Inheritance



Inheritance

HE LOOKS JUST
LIKE HIS FATHER!




Blending inheritance
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PREDSTAVTE SI BELOCHA, KTERY ZTROSKOTAL NA OSTROVE

OBYDLENEM CERNOCHY... Fleeming Jenkin

criticizes Darwin’s
theory of evolution.

Tak mladenci, nechte
mé si vybrat nékteré
z vasich manZelek.
Koneckoncti
jeem Brit...

Chci také néjaké "
dobrovolniky,
aby odnesli moje
zavazadla.

#2" MELBY SPOUSTU MANZELEK A NADPRUMERNY POCET DETI...

...ALE UVERIL BY NEKDO TOMU, ZE NA
CELEM OSTROVE POSTUPNE VZNIKNE
BiLA NEBO | JEN ZLUTA POPULACE?



Mendel’s theory of inheritance (1866)

Law of segregation
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Mendel’s theory of inheritance

Law of independent assortment
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Chromosomal theory of inheritance and gene linkage

» Aleles of different genes that are localized on the same
chromosome tend to be inherited together.

* 1 cM ~ 1% recombinant genotypes
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Recombination rate (r)

* Higher at the ends of chromosomes (near telomeres), lower around centromers.
* Recombination hotspots in some organisms (e.g. mammals).

» Crossing-over interference. Usually 1 crossing-over per chromosome (max. 3).
Leads to higher recombination rate in smaller chromosomes.
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Recombination rate (r)

Males usually have higher recombination rates than females.
humans: 1,7 x ; mouse 1,3 x

Haldane-Huxley rule. If one sex do not recombine, it is the heterogametic
sex (napf. Drosophila, Bombyx).

Absence of recombination on non-pairing sex chromosomes (Y,W).

XY males Z\W females




Evolutionary importance of recombination

» Slows down accumulation of deleterious mutations (Muller’s ratchet).

J. H. Muller



Allows to combine multiple advantageous mutations.
Speed up adaptive evolution.
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Mendel’s theory of inheritance

Law of uniformity and identity of reciprocal F1 hybrids
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Uniparental inheritance

Mitochondrial and plastid DNA

* Mostly maternal inheritance
* ,Mothers curse”
* In rare cases paternal inheritance (molluscs).

« Most genes from mitochondrial and plastid DNA
moved to nukleus.




Intracelullar parazite of Arthropods

Wolbachia

— cytoplasmic incompatibility (infected males cannot reproduce
with uninfected females)

— partenogenesis (infected females can reproduce without males)
— feminization of males
— killing males



Sex chromosomes

 Chromosom Y paternal inheritance.

e Chromosom W maternal inheritance.




Germline-restricted chromosome

Primary
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Inheritance of quantitative traits

continuous variation of traits

traits underlined by many genes (interactions among genes)
traits are often affected by environment

inheritance can be less predictable

Number of individuals

Height in inches



Heritability (H2, h2)

Proportion of variance in a phenotype caused by
genetic factors.

H2 — VGIVP VP = VG+VE

Ve - phenotype
Vs - genotype
Ve - environment

 Range between 0 and 1.

Traits with higher heritability better respond to selection .



Non-Mendelian inheritance
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Meiotic drive




Female meiotic drive

Oogenesis
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Monkey flower (Mimulus guttatus)



Male meiotic (gametic) drive

Spermatogenesis
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Mechanisms of male meiotic drive
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Trends in Genetics
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Zygotic drive

Medea (Maternal-Effect Dominant Embryonic Arrest)

» Allele causes death of progeny that do not inherite it
« Maternally expressed poison and zygotically epressed antidote.

Tribolium castaneum

matka +/+




Green-beard effect

William D. Hamilton

Solenopsis invicta

Supergen Gp-9

Polygynnous colonies (Bb queens) a monogynnous
coloniese (BB queen).

Workers (Bb) but not workers (BB) kill BB queens
when they are introduced to polygynous colonies.




Syntetic drive

» Could be used to inroduce quickly some allele to the population.
» Possible practical applications: regulation of disseases etc.




Selfish B chromosomes

Mitochondrial genes
usually maternally

Chloroplast genes
inherited

usually maternally
inherited

B chromosomes
can drive through

both males and Ylinked
females paternally inherited

Autosomal genes
biparentally inherited

X-linked
2/3 maternally inherited



Gene conversion



Gene conversion
during meiotic
recombination.
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Gene conversion between paralogous sequences

CEN P7 PS5 IR4 P2

Testis specific genes

Testis specific NORFs



Epigenetic inheritance



genotype

translation folding

protein

amino acid chain
RNA

phenotype




Molecular mechanisms of epigenetic inheritance

Metylation of DNA (5mC)
Histon modifications

Small non-coding RNAs

Mitotic chromosome

Histone modification
Nucleosome

Mitotically
retained
TF Foci

Micro-RNA W
N\NANNAN Methylated DNA



Small non-coding RNAs can induce changes of chromatin
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Prions

Infectious proteins
Can cause neurodenerative diseases

Kuru

Creutzfeldt—Jakob disease

Bovine spongiform encephalopathy
(BSE) (mad cow disease)

Yeasts: [PSI+], prion of Sup35 protein.

Termination of translation. Prion form
leads to translation over stopcodon.
Reveals hidden genetic variation.

PrP< protein

Conversion

PrPs<, prion conformation



Epigenetics

Originally discipline about cell differentiation during ontogeny

Stem Cell

@r\/ Structural
(9]

Chondrocyta
Dstecblast
Signaling
| Beta cell
! 3 T ®
Meural

Hematopoiesis Astrocyte

B-cells Microglia

Macrophages Myogenesis Oligodendrocyte

T-cells Cardiomycyte Photoreceptor

Srmoath muscla

Transgeneration epigenetic inheritance?



Epigenetic reprogramming of DNA

DNA METHYLATION

Post-fertilization reprogramming

Imprint maintenance

Germline reprogramming

Maintenance at some |IAP
elements and rare single-copy loci
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Not complete. Some genes can escape reprogramming
(e.g. imprinted genes in mammals, retrotransposons).

Birth

Epigenetic
“material”?

Histones,
maternal mRNAs,
proteins

Protamines
(histones),
RNAs, proteins?




Genomic imprinting

Expression only from a maternal or paternal allele

Epigenetic marks are established in the germline of parents and are
inherited to offspring.
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Genomic imprinting

Theory of parental conflict
(David Haigh, 1991)

Paternally expressed genes (e.g. 1gf2): support prenatal growth
Maternally expressed genes (e.g. Igf2r): inhibit prenatal growth

maternal imprinting e ™\ paternal imprinting
limits use of matemal resources .-7 e Y maximizes use of maternal resources
# by baby in utero }' r,_’f ,‘_.f by baby in utero
{ i 11‘-3 L r !_' -
Loe. 5 |

Mammals, angiosperms (endosperm)



Aberrant genomic imprinting

Angelman Prader-Willi
syndrom syndrom

i 4

paternal

disomy j J‘

maternal
j‘< jﬁ disomy

uniparental disomy chr 15



Genomic imprinting is responsible for the inviability
of mammalian uniparental embryos

1984: Davor Solter a Azim Surani

@ e..O

SPERM
FERTLIED EGG
WATHOUT NUCLELIS
EHHH‘TL_
'i_ B S
/ [ e
| = .,
I_.-—]_ . —x.!_'-
,;;[_ MOUSE

-

&

}

X

Y HOGENETIC

FAILLRE OF

X TRAEMERY DHIC

DEVELOPMENT

&

_j.-'—"v'

SPERM

ANDRDGENETIC

FAILURE OF
EMEBR YOI
DEVELOPMENT



LI R Epigenetic inheritance mediated
{Kramer and Krawetz, 1997)%
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Paramutation in Kit allele

« Paramutation = the epigenetic transfer of
information from one allele of a gene to
another allele

* Paramutation mediated by small RNAs
expressed from Kit allele affect expression
from the second allele.

« Small RNAs are inherited through gametes to
next generation.

* Injection of these RNAs to embryos cause the
Kit phenotype (white tails).
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Rassoulzadegan, Nature 2006



Epigenetic changes often induced by environment

Environment
toxicant

Odour coupling

Vitamin foot shock

Social stress

Food / |

I'Erf:;m-_';‘l ‘gs‘g

DNA methylation
histon modifications
small non-coding RNAs

Fertility, metabolism, lifespan, mental health etc.



Agouti viable yellow (AY)

A%/a mice

AW alele of the gene agouti originated
by insertion of retroelement.

« AW alely uses the promoter of the
retroelement and its activity depends
on the level of the retroelement
methylation. This is affected by diet of
the mother (folic acid, vit B12).

» Levels of methylation and coat color
to some degree inherited through
generations.




Inheritance of metabolic diseases
induced by lack of food or smoking

« Lack of food in childhood or during
pregnancy
- lipid metabolism disorder, diabetes
in childs as well as grandchild.

* Smoking or chewing of betel
—> obezity, metabolic syndrom in
children.

Famine in Holland (1944-1945)



stress

Lack of maternal care, separation of |

progeny from the mother, social
stress, trauma

Behavioral defects in progeny
(psychological problems,
depression, anxiety, risky
behaviors).

Changes in DNA methylation
and histon modifications in
genes expressed in brain.

Can be inherited through
multiple generations.



Transgenerational epigenetic inheritance in plants

* Plants do not have separated
germ and somatic line

\ Y 4
(Weisman barier)

« Global epigenetic
reprogramming is not so Grafting

substantial as in animals. /S

/ 4

l/’% \

« Small non-coding RNAs can RNA
spread through the plant using movement
vascular tissues

—

Sarkies and Miska (2014)



Linaria vulgaris

peloric form normal form

Live specimen of Peloria Mormal Linaria (toadflax)

» Peloric form caused by methylation of the Lcyc gene

« Stable inheritance through many generations.



Induced resistance against herbivors and pathogens in plants

‘ Defense Environmental

phenotype cues

Analysis of
og progeny seeds
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Holeski et al. (2012)



(Adaptive) phenotypic plasticity

« The same genotype, different phenotypes in different environments.

TRENDS in Ecology & Evolition




Transgenerational epigenetic inheritance
vs. maternal effect
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Epigenetic inheritance and lamarckism

Inheritance of acquired characters

Jean Baptiste Lamarck

Diagram showing eltongation of neck in giraffe according to Lamarck,



Epigenetic changes and evolution

Epigenetic changes represent an important source of phenotypic
variability.

Are often induced by changes of environment (periodic and predictable
changes can lead to evolution of adaptive phenotypic plasticity).

Are reversible.

Can affect the mutation rate. Fixation of originally epigenetic
phenotype by genetic change. Genetic assimilation.

Epigenetic inheritance can be important especially in sessile organisms
(plants), where progeny is exposed to the same environment as
parents.



Horizontal gene transfer

a Conjugation

« Widespread in prokaryotes

* pangenom = set of all genes of the
given taxonomical group

Strain-specific
genes

Nature Reviews | Genetics



Horizontal gene transfer

» Less frequent in multicellular organisms.
* Movement of genes from mtDNA to nucleus.

» Transfer of genes from endosymbionts to the host.

Wolbachia

Wolbachia - hmyz
(napt. Drosophila),
hlistice

Elysia chlorotica Acyrthosiphon
pisum (aj.) — syntéza
karotenoid( (pUvod:

houby)



Sex determination in Armadillidium

 Wolbachia, can cause feminization of males.

« Horizontal gene transfer from Wolbachia to Armadillidium.
The transferred Wolbachia genes determine female sex in Armadillidium..

Wolbachia

: Svinka obecna
¥ _ 4 Armadiliidium vulgare
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