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Nutrigenomica & Nutrigenética

La nutrigendmica es Ia
ciencia que estudia la
expresion de los genes en

La nutrigenética es |Ia
ciencia que estudia como el
genotipo del individuo

relacion con la nutricidén y el interacciona con ingesta de

desarrollo de enfermedades nutrientes.
asociadas a dicha expresion.
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Proyectos gendmicos
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[ Properties of Eukaryotic Genome Sequencing Projects 1

Organism Group: | All Eukaryotes V| Zequencing Status: Zequencmg Method: |AII V| [ Reset ]

Abbreviations: GE - GenBank Accessions; PM - PubMed; E - RefSeq Accessions; & - Entrez Gene; T - Trace Avchive; B - BLAST; M - Map Viewer; F - FIP Sites
@l 482 Eukaryotic Genome Sequencing Frojects Selected: Complete - 23, Assembly - 231, In Frogress - 228
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El Dogma Central de la Biologia Molecular
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Niveles basicos de Informacion biologica

Genoma: es la totalidad de la informacion genética que posee

un organismo en particular.

Transcriptoma: la parte del genoma que se expresa en una

célula en una etapa especifica de su desarrollo.

Proteoma: la totalidad de las proteinas codificadas por un

genoma.

Metaboloma: la totalidad de pequefias moleculas o
metabolitos que se pueden encontrar en una muestra

bioldgica, tal como un organismo.



La era de la gendmica

La gendmica se ha desarrollado como consecuencia
de los avances en Biologia Molecular e Informatica.

La introduccion y popularizacion de las tecnologias
de alta procesividad ha cambiado drasticamente Ia
manera en que se abordan los problemas biologicos

y se prueban las hipotesis.

Inicialmente los proyectos gendmicos se focalizaban en Ia
secuencia completa del genoma, actualmente incluyen el
analisis de |la expresion y funcion de genes, proteinas,
metabolitos entre otros.



Figure 1: The genome by numbers
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The Genome by Numbers, the Welcome Trust.




Contenido de secuencias de ADN en el
genoma vegetal

rDNA Genes
Telomeros Repeticiones en — Copias — Se.cuencias | Pseudogenes
tandem Degeneradas dispersas
Microsatelites y \
Minisatelites Satélites Retroelementos Trasposones

Box 2_.A model of a plant chromosome
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Schmid Ty Heslop-Harrison JS (1998) Trends in Plant Sci., 3, 195-199



HTTGGCCTTHACCECCGETTHTCAGGAT

Single nucleotide variant
g ETTGGCCTTHHCCMCCGETTHTCHGGHT

ATTGGCCTTAACCCEATICCGATTATCAGGAT

Insertion—deletion variant
ATTGGCCTTAACCCE - CCGATTATCAGGAT

ATTGGCCTTAACCCCOEATTATCAGGAT
ATTGGCCTTAACAGTGGATTATCAGGAT

ATTGGCCTTRACCCCCHATTATCAGGAT

Inversion variant ATTGGCCTTEGGGGETIATTAT CAGGAT

ATTEGCCTTAGGCCTIAACCCCCGATTATCAGGAT

ATTEGCCTTA- - - IACCTCCGATTATCAGGAT

Block substitution

Structural variants

Copy number variant

Figure 1| Classes of human genetic variants. The nomenclature used to describe the
various types of structural variants is not yet standard'?. Here, the terminology used
aims to describe the nucleotide composition of the variant and distinguish it from other
types of variants. Single nucleotide variants are DNA sequence variations in which a
single nucleotide (A, T, G or C) is altered. Insertion—deletion variants (indels) occur when
one or more base pairs are present in some genomes but absent in others. They are
generally composed of only a few bases but can be greater than 80 kb in length**. Block
substitutions describe cases in which a string of adjacent nucleotides varies between
two genemes. An inversion variant is one in which the order of the base pairs is reversed
in a defined section of a chromosome. A well-characterized inversion variant that has
been described in humans involves a section of chromosome 17 in which a ~000 kb
interval is in the reverse order in approximately 20% of individuals with Northern
European ancestry'*, Copy number variants occur when identical or nearly identical
sequences are repeated in some chromosomes but not others. The largest copy
number variant identified in the Venter genome** was almost 2 Mb in length.

Fraser et al, 2009 Nat Rev Genet 10:241-251



Human
Mouse

Fruit Fly

Mematode

Yeast

E. coli

Genome Sizes Cloning Capacity
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The Genomic Landscape: circa 2010, Eric Green



Como se estudian los genomas: técnicas de mapeo

Genetic Map

@ HBEIHE B NEIP cyogeneticMap

Physical Map

..GATCTGCTA
TACTACCGC
ATTATTCCG...

RH Map Clone-Based Map Sequence Map

The Genomic Landscape: circa 2010, Eric Green




Método de secuenciacion

Baferabanperaiyle
sequencing, anoriginal WM[W
OHE strandis brokeninta
smaler fragments and cloned }
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colibacteria. Once extracted
fromthe bacteria, the OH&
frapments will undergo
anothermassiveround
of copying, known =
amplification, by & process
called polymeraze chain
reaction [PCR].
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Estrategias alternativas de secuenciacion

Shotgun Sequencing Strategy

shotgqun reads

Generate
whale-gencme

Generate BAC
shotgun reads

shotgun sequence reads

Finished S
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The Genomic Landscape: circa 2010, Eric Green



Equipamiento automatizado

Human Genome Sequencin
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The Genomic Landscape: circa 2010, Eric Green




n) sequence reads
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The Genomic Landscape: circa 2010, Eric Green




The Genomic Landscape: circa 2010, Eric Green



Sequence Finishing: Resolving Ambiguities

The Genomic Landscape: circa 2010, Eric Green
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Mapping -
the Human Genome ~1990 to ~2000

The Human
Genome Project

Sequencing _
the Human Genome ~1998 to ~2003

Interpreting Beyand
the Human Genome ~2003to 727 The Human

Genome Project

Sequence

The Genomic Landscape: circa 2010, Eric Green




The Human Genome... by the Numbers

~5% of Human Genome Sequence is Constrained
Across Mammals (and Presumed Functional)

A% of 3B Bases = ~150M Bases

Do NOT Yet Know the Position of these ~150M Functional Bases
Loweer Bowund for the Amount thiat 1= Functional

~1.5% Encodes for Protein (Genes)

Corresponds to ~18-22K Genes
Many More than ~22K Different Proteins

Good Inventory at Present

~3.5% Functional But Non-Coding

Gene Regulatory Elements
Chiomosomal Funcitional Elements

Undiscovered Functional Elements (NOT Yet in Textbooks!)
Poor Inventory at Present 10 Genomic Landscape: circa 2010, Eric Green




Comparative Sequence Analysis

Using the ‘Expenments of Evolution’
to Decode the Human Genome
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Sequences in Commaon (i.e., “Comfegansmiclandscapesdired 2010, Eric Green




22 Additional Mammalian Genome Sequences
(@ Low Redundancy)

LL X <IlilsInic Landscape: circa 2010, Eric Green



All humans are ~99.7% identical at
the DNA sequence level, and yet...

all of us carry a significant number
of ‘glitches’ in our genomes.

Genomic Architecture of Genetic Diseases

Rare, Simple, Monogenic, Common, Complex, Multigenic,
Mendelian... Non-Mendelian... The Genomic Landscape: circa 2010, Eric Green



International HapMap Project

Home | About the Project | Data | Publications | Tutorial

i» 1".1» «|
THE HUMAN VARIOME PROJECT
sharing data - reducing disease

Home  About  Activities  Publications Recommendations Meetings Mews  Links  Blogs  Members



Nuevas tecnologias de secuenciacion de ADN

Eric D. Green, MLD., Ph.I, Technigues for Genome Mapping & Sequencing

Genome sequencing in microfabricated
high-density picolitre reactors

&

Margulies M et al. {2005)

Sodexn Lard

Bennat (2004)

Toward the 5 1000 buman genome

Bennett et al. {2005

Accurate Multiplex Polony
Sequencing of an Evolved

Bacterial Genome

by Hhendure. *" Gregary | Farreca. 1 Rilos 8. Beppar,
Hlaanis Lin.' johe P Felulcbhaon * frabarm M Ba ko,
Fiahaall B, Wasg.? Hus Bhang.! Bakd B MHitee.Y S gn ML Sk

Shendure et al. {2005)

Perspactives

Emerging technologies in DNA sequencing
Mickas L. Molzke
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Because light signals are difficult todetect atthe scale ofa simgle DHA molecule,
b aze-sxteresion or ligation reactions are often performed on millions of copies
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Sequencingthousands or millions of ternplate frapments in parallel maximizes
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detection, For example, places hundreds ofmillions of different template
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Nueva generacion de tecnologias de secuenciacion

a DNA fragmentation b DMNA fragmentation
] I —
= | I I
Ft: | — — I
“1_; I
< [
In vivo cloning and amplification In vitro adaptor ligation
O — - > =
= =
Cycle sequencing Generation of polony array
3-... GACTAGATACGAGCGTGA...-5' (template)
5-.. CTGAT p [primer)
.CTGATC p
...CTGATCT ’
.CTGATCTA o
CTGATCTAT ,.
CTGATCTATG p
.CTGATCTATGC p
Polymerase CTGATCTATGCT ©
dNTPs . CTGATCTATGCT

C ,
Labeled ddNTPs .. .CTGATCTATGCTCG

Electrophorsesis Cyclic array sequencing
{1 read/capillary) {:=-1D5 reads/array)
Cycle 1 Cycle 2 Cycle 3

[ Te]

——C e

T ) C i

—%

—c What is base 17 What is base 27 What is base 37

(a) With high-throughput shotgun Sanger sequencing, genomic DNA is fragmented, then cloned to a plasmid vector and used to transform E. coli. For each sequencing reaction, a single
bacterial colony is picked and plasmid DNA isolated. Each cycle sequencing reaction takes place within a microliter-scale volume, generating a ladder of ddNTP-terminated, dye-labeled
products, which are subjected to high-resolution electrophoretic separation within one of 96 or 384 capillaries in one run of a sequencing instrument. As fluorescently labeled fragments
of discrete sizes pass a detector, the four-channel emission spectrum is used to generate a sequencing trace. (b) In shotgun sequencing with cyclic-array methods, common adaptors are
ligated to fragmented genomic DNA, which is then subjected to one of several protocols that results in an array of millions of spatially immobilized PCR colonies or 'polonies'15. Each
polony consists of many copies of a single shotgun library fragment. As all polonies are tethered to a planar array, a single microliter-scale reagent volume (e.g., for primer hybridization
and then for enzymatic extension reactions) can be applied to manipulate all array features in parallel. Similarly, imaging-based detection of fluorescent labels incorporated with each
extension can be used to acquire sequencing data on all features in parallel. Successive iterations of enzymatic interrogation and imaging are used to build up a contiguous sequencing

read for each array. Nature Biotechnology 26, 1135 - 1145 (2008)



Cost per Cost per 1° error
Feature generation Sequencing by synthesis megabase instrument Paired ends?  modality Read-length References
454 Emulsion PCR Polymerase (pyrosequencing) ~%&0 $500,000 Yes Indel 250 bp 14,20
Solexa Bridge PCR Polymerase (reversible terminators) ~$2 $430,000 Yes Subst. 36 bp 17,22
SOLID Emulsion PCR Ligase (octamers with two-base encoding) ~$2 $591,000 Yes Subst. 35 bp 13,26
Polonator Emulsion PCR Ligase (nonamers) ~$1 $155,000 Yes Subst. 13 bp 13,20
HeliScope Single molecule Polymerase (asynchronous extensions) ~%1 $1,350,000 Yes Dl 30 bp 18,30

The pace with which the field is moving makes it likely that estimates for costs and read-lengths will be quickly outdated. Vendors including Roche Applied Science, Hllumina,
and Applied Biosysterns have major upgrade releases currently in progress. Estimated costs-per-megabase are approximate and inclusive only of reagents. Read-lengths are for
single tags. Subst., substitutions; indel, insertions or deletions; del, deletions.

Nature Biotechnology 26, 1135 - 1145 (2008)

i

Advances in DNA sequencing technologies

Technology ~ Approach Read length Bp per run Company name and Trade-offs with Newer Sequencin_,,
il Technologies
Automated Synthesis in the Upto900 bp 96 kb Applied Biosystems
Sanger presence of dye WWW. Solexa
sequencer terminators appliedbyosystems. b (lumina}
ABI3730x] com
454/Roche Pyrosequencing on  200-300 bp 80-120 Mb Roche Applied
FLX system solid support Science www.roche- 3 454
applied-science.com o Mb (Roche)
lumina/ Sequencing by 30-40 bp 1Gb Hlumina, Inc. http:// £
Solexa synthesis with www.illumina.com/ - _
reversible \Caplll(apr.gg;:ased
terminators kb
ABI/SOLID Massively parallel 35 bp 1-3 Gb Applied Biosystems
sequencing by WWW. ~40 ~250 ~700
ligation appliedbyosystems. Length of Read
i

R McCombie, 2008. Next Generation
Sequencing Symposium.Santa Fe

Genomics 92 (2008) 255-264



Procesamiento de secuencias en proyectos gendémicos
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PL0oS ONE 2(5): e484.
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Human Genome Sequence

>%$1,000,000,000 H




The Pathway to Genomic Medicine

Interpreting Implicating
the Human Genetic Variants
Genome Sequence with Human Disease

Realization of
Genomic Madicine

The Genomic Landscape: circa 2010, Eric Green



