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* neolithic revolution - the emergence of agriculture
selection of the most suitable individuals for further
breeding/cultivation

» Hippokrates

« ,If a phlegmatic person is born a phlegmatic person, a
choleric person is born a choleric person, an epileptic person
is certainly born from epileptic parents...”

 C.F. Nasse
« described the inheritance of hemophilia - sex-linked

« Johann Gregor Mendel

Verhandlungen { The foundations of genetics are laid

J Versuche iiber Pflanzen-Hybriden.

des
Gragor Mendel.

naturforschenden Vereines

in Brinn. -

de Vries, Tschermak a Correns
* the rediscovery of Mendel's laws

* William Bateson
» used the term genetics, heterozygote and homozygote, F1
e e and F2 etc.

. abic Scl oWl vdes, ik demen
S s il eudgiltige Ent-
. 3 . Bdy wn erawche ass
l . . enversclocdenzlon Pilvacen-Familion varlisgen, Wer die Ar P H A R |\/|
L :




History of genetics

o Wilhelm Johannsen - introduces the terms gene, genotype and
phenotype

o Thomas Hunt Morgan - work on chromosomes (Chromosomes and
heredity)

» the model organism used friut fly (Drosophila melanogaster)

* new knowledge about genes and gene linkage

* In 1933 he became the first geneticist to win the Nobel Prize

e genes are always stored in a linear sequence on the chromosome

* the genes of one chromosome form a linkage group

* gene exchange can take place between the genes of a homologous pair of
chromosomes through crossing-over. The frequency of crossing-over is
proportional to the distance of the genes
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Genetics

o IS a science dealing with the heredity and variabllity of living systems (and their

causes)
o monitors the variability, differences and transmission of genetic and hereditary

traits between parents and offspring and also between offsprings themselves

| GENETICS |

]

/|the science of heredity \
/|simi|arity\ | diversity |\

| DNA replication | segregation, combination, (il U
recombination P H
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What is a "gene" Iin functional terms?

1866
J. G.
Mendel

cca 1900
A. Garrod

30‘s of the 20t century
G. Beadle a E. Tatum

Second
half of 20t
century

« Genes (factors, traits) = constant
factors controlling phenotypic traits

« "One mutant gene = one metabolic
block"

* "One gene = one enzyme"

* "One gene = one polypeptide"



A bit of terminology

o gene — a section of DNA that
codes for one functional
transcript (MRNA, rRNA,
tRNA, siRNA, IncRNA,...)

o allele — a specific form of a
gene

traits

o genotype — a set of specific environmental
genes (alleles) of an organism Influence

o phenotype - manifestation of
characters

genotype mmmpp phenotype
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,Classic” (mendelian) heredity

o Heredity of qualitative traits

Dominant Recesive
homozygous homozygous

Inter-allelic relationships I. AlA] » @)

o complete dominance - the dominant allele *
completely suppresses the expression of the

recessive allele ..

 a dominant allele is therefore one that manifests itself
even in a heterozygous combination

o Incomplete dominance - the dominant allele
does not suppress the recessive allele completely, !
the recessive allele is also partially expressed PH

Heterozygous
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Inter-allelic

relationships I.

phenotypic
manifestation

complete dominance

Incomplete dominance

Genotype Phenotype

AA | B
Aa @
aa

| Genotype Phenotype I

AA

Aa

aa

a0

https://user.mendelu.cz/urban/vsgl/mendel/klas_interakcel.html
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Az
aa

complete dominance

incomplete dominance

w/0 dominance

incomplete dominance
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This Meme Made Possible By
Incomplete Dominance

TaughtByMemes.com

HEY RED, WHAT'S
SHAKIN'?

IF YOU WERE TO MIX WITH
YELLOW, WHAT WOULD THE
RESULTING COLOR BE?
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Inter-allelic relationships Il.

o Codominance - both present alleles are fully

expressed in the heterozygote and do not affect
each other

o Superdominance - a heterozygote (Aa) shows
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a stronger form of the trait than both types of

homozygotes (aa, AA)
« Heterosis effect - mainly used in agriculture (e.g. F1
tomato hybrids)

The heterozygous effect is caused by the accumulation of dominant
heterozygous genes from both parents in the offspring (F1). For example, one
parent has AABBccdd, the other parent has aabbCCDD, an offspring with a
heterozygous effect has AaBbCcDd. Dominance theory assumes that
dominant alleles are better than recessive ones. Those who have more genes
with dominant alleles have better results.
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(Codominant)

U.S. National Library of Medicine



Mendel's laws of heredity

o First experiments on pea (Pisum sativum) = suitable experimental model
o worked with pure parental lines (homozygotes)

o monohybridisms
o applications of mathematics and statistics
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Flower Plant Seed
Colour Height Color
[y %
W &
Dominant :
Trait %}
Purple Tall Yellow
% _
Recessive {‘
Trait o
White Short Green

Seed
Shape

Round

—

Wrinkled

Pod
Colour

0

Green

Yellow

Pod
Shape

Inflated
(full)

0

Constricted

(flat)

Flower
Position

e https://ib.bioninja.com.au/standard-level/topic-
v =] 3-genetics/34-inheritance/mendels-laws.html
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Mendel‘s experiments

F 1 O Pea trait

Dominant trait

Round

Yellow

@ @©

e,
Purple 5%
Axial ?
Tall ?
Inflated v
Green '

Recessive trait

Wrinkled

Green

White

Terminal

Short

Constricted

Yellow

T

¥

£+
-
<r

Numbers in second
generation (F2)

5474:1850

6002:2001

705:224

651:207

787:277

882:299

428:152

Ratio

2.96:1

2.99:1

Whole plants

3.15:1

3.14:1

2.84:1

2.95:1

2.82:1

@ 2005-2011 The University of Waikato | www.biotechlearn.org.nz

6 022 2001 Seeds
E OO0 000 0 -
166 353
“ / TS i l Seed colour
r O0O00 OO0 X
Q O O O O O . . Flower colour
Q O . . . . . . Flower position
Plant height
Pod shape
Pod colour
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15t law on the uniformity of F1 hybrids

o If we cross two homozygotes, their offspring of the F1 generation
are all the same in the observed trait. Reciprocal crosses with any
Individuals of the F1 generation give identical results.

2"d law of splitting in the offspring of hybrids

o When heterozygotes are crossed, the genotypes and phenotypes
of the resulting individuals can be expressed as a ratio of small
whole numbers. A genotypic and phenotypic split ratio is created.

The offspring will show a recessive trait. U NI
" PHARM



Punnett square

P . B — dominant allele for
yellow color

A AA AA
l l b — recesive allele for
100% 100% green color
gametes A AA AA
F1i
a aa aa
gametes
a aa aa
F2
¢/ 9 A A
a Aa Aa
14 a Aa Al

J=



3" law of independence of alleles

o A genotype Is a set of individual genes that determine traits. Each
trait is determined by a pair of separate alleles

4t law of segregation of alleles

o Pairs of separate alleles diverge during maturation, and one of the
two alleles passes into each gamete

I
f——
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. . Ade ArlB!)
5th law of independent choice F.& - @&
iIncludes more characters — alleles do AB. AL AB. Ab,
not influence each other, so a spectrum of
different combinations Is created F. (a8 | Ab | aB | ab
Generalization for n- hybridism o :fﬁi_"'— _,
n=1 n=2 genera”y AAB-B AABL AaBB AaBb
number of gamete types of the | , _,; | ,_ 4 5 G | & C;\
: = = b o % J
hybrld X\ABQJ AAbb lBl Aabb
number of zygote types 3=31 Q=232 3" -
r
number of different _ _ 0 aB ‘ .
homozygouts in both allele pairs 2S2 Ehs 2 ’\_5*88 Bb | %88 | aafb
number of breeding novelties 0=21-2 | 2=222 2n-2 o rf \ . .
genotype ratio in F2 (1:2:1)* | (1:2:1)%2 | (1:2:)" A aeé aaBb aabb
phenotype ratio in F2 under full (3:1)! (3:1)2 (3:1)n QO 3 . 3. 1.
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dominance in all allele pairs
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Deviations from Mendelian cleavage ratios

o a situation where Mendel's laws do not fully apply
o deviations from Mendelian rules (referred to the genetics of the human
iIndividual):

Reduced vitality (lethality) of gametes and zygotes
Gene linkage

Gene interaction

Linked to gender

Extranuclear inheritance

Polygenic inheritance

Variable expression D g

O O O O O O O
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Reduced vitality (lethality) of gametes and zygotes

vital > subvital > semilethal > lethal

recessive lethality AA Aa X
recessive lethality of the dominant allele »{ Aa aa
dominant lethality X XX aa
MU NI
PHARNM
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Recessive lethality of the dominant allele

O

Manx cat

D — lethal

Mm — without tall
mm — normal




Gene linkage

o when two genes are linked, free combinability does not apply = deviations from
the phenotypic split ratio of 9:3:3:1 in F2 and 1:1:1:1 in B1 generation

o genes on one chromosome are linked to each other

o trans phase - dihybrid AaBb, which has genes A and B located on different pairs of
chromosomes, forms gametes of genotypes AB-Ab-aB-abinaratioof1:1:1:1

o cis phase - dihybrid AaBb, which has genes A and B located in one pair of
chromosomes, forms gametes of type AB — Ab — aB — ab In different proportions

o the reason is crossing-over between non-sister chromatids
« gametes with non-recombined (AB, ab) and recombined (Ab, aB) genotypes are produced
 the probability of crossing-over decreases with the distance between the two monitored genes

o the linkage strength (= distance between genes) is determined by Morgan's
number, which expresses the proportion of recombinants and is given in
centimorgans (1 cM = 1% recombinant), the recombination process occurs with a
relatively low probability
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Linkage phase cis/trans

Linkage phase cis
(coupling)

parental gametes

awll TG

recombinant
gametes

Linkage phase trans

(repulsion)

parental gametes

D 3004 TG

recombinant

gametes
PHARNM
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Two possibilities of exchanges between non-

sister chromatids

Chromosome pair

gametes
A B A -
A &-‘\/I A B IR TN T
4>\ 41—
¢ | . a b
a b fe—
L B R B
e A b
Txf‘:—['b;l i — { o
e | 1.. = ——-3-’—4-
\ i

Qa b ;! L

Possible crossing-overs
between genes

more less
A B A B
e e e e
KXX X
a b ab
e e O

o 2001 TEU

https://user.mendelu.cz/urban/vsgl/mendel/klas_vazbal.html
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Possibilities of chromatid recombination

{A) Two-strand double crossing-over Chromosomes recove red
Incorporation of BrDU
durlng S-phase

(C) Thre and double

ﬁ._)’ | |

(D) Four-strand double

|




24

Gene Interaction

o Reciprocal interaction
* Interaction without a change in the cleavage ratio, the observed trait occurs
In multiple forms, each of which is determined by one of the combinations of
parental gene alleles

I
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Phiklag ¢ bnb Ethpnym pombram - dbdidncct zbarven pafl andulky

FFOO ffoo
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Reciprocal interaction

(a) (b)
Wyandotts Brahmans
R- pp rr P-
Hybrid Leghorns
(a) x (b) rr pp

R- P-
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Gene Interaction

O
o Epistasis
* gene encoding the corresponding trait has no chance to express itself,

because its superior gene does not allow it
* The cleavage ratio Is changed

O

O



Dominant epistasis

o In dominant epistasis, it is sufficient for at least one dominant allele to be
present in the epistatic trait pair to suppress the effect of the subordinate
allelic pair. Dominant homozygotes and heterozygotes in an epistatic
pair therefore have the same phenotype regardless of what traits they
carry in the hypostatic pair.

+ _ Dahlia
epistatic gene (allele) Y & " Y variabilis
hypostatic gene 17, /i _ s 2 W™

ypostatic gene 7, ', |
Y% N
Y...intense yellow flavone ¥, A Ah
I... creamy yellow flavone ’ : O
- Y-is ”3,, T
’ MUN I
42 v 3 ! PHARNM
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Recessive epistasis

o In recessive epistasis, the dampening effect of an epistatic trait pair Is
only manifested if an individual is recessive homozygous for that trait.

Salvia viridis

var. horminum ¥ - ®
¥s o FE
b:;‘r:\ A’%‘ﬁ@
P... pink antocyan s |
A... pink — purple ¥ 4{' A Y 4L L
pp>A_ ’.(QO ?1\ 2% rﬁ.AQ J"f“g
i oo 3

T 3 : af. I
o A RM
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Inhibition
o Inhibition is similar to dominant epistasis in many ways. However, the superior trait

pair has no own phenotypic expression, its dominant allele only blocks the effect of
other traits. They can therefore only manifest if the inhibitory allelic pair is in a

recessive homozygous state.

T p = , _
" =] o N C ... red coloring
- ¥ I ... color inhibitor
(Gl XYY
Py
Ce li
:8_, FX: // t;.\_."? i\ =2 ’
l\:_. ~7) /
A C-& e A
. MUNI
A3 S PHARNM
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Complementarity

o If the interaction of dominant alleles from two or more trait pairs is
needed for a certain phenotypic manifestation, this is called
complementarity, or double or duplicate recessive epistasis.

F oy R "y Lathyrus odoratus

C... dye precursor
R... enzyme

31



Linkage to gender

Unaffected
father

XY

o The gene Is found on
the gonosomes —
phenotypic
manifestation depending
on sex

A

Affected
son daughter son

Unaffected

https://en.wikipedia.org/wiki/X-

. linked_dominant_inheritance

X-linked dominant

Affected
mother

XX

Affected Unaffected

daughter

] Unaffected
B Affected

Affected Unaffected

father mother

1t " b
| ]

XY X X
Unaffected Affected Unaffect d Affected
son daughter son daughter
] Unaffected
B Affected

Note: some X-linked dominant disorders are embryonic lethal in males, and most affect females less severely.



Further deviations from Mendelian cleavage
ratios

o Extranuclear inheritance - mitochondrial DNA from mother only
* In plants, chloroplast DNA from the female plant only

o Polygenic inheritance — the trait is coded by several genes — the
rules for n-hybrids and crossing-over apply here at the same time

o the trait has incomplete penetrance - it may not manifest itself in
100% of individuals, but in some people it does not manifest, or the trait
IS obscured and difficult to observe

o the trait has a variable expression - in people with the same genotype,

we observe different intensity of manifestations of the same trait T T
PHARM
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Inheritance of quantitative traits

o The manifestation
of the trait takes on
different values —
continuous
variability

Qualitative trait vs. quantitative trait

Mendel's )

experiment [P
with plant Q I
height .. -

low high

¥ Galton's

I_ experiment

T with seed
diameter

l: R

>

|| . MUNI

small  big PHARNM

diameter



Inheritance of quantitative traits

o for research on the polygenic and multifactorial inheritance of human

hereditary traits, the follow-up of twins is particularly useful
« dizygotic twins, growing up in the same environment, give us a picture of how the
same external factors act on two individuals with different (albeit slightly) genotypes
* monozygotic twins provide us with a unique opportunity to evaluate two individuals
with the same genotype
 If these monozygotic twins also grow up each in a different environment, we can
evaluate the effect of different environments on individuals with the same genotype

o we evaluate:
e concordance for a certain trait (match - both individuals have the observed trait)
« discordance for a certain character (disagreement - one of the twins does not have the
given character)
* heritability is a value indicating to what extent the value of traits depends on the
genotype of an individual and how much the final value of a trait is the result of external

factors MUNI
. PHARNM



Heritability estimates for various traits (%)

mouse

friut fly

human

Trait

tail lenght
litter size

number of abdominal hairs
wing length

asthma
diabetes

heritability Hg (%)

60
15

52
45

80
/0



Concordance of some characters
in monozygotic (M2) and dizygotic (DZ) twins

trait Conkordance (%)
MZ DZ
Blood groups 100 66
Eye color 99 28
Mental retardation 97 37
Measles 95 87
Idiopathic epilepsy 72 15
Schizophrenia 69 10
Blood pressure 63 36
Diabetes 65 18
Identical allergy 59 5
Tuberculosis 57 23
Cleft lip 42 5
Crooked legs 32 3

Breast cancer 6 3



Epigenetics

O

39

Epigenesis - explains the principle of individual development: the resulting

organism is not preformed, but arises creatively on the basis of inherited
Information and internal and external influences.

Epigenetics - studies heritable changes in gene expression that occur
without changing DNA sequences.

Genomic imprinting - a reversible process where sex-specific modification
of genes Iin the parental generation leads to functional differences between
the paternal and maternal genomes (alleles) in the offspring

I
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o DNA metylation
o Acetylation of

40

Mechanisms of imprinting

histones

EPIGENETIC MECHANISMS

are affected by these factors and processes:
e Development (in utero, childhood)
¢ Environmental chemicals

CHROMATIN

HEALTH ENDPOINTS
e Cancer

e Autoimmune disease

e Mental disorders

¢ Drugs/Pharmaceuticals ¢ Diabetes
e Aging
Diet EPIGENETIC

@ FACTOR

CHROMOSOME g} METHYL GROUP
/ |
- i) » \
DNA 2 ‘f‘ . ”/’

b |

Methyl group (an epigenetic factor found 0
in some dietary sources) can tag DNA
and activate or repress genes.

;1' \ ' DNA methylation

HISTONE TAIL 7
\ 4

N

GENE  HISTONE TALL A4

-
-

DNA accessible, gene active

Histone modification

The binding of epigenetic factors to histone “tails”
alters the extent to which DNA is wrapped around
histones and the availability of genes in the DNA
to be activated.

Histones are proteins around which | HISTONE
DNA can wind for compaction and
gene regulation.

DNA inaccessible, gene inactive




L .

/ |'.|. . C(_)Iate_ W &t\( @ Methyl group
! * Vitamin =

* Betaine @ Acetyl group

* Choline
. Methiomne

v.& .t
@ Mitochondria Methionine F/o:aa
cycle cycle

L “ A g
> ( Acetyl-CoA (S-
\ Acetyl-CoA & adenosylmethlomne) Histone
1 l modifications
Histone acetyltransferases, histone deacetylases, ‘:("YA v
DNA methyltransferases, histone methyltransferases N
and ten-eleven translocation enzymes §.

>
DNA ~ Ay,
methylation

ncRNAs

Ly ™ >
Farshvion “”%m WIMM . Transcription H‘%@mg

Protein mRNA

Nature Reviews | Urology

41 Schagdarsurengin, U., Steger, K. Epigenetics in male reproduction: effect of paternal diet on sperm quality and offspring
health. Nat Rev Urol 13, 584-595 (2016). https://doi.org/10.1038/nrurol.2016.157



Maternal imprinting of the mutated locus results
In a different phenotype of the offspring

mutant father healthy parents =~ mutantn mather

affected normal normal
( carrier )



Incorrect imprint of P-allele (insuline growth factor) or M-allele
(growth-suppressing H19-RNA) leads to Beckwith-Wiedemann‘s
syndrome

P

normal

M

—L
—i
P ——-—
M — -
Igf?

(J. B. Beckwith & H. R. Wiedemann 1964)



Altered gut microbiome profiles in fetus

Maternal diets
¢ Maternal HFD/undernutrition
* Dietary methyl donors
* Epigenetic diets

_— ; Y
clfanges on. outcome in adult life
adipogenesis

l Crosstalk T \ Gene regulation Influence obesity

7N\

Altered DNA methylation and histone modification
during early development

Adult

Zygote Blastocyst Embryo/fetus Infant

7N

Sperm DNA DNA methylation T

de novo ;
Fertilization demethylation methylation pattern maintenance

g

e ———

Oocyte \ X FRNN

S

DNA methylation level

Histone methylation/HMT

Differential gene
expression patterns by
histone modifications

Histone demethylation

Histone acetylat'ion/HAT>

Histone deacetylation/HDACs

Histone modifications
1

Front. Genet., 27 August 2018
Sec. Epigenomics and Epigenetics U
Volume 9 - 2018 | https://doi.org/10.3389/fgene.2018.00342 P H
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https://doi.org/10.3389/fgene.2018.00342

Maternal diets or
supplementation

Over nutrition (e.g., high
fat diet [HFD])

Under nutrition

Methyl donor (e.g.,
folate acid)

Soybean (e.g.,
genistein)

Cruciferous vegetables
(e.g., sulforaphane)

Green tea polyphenols
(e.g., EGCG)

Probiotics
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Epigenetic mechanisms

Induce altered DNA
methylation, histone acetylation
and histone methylation
patterns in offspring epigenome
(Aagaard-Tillery et al., 2008;
Dudley et al., 2011; Suter et al.,
2012; Lee, 2015; Masuyama
et al., 2015; Indrio et al., 2017)
Induce DNA methylation and
histone modification changes
as well as microRNA profile
changes (Fu et al., 2004; Tosh
et al., 2010; Slater-Jefferies
etal., 2011; Zheng et al., 2017)

Restriction of maternal folate
resulted in widespread
epigenetic alterations in DNA
methylation (Sinclair et al.,
2007)

Maternal soybean genistein led
to global modification in the
fetal epigenome (Dolinoy et al.,
2006)

Sulforaphane is a potent
histone deacetylase inhibitor
and maternal broccoli sprouts
lead to global epigenetic
changes in mouse offspring
(Myzak et al., 2004; Li et al.,
2014; Liet al., 2018)

EGCG is a DNA
methyltransferase inhibitor and
can induce reactivation of DNA
methylation-silenced gene
expression (Fang et al., 2003).
Green tea polyphenol EGCG
inhibits maternal HFD-induced
neural tube defects by inhibiting
DNA hypermethylation (Zhong
et al., 2016).

Various metabolites of gut
microbiota such as short-chain
fatty acid (SCFAs) and butyrate
can influence epigenetic
pathways (Pompei et al., 2007;
Hamer et al., 2008; Berni
Canani et al., 2012; Paul et al.,
2015; Cortese et al., 2016).

Microbiota

Altered gut microbiome profiles
in the offspring (Chu et al.,
2016b; Zhou and Xiao, 2018)

Maternal protein-deficient diets
modulate gut microbiome
profiles in the offspring (Chu

et al., 2016b)

Folate is produced by gut
Bifidobacteria (Pompei et al.,
2007)

Soybean genistein is
bio-converted by gut
microbiome and it can also
modulate the microbiome
profiles (Paul et al., 2015, 2017)
Sulforaphane is bio-converted
by gut microbiome and it also
modulates the microbiome
profiles (Paul et al., 2015)

Green tea polyphenols reversed
HFD-induced gut microbial
diversity changes by decreasing
Firmicutes to Bacteroidetes
ratio (F/B ratio) in C57BL/6J
mice (Wang et al., 2018).

Lactobacillus and
Bifidobacterium (Chu et al.,
2016b; Indrio et al., 2017; Zhou
and Xiao, 2018)

Specific gene changes

Adipogenesis-related genes
such as adiponectin, leptin, and
PPAR-y (Aagaard-Tillery et al.,
2008; Dudley et al., 2011;
Suter et al., 2012; Masuyama
et al., 2015)

Adipogenesis- and
metabolism-related IGF-1,
PPAR-a, CPTI C/EBPB genes
(Fu et al., 2004; Tosh et al.,
2010; Slater-Jefferies et al.,
2011; Zheng et al., 2017)

Maternal folate deficiency
induced hyperacetylation of
PPAR-y coactivator, PGC-Ta
(Gueant et al., 2014)

Maternal soybean genistein
resulted in hypermethylation of
the ectopic agouti gene
expression (Dolinoy et al., 2006)

Tumor-related genes such as

P53, p16, c-Myc, and hTERT

(Li and Tollefsbol, 2010; Hardy
and Tollefsbol, 2011; Liet al.,

2014)

Tumor suppressor genes such
as p16, RNRB, MGMT, and
hMLH1 (Fang et al., 2003);
Neural tube closure essential
genes, including Grhi3, Pax3,
and Tulp3 (Zhong et al., 2016)

Probiotic supplementation
during pregnancy affects DNA
methylation status of certain
promoters of obesity and
weight gain-related genes both
in mothers and their children
(Luoto et al., 2010; Wickens

et al., 2017; Vahamiko et al.,
2018)

Clinical effects in offspring

Increased birth body weight
and high risk of development of
metabolic disorders and
obesity in later life (Parlee and
MacDougald, 2014)

Maternal food restriction
resulted in fetal intrauterine
growth restriction (IUGR) and
increased susceptibility to
insulin resistance and diabetes
in the offspring (Li et al., 2010;
Parlee and MacDougald, 2014)
Maternal folate deficiency
resulted in increased risk of
insulin resistance, elevated
blood pressure and
obesity-related metabolic
disorders in adult offspring
(Gueant et al., 2013; Wang

et al,, 2016)

Maternal soybean genistein led
to reduction of prevalence of
obesity in the mouse offspring
(Dolinoy et al., 2006)

Sulforaphane counteracts
HFD-induced body weight and
metabolic disorders (Nagata
etal., 2017)

Small amount green tea during
pregnancy may provide
transplacental protection
against carcinogenesis and
obesity in the offspring (Castro
et al., 2008)

Probiotic intake during
pregnancy and lactation
attenuates maternal
HFD-induced detrimental
nutritional programming of
offspring obesity (Paul et al.,
2016)

Front. Genet., 27 August 2018

Sec. Epigenomics and Epigenetics

Volume 9 - 2018

| https://doi.org/10.3389/fgene.2018.00342
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