in genome.

= Transposons might carry an exon from one gene
to another gene and thereby introduce a new
region of DNA that will be coded into part of the
protein (introducing a new domain into the polypeptide)

= Transposons can jump in the middle of protein-
coding gene regulatory sequences, preventing normal
transcription

= Transposons can insert themselves into regulatory
sequences and lead to increased or decreased
polypeptide production
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Slippage of DNA polymerase

MNormal replication |
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Genome Evolution

= Part of template is either skipped or copied twice resulting in

= Template shifts with respect to new complimentary strand.
DNA being deleted or duplicated in the daughter strand

Ly
.  Newly synthesized strand 5* I EAATE AT 3°
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BB Hewly synthesized BB Template strand

strand loops out, ... loops out, ...
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v EMTGCCTGACTTTTTGCGAAL U RITGCCTGACTTITTGCGAALS

DNA melts and
reanneals incorrectly

.«.resulting in the B} resulting in the

addition of one omission of one
B o 3 nucleotide on the nucleotide on the
3 .5 new strand, new strand.
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Duplicated Genes can change in sequence over time

= If genes are duplicated, the new copy can accumulate mutations
and maybe alter phenotype of future cells
Ex: Hemoglobin’s subunits are made by
genes that belong to 2 globin multigene
famlies = collections of two or more
identical or very similar genes

(b) The human a-globin and -globin gene families
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Genome Evolution

Rearrangement of chromosome structure
= Can result from mistakes during meiotic recombination if DNA
broke and was joined back together incorrectly
= Does not alter gene number BUT if these gametes fuse with normal

gametes during reproduction the offspring would be missing or have
large scale duplications of DNA.
= Could be the beginning of species
divergence and the evolution
of two separate species from one  BlocksofDNA
sequence
ancestral species.

' F - Blocks of similar sequences in four mouse chromosomes:
o 16
¥ 17

Chimp 48 Human 46 (fusion of two
ancestral primate chromosomes)

Human chromosome 16

Evolving
to do Guided
Readings!

Evolution
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Genome Evolution

= 'Exon Duplication & Exon Suffling contribute to genome evolution.

» |[Exons often code for ‘domains’ = distinct structural or functional
regions of proteins.

One domain may be an enzyme active site, while another a receptor
region.

= Different exons code for the DNA

different domains of a BN =coni [inton [ Exon2 [intron m

prOteIn' Transcription l
= Exon Shuffling = the mixing or
matching of different exons within BNAprocessing l
a gene or between non-allelic
genes
= Can lead to significant genome Domain 3
rearrangement (evolutionarily
significant) and new proteins with
novel combinations of functions
= exons are mixed & matched due Domain 2
to meiotic division errors via
unequal crossing over at

non-sister transposable \
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Polypeptide




