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Blending inheritance



Fleeming Jenkin

criticizes Darwin’s 

theory of evolution.



Mendel’s theory of inheritance (1866) 

Law of segregation



Gene conversion
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A a

A A



• Gene conversion

during meiotic

recombination. 



Gene conversion between paralogous sequences



Mendel’s theory of inheritance (1866) 

Law of segregation

1:2:1



Meiotic drive
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Female meiotic drive

Monkey flower (Mimulus guttatus)



Male meiotic (gametic) drive



Mechanisms of male meiotic drive

Drive mostly occur in non-recombining

regions

• Inversions

• Sex chromosomes



• Inversion on chromosome 17

t-haplotype



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 

Zygotic drive 



Syntetic drive

• Could be used to inroduce quickly some allele to the population.

• Possible practical applications: regulation of disseases etc.



Selfish genes

• Drive genes can spread in the population even if they do not 

provide any advantage to the individuals carrying them.



D. melanogaster B chromosomes
Hanlon et al. 2018

Selfish B chromosomes

• Additional parazitic chromosomes

• Only in some individuals in population, in one ore more copies

• Often spread via meiotic or mitotic drive mechanisms



Meiotic drive

Mitotic drive associated

with gonotaxis

Lilium callosum

Pseudococcus

affinis

Camnula pellucida

Selfish B chromosomes



Rye (Secale cereale)

Postmeiotic mitotic drive in angiosperms

Vegetative

cell
Generative

cell

Selfish B chromosomes



Ruban et al. 2020

Tissue specific elimination of

B chromozomes in plants

goatgrass

sorghum



Germline-restricted chromosome
Possibly „domesticated“ B chromosome?



Law of independent assortment

Mendel’s theory of inheritance



Chromosomal theory of inheritance and gene linkage

Thomas Morgan

• Aleles of different genes that are localized on the same 

chromosome tend to be inherited together. 

• 1 cM ~ 1% recombinant genotypes



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.



• 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 (např. Drosophila, Bombyx). 

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

XY males ZW females

Recombination rate (r)



Prdm9

• DNA binding protein (zinc-finger domain). 

Determines the position of double strand breaks

in meiosis (hotspots of recombination). 

• Fast molecular evolution due to 

gene conversions.

Asymetrical gene conversion.

Hotspots of recombination



Evolutionary importance of recombination

J. H. Muller

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



• Allows to combine multiple advantageous mutations. 

Speed up adaptive evolution. 

McDonald et al. 2016

Evolutionary importance of recombination



• Co-adapted gene complexes

underlying complex traits. 

Inherited as a single gene.

Heterostyly in Primula vulgaris

Sometimes recombination between specific genes is

disadvantageous

Supergenes

PRESENTATION



Kupper et al. 2016 Nat. Genet.

Male morphs in ruffs

X

Y

Supergenes

Mimetic polymorfism in Heliconius numata

Sex chromosomes



Inverze účinně potlačuje rekombinaci 



Law of uniformity and identity of reciprocal F1 hybrids

AA aa

Aa

AA aa

Aa

Mendel’s theory of inheritance



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. 

• Chromosom W maternal inheritance.

XY males

XX females

ZW females

ZZ males



• continuous variation of traits

• traits underlined by many genes (interactions among genes) 

• traits are often affected by environment

• inheritance can be less predictable

Inheritance of quantitative traits



Heritability (H2, h2)

• Range between 0 and 1.

• Traits with higher heritability better respond to selection .

H2 = VG/VP

• Proportion of variance in a phenotype caused by 

genetic factors.

VP = VG+VE

VP - phenotype

VG - genotype

VE - environment



Horizontal gene transfer

• Widespread in prokaryotes

• pangenom = set of all genes of the

given taxonomical group



PRESENTATION



• Less frequent in multicellular organisms.

• Movement of genes from mtDNA to nucleus. 

• Transfer of genes from endosymbionts to the host. 

Horizontal gene transfer



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..

Svinka obecná

Armadillidium vulgare

Wolbachia
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