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GENOMICA NUTRICIONAL




“Let food be thy medicine
and medicine be thy food™
~ Hippocrates

400 a.C.: Hipocrates especula a hipotese que o calor
corporal € inato

rREOar e

400 a.C.: Hipocrates indica a alimentacao como cura

Século XIX: Liebig identifica carboidratos, proteinas,
lipideos e outros macronutrientes liberam calor

Seculos XVIII e XIX: Era da nutricao quimica e analitica




Seculo XX: era biologica de estudos em metabolismo e quimica dos
alimentos

Séeculo XXI: era p6s-gendmica

Apos Projeto Genoma Humano: evolugdo da bioinformatica permitindo
0S avangos nas ciéncias omicas
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Genomica nutricional
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Desordens ligadas a nutri¢ao

Doencas cardiovasculares

Cancer
Obesidade Multifatoriais e
Diabetes multigénicas

Desordens neurologicas

Osteoporose

Desordens inflamatorias _



Genomica nutricional

Nutrigenética

Genoma Dieta

Duas disciplinas que estudam a interacdo dieta-genoma

Nutrientes modulam a expressédo génica (0micas)

Caracteristicas genéticas influenciam na interagdo com
nutrientes (genémica) Nutrlgenomlca

Fonte: Debusk et al. (2004) _



GN no agronegacio (farm to fork)

Nutritional genomics —

= (functional genomics, transcriptomics, proteomics,

Agriculture

Novel plant varietals
(transgenic/non-
transgenic).

Genetically guided

breeding programmes.

Diet-gene approaches
to enhance
animal/plant health

and/or product quality.

Fonte: Brown e van der Ouderaa (2006)

metabolomics/metabonomics)

Food processing, safety

and quality assurance

New or improved
industrial processes.

Safety evaluation of
food ingredients.

Detection of food
spoilage and
pathogenic microbes.

Molecular
authentication of
plants animals and

=3
Health management

Functional foods and
food ingredients.

Nutrigenetic tests to
predict health
susceptibilities and
diagnose food
intolerances.

Genotype/haplotype-
specific diets and food
products.







Nutrigenética

Efeitos da variabilidade genética sobre a interacao entre dieta e
fendtipo

Constituigao genética influencia na resposta aos nutrientes de uma
dieta

Nutricao especializada para determinados genotipos
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Popularizacao

o O @ Faca aqui sua busca

Dieta

A GenoVive Brasil utiliza o resultado da sua anélise de DNA para determinar o equilibrio de
macronutrientes apropriado para as caracteristicas Uinicas do seu metabolismo. O nosso
objetivo € te ajudar a conseguir perder peso de forma eficaz, eficiente e saudavel e fornecer

informacées importantes que poderdo ser utilizadas durante toda sua vida.

Quando vocé receber o “Relatério do Perfil Genético para Controle de Peso” da GenoVive
Brasil, vocé vai aprender sobre suas variacdes genéticas, como elas afetam a maneira como seu
corpo funciona, e como o seu programa de alimentacéo personalizada foi desenvolvido para

trabalhar de acordo com as necessidades do seu corpo.




Nutrigenética

Diferencas genéticas (e epigenéticas) entre racas e dentro de racas

Essas diferencas influenciam os requerimentos nutricionais, capacidade
de ingestao, digestao, metabolizacao...

Utilizar as novas tecnologias para identificar as diferencas

Nutricdo de precisao melhorando eficiéncia, sustentabilidade e saude

Fonte: Neibergs and Johnson (2015) n



Modelos matematicos nutricionais
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Hipoteses do desenvolvimento

David Barker 1938-2013 WEIGHT IN INFANCY AND DEATH FROM

Humanos e modelos animais =» crescimento pre- O enat T

"...the serendipitous discovery...” S. ] SIMMONDS
From obituary in Lancet 05 October 2013 MRC Ewmeromomensal Egademaciogy Ui, Usevernty of

natal na saude quanto adultos : LT R T

» B i o) that  impair
growth and development i carly life may

disease. The standardised morality ratios fell from 111 n

Resultaram em algumas importantes hipoteses:

- “Gendtipo frugal” (Hales and Barker, 1992, 2001)

Lancet. 1989.2(8663):577-80.

- "Plasticidade do desenvolvimento” (Bateson et al., 2004)

- "Programacado fetal” (Barker, 1993, 2002)
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Fendtipo/genétipo frugal

Thrifty genotype = “genétipo frugal” (NUTRIGENETICA)

Selecdo dos que possuem facilidade para acumulo de gordura

Protecéo contra baixa oferta de alimentos

Aumento na obesidade

- Ingestado de calorias, periodos de escassez alimentar e atividade fisica
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Genotipo Frugal (Genétipo x Ambiente)

Matched (healthy)

Inherited genotype
and epigenotype

Mismatched
(enhanced risk of
metabolic disease

Matched (healthy)

Developmental environment Mature environment

Fonte: Hochberg et al. (2011)



Gendétipo Frugal (Genétipo x Ambiente

Contents lists availahle at

Livestock Science
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Genomic evaluation of genotype by prenatal nutritional environment
interaction for maternal traits in a composite beef cattle breed

El Hamidi Hay', Andy Roberts

USDA Agricultwrnl Rosesrch Service, Fort Keogh Livestock and Range Mevearch Laborssory, Milles Clty, MT 5930) USA

ARTICLEINFO ABSTRACT

Keywords Genes internct with both pre: and postnatal environments potentially affecting several important traits in beef
Prenatal envircomess cattle. The main objective of this study was 10 evaluate the exisence of genotype by prenatal nutritional en
virosment interaction using genomic informathon in growth traits, birth weight (BW), weaning wetght (WW) and

ST yearling weight (YW) in a compasite beef cattle breed (50% Hed Angus, 25% Charalais, and 25% Tarentadse)

2 | Ao e Ao Dama were randomly assigned to be fed in two levels of harvested supplemental feed from Dec to March of each
your that were expocted to cesult in ndeguate (ADEQ) or marginal (MARG, 61% of the wuppdemental food
provided by ADEQ) levels of protein hased on average quality and availability of winter forage. This design
resulted in two prenatal nutritianal environments: MARG and ADEQ, A rotal of 3,020 records were used in a two
trast mode] treating each enviroament as a different tradl. Genetic parameters for all three traity were estimated
using genomic information. The direct genetic correlations between ronment ADEQ and MARG were 0.97
Q.97 and 0.99 for BW, WW and YW respectively. On the ogher hand, the maternal genetic elations berween
the two enviranments were 062, 0,41 and 0.73 for BW, WW and YW respectively. Purthermore, direct and
matemal genomic estimnated breeding ves (GEBVY) using single step pesomic HLUP were computed and the
salutions of SNFF markers were back solved from the ressliing GEBV th compare genomic regloos sssocisted
with the two environments. The present study demonstrated the existence of maternal genetic by prenatal no

tritional environment interaction especially for BW and WW in beef cattle

Fonte: Hay and Roberts (




Genotipo x Ambiente

Interagao dos genes com ambiente pré e pos-natal

Avaliaram a relagdo gendtipo x ambiente (nutrigdo pré-natal) no desempenho
(PN, PD, P12)

2 tratamentos: ADEQ e MARG (61% PTN do ADEQ)

3020 bovinos compostos (50% angus, 25% Charolés e 25% Tarentaise)

Fonte: Hay and Roberts (2019) ‘



Genotipo Frugal (Genétipo x Ambiente)
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Flg. 5. Manhattan plot for maternal effect for yearling weight (YW) tn ADED and MARG prematal envinmmments

Fonte: Hay and Roberts (2019)



NUTRIGENOMICA




Nutrigenomica

Estuda a interagdo entre os nutrientes e 0s genes
Nutrientes sdo moléculas bioativas

Nutrigenémica € a ciéncia que estuda os efeitos da nutricdo na expressao
e fungao dos genes.
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Nutrigenomica em bovinos

TRIENNTAT T ACTATIAN CUMDPNACTT T
Pak J Biol Sci. 2014 Feb 1:17(3):329-34.

Nutrigenomics and its role in male puberty of cattle: a mini review.
Deb R, Chakraborty S, IMahima, Verma AK, Tiwari R, Dhama K.

Abstract

Mutrigenomics a novel era in genomics research is based on puzzling issue an how nutrition and genes re-interacts. Perusal of literature reveals
that very few information are available in this field and especially when it is associated with puberty in cattle which is a multigenic trait of great
economic importance. Thus it opens a new area of research interest. Various markers like-gonadotropin releasing hormone/GNRH (responsible fo
sexual differentiation and reproduction), interstitial growth regulating factor/IGF1 (having signal controlling reproduction function linked to somatic
growth); circulating metabolic hormones viz., leptin apart from GnRH and |GF1 (having impact on testicular development in peripubertal bull) are
proved to be associated with male puberty in cattle. Various minerals (copper, selenium, manganese, zinc, chromium, iron and molybdenum) and
vitamins (Vit. A, D, E and C) are directly or indirectly linked to male puberty. But no research till today initiated how the nutrients effect on the
transcriptome/proteome/metabolome level of marker genes associated with male puberty in cattle. Application of nanotechnology to make food
safer for promotion of good health has created much excitement and nanoparticles has been developed against infectious diseases (e.g.,
Campylobacteriosis) affecting puberty along with certain nanocarriers that can facilitate the uptake of essential nutrients associated with puberty.
Much of nutrigenomics research is however in infancy and hence the present mini-review will allow building the concept among researchers and

scientists to initiate research in this interesting area.
transcription Iactors at play i confrolling the nufrig-  enomics era m ruminants and imitial data strongly

enomic responses. Fatty acids, AA. and level of feed  indicate that this scientific branch (and spinoffs such
and energy intake have the strongest nutrigenomic  as nutriepigenomics) can play a critical role in future
potential. The effect of 10.c12 CLA on depressing  strategies to better feed dairy cattle.

Key words: dairy cow, long-chain fatty acids, nutrigenomics, transcription factor




Como os nutrientes alteram a expressao genica?

/ . \
METABOLISMO

SINALIZACAO CELULAR

\ EXPRESSAO GENICA /

HOMEOSTASE NAO HOMEOSTASE

Fonte: Mller and Kersten (2003) -




Sinalizacao celular

Systems-biology
databases and bicinformatics

Nutrient ‘o

~
., Metabolomics and

Functions functional

Transporter —— genomics
g e 'Molecular
biomarkers'
> mechanisms
and targets

Transcriptomics
o

Nature Reviews | Genetics

Fonte: Muller and Kersten (2003)




Fatores de Transcricao

S R E B P Nutrient Compound Transcription factor
Macronutrients
’ . ~ ~ Fats Fatty acids PPARs, SREBPs, LXR, HNF4, ChREBP
Proteinas de ligagdo do elemento de regulacéo do esterol Croestodl ~ SREBPs, LiRs, @
Carbohydrates Glucosa USFs, SREBPs, ChREBP
Pro Amino acid C/EBP!
ChREBP Mict:::umenrs o :
Vitamins Vitamin A RAR, RXR
’ . ~ , Vitamin D VDR
Proteinas de ligacao do elemento de resposta sensivel a Vitamin E PXR
bOl dra tOS Minerals j;‘,gl]cmm %;k;mleag?-'NF-ATs
car anc MTF1
Other food components
P PA R Flavonoids ER, NExB, AP{
Xenobiotics CAR. PXR

Receptores ativados por proliferador de peroxissoma

Fonte: Mller and Kersten (2003) ‘



Ligantes D o 2

PPAR se acopla ao RXR (receptor X retindide) — .Es‘a":

nativo
Juntos ativam genes do metabolismo Iip.fdico, csado [;:tba;] f TRANSCRICA
homeostase da glicose, balango energético e

— £

Sitio inicial da
transcrigao

inflamacao

Os acidos graxos e seus derivados sao ~— .-
importantes ligantes do PPAR




Fatores de transcrigao e metabholismo
A

Genes importantes na lipogénese respondem ao SREBP (colesterol, AG e insulina) e
ChREBP (glicemia)

GLUCOSE INSULIN

v v
ChREBP
Glucagon (cAMP) - DW‘ PUFAs

!

Lipogenic Enzyme
Expression




[ ] Compostos bioativos

Vitamina D
Selénio
Zinco

Acidos graxos w-3 (EPA e DHA)

Curcumina

uercetina

Resveratrol

Catequinas

|




Aplicagao nutrigenomica Leite x Carne

Dietary nutrients

@ Beef steer

Intramuscular

Milk fat synthesis

Fonte: Osorio e Moisa (2018)



Efeito no “residual” em Wagyu

GroupR | 10 months of age . GfOl!D HE
Control group:R 3 g Programming group: HE ]

Grupo HE dieta rica em substituto
de leite dos 4 aos 10 meses de
idade

Dos 10 meses aos 30 meses a
mesma dieta (pastagem)

l.—.

I The bestone: IMF 16%

L------------‘

Fonte: Gotoh et al. (2018)




Hipoteses do desenvolvimento

David Barker 1938-2013 WEIGHT IN INFANCY AND DEATH FROM

Humanos e modelos animais =» crescimento pré- O enat T

"...the serendipitous discovery...” S. ] SIMMONDS
From obituary in Lancet 05 October 2013 MRC Ewmeromomensal Egademaciogy Ui, Usevernty of

natal na saude quanto adultos : LT R T

y B 1 -
growth and development i carly life may

discase. The standardised mortality ratios fell from 111 in

Resultaram em algumas importantes hipoteses: FEO——
- "Gendtipo frugal” (Hales and Barker, 1992, 2001)
- "Plasticidade do desenvolvimento” (Bateson et al., 2004)

- “Programagao fetal” (Barker, 1993, 2002)
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Programacao fetal

Estimulo/insulto nutricional pré-natal visando alteracdes fenotipicas na
progénie

Modular a nutricdo materna para alterar a longo prazo de sua progénie e alé



Crescimento fetal

Fatores que podem afetar o crescimento fetal, desenvolvimento e peso ao
nascimento bovino:

- Tamanho placental e capacidade de transferéncia de nutrientes
- Ordem de parto, idade e tamanho da matriz

- Gendtipo materno, paterno e fetal

- Temperatura ambiental e época do nascimento

- Nutricao materna

Fonte: Robinson et al. (2014)



Aplicagao pratica
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Fonte: Préprio autor




Programacao fetal

Reparticao de nutrientes:
Cérebro, coracgao, figado e rins

Musculo esquelético e tecido adiposo tém baixa prioridade e sao
vulneraveis a mudangas nutricionais

Usar a programacgao pra melhorar a composicéo corporal

Fonte: Zhu et al. (2006)



Programacao fetal

Terco final de gestagao (75% crescimento fetal):

Melhorou saude e lucratividade na terminagao (suplementagao proteica)

Maior peso a desmama de novilhas (232 vs. 225 kg, suplementacéao
proteica)

Maior peso a desmama novilhos (>5-10 kg, suplementacéao proteica)

Maior peso, fertilidade de bezerras pds-desmama

Fonte: Mulliniks et al. (2013), Funston et al. (2010), Stalker et al. (2007), Martin et al. (2007) ‘



Miogénese e adipogénese

Critical period for the formation of Fattening, intramuscular
intramuscular adipocytes adipocyte hypertrophy

Intramuscular fat

Other fat depots

Conception Mid-gestation Birth (285 d) Slaughter
Muscle development

L e——

Muscle fiber Increase in diameter and length of
formation existing muscle fibers

Muscle fiber hyperplasia - Adipocyte hyperplasia Adipocyte hypertrophy -

Figure 1. Tumel

Fonte: Du et al. (2017)




Interacao entre nutrientes e genes

InteracOes Diretas

Nutrientes interagem com
receptor (F.T.) modificando
expressao genica

Interagdes Indiretas

Nutrientes modificam a
‘estrutura” do acesso ao DNA
que altera a expressao génica

(cronico)

S



NUTRIEPIGENETICA




Epigenética

Mudangas na expressao génica sem alterar a sequéncia do DNA

Relativamente estaveis e potencialmente herdaveis (longo prazo,
transgeracional)

Fatores ambientais (nutricao) regulam o epigenoma e estes
podem influenciar a expressao génica

S



Dano ao DNA por deficiéncia de micronutrientes

Table 3. Micronutrient deficiency and DNA damage

Micronutrient Percent of US Population DNA Damage Health Effects

Folic acid 10% Chromosome breaks Colon cancer: heart disease; brian dysfunction
Vitamin B, 4% (<half RDA) Uncharacterized Same as folic acid: neuronal damage
Vitamin B, 10% (<half RDA) Uncharacterized Same as folic acid
Vitamin C 15% (<half RDA) Radiation mimic (DNA oxidation) Cataracts (4X); cancer
Vitamin E 20% (<<half RDA) Radiation mimic (DNA oxidation) Colon cancer (2X): heart disease (1.5X): immune dysfunction
[ron 7% (<half RDA) DNA breaks; radiation mumic Brain and immune dysfunction; cancer
19% women 12-50 yr old
Zine 18% (<<half RDA) Chromosome breaks: radiation mimic Brain and immune dysfunction: cancer
Niacin 2% (<half RDA) Disables DNA repair (polyADP ribose) Neurological symptoms: memory loss

Fonte: Kaput et al. (2004)




Epigenética

Inducao epigenética na inibi¢cao da histona
desacetilase (HDAC) pelo butirato

Butirato induz a hiperacetilacdo das histonas

Butirato induz a regulacdo epigendmica nas
células bovinas

Fonte: Li e LI (2006); Wu et al. (2012)
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Fonte: Wu et al. (2006)

Crescimento fetal

DNA methylation
Histone methylation & acetylation
Genes of Epigenetic Environmental
both parents state factors

(nutrition, stress

Maternal disease, toxins)
maturity

Placental growth
(including placental angiogenesis
and vascular growth)

Transfer of nutrients from mother to fetus

Fetal growth




Nutriepigenética

nenras Further

Click harw

wn 2V unladig wla

Treatment pariod
B Observed effect

Vonnashme & Lemley (2012)

Zhu et ol {2007)

Long et al, {2009

Sullivan et al. (2009)

Roberts et al, (20093, 2011)

Martin et al, (2007)

Funston et al (2010b)

l R A
2 Mo 24 months

Conception

Gestation Prepubertal J

Tinmung of maternal nutrient altecation (light blue) impaces fetal development and progeny performance (dark blue) in beef carde. Adapred

from Rhind ct al. (70

Fonte: Funston & Summers (2013)




Nutriepigenética

Table 3 Effect of maternal protein supplementation on heifer progeny performance

Dietary treatment

Martin et al. (99)* Funston et al. (100)°
Item h ) sup
Birth weight, kg 3¢ 1S
Weaning weight, kg
Adi. 205-day weighe, ke
Dry martter intake, kg/day
Average daily gain, kg/day (.85
Residual feed mrake 0.08
Final BW*" kg
Age at puberty, day
Prebreeding weight, kg
Pregnancy diagnosis weight, kg
Pregnant, %

Calved in first 21 d, %

Fonte: Funston & Summers (2013)



Nutriepigenética

Os processos da metilagao de DNA dependem de doadores de grupo metil

Ex: colina, betaina, vit B12, acido folico, metionina

- Efeito da restricdo de Met e Vit B em ovelhas prenhez
Alteracdes na metilacdo do DNA dos cordeiros durante toda sua vida

Piores condicdes de saude e bem-estar, resisténcia a insulina, maior pressao sanguinea e
alteracOes na resposta imune

Progénie das fémeas suplementadas tiveram alteracdes na gordura subcutanea e no
crescimento muscular

Fonte: Lan et al. (2013); Penagaricano et al. (2014); Osorio et al. (2017) n



|| Gendmica nutricional da vaca gestante

Genética e Nutricao devem ser estudadas em
conjunto

Tudo passa pela melhor compreensao das
interagdes gene-dieta (diretas ou indiretas)

Olhar holistico pra matriz bovina gestante e |
suas progénies e Pt
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OBRIGADO!

Perguntas?

Podem me contatar em mhasantana@usp.br




