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Historie genetiky
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Historie genetiky

o 1900 de Vries, Tschermaka Correns - znovuobjevili Mendelovy zakony
o 1906 William Bateson - pouzil termin genetika, heterozygot a homozygot
o Wilhelm Johannsen - zavadi pojmy gen, genotyp a fenotyp

o Thomas Hunt Morgan - prace o chromozomech (Chromosomes and
heredity)

* modelovy organismus pouzival octomilku (Drosophila melanogaster)

* novych poznatky o genech a genove vazbe

* 1933 se stal prvnim genetikem, ktery ziskal Nobelovu cenu

* geny jsou vzdy ulozeny na chromosomu linearne za sebou

* geny jednoho chromosomu tvori vazebnou skupinu

* mezi geny homologického paru chromosomu muze prostfednictvim crossing-overu
probihat genova vyména. Frekvence crossing-overu je umérna vzdalenosti genu '
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Historie genetiky

» 1869 - Miescher objev DNA (bilé krvinky)
» 1943 - Avery, MacLeod, McCartym
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Historie genetiky

» rentgenova strukturni analyza (difrakcni obraz)
» nebylo mozné izolovat Cistou DNA, nekrystalizovala
» Rosalind Franklinova, Wilkins




Historie genetiky

» 1953 James Watson a Francisi Crick objevili charakteristickou
strukturu DNA (dvojity helix)

o s i o
» 1962 obdrzeli spolecné Crick, Watson a Wilkins -

Nobelovu cenu za fyziologii a lékarstvi




Genetika

o je veda zabyvajici se dedicnosti a promenlivosti zivych soustav (a jejich
priCinami)

o sleduje variabilitu, rozdilnost a prenos druhovych a dédicnych znaku
mezi rodiCi a potomky | mezi potomky navzajem

| GENETIKA |

!

jnauka o dedicnosti \
/|podobnost ‘ ‘rozmanitost\

|replikace DNA | segregace, kombinace |IU
, rekombinace P H
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Co je to z funkcniho hlediska ,,gen®?

1866
J. G.
Mendel

cca 1900
A. Garrod

30. léta 20. stol.
G. Beadle a E. Tatum

Druha
polovina
20. stol.

» Geny (faktory, znaky) = konstantni
faktory fidici fenotypoveé znaky

 ,Jeden mutantni gen = jeden
metabolicky blok"

- ,Jeden gen = jeden enzym®

 ,Jeden gen = jeden polypeptid”



Trocha terminologie

o gen — usek DNA, ktery
koduje jeden funkcni
transkript (MRNA, rRNA,
tRNA, sIRNA, IncCRNA,...)

o alela — konkrétni forma genu

o genotyp — soubor

konkrétnich genu (alel) prc:/s”t\F/edi
organismu genotyp > fenotyp

o fenotyp — projev znaku

MunI
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,2Klasicka“ (mendelovska) dedicnhost

o Dédi¢nost kvalitativnhich znaku

Dominantni Recesivni
homozygot homozygot

Al »®®

o uplna dominance - dominantni alela uplné *
potlacCi projev recesivni alely ..

« dominantni alela je tedy takova, ktera se projeviiv Heterozygot
heterozygotni kombinaci

o neuplna dominance - dominantni alela
nepotlacuje recesivni alelu uplne, recesivni !
alela se take castecne projevi PH

Mezialelicke vztahy .

I
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https://user.mendelu.cz/urban/vsgl/mendel/klas_interakcel.html
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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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Mezialellické vztahy Il.

o Kodominance - obé pritomne alely se u
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heterozygota projevi v celé mire a navzajem
se neovlivnuji
o Superdomianance - Heterozygot (Aa)
vykazuje silngjSi formu znaku nez oba typy
homozygotu (aa, AA)
* Hetero6zni efekt — vyuziti hlavne v zemeédélstvi (napfr.
F1 hybridi rajCat)

Heterdzni efekt je zplisoben nahromadénim dominantnich heterozygotnich
genu od obou rodi¢t u potomka (F1). Napfiklad jeden rodi¢ ma AABBccdd,

druhy rodi€ ma aabbCCDD, potomek s heter6znim efektem ma AaBbCcDd.

Teorie dominance predpoklada, ze dominantni alely jsou lepSi nez
recesivni. Kdo ma vic genld s dominantnimi alelami, ma lepsi vysledky.

] Ballele

s
‘ N acetyl-galactosamine ‘ Fucose
Red blood
cell :
N acetyl-glucosamine Galactose

Codominant

0 alle&e/'
|

Blood Type A

U.S. National Libran

| Ji
BloodType AB
(Codominant)

v of Medicine

Blood Type 8 Blood Type O


https://cs.wikipedia.org/wiki/Heterozygot

Mendelovy zakony dedicnosti

o Prvni experimenty na hrachu setém (Pisum sativum) = vhodny
experimentalni model

o pracoval s Cistymi rodiCovskymi liniemi (homozygoti)

o monohybridismus

o aplikace matematiky a statistiky
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Mendelovy experimenty
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Znak Celkem Dominantni Recesivni  Fenotypovy
QOO0 OO 0 pomir v F2
Q O Q O O Q . . 1. Tvar semen 7 324 5474 1 850 296:1
2.  Zbarveni semen 8023 6022 2001 301:1
Q O . . . . . . 3. Zbarveni testy 929 705 224 3,15:1
4. Tvar lusku 1181 882 299 295:1
5. Zbarveni luskua 580 428 152 282:1
6. Postaveni kvétu 858 651 207 314:1
7. Délka stonku 1 064 787 277 284:1
Prumér=2,98:1
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1. zakon o uniformité hybridu F1

o Krizime-li dva homozygoty, jsou jejich potomci F1 generace v
sledovanem znaku vsichni stejni. Reciproka krizeni u jakychkoliv
jedincu F1 generace davaji shodné vysledky

2. zakon o stépeni v potomstvu hybridu

o Pfi kfizeni heterozygotu Ize genotypy a fenotypy vzniklych jedincu
vyjadrit pomerem malych celych Cisel. Vznika genotypovy a

fenotypovy stepny pomer. U potomstva se projevi recesivni znak.
MU
PH
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gamety

F1

gamety

F2
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Punnettuv ctverec

. B - dominantni alela

} }

pro Zluté zbarveni A
b - recesivni alela

100% 100%

pro zelené zbarveni
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A A A
a Aa Aa
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3. Zakon o samostatnosti alel

o Genotyp je soubor samostatnych genu urcujicich znaky. Kazdy znak
je urcen dvojici samostatnych alel

4. Zakon o segregaci alel

o Dvojice samostatnych alel se pri zrani rozchazeji a do kazde gamety
prechazi jedna z obou alel

I
p——

18



5. zakon nezavislého vyberu

o zahrnuje vice znaku — alely se

navzajem neovlivauji, vznika tedy
spektrum ruznych kombinaci

Zobecnéni pro n- hybridismus

F: @ - @

AB, Ab, AB, Ab,

aB, ab aB, ab

n=1 | n=2 |obecné
Pocet druhti gamet hybrida |2 = 2t 4=2° |2
Pocet druhii zygot 3=3" 19=3" 3"
Poet riiznych homozyeotii* 2 =2 [4=2° |2"
Pocet §lechtitel. novinek  |0=2"-2 |2=2°-2 |2"-2
Genotypovy pomér v F2  |(1:2:1)" [(1:2:1)°)(1:2:1)"
Fenotypovy pomér v F2** [(3:1)"  |(3:1)° [(3:1)"

* v obou alelovych parech

19 ** pr1 uplné dominanci ve vSech alelovych parech




Shrnuti Mendelovych poznatku

1. Jednotky dédiCnosti (geny) jsou materialni povahy
a predavaji se z generace na generaci

2. P homozygotni - F1 uniformni

3. Identita reciprokych krizeni

4. Vlohy (alely) jsou parové

5. Alely jednotlivych genu se rozchazeji do gamet
PRINCIP SEGREGACE

6. Nezavisla kombinace alel ruznych genu v gametach
PRINCIP KOMBINACE

/. Dominance a recesivita - Aa, AA maji stejny fenotyp

8. Neuplna dominance - genotyp = fenotyp



Odchylky od mendelovskych stépnych pomeéru

o situace, kdy Mendelovy zakony uplnée neplati
o odchylky od mendelovychpravidel (vztazeno na genetiku lidskeho
jedince):

Snizena vitalita (letalita) gamet a zygot
Vazba genu

Interakce genu

Vazba na pohlavi

Mimojaderna dedicnost

Polygenni dediCnost

Variabilni exprese D g

O O O O O O O

I
f——
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Snizena vitalita (letalita) gamet a zygot

vitalni > subvitalni > semiletalni > letalni

recesivni letalita AA Aa ¢

recesivni letalita dominantni alely ¢ Aa aa

2 X aa

dominantni letalita
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Recesivni letalita dominantni alely

o Manska kocCka

o DN —letalni
o Mm —bezocasé
o mm -normalni




Vazba genu

o pfFi vazbé dvou gent neplati volna kombinovatelnost = odchylky od fenotypového
stepneho pomeéru 9:3:3:1 vF2a 1:1:1:1 v B1 generaci

o geny na jednom chromozomu jsou vzajemné vazaneé

o trans faze - dihybrid AaBb, ktery ma geny A a B uloZzeny na riiznych parech
chromozomu, tvofi gamety genotypt AB—-Ab—-aB—-abvpoméru1:1:1:1

o cis faze - dihybrid AaBb, ktery ma geny A i B ulozeny v jednom paru chromozomu,
tvori gamety typu AB — Ab — aB — ab v odlisnych pomerech

o pricinou je crossing-over mezi nesesterskymi chromatidami

« vznikaji gamety s nerekombinovanymi (AB, ab) a rekombinovanymi (Ab, aB) genotypy
« pravdépodobnost crossing-over klesa se vzdalenosti obou sledovanych genu

o sila vazby (= vzdalenost mezi geny) se urCuje Morganovym cislem, kterée vyjadruje
podil rekombinant a udava se v centimorganech (1 cM = 1 % rekombinant), k

rekombinaCnimu procesu dochazi s relativnhé nizkou pravdépodobnosti MUNTI
PHARNM




Vazbova faze cis/trans

Vazbova faze CIS
(coupling)
A B

== m

A
A B ¢ A b
R — N e N E—
a b a B
& e O e EmCc
gamety rodicovské gamety rekombinované

25

2001 TGU

gamety rekombinované

PHARM
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Dve moznosti vymen mezi nesesterskymi

chromatidami
chromozomovy par gamety
A B A DB
b~ i —4-
A 5-‘\/ 1 A B R U v
a b a b Moznych crossing-overdi mezi geny
\ ' | . S
i J . b " s méng
£ 8 = " A B A B
O 0
XXX X
A B A b a b ab
e - e —— e e O e s O
oo vﬂ A b 2 2001 TEU
& X [?) a - L= https://user.mendelu.cz/urban/vsgl/mendel/klas_vazbal.html
: |
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Moznostl rekombinace chromatid

{(A) Two-strand double sing-over Chromosomes recove red
Parental Recombin

4 0

Inkorporace BrDU
behem S-faze

(C) Thre and double

ﬁ_). | |

(D) Four-strand double

I
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Interakce genu

o Reciproka interakce
* interakce bez zmeny stepneho pomeéru, sledovany znak se vyskytuje ve
vice formach, z nichz kazda je determinovana jednou z kombinaci alel
rodiCovskych genu



Phiklag ¢ bnb Ethpnym pombram - dbdidncct zbarven pafl andulky

FFOO ffoo

9: 3:3:1
F-O- : F-00 : ffO- : ffoo
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Reciproka interakce

(a) (b)
Wyandottky Brahmanky
R- pp rr P-
Hybrid Leghornky

(a) x (b) rr pp
R- P-
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Interakce genu

O
o Epistaze
* gen, kodujici prislusny znak, nema sSanci se projevit, protoze jemu
nadrazeny gen to nedovoli
. Stdpny pomér je pozménén
O

O



Epistaze dominantni

o U dominantni epistaze staci, aby byla v epistatickem vlohovém paru
pritomna aspon jedna dominantni alela k potlaceni uCinku podrizeného
alelickeho paru. Dominantni homozygoti i heterozygoti v epistatickem
paru maji tedy shodny fenotyp bez na to, jaké vlohy nesou na paru
hypostatickem.

- | Dahlia
epistaticky gen (alela) Y o, " Y variabilis
hypostaticky gen 7, j . Yy i 22 B L A

Y% N
Y...intenzivne zluty flavon ', Ao Jb
I... krémové Zluty flavon : .
= ooy I

42 v 3 1 PH
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Epistaze recesivni

o U recesivni epistaze se tlumici ucinek epistatickeho vlohoveho paru
projevi jen tehdy, je-li v tomto znaku jedinec recesivni homozygot.

Salvia viridis
var. horminum

P... rizovy antokyan
A... riizovy — fialovy

pp > A-

33
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Inhibice

o Inhibice se v mnohém podoba dominantni epistazi. Nadrazeny vlohovy par ale nema
zadny samostatny fenotypovy projev, jeho dominantni alela pouze blokuje ucinek
jinych vioh. Ty se proto mohou projevit pouze je-li inhibicni alelicky par v recesivne
homozygotnim stavu.

: o IR G’ C ... ¢ervené zbarveni
5 ] ¥ I ... inhibitor zbarveni
(G4 ‘ XAy
Py
Ce li
:’8_’ 3R t;‘&__"? i'\ \, 3
L\L ,-’! /
3 > f ! e
6-!-— (;";.4. aoan 60&:
" . MUNI
A2 2 PHARNM
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Komplementarita

o Je-li pro urcity fenotypovy projev potreba spolupusobeni dominantnich
alel ze dvou Ci nékolika viohovych paru, jedna se o tzv. komplementaritu,
nebo téz dvojitou Ci duplicitni recesivni epistazi.

F oy R "y Lathyrus odoratus

C... prekursor barviva
R... enzym

I
f——
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Vazba na pohlavi

o (Gen se naléza na gonozoOmech —
fenotypovy projev v zavislosti na pohlavi

AutozomdIné dominantni dédicnost

Otec

Idrava
5 postizenim matka
nf | nn

. Idravy jedinec |
(] Jedinecs postizenim

N

Idravysyn  Deera s postizenim

Syns postizenim Zdravé dcera

i) |

Autozomalné recesivni dédicnost

Otec

Matka
prenasec prenasecka
] |

Deera prenasecka

/zl
A W
0 \4r Qg

Syn prenase¢  Deera s postizenim

Gonozomalné recesivni dédicnost,
matka prenasecka

Zdravy

otec

&

Xy
I |

50 % syndl s postizenim
09 deer s postizenim

0
D-\JD

Dcera prenasecka  Syn s postizenim

Matka
penasecka
m) |
XX
Pravdépodobnost
dédicnosti:

XYy

dravy syn drava dcera

Gonozomalné dominantni dédicnost,
otec s postizenim

Otec

2dravd
s postiZenim matka

XX

m-w

ossynl spagtienim
W0 % der spostenim

S

Idravy syn Dceras postenim  Zdravysyn  Diera s postiZenim

Gonozomalné dominantni dédicnost,
matka s postizenim

Idravy

Matka
Olec

s postiZenim

g

didiinost:
50% gmi s pestienim
529 ocet spostinim

Idravy syn Deeras posttienim  Syns post@enim  Zdravd deera
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Dalsi odchylky od Mendelovych stepnych
pomeéru

o Mimojaderna dedicnost — mitochondrialni DNA pouze od matky
* u rostlin chloroplastova DNA pouze od samicCi rostliny

o Polygenni dedichost — znak je kddovan vice geny — plati zde
soucasne pravidla pro n-hybridy a crossing-over

o znak ma neuplnou penetranci - nemusi se projevit u 100%
jedincu, ale u nékterych osob k projevu nedojde, nebo je znak
zastreny a nesnadno pozorovatelny

o znhak ma variabilni expresi - u lidi se stejnym genotypem
pozorujeme ruzné intenzivni projevy téhoz znaku

I
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Dédicnost kvantitativnich znaku

Kvalitativni znak vs. kvantitativni znak

_ Mendeliv P P o
o Projev znaku pokus T t " Sa'fgr';‘%‘;e%’kus
S s vyskou g P
nabyva ruznych ostlin i | semen
hodnot — plynula
variabilita
[ | l F i
Fi‘. F Fz
Eﬂ—l. - Leaillin. MUNI
nizky  vysoky maly velky PHARM
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Dédicnhost kvantitativnich znaku

o pro vyzkum polygenni a multifaktorialni dédicnosti lidskych dédicnych znaku

je obzvlasté uziteCné sledovani dvojcat

- dizygotni dvoj€ata, vyrustajici ve stejném prostredi, nam podavaji obrazek o tom, jak
pusobi stejné vnéjSi faktory na dva jedince s odliSnym (byt mirné€) genotypem

« monozygotni dvojcata nam poskytuji unikatni moznost hodnotit dva jedince se stejnym
genotypem

« pokud tato monozygotni dvoj¢ata navic vyrustaji kazdé v jiném prostfedi, muzeme
hodnotit vliv ruzného prostredi na jedince se stejnym genotypem

o hodnotime:
« konkordanci pro urcCity znak (shoda - oba jedinci maji sledovany znak)
» diskordanci pro urCity znak (neshoda - jedno z dvojCat dany znak nema)
* heritabilita (dédivost) je hodnota, udavajici, do jaké miry je hodnota znaku zavisla na
genotypu jedince a nakolik je koneCna hodnota znaku vysledkem pusobeni vnéjSich

S MUNI
PHARN
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Odhady heritability pro rizné znaky (%)

mys

drozofila

Clovek

Znak

délka ocasu
velikost vrhu

pocet abdominalnich chloupkl
délka kridla

astma
diabetes

heritabilita Hg (%)

60
15

52
45
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Konkordance nékterych znakii
u jednovajecnych (M2Z) a dojvajecnych (DZ) dvojcat

Znak Konkordance (%)
MZ DZ
Krevni skupiny 100 66
Barva ocCi 99 28
Mentalni retardace 97 37
Spalnicky 95 87
Idiopaticka epilepsie 72 15
Schizofrenie 69 10
Krevni tlak 63 36
Diabetes 65 18
Identicka alergie 59 5
Tuberkuldza 57 23
Rozstep rtu 42 5
Krivé nohy 32 3

Rakovina prsu 6 3



Epigenetika

o Epigeneze - vysvetluje princip individualniho vyvoje : vysledny organismus
neni preformovan, nybrz vznika kreativne na zaklade zdedené informace a
vnitfnich i vnéjsich vlivu.

o Epigenetika - studuje dedicné zmeny genove exprese, ke kterym dochazi
beze zmény sekvenci DNA. Epigenetické procesy jsou obvykle zpusobeny
represi transkripce rizenou modulaci chromatinu

o Genomovy imprinting - reverzibilni proces, kdy pohlavne specificka
modifikace genu v parentalni generaci vede k funkCnim rozdilum mezi
paternalnimi a maternalnimi genomy (alelami) v potomstvu

I
f——
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Mechanismy imprintingu

o Metylace DNA
o Acetylace histonu

44

EPIGENETIC MECHANISMS HEALTH ENDPOINTS

are affected by these factors and processes: e Cancer

e Development (in utero, childhood) ¢ Autoimmune disease
¢ Environmental chemicals e Mental disorders

¢ Drugs/Pharmaceuticals ¢ Diabetes

Aging
Diet

EPIGENETIC

@ FACTOR

CHROMOSOME g} METHYL GROUP
/‘ |
- ¥ \l
DNA 2 ‘f‘ ' ’/"

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

;?' L 'DNA methylation

HISTONE TAIL
\

GENE ( HISTONE TAIL

DNA accessible, gene active

Histone modification
The binding of epigenetic factors to histone “tails”
Histones are proteins around which | HISTONE alters the extent to which DNA is wrapped around

DNA can wind for compaction and DNA inaccessible, gene inactive histones and the availability of genes in the DNA
gene regulation. to be activated.




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
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Maternalni imprint mutovanéeho lokusu vede
k odlishemu fenotypu potomstva

mutantni otec zdravi rodice mutantni matka

postizeny/a normalni normalni
( pfenasec )

I
p——



Chybny imprint P-alely (insulinovy rustovy faktor) ¢i M-alely (rust
suprimujici H19-RNA) vede k Beckwith-Wiedemannové syndromu
(aneb pribéh Otesanka)

normal

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

49

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)
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