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BIOLOGY INTRO = Longer talk

SKIP INTRO = Shorter talk




Structure of Diploid Somatic Cell

Mitochondrion —
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Nuclear genome MitDNA
» 3200 Mbp (haploid * 16569 bp
genome size) - 2—10 copies per
» 2 copies per diploid cell mitochondrion, 1000s of
- 46 linear molecules copies per cell
(chromosomes) per diploid cell | | « Circular molecule
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Properties of DNA

A DNA is a polymer consisting of units.

A Each unit has a sugar molecule (deoxyribose), a phosphate
group and a base.

A The bases are monomeric subunits called nucleotides which
are one of the following: adenine, guanine, cytosine and
thymineor A, G,C, T

A A, G are double ringed and are called purines
A C, T are single ringed and called pyrimidines

A The sugar and phosphate link end to end to form a helical
shape. Two helices intéwine with the bases on the inside

A A preferentially binds to T and G to C



More on DNA Structure

A The bonds that keep the strands together are covalent and
hard to break (except at high temperature)

A The bonds between bases are hydrogen bonds. These break
(denature) easily in vitro under
I Brief heating to > 9%
I Exposure to alkaline pH
I Radiation
I Active energetic processes within cells

A The sequence of the human genome is known and is
approximately 3 billion bases long

A It contains approximately 30,000 genes which code for
proteins

A The genes code for linear protein molecules consisting of a
chain made of different orderings of amino acids

A DNA is a universal code to make proteins.



Universal Triplet Code
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Other Properties of DNA

98.5% of the genome does not code for protein

70% of the genome is not transcribed

Evolve by
I Segmental duplication and subsequent modification
I Mutation

A~ 45% of genome contains highly repetitive sequences with copy numbers in 100«
of thousands

I LINES (Long Interspersed Linear Elements) ~ 7 kbp long
I SINES (Short Interspersed Linear Elements) ~ few 100 bp long
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Genes

A Segments of DNA with instructions to make proteins

A Consist of distinct regions containing sequences that act as
LINEY2ZU0SNE YR SYKFYyOSNR F2f
GAYUNRYAE

A Exons are regions whose instructions are used in making
proteins

A Introns are generally non functional and removed before
translation (with some exceptions)

A The size of genes can vary:
I SRY gene is only 612 bp and has one exon and no intron
I Dystrophin gene is 14,000 bp long and has 79 exons.

A Genes are differentially expressed in cells and are modified
by: alternate splicing, post transcriptional or , post
translational modification



Mitosis and Melosis

A All humans start life as a single cell which divides and
differentiates to create ~ 0- 10'/ cells

A Mitosis is cell division to create two diploid copies of cell.
I One round of DNA replication and 2 daughter cells

I Errors in mitosis (somatic mutations) may cause diseases eg.
Cancers, Alzheimers (plaque).

I Proceeds through distinct phases GO, G1, S, G2 and M

A Meiosis is process of creation of haploid germline cells.
I One round of DNA replication and 4 daughter cells
I Errors in meiosis cause genetically inherited diseases.

I Includes a recombination step (~ 50 per event in males and 80 per
event in females).

I Recombination is more frequent near telomeres.



Mitosis or Cell Division

A Mitosis is nuclear division plus cytokinesis,
producing two identical daughter cells

A Divided into interphase, prophase,
prometaphase, metaphase, anaphase, and
telophase. Interphase encompasses stages G
S, and G2 of the cell cycle.

A Mitosis Animation



mitosis_animation.htm

Inheritence of
genetic
information

Chromosomal constitution: 46, XX
+ Autosomes: chromosomes 1-22,

- Sex chromosomes: two X chromosomes

Soma - diploid

Female Male
somatic cell somatic cell

Chromosomal constitution: 46, XX Chromosomal constitution: 46, XY
« Autosomes: chromosomes 1—22, + Autosomes: chromosomes 1-22,

2 copies of each per diploid cell 2 copies of each per diploid cell
» Sex chromosomes: two X + Sex chromosomes: one X, one Y
chromosomes chromosome

« mtDNA: 1000s of copies per cell +« mtDNA: 1000s of copies per cell

Divide by mitosis to give daughter cells
with the same complement of DNA

Qogenesis Spermatogenesis

Cell divisions by mitosis and meiosis,

which halves the chromosome
number and involves

recombination

Germ-line — haploid
Male gamete: Sperm

Chromosomal constitution: 23, X Chromosomal constitution: 23, X or 23,Y
+ Autosomes: chromosomes 1-22, + Autosomes: chromosomes 1-22,
+ Sex chromosomes: one X chromosome + Sex chromosomes: one X or one Y
+« mtDNA: 100000s copies per ovum, < mtDNA: ~50-75 copies per sperm,
in cytoplasm in midpiece
All gametes genetically different

Female gamete: Ovum

Zygotes — diploid

Chromosomal constitution: 46, XY
» Autosomes: chromosomes 1-22,
1 copy from each parent
- Sex chromosomes: X from mother,
Y from father
* mtDNA: from mother

Female Male

1 copy of each from each parent

one from each parent
* mtDNA: from mother
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Timing
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Melosis

A Meiosis is the process by which a cell divides to produce four
haploid germ line cells.

A Meiosis animation



meiosis_animation2.htm

Meiotic Recombination, the great shuffler
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Molecular Model of Melotic Recombination

Duplex 1

Duplex 2

Initiation and
strand exchange

A\ Holliday junction
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Horizontal resolution —
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recombination




Definitions

A Genotype = diploid

aallelic form at a specific

locus or loci (inherited from both parents)

A Haplotype = allelic forron the same
chromosomaet specific loci (inherited from one

parent).

A Phenotype = manifestation of underlying genetic
or environmental characteristics (hair color, risk
of diabetes, height etc.)



Homozygous = same nucleotide on same locus in both chromosomes.

Heterozygous = different nucleotide on the same locus in the two
chromosomes.

Wild-type = genotype of the majority of the population (depends on the
RSTAYAGAZY 2F aGLIRLMzZ FGA2y£€0d ¢ Kdza
Basque is A

Polymorphism: varying nucleotides at a given locus. By convention a
polymorphism is required to have a frequency between (0.05 and Q.95)
WHY?

Homologs: Similar due to shared ancestry. Commonly used to denote
regions of DNA similar by common descent.

Paralogs: Similar because related by gene duplication event. (If due to
whole genome duplication, they are call@dhndogs after Susumu Ohno)

Orthologs: Homologous sequences separated by a speciation event.



The Maasal have protective
polymorphisms against
hyperlipidemia in spite of a high

fat diet




