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populus = people  

GAMETE FOND = set of gametes in population 

GENOFOND (gene pool) = set of genes (alleles) in population 

POPULATION 

Definition: 
 group of organisms of one species that interbreed and live 

 in the same place at the same time  



POPULATION PARAMETERS (characteristics) 
 

 SIZE (n) 

   small populations X large populations 

 EFFECTIVE SIZE 

 GENERATION INTERVAL  

 GENOTYPE and ALLELIC FREQUENCIES  

Generation interval in man 
paternal                                                           maternal 

What is generation interval in man? 



HARDY-WEINBERG EQUILIBRIUM (LAW)  

Frequency of alleles and genotypes in 

population will remain constant from 

generation to generation if population 

is stable and in genetic equilibrium.  

For gene with 2 alleles: 

 (p + q)2 = p2 + 2pq + q2  

Allele frequency Genotype frequency 

In 1908 Godfrey Hardy and Wilhelm Weinberg 

Animation: http://www.phschool.com/science/biology_place/labbench/lab8/intro.html 

For gene with 3 alleles: (p+q+r)2=p2+2pq+q2+2pr+2qr+r2=1 

http://www.phschool.com/science/biology_place/labbench/lab8/intro.html


FREQUENCY OF ALLELE 
p = frequency of the dominant allele (represented here by A) 

q = frequency of the recessive allele (represented here by a) 

p + q = 1 

FREQUENCY OF GENOTYPE 

P = p2 = frequency of AA (homozygous dominant) 

H = 2pq = frequency of Aa (heterozygous) 

Q = q2 = frequency of aa (homozygous recessive)  
Females 

A (p) a (q) 

Males 
A (p) AA (p²) Aa (pq) 

a (q) Aa (pq) aa (q²) 
P  +   H   + Q = 1 

p2 + 2pq + q2 = 1 



Sample problem: the population is in genetic equalibrium 

 the allele for black coat is recessive to the allele for white coat  

Use Hardy-Weinberg formula:  

 calculate q2 

 find q  

 find p 

 find 2pq 

What is the number of heterozygotes in this population?  

recessive homozygote q2=4/16= 0.25 (25%) 

 (p + q)2 = p2 + 2pq + q2  
recessive allele q=0.5 (50%) 

dominant allele p=0.5 (50%) 

dominant homozygote p2=0.25 (25%) 

heterozygote    2pq=0.5 (50%) 



Conditions required in order for a 

population to remain at HW EQUALIBRIUM 
 

 population is enough large 

 population is panmictic (random mating) 

 mating of individuals of same generation 

 

 NO natural selection 

 NO mutation 

 NO genetic drift 

 NO gene flow (immigration or emigration)  

You can verify if population is in HW equalibrium by 2 – test (see handbook) 

 if one of the conditions is broken, evolutionary force is acting to change 

 allele frequencies and population may not be in HW equilibrium  

 natural populations probably seldom meet all of these conditions 



Nonrandom x random mating 



TYPE OF REPRODUCTION 

 allele frequencies are not changed  

 genotype frequencies are changed  

 reduction of the frequency of heterozygotes 

 increasing of the frequency of homozygotes 

1. INBREEDING (when close relatives mate) 

 

2. AUTOGAMY (self-fertilization) 

  - extreme form of inbreeding  

  - characteristic of many flowering plants and some 

 hermaphroditic animals (freshwater snails)  

Significance:  

- cultivation of plant and animal breeding (lines with special 

 characteristic, laboratory animals) 



generation heterozygote   homozygote 

negative aspect in medicine - recessive homozygotes are 

usually carrier of recessive diseases (př. hemophilia, daltonism) 

Model of autogamic population 



Selection:  

- differential survival and reproduction of individuals in a 

 population due to trait differences (variation in fitness 

 that can be passed from one generation to next) 

3. OUTBREEDING - when unrelated individuals mate 

             - can be influenced by SELECTION 

Animation of selection: 

http://bcs.whfreeman.com/thelifewire/content/chp23/2302001.html 

 change in allelic and genotype frequencies 

 important for evolution  

http://bcs.whfreeman.com/thelifewire/content/chp23/2302001.html


Natural Selection is often used as a synonym of Evolution  

NATURAL SELECTION 

 is a mechanism (evolutionary force) that can lead to 

adaptive evolution  

 trait under selection must be heritable  

 

EVOLUTION  

 is a process (change in allele frequencies over time) 

 can be caused by selection and other forces (drift, migration, 

mutation, nonrandom mating) 

4. PANMIXIA – this is condition of HW equalibrium 

FITNESS (reproductive efficiency)  

 different reproductive efficiency (fertility, vitality, resistance to 

 diseases, survival in unfavourable conditions)  



MUTATION 

 change in allelic frequencies 

 important for evolution 
MUTATIONS: 

 spontaneous x induced (effect of mutagene)  

 repeated x non repeated 



GENETIC DRIFT 

 change in allelic frequencies between 

 generations 

   - fixation of some alleles 

   - elimination of some alleles 

 reduction of heterozygotes  

 increasing of homozygotes 

 decreasing of genetic variability 

 changes in gene pool of small population due to errors in 

 propagation of alleles from one generation to next  



Bottleneck Effect – population undergoes a drastic reduction in 

 size as a result of genetic drift 

 population is reduced in number (e.g. hurricane kills most individuals in population)  

 it is completely arbitrary and unrelated to phenotype who lives and who dies  

(few alleles pulled 

from the bottle will 

not represent the 

same allele 

frequency as in the 

bottle) 

 changing of allelic frequencies 



GENE FLOW (MIGRATION) 

 change in allelic and genotype frequencies 

 increasing of genetic variability in population 

 occurs when alleles are exchanged between 2 populations  

 gain or loss of alleles from a population due to migration of 

 fertile individuals or from the transfer of gametes  



Gene flow between species 

 through hybridization  

 gene transfer from bacteria or virus to new hosts 

Gene flow: unidirectional x mutual 

                  unrepeated x periodic x permanent  

Allelic frequencies can be changed very quickly 

 

 

Equilibrate changes caused by genetic drift, 

inbreeding and selection in small population 



1. GENETIC DISEASES 

 study of the frequencies of genetic diseases in populations 

 treatment (prevention) of genetic diseases 

 

Genetic diseases are influenced by: 

mutation - increases frequency of alleles that cause diseases 

selection - reduces frequency of these alleles 

genetic drift  

gene flow 

inbreeding 

PRACTICAL APLICATION OF POPULATION 

GENETICS 



Genetic equalibrium is influenced by:  

genetic drift, inbreeding, selection 

2. PROBLEMS IN SMALL POPULATIONS 

 rare animals and animals in danger 

 animals in ZOO    

 fixation of unfavourable alleles  

 increasing of homozygotes 

 decreasing of genetic variability 

 decreasing of fitness        disease 

Adventage: populations of animals in danger have usually long generation 

interval → number of homozygotes is increased slowly 

How to solve this problem? 



3. STUDY OF EVOLUTION (phylogeny) 

Phylogenetic tree  

 illustrate evolutionary relationship among biological species  

 (or other taxonomic groups) under graphical form 

 organisms are classified descending from common ancestor   

 built from morphological data (e.g., beak shape, number of legs, etc.) 

 or molecular data (DNA sequences and protein sequences). 

neutral mutation: 

 change into positive or negative mutation is influenced by genetic drift 

 speed of change is known as molecular clock 



Comparation of the ralationship of human, chimpanzee, gorilla and orangutan 

(sequece of gene β-globin was compared)  



EVOLUTION 



 historical development of life forms, their origin and 

disappearance 

Levels of studies: 

Microevolution – changes in populations of one species 

Speciation – origin of new species 

Macroevolution –  evolution of higher taxa than species  

  (family, order, class, phylum) 

BIOLOGICAL EVOLUTION 



PHYLOGENY = historical development of organisms, ancestral 

 lineages 

ONTOGENY = development of an individual (embryo, fetus etc.) 



Haeckel´s tree of life 

„Modern“ tree of life 



Greek philosophers (Aristotle, Empedocles, Xenophanes) 

 fossils – former life destroyed by natural catastrophe, idea of 
evolutionary change 

School of DILUVIALISTS (diluvium = flood), 17th century:  

 fossils are remnants of animals that died during the Flood 

 development of paleontology 

EVOLUTIONARY THEORIES 



Georges CUVIER (1769-1832) 

 French naturalist 

 founder of comparative anatomy 

 introduced Linnean system to palaeontology 

 ignored the change of species  

 formulated theory of cataclysms – global catastrophes 

G. L. de BUFFON (1707-1788)  

 French naturalist  

 importance of environment 

 vitalism, continuity of nature, definition of fixed species  

 preceded the first complex evolutionary theories 



Jean-Baptiste de LAMARCK (1744-1829) 

   - first scientific explanation of evolution 

 organisms possess inborn ability and will to  

 change towards more perfect and complex  

 forms   

 ENVIRONMENTALISM – guiding force of evolution are 

changes in biotic and abiotic environment  

Main postulates: 

1. change of environment evokes active need for the change 

of organisms which is achieved  by using organs (erroneous) 

2. acquired  adaptations are transferred by  

 heredity to offspring (neck of a giraffe)  

 (erroneous) 

LAMARCKISM 



Charles R. DARWIN (1809-1882) 

 English naturalist, founder of evolutionary theory  

 studied theology and medicine  

 at the age of 22, a five-year voyage of discovery 

around the world on the H.M.S. Beagle under Cpt. 

R. FitzRoy                                                          



Main postulates: 

   common origin of organisms (branching and divergence of 

 evolutionary lineages)  

  perpetual (permanent) change  

  gradualism (slow and continual development) 

  multiplication of species 

  natural selection (major guiding force of evolution) 

  sexual selection  

  heritable variation within populations 

 origin of species by means of natural and sexual selection 

DARWINISM 

Ch. Darwin: On the origin of species by means of natural selection, or the 

preservation of favoured races in the struggle for life (London, 1859) 

Ch. Darwin: The descent of man, and selection in relation to sex (London, 

1871)   



Sources of Darwinism 
 development of botany and zoology in 19th century  

(descriptions of hundreds of new species) 

 development of geology (knowledge of gradual changes of 

Earth´s crust and resulting changes of flora and fauna in 

geological periods)  

 Darwin´s own breeding experiments 

with domestic animals (pigeons, 

chicken) 

 voyage of the Beagle (Galápagos 

Archipelago) 



GALÁPAGOS 



Major „weak points“ of Darwinism 

 time – not enough? 

 fossils – „missing links“ (gaps in fossil record) 

 development of complex organs (wings, eye, brain)? 

 principle of heredity not yet understood (Darwin believed 

in heredity of acquired traits) 

Darwin removed man from his privileged 

position → conflict with religion 



 20th century  

 synthesis with Mendelian genetics and population genetics 

 population is important (variable gene pool, continues in 

time), individual is not important (stable genotype, short-lived) 

 synthesis of matematic, genetic, systematic, paleontology, 

biochemistry, ecology, etology…  

 genecentric aspect – selection of alleles, evolution - 

adventage of some allele in contrast to others (R. Dawkins) 

G. J. MENDEL (1822-1884) 

NEO-DARWINISM 

Richard DAWKINS (1941 - ) Professor at Oxford  



 heritable variability – precondition for natural selection 

source of variability: mutations and recombinations 

 changing environment - drives evolution by means of 

adaptations 

 natural (sexual) selection – carriers of advantageous 

mutations have more offsprings 

BASIC MECHANISMS OF EVOLUTION 

Asexual reproduction – advantage in stable environment 

Sexual reproduction  

– advantage in changing environment  

– greater genetic variability by recombination (random): 

1) crossing-over during meiosis 

2) segregation of chromosomes during meiosis 

3) fertilisation 



COEVOLUTION 

 Evolution of two or more species influenced by mutual 

relations (prey x predator)  

Galapagos tortoise x cactus 

Examples: 

toxic amphibian x snake 

tortoise x cactus 

flowering plant x pollinator 

host x parasite 



MICROEVOLUTION 

 changes in frequencies of different allelic forms of genes 

within (small) population 

 short generation interval (short time of this evolution) 

Mechanisms: inbreeding and genetic drift 

Examples:  

 resistance of bacteria to antibiotics 

 parasites x anthelminthics, insecticides 

 indrustrial melanism  

Long-term results of microevolution 

 subpopulations with different natural 

selection → subspecies → new species 

Example: Tiger (Panthera tigris) 
P.t. tigris, P.t.corbetti, P.t. sumatrae, P.t. altaica, P.t. amoyensis, P.t. virgata, P.t. 

balica, P.t. sondaica  



Industrial melanism - peppered moth (Biston betularia) 

unpolluted environment polluted environment 

MICROEVOLUTION 



BIOLOGICAL SPECIES 

 closed reproducing group (reproductive isolation  

mechanisms – time, voice etc., specific mate recognition 

system) 

 offspring belongs to the same species 

 unique evolutionary origin and history 

 unique phenotypic and genetic properties (unique gene pool) 

 unique ecological niche (inclusion of a species into structure 

 and function of an ecosystem) 

SPECIATION 



anagenesis 
syngenesis cladogenesis 

SPECIATION 

Anagenesis - changes (morphologic, etologic, fyziologic) in 

species without cleavage into evolution lines 



CLADOGENESIS – cleavage of evolution lines 

Allopatric (geographic) = speciation with geographic isolation 

Sympatric (ecologic, competitive) = speciation within 

population without geographic isolation  

SPECIATION 

Animace – meachanismy speciace 

http://bcs.whfreeman.com/thelifewire/content/chp24

/2402001.html 

http://bcs.whfreeman.com/thelifewire/content/chp24/2402001.html
http://bcs.whfreeman.com/thelifewire/content/chp24/2402001.html


Parental species 1:  

Lake/Marsh Frog  

(Rana ridibunda) 

Parental species 2: Little 

Water Frog  

(Rana lessonae) 

Hybrid population – klepton 

Edible Frog(Rana kl. 

esculenta) 

Synklepton = participating parental populations 

Klepton can hybridize with parental generation    

SYNGENESIS = fusion of orignally separate ancestral lineages 

Other examples: origin of European bison, goats, ibex etc. – 

similar mechanism (transgenesis) 

SPECIATION 



 major evolutionary events on a geological timescale 

 evolution of higher taxa than species (family, order, class…) 

 theory of punctuated equilibrium: alternation of stasigenesis 

(milions of years) and evolutionary activity (10,000-100,000 years)  

 evolutionary novelty – apomorphy 

MACROEVOLUTION 

STASIGENESIS  

- temporary evolutionary constancy (no development) 

- evidence – living „fossils“ 

Coelacanth (Latimeria chalumnae) Tuatara (Sphenodon punctatus) 



MACROEVOLUTION 

Mass extinctions 

 climatic changes 

 „change of rules“ – new „starting line“ 

 free ecological niches - adaptive radiation 

dinosaurs - mammals 



MACROEVOLUTION 

 organism living in environment A has an organ with a function 1 

(for which it has been developed by selection), but it can also perform 

function 2 (usually not realized in the environment A)  

 In newly colonized environment B, function 2 is essential: 

organism can colonize environ. B, since it´s preadapted to it. 

THEORY OF PREADAPTATION 

Archaeopteryx lithographica 

Example:  

Feathers in ancestors of birds 

proved to be suitable 

preadaptation for flight 



 man alters biosphere 

 changes criteria for advantageous/disadvantageous pheno-
/genotypes (loss of forest and spread of grassland/desert 
habitats, introduction of new species, diseases) 

 new genotoxins (mutagenic substances) 

 genome manipulation (GMO) 

 man threatens biodiversity and further existence of life on 
Earth (explosive population growth, excessive consumption 
of non-renewable natural resources, destruction and 
pollution of environment, global warming, nuclear weapons) 

Man as a source of evolutionary changes 


