MINISTRY OF HEALTH OF UKRAINE

ODESSA NATIONAL MEDICAL UNIVERSITY

Faculty  Medical №1
Department of clinical immunology, genetics and medical biology

	
	APPROVED
a.s. vice-rector for ONMedU research and educational work

_________________________ Svitlana KOTUZHINSKA 

.




METHODICAL RECOMMENDATIONS

TO THE LECTURES ON EDUCATIONAL DISCIPLINE

Faculty:  medical,    course І
Educational discipline:  Medical biology
Approved:
by a methodic meeting of the Department of Clinical Immunology, Genetics and Medical Biology 
Odessa national medical university
Minutes №  1  “31” august 2022.
Head of the department,  professor.      

__________________Sergiy GONCHARUK

Developers: 

Phd of Medical Sciences, Associate Professor Alla SHEVELENKOVA, 

Phd of Medical Sciences, Associate Professor Marina CHESNOKOVA.

Lecture № 8. 
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VARIATION is a common property of all living systems.

Variation is an ability of organisms to change their features and properties. It is one of the most important adjustive properties which are influenced by environment.

Variation is an  event contrary to heredity and provides the variety of organisms.

It may concern PHENOTYPE and GENOTYPE and always manifests itself by phenotypic changes.

There are two types of variations – PHENOTYPIC  and  GENETIC VARIATION.











Phenotypic Variation or Modifications (M).

The acquisition of new characters and properties under the immediate influence of environmental factors is called PHENOTYPIC VARIATION.

It is usually observed in a group of organisms affected by similar environmental factors, not inherited and its scale depends on genetically determined limits of variation.

Characteristics: Modifications are:
-  group character – all individuals of one species respond to the influence of the environment;

- adaptive;

- reversible – if the factors influence ceases, M. disappear;

If hazardous environmental factors act for a long time during the period of development, the changes are irreversible ( for example, skeleton deformation due to rickets). A condition of environmental etiology that mimics a condition usually of genetic etiology is termed PHENOCOPY.

- Modifications are not inheritable and adequate to the action of surrounding.

- Modifications are characterized by the norm of reaction.

It is the genetically determined limits of the character varieties under the action of different external conditions.

The norm of reaction is congenital as it is determined by a genotype. Thus, any character depends on two factors: genotype and environment.







Sings with wide norm are not qualitative but quantitive. They depend on a great number of genes and are not inherited as Mendelian traits.

Modifications of a sign form a continuous row, gradually coming from minimum to maximum within the limits the norm of reaction. Such a pass forms a variation set.

Modifications are not of significant importance in evolution, as they do not pass to offspring. Though having an adaptive character they help the surviving of organisms and their leaving of a larger number of posterity.

GENETIC   VARIATION.

Genetic variation is a variation concerning the genotype.




Recombination  is a process which makes new combinations of genetic information.

The organisms which express characters of both the parents are known as  recombinants and the events responsible for mixing  maternal and paternal characters in sexually reproducing organisms are called recombinations.

New combinations appear by the following ways:

- independent assortment of chromosomes at the time of formation of gametes;

- random fertilization;

- reciprocal recombination of linked genes in chromosomes by crossing over in Prophase I of meiosis;

- the chance of marriage;       - multiple alleles.

By above methods only reshuffling of already existing characters takes place. However, it leads to re-distribution of different traits to different individuals of a population.

Different combinations bring diversity in genotype and phenotype of different organisms but sum total of characters in a population remains unchanged.

MUTATIONS.

Mutations are new sudden inheritable discontinuous variations which appear in the organisms due to permanent change in their genotypes.

The term “mutation” was coined by Hugo de Vries (1901).

De Vries also proposed mutation theory of evolution.

The typical properties of mutations:

- occur suddenly in single individuals. It is impossible to predict in what individual, when and what kind of mutation may appear;

- non adaptive as a rule / seldom have an adequate and, consequently, useful character. More often they decrease the organism viability/   and appear spontaneously.

- Usually mutations are irreversible and are inherited by the following generations;

- non adequate to the acting factor;

The same factor may cause different mutations and, vice versa, the same mutations are sometimes caused by different factors.

Biological significance of mutations is great. As they are inherited they are an elementary material of evolution.

Mutations add new variations in the populations and are the fountain head of evolution.

The product of mutations is called mutant.

Mutations  can occur in various kinds of cells, but  most of them probably have little effect on individual and are ordinarily remain undetected.

The mutations may occur in somatic cells as well as in germinal cells.








If a somatic mutation takes place during the embryonic development, an adult organism may have both the normal and mutant somatic cells.

Such an organism is termed MOSAIC (eyes of different color).

According to the phenotypic manifestation mutations are:

- dominant ( appear in mutants);

- recessive ( most of the mutations and are expressed);

- neutral;
- harmful;
- seldom useful.

Harmful mutations cause hereditary disorder or are lethal (result in the death of the organism).

Depending  on the impairment of genetic material mutations are subdivided into:

- genome ( numerical chromosomal aberrations);

- chromosomal ( structural chromosomal aberrations);

- gene (point).

GENOME MUTATIONS.

Variation in the normal diploid (2n) chromosome number is termed PLOIDY.



POLYPLOIDY.

It is phenomenon of having more than two sets of chromosomes (diploid number or 2n) or genomes.

Polyploidy occurs in nature due to the failure of chromosomes to separate at the time of anaphase either due to no disjunction or due to no formation of spindle. It can be artificially induced by application of colchicine.

Polyploidy can also be induced by fusion of cells with varying sets of chromosomes.

An organism having more than two genomes is called




Polyploids with odd number of genomes (3n, 5n)  are sexually sterile because the odd chromosomes do not form synapsis. They are, therefore, propagated vegetatively.

Polyploids also do not cross-breed freely with diploids.

They generally have a gigas effect at both morphological and biochemical levels due to increase in frequency of dominant alleles.

Polyploidy is of 3 types:

- autopolyploidy:  a numerical increase of the same genome.

- allopolyploidy: contain 2 or more different types of genomes

- autoallopolyploidy: the individual possess two types of genomes but one genomes is repeated for many times (AAAABB).

Polyploidy is beneficial in plants and a rare harmful state in animals. In humans triploidy (69 chromosomes) causes severe congenital defects and death.

ANEUPLOIDY-

when only one or two individual chromosomes are added (hyperploidy) or deleted (hypoploidy).

This generally occurs due to the non disjunction of the chromosomes during anaphase of the cell division.

Hyperploidy or polysomy:

- trisomic – 2n+1. In such cases one of the chromosomes is in triplicate;

- tetrasomic – 2n+2;

- pentasomic – 2n +3.




In humans it is lethal, except the Turner‘s syndrome (45,X0).

Haploidy is the state of having the haploid (n) set of chromosomes. In the majority of animals haploidy is lethal.

Various types of syndromes in human being.

	Down‘s syndrome
	Trisomy of 21st pair

	Edward‘s syndrome
	Trisomy of 18st pair

	Patau‘s syndrome
	Trisomy of 13st pair

	Klinefelter‘s  “-”
	One X chrom. is extra in ♂ (47+XXY)

	Turner‘s  “-”
	One X chrom. is lost in ♀ (45+XO)

	Superfemale
	One X chrom. extra in ♀ (47+XXX)

	Supermale
	Y chromosome is extra (47+XYY).


Chromosomal aberrations (structural chromosomal mutations) are characterized by the change of chromosome' s structure.

According to the type of damages aberrations are divided into:

1. DEFICIENCY. It is the loss of a terminal segment of a chromosome:  A-B-C–D-E- → A-B-C-D-→ E

2. DELETION. It is the lost of an intercalary segment of a

chromosome: A-B-C-D-E- → A-B-D-E- → C

3. DUPLICATION. A section of a chromosome duplicates.

A-B-C-D-E- → A-B-C-C-D-D-E-

4. INVERSION. A portion of a chromosome breaks off, turns around and joins again in such a way that sequence of genes gets reversed.


A-B-C-D-E-  → A-B-E-D-C-

5. TRANSLOCATION. A section of a chromosome breaks

up and joins to another non-homologous chromosome.

Reciprocal translocation – an exchange of parts between

two non-homologous chromosomes.

A-B-C-D-E-R-                              F-G-H-D-E-R-

F-G-H-N-M-K-                             A-B-C-N-M-K-

Simple translocation – a segment of one chromosome breaks and is transferred to another non-homologous chromosome. As a result one chromosome represents deletion, while other has an additional segment.

A-B-C-D-E-F-G-H-    deletion        A-B-F-G-H-

K-L-M-/-N-O-P-                          K-L-M-C-D-E-N-O-P-

simple translocation

Chromosomal aberrations result in chromosomal disorders:

- 21 to 15 translocation causes translocation type of the Down‘s syndrome;

- “Cat cry syndrome” – deletion of the short arm of the 5th chromosome ( 46,XX or XY del.5p).

GENE  OR  POINT  MUTATIONS –

are characterized by changes of the nucleotides normal sequence of gene (DNA) structure;

errors during the replication of genes.

Types of gene mutations:




II. FRAMESHIFT MUTATIONS - a nucleotide is either deleted or added to DNA (gene):

- INSERTIONS – one or more additional bases (nucleotides) are inserted (incorporated) into the DNA molecule, so that the frame of genetic information becomes changes.

- DELETIONS – one or more bases (nucleotides) are lost from the DNA molecule.

Due to these mutations, entire frame of the genetic information (of gene) becomes out of order (since genetic codes are comma-less). These are very harmful mutations as the expression of gene gets completely changes.

Such changes of DNA cause the synthesis of abnormal proteins and is followed by metabolism errors.

Gene mutations result in single gene disorders like hemophilia,  sickle cell anemia, phenylketonuria, etc.

The process of genetic material change is called
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Genetic variation





Recombination





Mutations





Genome mutations.





Chromosomal aberrations.





Gene mutations (or point).





The correlation of a genotype and environmental influence in manifestation of the characters may vary.





A narrow norm of reaction





A zero norm of reaction





A wide norm of reaction





Body weight, number of R.B.C. and leukocytes.





Height, size of brain and heart





Blood groups of ABO system





There are two types of genetic variation:





Recombination





Mutations





Mutations





Somatic: 


- not inherited during


the sexual reproduction;





Germinal:





- inheritable;


- are of great significance in heredity;


- only form the raw material for the natural selection.








Causes formation of tumors;





May cause changes of cell antigens which leads to autoimmune aggression .





There are 3 types:





Polyploidy (euploidy)





Aneuploidy (heteroploidy)





Haploidy (monoploidy)





POLYPLOID:





Triploid


3n





Tetraploid


4n 





Pentaploid


5n





hexaploid and so on.


6n         7n, 8n





Hypoploidy:





Monosomic – 2n-1;





Nullisomic – 2n-2.





I. Substitutions – one or more base pairs are substituted (replaced) by others.





Transitions:


one purine is replaced by another purine or one pyrimidine is replaced by another pyrimidine.





Transversions:


a purine is replaced by a


pyrimidine or vice versa.








MUTAGENESIS.





Spontaneous








Occur due to natural reasons as a result of replication and repair errors.





Induced








induced artificially by mutagenic agents.





MUTAGENIC AGENTS:





PHYSICAL





CHEMICAL





BIOLOGICAL





Ionizing radiation





Some pharmaceuticals





Viruses





Industrial chemicals





UV light





High temperature





Gasoline products








