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Introduction to Genome Biology
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These are actually human? And for a down syndrome patient




What is Genomics?

Each cell contains a complete copy of an organism’s
genome, or blueprint for all cellular structures and
activities.

The genome is distributed along chromosomes,
which are made of compressed and entwined DNA.

Cells are of many different types (e.g. blood, skin,
nerve cells), but all can be traced back to a single cell,
the fertilized egg.

Genomics is the study of molecular information to
understand natural human variation and disease.



DNA

DNAs (Deoxyribonucleic acids) are
molecules to store genetic information

of a living organism. ~ Thymine
Adenine
5'end o

5 §¢ 3tend
DNA consists of two polymers made ' IS ) q
from four types of nucleotides: adenine Iy
(A) guanine (G), cytosine (C) and 7 ({ 5’7 T~
thymine (T). 1 q

Phosphate- /.o
deoxyribose’ J\O )—ﬁ
. . backbone -
Purines: A, G; Pyrimidines: C, T

;, N
\o (‘Ii
Two polymers are complementary to kﬁ q

each other and from a double-helix 2 Cytosine | ,~.,
structure Guanine 5'end

5" -ACCGTTCGACGGTAA-3’

EEEEREEEEEEEEN
3’ -TGGCAAGCTGCCATT-5" Watson and Crick 1953



Measurement

* For a small enough piece, we can measure the
sequence of bases, referred to as sequencing

* Human Genome Project

Science

GENOMI 4
v —.-—A--«-d-&d-;--- “

D. melanogaster, Science, 2000 H. sapiens, Nature, 2000 M. musculus, Nature, 2002
and Science, 2000




Genome

TCAGTTGGAGCTGCTCCCCCACGGCCTCTCCTCACATTCCACGTCCTGTAGCTCTATGACCTCCACCTTTGAGTCCCTCCTC
TCACACCTGACATGAAAAGGCACATGAGGATCCTCAAATACCCCGTGATCAGTCTCAGGGTAGCTCTCATAGCCTGGACAGG
GCCCCCCTCGGGGGTTGCGCCCAGGTCCAGGCGGGGEGATGCACAGCAACAGTCACCGAAGCAGAAGCCGTCACAGTGGTGAT
GGGCTGGCAGTAGCTGGGCACAGAGCTGCCCATGGCGGTGGACGTTGGGTTCCGAGGGTTGTGAGAACGGGCCCCACGGGGC
CCTGAGCGGTCCCTATTGCTAGGGCCAGAATGCCCTTCAGTAGAAATTTCAAAAGCGTCTCTGCGCGGTCTGTAGGGGGGTG
GCCGCAAGCCTTCTCTAGGGGGATCCCTTCGAGGCTGCTGGCCTTGCCGTCCAGGGGACAAGGAGCCAGAGTCCAGGTGGGG
CTGTTGCCGAGGGGTCAAGGGAGGCTGATGTCTGGAGTCCGGATGGACCACCTGCAGAGGAGAGACATAGGTCAACACAGGG
AGGTAGGATGGTGGTGATGTTCCACCCACAAAAGAAAACCTATTCCTTTAGAAACCTCCAGGATGTGAATCCTGCCTGCACC
TGCACAGCTGGCTGGAGGCATATAGCCACTGCCCATAGATCTCAACTTACCCTCACAACCAACTGCCCCCAGGCCTAAGTTC
TCTGCCTCAAAACTGCCAAGGCCTGGATAGCCAAGAGCCTGGGTGTCTTGGAAATATGCAACCATAAATAGTAGCTTTTAGA
AGTATAAGGCTCCTGTTTCTGGGTCATATTAGTGTTGTTTTCACCTGTCCCCAGCCCTAAGCCAGGTGTGGCCAGAAGCAAA
TGTACTGTAAGAGCAGAGCAAAAACTTCCACACAGATAGTTCTGTTAGGCAATACATCTCTGCCTGACTATTAGGAATCTGG
TTTCTGGGTCCTCTGTACAAAGCTCGGAGCAACACAGTGGCCACATCAATCAAAAGGACCGTGACCAACTTCAAAGTCGGTG
AGCTTGTACCTATTTTTAGGCTCCTGCTGAACAGAACCAGATTCACACTACAGCTCAGCAGGGCATCGTCACGGGTGTGTGT
GTGTGTGTGTGTGTGTGTGTGTGTGTGTGTTGGGGGGGGGGGGTGGACAGAGGACGGGGACACAATTCACTGGCCAGCCCTT
CTCTCCTTCAAGGAAGGCTGCTCTAGCCTGGGACTGGAATACACATTTCCTGTAAACATGGTGGGGGCCTCAGGCAAGCCAG
AGTTTTGGAGCCTTCCTTAACTCTTCAAGGTGAGCATCTTGACTTGGAGGGTGGGGGTGCGGGTAAGGAAGGAACCTGTGGA
CTCCTCCCTACAAGACAGAAAAGGAATAAGCCACGAAGACAATAACGATTTTTGTATCAAGCGTCCTCTCCCATTTCAGCTT
ACCTGACAATGAAATCAAATTCGGACCCTGCAAGCATCAGTACACCCAGCAGAGTGGACACAGCACCGTCCAGAACGGGAGC
AAACATGTGCTCCAGAGCGAGCATAGCCCTGTGGTTCTTGTCCCCAATGGCTGTCAGAAAGGCCTGAACAAAGGAGAAAATT
GACACGGTCACATTCTGGGTGTGGTAAAGTGCTCAGCTGTGTCTATACTTGGGTTTTGTAT...

Total amount of DNA in human genome: 3 * 10° base pairs (bp)
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Why are these two different?
What explains similarities?

Differences explained by 1-10% difference in genome

Similarities explained by similar genes



Genes
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Transcription
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Translation

mRNA
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’ incoming tRNA carrying

newly synthesized amino acid chain an amino acid

http://gel.ym.edu.tw/~ycl6/sc2005/images/translation.gif



Central Dogma

The Central Dogma of Molecular Biology

Replication
DNA duplicates
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(Andy Vierstruete 1999




Measurement: Microarrays

e More on this
later
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What makes them different?

Much human variation is due to difference in ~ 6 million base pairs
(0.1 % of genome) referred to as SNPs



Single Nucleotide Polymorphism (SNP)

| | A SNP
Genomic DNA: TACATAGCCATCGGTAI(\ISGTACTCAATGATGATA

Three genotypes



Madre

Padre

AA

TACATAGCCATCGGTAAGTACTCAATGATGATA
ATGTATCGGTAGCCATTCATGAGTTACTACTAT

TACATAGCCATCGGTAAGTACTCAATGATGATA
ATGTATCGGTAGCCATTCATGAGTTACTACTAT



Mama

Papa

AG

TACATAGCCATCGGTAAGTACTCAATGATGATA
ATGTATCGGTAGCCATTCATGAGTTACTACTAT

TACATAGCCATCGGTAGGTACTCAATGATGATA
ATGTATCGGTAGCCATCCATGAGTTACTACTAT



Mama

Papa

GG

TACATAGCCATCGGTAGGTACTCAATGATGATA
ATGTATCGGTAGCCATCCATGAGTTACTACTAT

TACATAGCCATCGGTAGGTACTCAATGATGATA
ATGTATCGGTAGCCATCCATGAGTTACTACTAT



How many basepair differences?




Epigenetics

EPIGENETIC MECHANISMS

are affected by these factors and processes:
* Development (in utero, chidhood)

* Environmental chemicals

HEALTH ENDPOINTS
* Cancer

* Autoimmune disease

* Mental disorders

* Diabetes

' Methyl group (an epigenetic factor found
in some dietary sources) can tag DNA
and activate of repress genes.

HISTONE TAIL

HISTONE TAIL

The binding of epigenetic factors to histone “talls”
Histones are proteins around which | HISTONE alters the extent to which DNA is wrapped around
DNA can wind for compaction and DNA inaccessible, gene inactive histones and the avallability of genes in the DNA
gene regulation. to be activated.

http://nihroadmap.nih.gov/EPIGENOMICS/images/epigeneticmechanisms.jpg



DNA Methylation
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