
 term that refers to any pattern of inheritance in which traits do 

 not segregate in accordance with Mendel’s laws  

 all traits in fungi, viruses and bacteria are non-Mendelian 

 term is usually only used for exceptions in eukaryotic cels  

1) extranuclear inheritance (maternal inheritance) 

2) maternal effect 

3) infectious heredity 

4) parental imprinting 

5) trinucleotide repeat disorders 

6) complex traits ( quantitative genetics)  

Non-mendelian inheritance 
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 cytoplasmic (maternal) inheritance  

 first discovered by Carl Correns in 1908 while 

 working with  Mirabilis jalapa 

1) Extranuclear inheritance 

 chloroplasts and mitochondria are present 

 in cytoplasm of maternal gametes only  

 phenotype of traits linked to genes in 

 chloroplasts or mitochondria are 

 determined only by maternal parent 

Principle of identity of reciprocal crosses is not valid !! 



CHLOROPLAST CHROMOSOMES 
 20-80 copies of chromosomes in one chloroplast, larger then 

 in mitochondria (even 180 000 bp)   

cpDNA 
 ds circular DNA, without histones, genes with introns   

 contains structural genes, genes for rRNA, tRNA 

 some others proteins are encoded by genes incorporated in 

 nuclear DNA 



MITOCHONDRIAL CHROMOSOMES           

 5-10 copies in one mitochondria, smaller (about 16 569 bp)   

mDNA 
 ds circular DNA, without histones 

 contains structural genes, genes for rRNA and tRNA  

 some others proteins are encoded by genes incorporated in 

 nuclear DNA (DNA-polymerase, RNA-polymerase, proteins of ribosome) 



Maternal inheritance in plants 



Example of chloroplast inheritance: 

leaf variegation (panachure)  

Phenotype of 

female plant (egg)  

Phenotype of male 

plant (pollen) 

Phenotype of offspring 

white       

white  white  

green white 

variegated white  

green 

white green 

green green  

variegated  green 

variegated 

white white green  variegated *  

green  white green variegated 

variegated white green   variegated  



Inheritance of mitochondrial DNA in animals 

 

 

 

 

 

 

Princip: In 1999 it was reported that paternal sperm 

mitochondria (containing mtDNA) are marked with ubiquitin 

to select them for later destruction inside embryo.  



Examples of mitochondrial inheritance: 

mitochondrial diseases  

 affect cells of brain, nerves, muscles, kidneys, heart,  

 liver, eyes, ears or pancreas  

 symptoms: poor growth, muscle weakness, visual and hearing problems, mental 

retardation, heart, liver, or kidney disease, gastrointestinal disorders, respiratory 

disorders, diabetes, neurological problems, thyroid dysfunction, dementia 

 manifestation is influenced by proportion of number of 

mitochondria with or without mutations  

Examples: 

1) Leber´s hereditary optic neuropathy (LHON) – caused by mutations 

in mtDNA genes for electron transport chain proteins → defects in enzymes of 

oxidative phosphorylation → ATP production is stopped → degeneration of   

 n. opticus → visual loss (more males are affected) 

2) Kearns-Sayre syndrome - results from deletions in mtDNA → tRNA genes 

are removed, disrupting mitochondrial translation → neuromuscular defects, 

paralysis of eye muscles, abnormal pigment accumulation on retina, chronic 

inflammation and degeneration of retina, heart disease. 



 mitochondrial DNA can be used to set ancestry of female 

 ancestors /maternal line of descent/  

 first appearance of human in East Africa in highlands of Kenya 

 and Ethiopia about 200,000 years ago 

 Y-chromosomal DNA can be used to set ancestry of male ancestors /patrilinear descent/  



Principle:  

 genes encoding special protein are located in nuclear 

 chromosomes  

 proteins are deposited in oocyte before fertilization 

 this proteins influence orientation of mitotic spindle during first 

 mitosis after fertilisation and thus influences coiling of 

 shell of offspring 

Example: right-handed or left-handed coiling of shell in 

 snail (Lymnaea peregra) 

Direction of coiling is influenced by two alleles: 

 D - dominant (for right-handed) 

 d  - recessive (for left-handed) 

2) Maternal effect 
Rule: 

Phenotype of offspring is influenced by genotype of mother 
(no matter what genotype offspring has or what phenotype mother has) !!! 



P generation 

F3 generation 

F1 generation 

F2 generation 

F1 - uniform 

F2 - uniform 

F3 - 3 : 1  

 How it will be, if female has genotype DD and male genotype dd? 



 infectious particles (virus, bacteria) may infect host cells and 

 continue to reside in cytoplasm of these cells  

 presence of these particles can result in altered phenotype  

 phenotype can be transmitted uniparentally 

3) Infectious heredity 

 Which of parents will transmit this phenotype and why?  

1) infection with viruses in Drosophila  
 wild flies recover after being anesthetized with carbon dioxide 

 sensitivity to carbon dioxide due to infection with Sigma virus (rhabdovirus),  

 certain lines of flies die after exposure to carbon dioxide 

  carbon dioxide sensitivity is passed down from mothers to their offspring 



2) killer phenomenon in yeast 
 dsRNA viruses (L and M) are responsible for this phenotype  

 L virus codes capsid proteins and RNA polymerase of both viruses 

 M virus codes toxin which is secreted from cell and kills susceptible cells (uninfected 

 or infected only with L virus) growing in proximity to host   

 viruses are transfered after mating (killer phenotype pass to all offspring) 



 genes are marked with imprints before gamete formation 

 phenotype is determined by specific allele transmitted to 

 offspring, but also by sex of parent that transmitted it 

 genes for trait (on autosome) pass to progeny from both parents   

4) Parental imprinting 

Imprints = type of mutation 

 differential methylation of paternal or maternal alleles  

 alter level of gene expression (higher at unmethylated sites) 

 erased during creation of germ line cells 

 Will be valit principle of identity of reciprocal crosses?  

Example: imprinting disorder in human 
 different expression of imprented genes based on if they are on paternal or 

 maternal chromosome 15  

 results in Prader-Willy syndrome (PWS) or Angelman syndrome (AS)  



Prader-Willi Syndrome (PWS)  

 genetic disorder in which 7 genes are missing or 

unexpressed on paternal chromosome 15 due to: A) gene 

deletion, B) uniparental disomy, C) imprinting mutations (methylation)  

 only paternal copies of genes are expressed (maternal 

copies of these genes are silent) 

 symptoms: feeding difficulties, behavioral and/or mental 

problems, obesity, sleep disorders, psychoses,hypotonia 



Angelman Syndrome (AS) 

 genetic disorder in which 7 genes are missing or 

unexpressed on maternal chromosome 15 due to gene 

deletion, uniparental disomy, imprinting mutations (methylation) 

 only maternal copies of genes are expressed (paternally 

inherited copies of these genes are silent)  

 symptoms: hypotonia, seizures, uncoordinated movements, 

unprovoked smiling, lack of speech, developmental delay 



 diseases are caused by expansion of microsatellite tandem 

 repeats (three nucleotide) in gene 

 normal individuals have relatively low number of repeated units 

 there are 14 trinucleotide repeat disorders in human 

 polyglutamine diseases (repeated CAG for glutamine) - 

 progressive degeneration of nerve cells  

5) Trinucleotide repeat disorders 

Huntington's disease (HD) 

 inherited neurological disorder  

 autosomal dominant disease caused  

 by trinucleotide repeat expansion 

 in gene coding for Huntingtin protein  

 36 repeats of (CAG) in HD gene causes HD 

 symptoms: abnormal body movements 

 (chorea), lack of coordination, 

 affected mental abilities and behaviour  



 threshold traits are inherited quantitatively (controled by 

 many genes), but expressed qualitatively  

 inheritance does not follow rules of Mendelian genetics   

6) Complex (threshold) traits 

 multiple genes - multiple genotypes - continual genetic 

 variation 

 role of environmental factors (mutagenesis by chemicals) 

Example: hip dysplasia in dogs  



 parents: gghhiijjkk = normal, GGHHIIJJKK = dysplastic  

 offspring: GgHhIiJjKk = normal 

 because threshold of expression is 7 dominant alleles 

 (which dominant alleles are present is not important)  

 e.g. ggHHIIJJKk or GGHHIIJjkk produce hip dysplasia 

How do you pick breeding stock that minimizes production 

of dysplastic offspring?  

 male and female that you want mate should be non-dysplastic  

 none of their parents had dysplastic siblings and their own 

 siblings were not dysplastic 

 let us assume that 5 additive genes are involved in determining 

 this trait (genes G, H, I, J, K)  

 only dominant alleles contribute to hip dysplasia  





QUANTITATIVE GENETICS 

Heredity of quantitative traits 

Quantitative genetics deals with observed variation in 

quantitative trait both within and between populations 



Quantitative traits: 
 multifactorial (encoded by genes, influenced by environment) 

 determined by many genes (polygenes) → continual 

variability of phenotype 

 measurable 

POLYGENNE HERITABILITY 

Example of quantitative trait in human: height, skin color, body mass and many 

genetic disorders (autism, cancer, diabetes) 



PHENOTYPE VARIABILITY 

VP = VG + VE 

               VA + VD + VI       VG + VS + VM 

VP… variability of phenotype 

VG… variability of genotype 

 VA…allelic variation (additive variance -  pass from parents to offspring) 

 VD…dominance variation (dominant/recessive relations between alleles) 

 VI… multi-genic interactions (epistatically) 

VE… variability of environment   

 VG…global effect of environment (e.g. temperature) 

 VS…special effect of environment (e.g. sun - pigment) 

 VM…maternal and paternal effect (individuals are directly affected of 

  their parents' phenotype such as with milk production in mammals)  



HERITABILITY 

 characteristic feature of population 

 proportion of phenotype variation in population attributable 

 to genetic variation among individuals  

P

G
B

V

V
h 2

 for selection you should know h2  of the trait 

                        How to count heritability? 

k (regression coefficient) = h2
N   

h2
N = 1 … genes are the only reason for individual differences 

h2
N = 0 … genes do not contribute to phenotypic individual differences 



- you should know and use STATISTICS ! 

 

SAMPLING 

• evaluate trait of all individuals in population 

• evaluate trait of representatives (sufficient number, random sampling) 

ARITHMETIC AVERAGE (arithmetic mean) 

 

VARIANCE and STANDARD DEVIATION 

- determine range of values how are distributed around average 
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How to study variability of quantitative traits in 

population? 



CORRELATION  

- determine if there is relation between monitored traits 

 
1. calculate covariance 

 
 

 

2. calculate correlation (r) 
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Evaluation: 

more close to 1 = stronger correlation 

mark + = positive correlation (direct proportion) 

mark - = negative correlation (inverse proportion) 

Genetic tasks from handbook 

r =  (-1 to 1) 

 for selection you should know correlation of traits 


