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History of DNA Sequencing

/ Helicos PACIFIC

DU N N . — - . .

Adaptcd from Messing & Llaca, PNAS (1998}
Current Topics in Genome Analysis, E. Green, Lecture 1

AB 3730 xI

Secuenciacion EC

HeliScope SMRT Technology
Applied Secuenciacion de molecula simple

Biosystems

\}—_c-‘—ﬂ
454 Genome Analyzer SOLID
Pyrosequencing Reversible Terminator Chemistry Ligation-based extension

Secuenciacion por sintesis o ligacion



TECNOLOGIAS DE SECUENCIACION DE NUEVA GENERACION

DNA fragmentation DNA fragmentation

In vive cloning and amplification In vitro adaptor ligation

Cycle sequencing
-... GACTAGATACGAGCGTGA...-5' (template)

5-... CTGAT [primer)
LCTGATC ’C}

'.'..t:'rGA‘rcT-'?.
LCTEATCTA ‘,D
..CTGATGTAT < g

~-CTGATCTATG ()

...CTGATCTATGC o)
Folymerase LCCTEATCTATGCT Jo)
dNTPs - CTGATCTATGCTC ",.
Labeled ddNTPs .. CTGATCTATGCTCG

Electrophorsesis Cyclic array sequencing
(1 read/capillary) (::105 reads/array)
Cycle 1 Cycle 2

ST - .| - 2

What is base 17 What is base 27 What is base 37

Cycle 3

Ll
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Next generation sequencing in
functional genomics

Thomas Wemer

Primary Analysis
- DNA-Seq RNA-Seq §

Single reads \ { peir end reads

read clustering = = -@h—f_aﬁ- ce novo assembly
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DNA-5 RNA-Seq
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NUEVAS DEFINICIONES EN GENOMICA NUTRICIONAL

The study of those positive and negative diet-genome
interactions that over time, can affect health outcomes.
Nutrigenetics: Genetic variation (i.e., SNPs, CNVs,
VNTRSs) that can affect how nutrient and non-nutrient
bioactives are assimilated, partitioned and utilized to
impact metabolism and physiology
Nutrigenomics: Diet-induced changes in gene
expression that can influence network interactions
and cellular information flow and
Nutritional epigenomics: Diet-informed epigenetic
modifications of chromatin (DNA methylation and
histone acetylation) that can alter gene function and
long term health outcomes

mm The NCMHD Center of Excellence for
__NUTRITIONAL GENOMICS http://nutrigenomics.ucdavis.edu



NUTRIGENOMICS

CONCEPTUAL BASES:

1- Improper diets are risk factors for diseases

2- Dietary components alter gene expression and/or
genome structure

3- Influence of diet on health depends upon na individual’s
genetic makeup

4- Genes regulated by diet play a role in chronic diseases

5- "Personalized nutrition” - diets based upon genotype,
nutritional requirements and status prevents and mitigate
chronic disease

http:/ /nutrigenomics.ucdavis.edu

m\ﬁ‘_-NUTRITIONAL GENOMICS

R Freitas-www.ilsi.org/Brasil/Documents/01%20Renata_pdf.pdf
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Epidemiological studies
show associations
between some food/diet
pattern and incidence
and severity of diseases:

CVD
Obesity

Individuals respond
differently to diet

Mechanisms are not fully
understood

Type 2 Diabetes

Cancer
Other

R Freitas-www.ilsi.org/Brasil/Documents/01%20Renata_pdf.pdf



2- Dietary components alter gene expression and/or
genome structure

DIRECT CONTROL OF GENE EXF‘RESSION

AGGTCAI1AGGTCA...........TATAAA............. ACGCGAGGTCC
TCCAGTATCCAGT............ ATATTT.sas et ta e . TGCGCTCCAGG

L\_/\J_\b

Transcription

| Transcription-factor pathways mediating nutrient-gene interactions

Nutrient Compound Transcription factor
Macronutrients
Fats Fatty acids PPARs, SREBPs, LXR, HNF4, ChREBP
Cholesterol SREBPs, LXRs, FXR
Carbohydrates Glucose USFs, SREBPs, ChREBP
Proteins Amino acids C/EBPs
Micronutrients
Vitamins Vitamin A RAR. RXR
VitaminD VDR
VitaminE PXR
Minerals Calcium Calcineurin/NF-ATs
lron IRP1. IRP2
Zinc MTF1
Other food components
Flavonoids ER. NFxB, AP1
Xenobiotics CAR. PXR

Miiller & Kersten, Nature Rev. Gen., 4, 200

R Freitas-www.ilsi. org/Bras://Documents/Ol %20Renata_pdf.pdf



4- Genes regulated by diet play a role in chronic diseases

PARADIGM OF NUTRITION GUIDES

= %8¢ = = [| Dietary recomendations consider that all
= w==[ I individuals are:

...culturally

...socio-economically
...physiologically
...genetically........................ identical

Best information
available

"Nutrition is for real people. Statistical humans are of little interest.”
R 1 Williams

R Freitas-www.ilsi.org/Brasil/Documents/01%20Renata_pdf.pdf



Complex diseases genetic studies

Genetic variants (polymorphisms) occuring in

the genome structure/sequence with frequency
> 1% in the general population (SNPs,
insertions, deletions).

Functional polymorphisms — change molecules
bioactivity/expression leading to variation in the

response to diet/environmental factors.

R Freitas-www.ilsi.org/Brasil/Documents/01%20Renata_pdf.pdf



ANALISIS DE EXPRESION DIFERENCIAL DE GENES

Microarreglos de ADN RNA-Seq

o Condition 1 = —m oSS TIIIIIIII DI =
= 3 : SO T Congdition 2
Condition 1 Condition 2
B Condition 1 mmm Condition 1
= == Condition 2 = == Condition 2
2 =
2
=3 e
W a
Expression estimate Expression estimator value

NATURE METHODS | VOL.8 NO.6 | JUNE 2011 | 469



MICROARREGLOS DE ADN

Critical Reviews in Food Science and Nutrition, 50:693-698 (2010) Taylor & Fran
Copyright © Taylor and Francis Group, LLC e ‘jﬁ'&f’,m L.o.,? C
ISSN: 1040-8398

DOI: 10.1080/10408390903044156

Microarray Technology: A Promising
Tool in Nutrigenomics

Condition 1 Condition 2

&= Condition 1 ANDREA MASOTTIL, LETIZIA DA SACCO, GIAN FRANCO BOTTAZZO,
and ANNA ALISI

=== Condition 2 , e . .
Bambino Gesti Children’s Hospital, Research Institute (IRCCS), Rome, Italy

Microarray technology is a powerful tool for the global evaluation of gene expression profiles in tissues and for understanding
many of the factors controlling the regulation of gene transcription. This technique not only provides a considerable amount of
information on markers and predictive factors that may potentially characterize a specific clinical picture, but also promises
new applications for therapy. One of the most recent applications of microarrays concerns nutritional genomics. Nutritional
genomics, known as nutrigenomics, aims to identify and understand mechanisms of molecular interaction between nutrients
and/or other dietary bioactive compounds and the genome. Actually, many nutrigenomic studies utilize new approaches
Expression estimate such as microarrays, genomics, and bioinformatics to understand how nutrients influence gene expression. The coupling
of these new technologies with nutrigdnomics promises to lead to improvements in diet and health. In fact, it may provide
new information which can be used to ameliorate dietary regimens and to discover novel natural agents for the treatment
of important diseases such as diabetes and cancer. This critical review gives an overview of the clinical relevance of a
nutritional approach to several important diseases, and proposes the use of microarray for nutrigenomic studies.

Expression




MICROARREGLOS DE ADN

Sample RNA extraction mRNA RT-IVT
AV ANV AN labelling

‘mmi.aw‘ ; } NN
({0
CRNA labeled ~ /N
NG
L seatate. 0e Ly '
2P 12555) B

Array hybridization Image acquisition Data analysis



ESQUEMA DEL PROCESO DE SINTESIS DE PROTEINAS
" .I - .]»Ghrnmmmmn

I~ DNA
(Interrupte
i | Gene)

¢TRAHE LATION

A Science Primer

L www.ncbi.nlm.nih.gov/About/primer/est.htm



ESQUEMA GENERAL DE OBTENCION DE ESTs

mRNA
¢Ra?ma Transcriptase

:|- cDNA

Ribonuclease degredation of Hlel.ﬂ

¢3_vnihm!is of Second Strand of A

| Double
Stranded DMNA

Forward Sequencing Reverse Sequencing
Primer Primer

o T

5'EST ¥ EST

[ www.ncbi.nlm.nih.gov/About/primer/esthtm
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A ddrass Probe

Laboratory Essentials

* Arrays

= Hybridization and Wash Equipment

» Scanner

= Software for processing array image

= Software for data analysis and display

« Bloinformatics collaborator



MICROARREGLOS DE AND: diseno experimento

Sample preparation

Experimental design Sample collection Make RNA prep
m groups and n samples = and storage — convert to cRNA i;nd
per group By group? label with Cy-dyes
- l - : : Correction for non-
Hybridization . Chip scanning . ies b
Overnight Measure fluorescence U spe::!flt: hlndlng
se of mismatched oligos

Fold-change and
cluster analysis

Evaluation of the data || Statistical and model-
Log-normal transformation dependent analysis

Vector support machine

Figure 14.4. Steps in an experiment in DNA microarray analysis. This is the sequence of
events used in most current methods reported in the literature.

Nutritional Genomics: Discovering the Path to Personalized Nutrition
Edited by Jim Kaput and Raymond L. Rodriguez Copyright © 2006 by John Wiley & Sons, Inc.



MICROARREGLOS DE AND: consideraciones estadisticas

Sample collection

and storage
Standardize collection
tubes - bar coding to

Experimental design
m groups and n samples >
per group — avoid

Sample preparation
Randomize the order of
analysis - single operator -
randomize across days

systematic sampling

simplify
e i at - - Background
H}"hl"ldlzﬂtlﬂn Ch|p scanning g i
Use one batch of chips == Standardization of > Use of c?rre::':ndn "
— randomize across se ol mismaiched oligos -
fluorescence source local background
Fold-change and
cluster analysis
Evaluation of the data y
Transformation routines for
wide mnge of EIPI"EES‘G“ S‘I«Etlﬂiﬁal El‘ld I'I"Iﬂtl&l- EWEEIHI‘I I'IE'IWI}I"{
Do the data have a normal | dependent analysis analysis
distribution across the entire
chip?
Vector support
machine

Figure 14.7. Optimizing the design of an experiment based on DNA microarray analysis

This is the suggested protocol for this type of analysis.

Nutritional Genomics: Discovering the Path to Personalized Nutrition
Edited by Jim Kaput and Raymond L. Rodriguez Copyright © 2006 by John Wiley & Sons, Inc.



Analisis de perfiles de expresidn

/ Experimental desion \

| :

1 | Bioinformatics resources
Array probe design :.-.q-_-i Transcriotl saequencas
L

In vivo experiments

¥

Gene functional annotations

Diszeaction/
collection of tissues v
+ Array manufacture Data interpretation
| Isolate nucleic acids |
+ Y /
| Amplify/label | — Hybridize Database

Probe sequencas and layout
Annotations to biolegical samples

Hybridization data
Y
Scan, quantify /

hybridization

Figure 2 Process flow for microarray experiments. WNote that we have used the word
“probe” to refer to the reporter sequence placed at a particular position on the microarray
because it interrogates the sample for the presence of its reverse complement and
also because the microarray market leader. Affymetrix. has adopted this definition.
Historically probe has referred instead to the bioclogical sample.

-

Bacterial colony Pentip spotted Photolithographic

hybridization array synthesized array
4 features 169 features 22,500 features

Figure 3 Feature density of representative microarrays. Each image shows a 2.7 mm
square subregion. (a) Bacterial colony spots on nylon from the 1980s. (/) Ink-jet in situ
synthesized 60-mer oligo spots on glass. (¢) Affymetrix human gene array with 18-, fea-
tures containing 25-mer oligos. Affymetrix chips now are available with 11- features.

Microarray Analysis, Paul Meltzer, NHGRI, Current Topics in Genome Analysis Annu. Rev. Biochem. 2003. 74:53-82



GENERACION DE UNA COLECCION DE UNIGENES

133,682 EST Genbank (release May 2009)
Helianthus annuus L.

VecScreen
(http://www.ncbi.nlm.nih.gov/VecScreen/UniVec.html)

Sunflower microarray
* 42,386 probes

Trimseq EMBOSS
(http://emboss.sourceforge.net/)
* 74 specific control probes
(10x: 740 controls)

28,089 singletons and 12,924 contigs = 41,013 unigenes * 1,417 Agilent controls
(CAP3 software: http://pbil.univ-lyon1.fr/cap3.php)

OPA Assay

Functional annotation and KEGG mapping * 384 5NP
(Blast2go software: www.blast2go.org)
20,352 unique sequences (~ 50% GO
annotation)




Test Heference

A
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fuor dyes
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Rabotic
printing .z,

Hybridize
probe to
MICroarray

Excitation

Compute
analysis

Microarray Analysis, Paul Meltzer, NHGRI, Current Topics in Genome Analysis



EXPRESSION DATA ANALYSIS

Check quality of individual experiments

‘Preprocessing

Normalization

Remove genes which are not accurately measured

Remove genes which are similarly expressed in all
samples

‘Unsupervised Clustering

How do genes and samples organize into groups?

Powerful method of data display.
Does not prove the validity of groups.

- Clustered Samples Are Biologically Similar

* Clusters of Co-expressed genes

« May be functionally related

« May be enriched for pathways

Microarray Analysis, Paul Meltzer, NHGRI, Current Topics in Genome Analysis






Supervised Clustering

What genes distinguish samples in selected groups
from each other?

- Choice of groups can be based on any known property of the
samples.

- Many possible underlying methods: t-test or F-statistic
frequently used.
» Output includes ranked gene list.

- Leads to the development of classifiers which can be applied
o unknown samples.

- Must address the problem of false discovery due to

multiple comparisons and discrepancy between sample/gene
numbers.

Microarray Analysis, Paul Meltzer, NHGRI, Current Topics in Genome Analysis
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Figura 1. Bandas del confianza al 95% (a) y bandas de prediccion al 95% (b) para cada uno de tres grupos de genes agrupados por el
algoritmo k-centroides de clasificacién no supervisada aplicado a la matriz de expresiones génicas (CH1 y CH2 corresponden a las
repeticiones bioldgicas del control, FH1, FH2 y FH3 las repeticiones del tratamiento con frio y SH1, SH2 y SH3 las correspondientes
repeticiones del tratamiento salino).
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MICROARREGLOS DE ADN

= -1 .. Diet
B

s

~‘ ~‘ Macronutrient

@¥% Micronutrient

=2

e
Intracellular
signalings
oo A Gene

expression GENOMICS
g < TRANSCRIPTOMICS
PROTEOMICS
METABOLOMICS

siologic effect

NUTRIGENOMICS

Figure 2 Flow chart representing the different steps involved in gene ex-
pression, the stages at which diet can modulate these processes, the functional

genomics techniques used to analyze each stage, and their effects on human
health.



GENOMICS FROM BENCH TO BEDSIDE

WHOLE GENOME

|

GENE SELECTION

|

GENE VALIDATION

ASSAY DEVELOPMENT



MICROARRAY STUDIES
GENERATE ORGANIZED LIST OF GENES
- Often cryptic and hard to interpret.

- Hypothesis generating, but this is
often rather subjective.

- Seldom provide strong evidence
for a specific mechanism.

- Expression data is intrinsically limited.

GETTING BEYOND GENE LISTS

» Optimal use of gene annotations.

- Gene Ontology
[ http:/fdavid.abcc.nciferf.gov/)

+ Optimizing use of public data.

- GED, ARRAY EXPRESS, ACADEMIC DATA

+ GENE SIGNATURE BASED METHODS (Gene
Set Enrichment Analysis).




Publishing Expression Data

MIAME standard

Minimum Information about a Microarray Experiment

- Format required by many journals

» Essential for database submissions

http://www.mged.org/Workgroups/ MIAME/miame.html

Microarray Analysis, Paul Meltzer, NHGRI, Current Topics in Genome Analysis



Protocolos Estandarizados

MIAME 1.1

; Workgroups
Heme : Worikgroups | MIAME : MIAME 1.1

|| MIAME Home | MGED Sponsors:

W miamels W

This an old version of MIAME.

] IIIIEIIEIEII : _
: Please find the latest version from here.

IMIAME Checklist ]
‘TMIAME Software | _ _ o _ .
8 \/ersion 1.1 Draft 6 of the MIAME specification is available as a Word ' TRATAGENE

|| MIAME Archive | document, a Rich Formatted Text (rft) document, or as HTML text as seen
below.

F W Aam

Minimum Information About a Microarray Aﬁymetrlx
Experiment - MIAME 1.1 Draft 6

llumina
Version 1.1 (Draft 6, April 1, 2002) - discussed at MGED 4
¢ BioDiscovery,Inc.
The goal of this document is to outline the minimum information required to
interpret unambiguously and potentially reproduce and verify an array pdxen IGstruments

based gene expression monitoring experiment. Although details for
particular experiments may be different, MIAME aims to define the core
that is commaon to most experiments. MIAME is not a formal specification, '.

but a set of guidelines. ROSETTA

A major objective of MIAME is to guide the development of microarray BIOSOFTWARE

databases and data management software. A standard microarray data
mcnd:_al_aﬂ_c:_i e;i:t;h_a_n_gle _fn:nrm_at MAG_E, 1._n.rhi::_h_ 5 Et_:nl_e_ to capture infﬂ_rrﬂatiun

-i.‘:-_- Agilent Technologies

http://www.mged.org/Workgroups/MIAME/miame_1.1.html
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GETTING BEYOND GENE LISTS

- Optimal use of gene annotations.

- Gene Ontology
(http //david.abcc.ncifcrf.gov/)

- Optimizing use of public data.

- GEO, ARRAY EXPRESS, ACADEMIC DATA

 GENE SIGNATURE BASED METHODS (Gene
Set Enrichment Analysis).

Microarray Analysis, Paul Meltzer, NHGRI, Current Topics in Genome Analysis



Gene Ontology (GO)

El proyecto de Gene Ontology (GO) busca crear
descripciones consistentes de productos de genes
provenientes de diferentes bases de datos

Se han desarrollado 3 ontologias (vocabularios controlados y
estructurados):

— Procesos biologicos
— Funciones moleculares
— Componentes celulares

El uso de términos GO en diferentes bases de datos
uniformiza las busquedas en ellas

Diferentes niveles

Dra. Rocio C. Romero Zaliz, UNSaM



Gene Ontology (GO)

—7 T

Gene_oOntology

cellular_campanent

LoFE |
malecular_function

e 3 ontologias
e 2 clases de relaciones

Dra. Rocio C. Romero Zaliz, UNSaM

biological_process

Parent terms

I 15 A

Selected terms (3)
I PART OF A

Primary term

is_a represents an instance of

A mitotic chromosome is_a instance of a chromosome

part_of

A telomere is part_of a chromosome

nature genetics ® volume 25 ¢ may 2000



Gene Ontology (GO)
Diferentes relaciones Y T~ —~

U n n Od O p u ed e te n e r metabollsm plasynthesis protein metabolism
mds de un padre \/

oytoplasmic part protein biosynthesis

Diferentes niveles de
especificidad

translation eukawntic' o regulation of

translation initiation protein biosynthesis

U n nOdO puede factor 4F complex

encontrares en \/"’/

translational regulation of

d ife re ntes n ive | eS a I initiation translation

mismo tiempo ~

regulation of
translational

initiation

Dra. Rocio C. Romero Zaliz, UNSaM



2008 International Conference on BioMedical Engineering and Informatics

NutriGeneOntology: A Biomedical Qntology for Nutrigenomics
Research

May 27-May 30
ISBN: 978-0-7695-3118-2

Antonio Fabregat
Mar? Arregui
Elisabet Barrera
Olga Portol?
Daolores Corella
Oscar Coltell

D01 Bookmark: http://dol.ieeecomputersociety.org/10.1109/BMEL.2008.315

N ABSTRACT

Currentlhy, in Nutritional Genomics it is crucial to have computing models and solutions and
technological platforms in order to support acquisition, storage, management and
presentation of all the infformation generated. Qur aim is to build 2 biomedical ontology in
order to formalise and integrate genomic, environmental and phenotypic data applied to
MNutritional Genomics research focused on cardiovascular diseases and related
phenotypes. Four different food composition tables have been employed to estimate the
amount of nutrients provided by the diet. Web engineering technologies have been applied
for constructing the Web platform containing the ontology, which integrates three distinct
ontologies offering the corresponding models and services: food composition table
alignment, gene-environment interaction, and cardiovascular risk estimation



RNA-seq

FAAPAARA A

}
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RMA fragrments l, Db,
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l with adaptors

ATCARCAGTGEGACTCCATARATTTTTCT
CEARGERCCAGCRGARACGAGAETETEE
GEACAGRGTOOCCAGOGGSCTGAAGEES
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______ \
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ORF
Coding sequence =
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%i-é- = Mapped sequence reads
Base-resolution expression profile

Mueleatide pasition
Figure 1| A typical RMA-5eq experiment. Briefly, byng RMAs are first converted into a library of cDMA
fragments through either ENA fragrmentation or DMA fragmentation (see main text). Sequencing
adapitors (blue) are subsequently added o each dDMA fragment and a short sequence s obitained from
each cDMA using high-throughput sequencing technology The resulting sequence reads are aligned
with the reference genome of transcriptome, and classified as three types: exonic reads, jumction reads

and polyA) end-reads. These three types are used 1o generate a base-resolution expression profile for
each gene, as illustrated at the bottom; a yeast ORF with ane intron is shown




PubMed Citations for RNA-Seq

2010




ARRAYS VS. NEXT GENERATION SEQUENCING

MICROARRAYS SEQUENCING

* READILY AVAILABLE MATURE « WHOLE GENOME DATA

TECHNOLOGY ® RELATIVELY UNIFORM
* RELATIVELY INEXPENSIVE ANALYTICAL P|PELINE

* EFFECTIVE WITH VERY COMPLEX * FREE OF HYBRIDIZATION

SAMPLES ARTIFACTS
¢ HUNDREDS OF SAMPLES PRACTICAL « POSSIBILITY OF ONE PLATFORM
* CAN TARGET SUBSET OF GENOME FOR ALL APPLICATIONS

PROS
CONS

¢ REQUIRE PLATFORM AND APPLICATION e IMMATURE TECHNOLOGY

SPECIFIC DATA PROCESSING e TECHNOLOGY SPECIFIC ARTIFACTS
¢ PRONE TO PLATFORM SPECIFIC ARTIFACTS ¢ RESOURCE INTENSIVE

* MANY SOURCES OF NOISE o COMPUTATIONALLY INTENSIVE
* WHOLE GENOME STUDIES GENERALLY e NO STANDARD ANALYSIS YET

REQUIRE MANY ARRAYS, INCREASING SAMPLE & | OWER SAMPLE THROUGHPUT
REQUIREMENTS AND COMPLICATING ANALYSIS

MICROARRAYS SEQUENCING




EXPRESION DIFERENCIAL DE GENES BASADOS EN NUEVAS TECNOLOGIAS DE
SECUENCIACION: RNA-SEQ

mmm Condition 1

== Condition 2

Probability

Expression estimator value

(07=/a = 111+ o T Nt .= = " .o
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_—_._ N .. ... _—_ _-_-___ —
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Exon intersection method Transcript expression method
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% 5 y 5 Detected
Zw @ change
= 5 8
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Condition 1 Condition 2 Condition 1 Condition 2
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RNA-seq

Standard RNA-Seq expression pipeline

With comprehensive and accurate annotation

/— Statistical Analysis \
[ GES::::::EJ } |: Mapping Reads J [ :i;i"::;::t;:::: J 1 Summarization (by exon,
by transcript, by gene)
2 Normalization (within
sample and between
i i : sample)
3 Differential expression
: ; testing (poisson test,
NGS \ negative binomial test) /
Sequencing | : :
Pl ewA | @
SSAHAZ) i i
: Tophat i
e (mapsplice,
Splicemapper Cu‘l’fdlﬁ

: (DEG-seq,

B ; -
R+

Bioinformatics workshop — Bahia Blanca, 18 October 2011



RNA-seq: technical variability and sampling

Lauren M Mn:lntyrela, Kenneth K LDpiEJI'IDE, Alison M Morse', Victor Amin', Ann L DbergB, Linda J "r’Dnung,(‘2 and
Sergey V Nuzhdin®

;
d b _ Start with 100 ng of mRNA
R,

A ‘good’ lane has ~30 million
Y4 .\\_f',ﬁ}\ R clusters- this represents
ey 0.0013 % of starting library...

Library Assume 500ng with

synthesis | mean of 250 bp in 400ul Filter clusters | ~75% pass QC

Paired end 1 Seq primer 1 insert Seq primer 2 Paired end 2
Ca
r

Start with
library diluted
to 10nM1

100% of library

Sequencing by
(I ™ \f synthesis

Denature 2ul 0.50 % of library
in 20ul total

- r"&;\ Cluster generation T
TR AL MTR

@7 AL

5 _ ~
2 Dilute: Sul to 1mL U U Load 100ul per FC lane

@( 0.20 % of library 0.02 % loaded onto lane
— not all will bind...

Figure 2 Library construction and sequencing. Baginning with 100 ng of mRNA the manufacturer's protocol is used to estimate a sampling
fraction.
L8




Balanced Blocked Design Confounded Design

« Treatment A A A B B B * Treatment A A A B B B

* Biological replicate * Biological replicate

* RNA extraction * RNA extraction and
preparation for
sequencing

* Bar-code and pool

* Preparation for sequencing

« Sequence each

» Sequence technical replicates
sample in a lane ¥ @

Lane1 Lane2 Lane3 Laned Lane5 LaneB Lane1 Lane2 Lane3 Laned Lanes

= I X

Ficure 4 —Comparison of two designs for testing differential expression between treatments A and B. Treatment A is denoted
by red tones and treatment B by blue tones. In the ideal balanced block design (left), six samples (m = 6) are bar coded, pooled,
and processed together. The pool is then divided into six equal portions that are input to six lanes (L = 6) of the flow cell. Bar
coding in the balanced block design results in six technical replicates (7 = 6) of each sample, while balancing batch and lane
effects and blocking on lane. The balanced block design also allows partitioning of batch and lane effects from the within-group
biological variability. The confounded design (right) represents a typical RNA-Seq experiment and consists of the same six sam-
ples, with no bar coding, and does not permit partitioning of batch and lane effects from the estimate of within-group biological
variahility.

P L. Auer and B, W, Dn.erge DOL 10,1534/ genctics. 110.114983



ALMACENAMIENTO Y ANALISIS DE DATOS

SCIENCE IN THE
PETABYTEERA [T







Nutrigenetics: The Relevance
of Polymorphisms

Susan . McCearnn, Michelle R. Roberts,
Mary E. Platek, and Christine B. Ambrosone

SNP Discovery by Massively Parallel Transcriptome Resequencing in Sunflower and Development of a
Bioinformatic Pipeline and Database for Mining and Displaying SNPs in Next-Generation Sequence

Assemblies
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Nutrigenetics: The Relevanceof Polymorphisms
Key Points

. Nutrigenetics has been defined as ‘@ilifiiegraed FAMENOI har Sinulfaneous]y Sxamines Sectics
and associated polymorphisims With dictrelated diseases® and may lead to a better understanding
of how diet may influence cancer risk.

2. Nutrigenetics enables us to better (ifideiStand MCCHaNISmS OF action Of AUMETOUS Fo0d Componcats
{in relation fo cancer 1iskl and to better clarify risk relationships by focusing on those most likely to
be impacted based upon genetics.

3. Single nucleotide polymorphisms (SNP) Canl Change the Structure. function. and cellular content of
(a specific protein. If the SNPs are harbored in genes involved in the metabolism of drugs, environ-
mental agents, or dietary components, then they may greatly affect how an individual responds to
specific exposures.

4. Fruits and vegetables are sources of many bioactive food components that possess anticarcinogenic
properties, and th

From: Nutrition and Health: Bioactive Compounds and Cancer
Edited by: J.A. Milner, D.F. Romagnolo, DOI 10.1007/978-1-60761-627-6 4,
© Springer Science+Business Media, LLC 2010



Milestones in Human Genomics & Disease

Susceptibility

Achievements

Human Genome Project

International HapMap Project

Assemble Dense Markers
for Association/Linkage

Robust genomic analysis
technologies

Genome-wide Association
Studies with Replication

Overall Impact

Human Reference

Annotation of Common
Genetic Variation

" Conduct Association &

Linkage Studies

Assess: Copy number of
changes, expression
profiling

~ Ildentify and Confirm Regions

for Further Studies

Stephen Chanock
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Cost per . . "~
genotype Progress in genotyping technology "
ents '
(USD)
102 _| w
ABI
TaqMan
10 _ ABI
SNPlex
Sequenom Illumina
PyroSeq Golden Gate
1 _ Affymetrix
10K Perlegen
/ Affymetrix
| 100k/500K Illumina
Infinium/Sentrix
0.1 —
[ I I I I I Nb of
1 10 10 10° 104 105 106 >




SNP genotyping:
Different technologies for different scales

Candidate genes
Follow-up GWAS BWAD

TagMan
LightTyper

384-1536

1-500

(in batches)

SNaPshot lllumina GoldenGate  Affymetrix 5.0, 6.0
Custom SNP chips lllumina 610 quad, 1M duo

MassARRAY

R Tuberosa. 2" National Workshop on Marker-Assisted Selection for Crop Improvement . ICRISAT



GENOME WIDE ASSOCIATION STUDIES

Re-Sequencing

¥ 3 §

Bioinformatics workshop -'g&?fﬁ’{'manca, 18 October 2011
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Finding the missing heritability of complex

diseases Vol 461/8 October 2009|dok10.1038/nature08494

Effect size / :

Rare variants of
small effect

very hard to identify

by genetic means

Allele freqqency

Assomatlon studies for next-generation sequencmg

Li Luo, Eric Boerwinkle and Momiao Xiong

Genome Res. 2011 21: 1099-1108 originally published online April 26, 2011



General Strategy for Prostate
GWAS

Initial Study
1150 cases/1150 controls —— 540,000 Tag SNPs PLCO

Follow-up Study #1 ACS/ATBC/

3900 cases/ 3900 controls > HPFS/FrCC
PHS
Follow-up Study #2
_ atleast 7,600 MEC/EPIC/
5500 cases/ 5500 controls SNPs JHU/SWCaF
Fine Mapping 10 :|:.5
loci
Fine Map;;iné )

Epidemiological Evaluation Genoofpe’ Haplog}pej Sequence

Validation of Plausible Variants
Functional Studies
Medical exploitation

‘Determine Causal Variant(s) ‘



GWAS Diagram Browser
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SMP-associated trait categories

. Digestive system disorder

@ cardiovascular disorder

O Metabolic disorder

O Immune system disorder

O Neurclogical disorder

. Liver enzyme measurement

(:) Lipid or lipoprotein measurement
O Inflammatory marker measurement
O Hematological measurement

O Body measurement

. Cardiovascular measurement

@ Other measurement

O Chemical compound

O Biological process

. Cancer

. Other disease

(D other trait

O Trait mapping in progress



The Promise of GWAS

Discovery of Common Markers in the
Genome

— Represents a portion of the genetic
contribution

Opportunity to dissect genetic signal
Establish genetic markers for:

— Prevention

— Intervention

Explore genes/pathways

— Etiology

— Gene-Environment/Lifestyle Interactions
— “Druaaable” taraets






EL EPIGENOMA

THE EPIGENOME AT A GLANCE

OPEN (ACTIVE) CHROMATIN

THE EPIGENOME AT A GLANCE

THE EPIGENOME AT A GLANCE

CONDENSED CHROMATIN



http://learn.genetics.utah.edu/content/epigenetics/intro/

Inherited genotype

Complex Effects may depend on
interactions B, functional genetic
polymorphisms

@

Viruses Bacteria n3PUFA  Antioxidants Prebiotics Folate Allergens Pollutants
D™ & T A~ A

Environmental exposures

Tissue eects\Q ANTENATAL EFFECTS immune effe‘-ts

At birth: emerging differences in immune

-

modify gene expression

POSTNATAL EFFECTS

-

Evolving phenotype / Trans-generational effects?

FIGURE 2. Complex gene-environmental interactions modify gene expression and phenotype during
early development. PUFA = polyunsaturated fatty acid.



Third-generation sequencing fireworks at Marco
Island

David J Munroe & Timothy J R Harris

on-sensitive layer
= = e e s T T
~= = = lonsensor

E B ) T

-,

lllumination  Emission s

Figure 1 Third-generation sequencing platforms. (a) Pacific Biosciences SMRT (single-molecule real-time) DNA sequencing method. The platform uses a
DNA polymerase anchored to the bottom surface of a ZMW (pictured in cross section). Differentially labeled nucleotides enter the ZMW via diffusion and
occupy the ‘detection volume’ (white translucent halo area) or microseconds. During an incorporation event, the labeled nucleotide is ‘held’ within the
detection volume by the polymerase for tens of milliseconds. As each nuclectide is incorporated, the label, located on the terminal phosphate, is cleaved
off and diffuses out of the ZMW. (b) Life Technologies FRET sequencing platform uses base fluorescent labeling technology, a DNA polymerase modified
with a quantum dot and DNA template molecules immobilized onto a solid surface. During an incorporation event, energy is transferred from the quantum
dot to an acceptor fluorescent moiety on each labeled base. Light emission can only emanate from labeled nucleotides as they are being incorporated. (c)
The Oxford nanopore sequencing platform uses an exonuclease coupled to a modified a-hemolysin nanopore (purple, pictured in cross section) positioned
within a lipid bilayer. As sequentially cleaved bases are directed through the nanopore, they are transiently bound by a cyclodextrin moiety (blue), disturbing
current through the nanopore in a manner characteristic for each base. (d) The lon Torrent sequencing platform uses a semiconductor-based high-density
array of microwell reaction chambers positioned above an ion-sensitive layer and an ion sensor. Single nucleotides are added sequentially, and incorporation
is recorded by measuring hydrogen ions released as a by-product of nucleotide chain elongation.



Events Affecting
Adult Characteristics Adult Characteristics
|

Maternal Diet
(Methyls, Glucose etc.)
I

Maternal
Circulation
Dnmt1 levels
|
Embryo
5MC Coat|color phenotype
]
Increased number beta cells
Maternal |
S5MC c 5 Diabetes and obesity
2 = = !
=1 T = Cancer susceptibility
s} o D —— — — ]
2 = 0% 50%
3 L 1

O Own® @ O ® @

Figure 10.5. Time line of maternal effects and
the phenotypic consequences.

Nutritional Genomics. Maternal Nutrition: Nutrients And Control Of Expression (2007)



The exposome: from concept to utility

Social capital, education,
financial status, psychological
and mental stress, urban=rural
environment, climate, etc

Internal

Metabolism, endogenous
hormones, body
morphology, physical
activity, gut microflora,
inflammation, lipid
peroxidation, oxidative
stress, ageing etc

Radiation, infectious
agents, chemical
ontaminants and
environmental pollutants,
diet, lifestyle factors (e.g.
tobacco, alcohol),
occupation, medical
interventions, etc

Figure 1 Three different domains of the exposome are
presented diagrammatically with non-exhaustive examples
for each of these domains

International Journal of Epidentiology 2012;41:24-32



EXPOSOME

Figure 2 The exposome would require measurement of exposures over time across the lifecourse of an indiv
(in utero exposures are included but not represented on this schema). The darker arrows indicate possible time-p

representative cross-sectional exposure assessments could be made in order to capture different key periods: in u
childhood; adolescence; and adulthood

Table 1 Some examples of approaches and tools to meas-

ure the exposome

Approach

Tools

Biomarkers {omics)

General

Targeted

Sensor technologies
(including maobile
phones)

Imaging (including
mobile phones, video
cameras)

Portable computerized
devices (including
palmtop computers)

Improved conventional
measurements (com-
bined with environ-
mental measures)

Genomics, transcriptomics,
proteomics, metabolomics,
epigenomics

Adductomics, lipidomics,
immunomics

Environmental pollutants, phys-
ical activity, stress, circadian
rhythms, location [global
positioning systems (GPS)]

Diet, environment, social
interactions

Behaviour and experiences
{ecological momentary assess-
ment), stress, diet, physical
activity

Job-exposure matrices; dietary
recall (e.g. EPIC-Soft)




IMPROVING THE HEALTH

HE |
of AMERICA'S

About the Study
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Find out more about active Study
locations...Learn More

In The Spotlight

Eleven abstracts from the National
Children’s Study Research Day
(August 24, 2011) were accepted for
publication by the American Journal
of Medical Genetics. The abstracts
appeared in the August 2012 anline
wversion of the Journal and will
appear in the October 2012 print
edition.. Bead More

-
CHILDREN

Study Locations & Web Sites

Page last reviewed: 4/2/2012
Page last updated: 4/2/2012

Participants

Printer Friendly

Research

Font Size

E=] E-mail This Page

What is the National Children's Study?

News & Events

Q
[ ]
THE NATIONAL l; i

CHILDREN'S

STUDY

HEALTH GROWTH ENVIRONMENT

Opportunities

0 In English | En Espafiol

Enter Search Text Here

The Mational Children’s Study will examine the effects of the environment, as broadly defined to
include factors such as air, water, diet, sound, family dynamics, community and cultural influences,
and genetics on the growth, development, and health of children across the United States, following
them from before birth until age 21 years. The goal of the Study is to improve the health and
well-being of children and contribute to understanding the role various factors have on health and
disease. Findings from the Study will be made available as the research progresses, making potential
benefits known to the public as soon as possible.

The National Children’s Study is:

+ data-driven
+ gvidence-based

« community and participant informed

Ultimately, the National Children’s Study will be one of the richest research efforts geared towards
studying children’s health and development and will form the basis of child health guidance,
interventions, and policy for generations to come. For more details on the Study, see the Study



biobank” Call Us On: 0800 0 276 276 8

Your feedback is important to us, tell us what you think

Home | About | Participants | Update Details | Resources | Scientists | Data Showcase | Register & apply | Approved research

About UK Biobank

UK Biobank is a major national health resource, and a reqgistered charity in its own right, with the aim of improving the
prevention, diagnosis and treatment of a wide range of sernous and life-threatening illnesses — including cancer, heart
diseases, siroke, diabetes, arthntis, osteoporosis, eye disorders, depression and forms of dementia. UK Biobank
recruited 500,000 people aged between 40-69 years in 2006-2010 from across the country to take part in this project.
They have undergone measures, provided blood, urine and saliva samples for future analysis, detailed information
about themselves and agreed to have their health followed. Over many years this will build into a powerful resource to
help scientists discover why some people develop particular diseases and others do not.

UK Biobank diet questionnaire ends

The online UK Biobank diet questionnaire is now complete. More than 210,000 people took the time to undertake
around 450,000 questionnaires. UK Biobank would like to thank all those people who have participated. They have
helped to make UK Biobank even more useful to health scientists from around the world.

Combining the dietary information with the analyses of specific nutrients in blood, urine and saliva samples will help
further. This will assist scientists to improve their understanding of the link between particular aspects of diet and
diseases like particular types of cancer and heart disease.



Un Eastern Finland

Currently, 43 European universities and research
institutes are connected fb the nutritional phenotype data
sharing infrastructure =
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Linking to other EU
programs

DIOGENES NUGO

obesity
(EU, 12M€)

Host- mlcrobe
|nteract|0n Lipid metabolism

Prollferatlon Absorption

Differentiation
Apopt05|s

Adipocyte Metabolic health
fat oxidation / Life stage nutrition

: Risk Benefit analysis
Periconceptual

nutrition

Systems biology

Carotenoids

Inflammation

Muscle insulin
resistance

Nuclear
transcription
factors

LIPGEN

Lipids & genes
(EU, 14M€)

Genetic epidemiology Nutrigenetics

Diabetes I

Early biomarkers

Toxicogenomics

EARNEST

early life nutrition Innovative Cluster Nutrigenomics

(EU, 14M€) Chronic metabolic stress
(Dutch, 21M€)

11/10/2012 71



o Various researchers have performed intervention
VP / studies that might profit from each other

" aheatthy diet

"\ fora healthy life

Partner 2:
Fish oil intervention study

Partner 1: sl
Olive oil Intervention study

All diets are CVD- protective.
What are joint mechanisms,
biomarkers, ...

Partner 5: N
Orange juice Partner 3
Intervention study Whole grain
Intervention study

Partner 4 Low calorie intervention study



® Are all partners allowed to dig into the joint
QPI study data pool?

& healthy diet
for a healthy life
= | Partner 2:
k Fish oil intervention study
| . .l
Partner 1:

Olive oil Interventign stud

Partner 5:
Orange juice
Intervention study

Whole grain
Intervention study

Partner 4 Low calorie intervention study



[ Sooner or later, all study data will become
QPI available to everyone

& haalthy dist
fora healthy life

Nutrition and lipids
— .- Lipgene

‘/Nu;ltlon and CV health

- BIOCLAIMS

Nutrition and weight loss
- Diogenes

Nutrition and phenotypic flexibility Nutrition and healthy ageing
- NutriTech - NU-AGE



