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PRACTICE № 1
Topic: Optical systems in biological investigations. 

Task:
 
1. Label the basic design parts of a microscope on the diagram.
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Fig. 1 Microscope structure

I. Mechanical system:

1 –

2 –

3 –

4 –

5 –

6 –

7 –

II. Optical system:

8 –

9 –

III. Lighting system:

10 –

11 –

Hair decussation. Principles of provisional specimen preparation
Object-careers and cover glasses are using for the temporary specimen preparation. Carefully dry them by the napkin. By the scissors cut off a part of the hair by the length of 3cm; cut it in half and put into the object-career. From a pipette put into the hair a droplet of water and cover the object by the cover glass.
The bubbles haven’t been present in the specimen! To examine the specimen with the  microscope (7x8, 7x40) and to sketch into the sketchbook.
Onionskin cells.
Peel from the onion internal side a skin by the pincers. Cut off a 3-4mm of the onionskin by the scissors and prepare a provisional specimen. Examine a specimen with a microscope (7 x 8, 7 x 40). During microscopic examination you observe rectangular long cells. The main components of the cell are nucleus, cytoplasm and cell membrane. The plant cell is surrounded by a cell wall just outside the cell membrane. There is a round nucleus with some nucleoli in the central of the cell. Sketch. 
PRACTICE №2

Topic: 
Cell morphology. 
Task: 
1. To consider under the microscope and draw into the album the microslides (indicate magnification); 
2. Sketch and draw the electronogramme of a cell. Mark the nucleus and organelles.
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Fig.2 Cell of Bacteria
1 ( pili; 2 ( plasmids; 3 – ribosomes; 4 ( cytoplasm 
5 (plasmatic membrane;  6 ( cell wall; 7 – capsule; 8 ( nucleoid; 9 ( flagellate.
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Fig. 3 Animal Cell
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Fig. 4 Plant Cell
Table 1

Structure and functions of organelles
	Organelles
	Structure
	Function

	Ribosomes
	
	

	Rough endoplasmic reticulum (RER)
	
	

	Smooth endoplasmic reticulum (SER)
	
	

	Golgi apparatus
	
	

	Lysosomes
	
	

	Peroxisomes(microbodies)
	
	

	Mitochondrion
	
	

	Centrosome
(cell center)
	
	

	Vacuole
	
	


 Table 2

Сompare Prokaryotic and Eukaryotic Cell
	Organelles
	Prokaryotes
	Eukaryotes


	Plasma membrane
	
	

	Nucleus envelope
	
	

	Chromosomes
	
	

	Ribosomes
	
	

	Rough endoplasmic reticulum (RER)
	
	

	Smooth endoplasmic reticulum (SER)
	
	

	Golgi apparatus
	
	

	Lysosomes
	
	

	Peroxisomes(microbodies)
	
	

	Mitochondrion
	
	

	Centrosome
(cell center)
	
	

	Vacuole
	
	


 
PRACTICE № 3
Topic:
Cell membranes. Transport across the cell surface membrane (plasma lemma)

Task: 
1. To consider fluid mosaic model of plasma membrane. 
To mark phospholipids (hydrophilic "heads" and hydrophobic "tails"), integral and peripheral proteins, glycoproteins. 

2. To consider and label schemes of transport substances across plasma membrane:

1. Passive transport:


    а) simple diffusion;


    b) facilitated diffusion;


    c) osmosis

2. Active transport
3. To consider and label the scheme of ion transport by the Na+, K+ -ATPase. 
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Fig. 5 fluid mosaic model of plasma membrane
I. Passive transport:




a
b
c

а) simple diffusion;

b) facilitated diffusion;

c) osmosis
II. Active transport (sodium-potassium pump):
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PRACTICE № 4

Topic:
Structural components of the nucleus. Morpho-functional characteristics of chromosomes. Human karyotype and ideogram 
Task:


1. Draw the morphological structure of the chromosome. Mark the centromere, chromatids, secondary constriction and satellite. 

2. Draw types of metaphase chromosomes. 

3. Draw levels of chromosome packing.
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Fig. 6 Structure of the metaphase chromosome

1 - centromere section of the chromosome; 2 - telomeric region; 3 - subsidiary chromatids; 4 - heterochromatin; 5 - euchromatin; 6 - small shoulder; 7 - big shoulder
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Fig. 7 Types of metaphase chromosomes:
a) metacentric; b) submetacentric; c) acrocentric; d) body-centered; e) centric with secondary constriction; f) satellite

        ---      DNA

        ---      Histons

        ---     Nucleosome

         ---      Coils

         ---       Supercoils

         ---     Chromosome

Fig 8. Levels of chromosome packing

PRACTICE № 5 
Topic:
Characteristic of nucleic acids. The organization of the information flow in cell  

Task:


1. Draw the scheme of the structure of DNA molecule (a, b) 

to point the turn of the helix, the diameter of the helix and 
complementary base pairs.

2. Complete the table “Differences in molecular structure between 

DNA and RNA”.
3. Solve the problems from molecular biology.
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Fig. 9  Antiparallel (a), plectonemically coiled (b, c, d) DNA strands.
The arrows in a are pointed 3’ to 5’, but they illustrate the antiparallel nature of the duplex. The two strands of the duplex are antiparallel and plectonemically coiled. The nucleotides arrayed in a 5' to 3' orientation on one strand align with complementary nucleotides in the the 3' to 5' orientation of the opposite strand.

Table 3
 Differences in molecular structure between DNA and RNA

	Type of nucleic acid
	DNA
	RNA:

	
	
	mRNA
	tRNA
	rRNA

	Sugar 
	
	
	
	

	Nitrogen bases 

	
	
	
	

	Molecular

structure 
	
	
	
	

	Place of localization in cell 
	
	
	
	

	Biological 

role
	
	
	
	


PRACTICE № 6
Topic: Cell and organism levels of reproduction. Life cycle of a cell. Mitosis.

Task:
 
1. Draw into the album the scheme of mitosis for the cell with 2n = 2 chromosomes (interphase, prophase, metaphase, anaphase, telophase).

Note the changes of the quantity of chromosomes and DNA during each stage.

2. Consider the scheme of Cell cycle. Give characteristic to periods.

3. Complete the table 
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Fig. 10 Scheme of mitosis
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Fig. 11 Life circle of the cell
Table 4
Characteristic of period of cell life circle
	Period
	Characteristic

	Interphase
	

	G0
	

	G1
	

	S
	

	G2
	

	Mitosis
	

	Prophase
	

	Metaphase
	

	Anaphase
	

	Telophase

cytokinesis
	


PRACTICE №7

Topic:
Reproduction – the basic property of living matter. Meiosis. 
Task:

1. Scheme of the Ist reduction division for the cell 2n = 4 chromosomes. 
Prophase I: leptonema, zygonema, pachynema, diplonema, diakinesis. Metaphase I, Anaphase I, Telophase I

2. Note the changes of chromosomes and DNA quantity.
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Fig. 12 Meiosis
PRACTICE №8
Topic:
Reproduction – the basic property of living matter. Gametogenesis 
Task:
      Consider the tables and draw into the album: schemes of ovogenesis and spermatogenesis. Label zones, names of cells and quantity of the chromosomes and DNA in the each cell.







Fig. 13 Schemes of ovogenesis and spermatogenesis
	Spermatogenesis
	Ovogenesis 

	Zone of
	multiplication

	Zone of
	growth

	Zone of
	maturation

	Zone of
	formation


PRACTICE № 9 
Topic: Gene structure of prokaryotes and eukaryotes. Structural and regulatory genes, genes of  t-RNA, r-RNA. Organization of information flow in the cell. Regulation of gene expression. Molecular mechanisms of human variation.
Task: 
1. Learn the structure of genes of prokaryotes and eukaryotes, be able to explain elements of operon. 
2. Learn the conformities how the DNA bases sequence encodes information to RNA and to protein in the cell, molecular mechanisms of variation in eukaryotic organisms; be able to solve the tests modeling protein synthesis stages. 
3. Learn a scheme of operon model and sketch it.
Study the scheme of gene expression in eukaryotic cells and mark the main stages and enzymes.
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Fig 14 Operon model
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Fig. 15 Gene expression in eukaryotic cells
Solve the tasks that modeling protein stages synthesis.
For the solution of these tasks it is necessary to know:
1) One nucleotide mass is 345 Da
2) One nucleotide length is 0,34 nm
3) One amino acid mass is 100 Da 
Task 1. Write the mRNA complementary of DNA transcripted from the following parental base sequences: ACG – TTA – GCG – TAG – GCT.
Task 2. Write the sequence of the amino acids in the polypeptide strand from the following parental DNA bases sequences: AAA – GAT – CAC – ATA – TTT – CTG.
Task 3. Insulin fragment consists of 5 amino acids: glicin – isoleucin – valin – glutamin - glutamin. What is the structure of corresponding DNA fragment?
Task 4. mRNA strand fragment consists of the following codones:GUG – UGG – UUC – CGG – UUU – AUA. What amino acids forms polypeptide strand doest RNA recognize?
Task 5. Chemical analysis of pry-mRNA structure determines that 26 % (520 nucleotides) from the general amount of them are uracylic, 18 % – guanylic, 32 % –adenylic. Define:
1) What is a nucleotide sequences of appropriate part of double strand DNA molecule?
2) What is the length of this fragment in DNA molecule?
3) What is the mass of this fragment in DNA molecule?
4) What is the mass of corresponding fragment in mRNA molecule?
5) How many amino acids will be present in the polypeptide strand if 50 nucleotides in pry-mRNA are introns?
PRACTICE № 10
Topic: Pecularities of Human genetics. Basic of patterns of inheritance (Monogybrid, Dihybrid and polyhybrid cross). 

Task: Learn the main terms of genetic, Mendel’s Laws of inheritance; be able to determine the genotype and phenotype of children by parents’ genotype and to determine parent’s genotypes bychildrens’ phenotypes. To be able to define the types of gene interactions for the further usage of those skills during genetic counselling. 
                  Peculiarities of human genetics. Basic patterns of inheritance (monohybrid, dihybrid and polyhybrid cross)
For the genetic analysis of the certain traits at sexual reproduction the crossing of two individuals is necessary. Mendel has suggested to designate hereditary inclinations (genes) by letters of the latin alphabet. One of two or more alternate forms of a gene is accepted to name as allelemorphic (from Greek. allelon — «with each other», morph — the form) or allelic. Allelic genes are located in same locus of homologous chromosomes. Each gene can have two conditions — dominant and recessive. A prevalence of attribute of one of parents in the offspring of the first generation, Mendel has named dominance (from an armour. dominans — to prevail). The attribute that suppressed in hybrids has received the name (from an armour. recessus — deviation) recessive. The dominant gene can be designated the capital letter of the latin alphabet (А), and recessive — by small letter (а). The organisms having identical alleles of one gene, for example, both dominant (АА) or both recessive (аа) refer to homozygotes. The organisms having different alleles of one gene (Аа) refer to heterozygotes.

The general of solving the situational tasks. 
1) By Latin letters sign allelic genes, which reply to alternative signs.
2) The parent generation is called as “P”.
3) Female genotype is written firstly and has the symbol ♀ (the mirror of Venus, the goddess of beauty, the male genotype the symbol ♂ is used (the shield and the spear of Mars – god of war). 

4) The interbreeding is marked by the sign of multiplication (x).
5) Gametes, which are formed by parents, are writed in the second line and designated by the letter «G».

6) The offspring is called as letter F (Lat. filii) with numeral index, which belongs to number of the generation (F1 - children, F2 – grandchildren, etc.)
 For example:
Р: ♀ AA x ♂ aa
G: (A),(a)  

F1:Aa
Table 5
 Statistical conformities of making gametes by hybrides and their phenotypic and genotypic ratios in generations in different types of cross.
	Parametres
	The cross types

	
	Monohybrid
	Dihybrid
	Polyhybrid

	The amount of gametes types, formingbyhybride.
	2
	22
	2n

	The amount of combinations of gametes in forming F2
	4
	42
	4n

	The ratio according of phenotype F2.
	3:1
	(3:1)2
	(3:1)n

	The ratio according of genotype F2.
	1:2:1
	(1:2:1)2
	(1:2:1)n


The essence of the first law of Mendel can be formulated as follows: in a cross between homozygous-dominant and homozygous-recessive individuals, all hybrids of the first generation will resemble its dominant parent in their phenotype.

Mendel's first law receive name the low of uniformity of hybrids of 1-st generation or the law of dominating (concept of dominance).

On the basis of studying of hybrids of 2-nd generation the second law has been formulated by G. Mendel: in crossing of two heterozygous individuals (i.e. hybrids) analyzed on one alternative pair of traits, the phenotype ratio 3 : 1 and the genotype ratio 1 : 2 : 1 are expected.

Р: ♀ Аа х ♂ Аа 

G: (A) (a), (A) (a) 

F1: АА, Аа, Аа, аа

Segregation on a phenotype — 1:2:1. 

Segregation on a genotype — 3:1.

This law has been named the law of segregation or principle of segregation. For an explanation of results of the 2-nd Mendel's law, W. Batson (1902) suggested a thesis of «GAMETES PURITY»:

1. genes in gametes of hybrids are discrete (pure);

2. only one gene from the allele pair gets in a gamete due to a divergence of homologous chromosomes in the meiosis.

The reason of not mixing of genes in heterozygote state is their situation in different chromosomes. In result of meiosis chromosomes with genes get in different gametes. This phenomenon is shown with help of cytologic bases of monohybrid crossing.

To analyze a genotype of individual with a dominant phenotype carry out so-called test crossing. It is because of the individual with dominant phenotype may be either homozygous or heterozygous. In testcross, analyzing individual is crossed with homozygous recessive one. If all offspring appears homogeneous, an analyzed individual is homozygote on dominant allele; if there was segregation 1:1 — it is heterozygote.

For dihybrid crossings by G. Mendel was taken the homozygous organisms differing on two pairs of traits. Hybrids of the first generation were uniform to both dominant characteristics. At the analysis of inheritance of traits in the second generation (F2) the independent (free) combination of pairs attributes was observed. This conclusion has received the name of the third law of Mendel or the principle of independent assortment.

This principle states that alleles at different loci separate independently of one another. The principle of independent assortment is an extension of the principle of segregation. The principle of segregation states that the two alleles of a locus separate when gametes are formed; the principle of independent assortment states that, when these two alleles separate, their separation is independent of the separation of alleles at other loci.

The scheme of crossing

	Gene
	characteristics
	Genotype
	P: ♀ AaBb x ♂ AaBb G: (AB) (Ab) (AB) (Ab)

(aB) (ab) (aB) (ab)

F1: segregation on phenotypic radical is: 9А-B-; 3А-bb; 3ааВ-; 1ааbb

	A
	yellow
	АА, Аа
	

	a
	green
	аа
	

	B
	round
	BB, Bb
	

	b
	wrinkled
	bb
	


The general formula of dihybrid crossings — (3:1)2; for polyhybrid crossing — (3:1)n.

The phenotypic radical is the part of genotype of an organism which determines its phenotype.

Solution of genetic tasks 

Task on monohybrid crossing

At human, a gene causing one forms of hereditary surdomutism is recessive to a gene of normal hearing. What progeny is possible from a marriage of heterozygotic individuals?

	Trait
	Gene
	Genotype
	Solution:

	Norm
	А
	АА, Аа
	P: ♀ Aa x ♂ Aa 

F1: AA, 2Aa, aa

Answer: 75% — norm hearing, 25% — surdomutism.

	Surdomutism
	а
	аа
	

	P:♀Aax♂Aa F1 — ?
	


Ability to manage the right hand at human dominates above the ability to manage the left hand. In a marriage of two right-handed persons the left-handed child was born. What genotypes of parents?
	Trait
	Gene
	Genotype
	Solution:

P: ♀ Aa x ♂ Aa

 F1: AA, 2Aa, aa

Answer: genotype of parents — Аа.

	Right-hander
	А
	АА, Аа
	

	Left-hander
	а
	аа
	

	P: ♀A_x♂A_ F1 — аа

Р — ?
	


Task on dihybrid crossing

At human, short-sightedness dominates over normal sight, and brown color of eyes dominates above blue color. The single child of short-sighted brown-eyed parents has blue eyes and normal sight. Give genotypes of all members of family.
	Trait
	Gene
	Genotype
	Р: ♀ АаВв х ♂ АаВв

F: 9А-В- : 3А-вв : 3ааВ- : 1аавв

	Short-sightedness Norm

Brown eyes Blue eyes
	Аа Вв
	А

аа В-

вв
	


	Gene
	AB
	Ab
	aB
	ab

	AB
	AABB
	AABb
	AaBB
	AaBb

	Ab
	AABb
	AAbb
	AaBb
	Aabb

	aB
	AaBB
	AaBb
	aaBB
	aaBb

	ab
	AaBb
	Aabb
	aaBb
	aabb


As well as any laws of the nature, Mendel's laws may work only in certain conditions which are:

1. Equal probability of all kinds of gamete formation by all hybrids.

2. Equal probability of all possible combinations of gametes while fertilisation.
3. Equal viability of zygotes of any genotypes.

4. Full trait expression independently from development conditions of an organism.

5. Genes location in different chromosomes in dihybrid and polyhybrid crosses.

6. Equal probability of all kinds of gamete formation on the basis of independent assortment of non homologuos chromosomes in meiosis while di- and polyhybrid cross.

PRACTICE № 11

Topic: Multiplw alleles. Genetics of bood groups. 
Task:  to interpret the regularities of interaction of multiple alleles; learn the inheritance of AB0 blood type and the rhesus (Rh) blood factor; to solve the tests modeling inheritance of human AB0-blood groups and Rh-blood groups.
Multiple alleles. Genetics of blood groups.
The surface of the RBCs contains a genetically determined assortment of antigens composed of glycoproteins and glycolipids. Blood is characterised into different blood groups, based on the presence or absence of these antigens or agglutinogens. There are more than 24 blood groups and over 100 antigens, but the ABO and the Rh are the most immunogenic ones, so we will discuss only these two.

The ABO blood group is characterised by two glycolipid antigens, called A and B – depending on whether the RBCs have none, only one or both antigens, blood groups are distinguished as type O, type A, type B, or type AB. Blood plasma contains antibodies or agglutinins that react with non-self antigens (see Table 6). These antibodies are formed soon after birth, in response to bacteria that normally inhabit the gastrointestinal tract, and carry the same antigens. Under normal circumstances, lymphocytes recognize only those antigens that are not present in the child‟s body. Because the resulting antibodies are large IgM-type molecules that cannot cross the placenta, incompatibility between mother and foetus is not a common problem.
AB0 blood types. Graph the table of groups of blood allele combination according to the AB0 system.
Table 6
	Groups of blood
	Genotypes
	Antigens of erythrocytes 
	Antibodies of blood plasma

	I (0)
	ioio
	none
	,

	II (A)
	IAIA,IAio
	A
	

	III (B)
	IBIB,IBio
	B
	

	IV (AB)
	IAIB
	A,B
	none


 
The possible variants of children’s blood groups. Graph the table of possible variants of children’s blood groups.
Table 7
	Variants
	Parents’ groups of blood
	Child

	
	
	can have parents’ group of blood
	can’t have parents’ group of blood

	1
	I  I
	I
	II, III, IV

	2
	I  II
	I, II
	III, IV

	3
	II  II
	I, II
	III, IV

	4
	III  III
	I, III
	II, IV

	5
	III  I
	I, III
	II, IV

	6
	II  III
	I, II, III, IV
	-

	7
	I  IV
	II, III
	I, IV

	8
	II  IV
	II, III, IV
	I

	9
	III  IV
	II, III, IV
	I

	10
	IV  IV
	II, III, IV
	I


The Rh blood group is named after the presence of the Rh factor or D antigen on the surface of RBCs. People having the D antigen are called Rh+ (Rh positive), while those lacking Rh antigens are regarded as Rh- (or Rh negative). Normally, blood plasma does not contain anti-D antibody, however, in case an Rh- person receives Rh+ blood, immunisation occurs and anti-D antibodies are produced. If a second transfusion of Rh+ blood takes place, the already formed anti-D antibodies lead to the agglutination of the donor Rh+ RBCs. This is especially critical in case of Rh incompatibility between Rh- mothers and their Rh+ fetuses causing the haemolytic disease of the newborn, HDN. During the first pregnancy, fetal RBCs are normally isolated from the mother‟s circulation. During birth, however, maternal and fetal blood can mix which leads to the immunisation of the Rh- mother and thus, to the formation of anti-D antibodies. This normally does not cause any harm to the first Rh+ foetus, but can lead to severe problems in case of the following Rh+ fetuses. As anti-D antibodies can cross the placenta, they lead to the agglutination and haemolysis of the Rh+ fetal RBCs, leading to jaundice, hypoxia and developmental problems. Fortunately, Rh incompatibility reactions can be prevented nowadays by the passive immunisation of Rh- mothers in case of giving birth, miscarriage or abortion. During this process, Rh- mothers are injected with pre-made anti-D antibodies, which bind to the fetal RBCs. The binding prevents the mother‟s immune system to recognise the antigen, and to form antibodies against it.

Task1.  Mother has IV group of blood, father has III. Which groups of blood are impossible for their children?

Р: ♀ ІАІB  x ♂ ІBІB
G: ІA, ІB


ІB
F1:
ІАІB, ІBІB
	Gametes
	ІB

	ІA
	ІАІB
IV (50%)

	ІB
	ІBІB
IІІ (50%)


or:

Р: ♀ ІАІB  x ♂ ІBІ0
G: ІA, ІB


ІB, І0
F1:
ІАІB,  ІBІB,  ІAІ0,  ІВІ0
	Gametes
	ІB
	І0

	ІA
	ІАІB
IV (25%)
	ІAІ0
ІІ (25%)

	ІB
	ІBІB
IІІ (25%)
	ІВІ0
ІІІ (25%)


Task2. 
Р: ♀ І0І0Rh+Rh- x ♂ ІАІВRh-Rh-    
G: І0Rh+  , І0Rh-.


ІАRh-  , ІВRh-;
F1:  ІАІ0Rh+Rh-, ІАІ0 Rh-Rh-,    ІВІ0 Rh+Rh-,   ІВІ0Rh-Rh- 
	Gametes
	ІАRh-  
	ІВRh-

	І0Rh+  
	ІАІ0Rh+Rh-
ІІ, Rh positive (25%)
	ІВІ0 Rh+Rh-   
ІІІ, Rh positive (25%)

	І0Rh-
	ІАІ0 Rh-Rh-   
ІІ, Rh negative (25%)
	ІВІ0Rh-Rh- 
ІІІ, Rh negative (25%)


Task 3. Mother has I group of blood, father has IV. Can children inherit blood group of one of their parents?
Task 4. Parents have I and III groups of blood. Which groups of blood may their children get?
Task 5. Mother has I group of blood, father has III. Can their children inherit their mother’s group of blood?
Task 6. Mother with II group of blood has a child with I group of blood. Which are the father’s possible groups of blood?
Task 7. Mother has I group of blood, her child has II. Is it possible for the father to have III group of blood? Which are the father’s possible groups of blood?
Task 8. Is it possible to except parentship if the mother and child have II group of blood rhesus-positive, and the supposed parents have I and IV groups of blood, both rhesus-negative? 
Task 9. Rhesus-positive woman with II blood group, whose father has rhesus-negative I blood group married with rhesus-negative I blood group man. What is the possibility of the father’s both traits to be inherited by their child?
PRACTICE № 12

Topic:  Chromosome Theory of linkage. Sex-linked inheritance. Genetics of sex.
Task: 
1. To argument the cytogenetic essence of crossing over and to solve the exercises, to make a prognosis of future health of the child. 
2. Learn the determination and sex differentiation in human being; to be able to make a prognosis the probability of sex-linked inheritance for children by parents’ phenotype and genotype. 
Professional orientation of students: Some genes that controll important human traits such as hemophilia and color blindness are located on the same chromosome. These genes are inherited together. Gene maps show the positions of genes in chromosomes. Some human disorders are sex-linked. There are hemophilia, color blindness, hypertrichosis, ichthyosis, enamel hypoplasia. A doctor must know the inheritance of these traits for the next genetic counselling.

Work 1. Sex-determination in human.
P:                ♀ 44 + (X     x   ♂  44 +  XY
Gametes:      22+X                22+X, 22+Y
F1: 44+XX; 44+XY
Work 2. The rules of solving the tasks about sex-linked inheritance.
1)  By Latin letters sign allelic genes, which occur on sex chromosomes with the X or Y. For example, XA, Xa, YA.
2)  The first generation (offspring phenotypes) is analyzed in female persons and male ones separate.
 Work 3. The tasks that modeling linked inheritance
Task 1. In human Hemophilia is a sex-linked recessive disorder (h—allele of the hemophilia, H—allele of the normal blood clotting).
1)  Which types of gametes does normal heterozygous woman produce?
2)  Which types of gametes does normal homozygous woman produce?
3)  Which types of gametes does man with normal blood clotting produce?
4)  Which types of gametes does man with hemophilia produce?
Task 2. In human color-blindness is a sex-linked recessive disorder (d— allele of the color-blindness, D—allele of the normal sightedness).
1)  A color-blind woman marries a normal-sighted man. What are the chances that their children will be color-blinded? What are the chances that their children will be normal-signted?
2)  Normal-sighted couple have a color-blinded child. Determine the parent’s genotypes.
3)  A normal-sighted woman with a normal-sighted mother and a color-blind father marries a normal-sighted man. What are the chances that their child will be color-blind?
Task 3. In human Hemophilia is a sex-linked recessive disorder (h— allele of the hemophilia, H—allele of the normal blood clotting). Healthy heterozygous woman marries a healthy man. What is the probability that their child will have hemophilia?
Task 11. Hairy pinnae is inherited as Y-linked trait. Father has this disorder. What is the probability that his child will have this disorder?
PRACTICE № 13

Topic: 
Forms and manifestations of variation. Chromosomal theory of heredity. Linkage of genes. Crossing- over.

Task: 
1. Consider mechanism of gene linkage inheritance, role of crossing- over in this process. 
2. Consider the rules for building genetic maps of chromosomes.
Chromosomes as groups of linked genes.
 Complete and incomplete linkage
From principles of the genetic analysis follows that the independent combination of attributes can be carried out only on condition that the genes determining these attributes are in different pairs of chromosomes. Hence, at each organism, the number of pairs of attributes on which independent inheritance is observed is limited to number of pairs of chromosomes. On the other hand, the number of attributes and the properties of an organism controllable by genes is obvious, that, is extremely great, and the number of pairs chromosomes at each kind is not enough and constantly. It is necessary to admit, that in each chromosome there is not one gene but a lot of it. If it so, it is necessary to recognize, that Mendel's third rule concerns only distribution of chromosomes, instead of genes, i. e. its action is limited. The analysis of display of the third rule has shown that in some cases new combinations of genes at hybrids absolutely were absent, i. e. full linkage between genes of initial forms was observed and phenotype segregation 1:1 was observed. In other cases the combination of attributes was marked with smaller frequency than it is expected at independent inheritance.

T. Morgan, having studied all deviations, has suggested naming the joint inheritance of genes limiting their free combination, linkage of genes or the linked inheritance.

T.Morgan's researches and its school have shown, that in homologous pair of chromosomes on a regular basis there is an exchange of genes. Process of gene exchange between homologous chromosomes was named the chiasm of chromosomes or crossing over. Crossing over is observed in meiosis and it provides new combinations of the genes which are situated in homologous chromosomes. The phenomena of crossing over and linkage of genes are typic for animals, plants, and microorganisms. Exceptions represent the males of drosophila and females of silkworm. Crossing over provides recombination of genes and considerably increases a role of combinative diversity in evolution. Crossing over is determined on the basis of occurrence of organisms with a new combination of attributes. The phenomenon of crossing over was open by T. Morgan on drosophila.

Record of a genotype diheterozygote at independent inheritance:

AaBb

Record of a genotype diheterozygote at the linked inheritance:

АВ
ав

Gametes that contain only original combinations of alleles present in the parents are nonrecombinant gametes, or parental gametes. Gametes with new combinations of alleles are called recombinant gametes. With independent assortment, nonrecombinant and recombinant gametes are produced in equal proportions.

АВ
ав

АВ ав
Ав аВ
Nonrecombinant gametes
Recombinant gametes

Progeny that display the original combinations of traits present in the P generation are nonrecombinant progeny, or parental progeny. The progeny with new combinations of traits formed from recombinant gametes are termed recombinant progeny.

The distance calculation between genes is possible with the next equation:

     X= a + b x100%
n
· X — distance between genes, in % of recombination.

· a — quantity of individuals of 1-st recombinant group.

· b — quantity of individuals of 2-nd recombinant group.

· n — total amount of hybrids in experiment.

· 100% — percentage scaling factor.

On the basis of the linked inheritance T. Morgan formulated the thesis which was included in genetics under the name of a Morgan rule:

1. The genes located in one chromosome are inherited as linked.

2. Linkage intensity are depend on distance between genes.

3. The linked genes are located in the linear order and frequency of recombination between genes is in direct proportion to distance between them.

Morgan has suggested to designate the distance between genes in percentage of crossing over between them. Distances on genetic maps are measured in map units (abbreviated m.u.); one map unit is equal to 1% of recombination. Map units are called also centimorgans (cM), in honor of T. Morgan; one morgan is equal to 100 m.u.
On frequency of crossing over between two genes it is possible to calculate the relative distance between them. So, if between genes A and B crossing over is 3%, and between genes B and C — 8 %, the crossing over between A and C should occur with frequency either 3+8=11%, or 8-3=5%, depending on order of gene localization in a chromosome.

3 %
8 %
3 %
5 %

A ─ ─ ─ B ─ ─ ─ ─ ─ ─ ─ ─ C
B ─ ─ ─ A ─ ─ ─ ─ ─ ─ ─ ─ C 11 %

8 %

The linked genes are located in the linear order and frequency of crossing over between them is directly proportional to distance between them. However, this thesis is characteristic only for genes close laying to each other. In a case concerning the distant genes some deviation from such dependence is observed.

The genes which are located in one chromosome and inherited as linked make group of linkage, which number at each species equally to haploid set of chromosomes.

Genetic maps of chromosomes is an order of an arrangement of genes in a chromosome on relative distance of them from each other. Distance between the linked genes is calculated on frequency crossing over between them. Genetic maps of all chromosomes are made for the organisms which are most genetically investigated: drosophila, hen, mice, corn, tomato, neurospore, and etc. For the human the genetic maps of all of 23 chromosomes also are made.

The cytologic map is a map of a chromosome on which the arrangement and distance between genes (in base pairs) in the chromosome is determined. Construction of them is conducted on the basis of chromosomal reorganizations, politene chromosomes, differential staining, and radioactive labels.

For today genetic to cytologic maps are constructed and compared at drosophila. The reality of this comparison proves a principle about linear arrangement of genes in chromosomes.
 
Bases of the chromosomal theory of inheritance

1. Genes are in chromosomes. Each chromosome represents group of the linked genes. Number of linkage groups in each species is equal to a number of chromosome pairs.

2. Each gene occupied the certain locus in a chromosome. Genes in chromosomes are in linear arrangement.

3. There is allele exchange between homologous chromosomes.

4. The distance between genes in a chromosome is proportional to frequency of recombination between them.
 
Linkage groups of genes in human

Studying of the linked inheritance in human is complicated. It is carried out with use of a method of hybridization of somatic cells and DNA (cell genetics).

It is possible to separate somatic cells outside of an organism and combine them as with cells of the same organism as with another. Nucleus of cells are fused, the hereditary material is united, the part of chromosomes drops out, so the genes of the representing groups of linkage drop out together. So, can be determined groups of linked genes. Cell hybrids of human and mouse, human and mosquito are received.

The genes located in autosomes represent group of linked genes. Such linked genes refer to autosomal.

1. Examples of the linked inheritance in human:

2. In the first autosome — loci of blood group АВ0 and syndromes of nails defect and patella defect.

3. In the second autosome — loci of a Rh factor and the oval shape of erythrocyte.

4. Genes of polydactily and cataract.

5. In the Х-chromosome — genes of hemophilia A and B, daltonism, and Emery muscular dystrophy.

6. Inheritance of subloci A, B, C, D / D R of HLA system that control antigene synthesis.

Work 1. The genotype of dyheterozygotes of the inherited linkage.
Write genotype as: 

АВ
ав
You must write the alleles of one gene (Aa and Bb) exactly one under another. Two parallel lines symbolize a pair of homologous chromosomes. The combination of genes above and under them mean groups of linkage inherited from mother (upper) and from father (below).
When the genes of such genotypes are complete linked, only noncrossover gametes of two types (AB and ab) can be formed in egual quantative correlations (50 %). When the genes of such genotypes are incomplete linked as a result of crossing-over the 4 types of gametes can be formed in organism: noncrossovers (2 types) and crossovers (2 types). There are always more noncrossover gametes then crossover ones.
 Work 2. The scheme of the formation of crossover and noncrossover gametes.
АВ
ав
AB, ab --  noncrossovers
Ab, aB --- crossovers

Аb
аB

Ab, aB --  noncrossovers
AB, ab --- crossovers

Task 1. In human genes A and B located in the same autosome.
1. What types of gametes does woman with the genotype Аb 
 аB

produce in the case of the complete linkage?
2. The same situation, but in the case of incomplete linkage.
PRACTICE № 14

Topic:
Hereditary human diseases. Variability of organisms, its forms and manifestation. Pand genotypic variation.
Task: 
1. Consider main forms of variation in organisms.  

2. Complete the table “Variation of human genotype during illnesses”. 
 Down's syndrome, also known as trisomy 21, is a genetic disorder caused by the presence of all or part of a third copy of chromosome 21. It is usually associated with physical growth delays, mild to moderate intellectual disability, and characteristic facial features. The average IQ of a young adult with Down syndrome is 50, equivalent to the mental ability of an 8- or 9-year-old child, but this can vary widely.

The parents of the affected individual are usually genetically normal. The probability increases from less than 0.1% in 20-year-old mothers to 3% in those of age 45.prenatal screening Down syndrome can be identified during pregnancy by  The extra chromosome is believed to occur by chance, with no known behavioral activity or environmental factor that changes the probability. followed by diagnostic testing or after birth by direct observation and genetic testing.pregnancies Since the introduction of screening, Down syndrome  are often aborted.screening Regular  for health problems common in Down syndrome is recommended throughout the person's life.
People with Down syndrome may have some or all of these physical characteristics: a small chin, slanted eyes, poor muscle tone, a flat nasal bridge, a single crease of the palm, and a protruding tongue due to a small mouth and relatively large tongue.obstructive sleep apnea These airway changes lead to  in around half of those with Down syndrome. Other common features include: a flat and wide face, a short neck, excessive joint flexibility, extra space between big toe and second toe, abnormal patterns on the fingertips and short fingers. Instability of the atlantoaxial joint occurs in about 20% and may lead to spinal cord injury in 1–2%.Hip dislocations  may occur without trauma in up to a third of people with Down syndrome. 

Patau syndrome is a syndrome caused by a chromosomal abnormality, in which some or all of the cells of the body contain extra genetic material from chromosome 13. The extra genetic material disrupts normal development, causing multiple and complex organ defects.

This can occur either because each cell contains a full extra copy of chromosome 13 (a disorder known as trisomy 13 or trisomy D or T13), or because each cell contains an extra partial copy of the chromosome or because there are two different lines of cells - one healthy with the correct number of chromosomes 13 and one that contains an extra copy of the chromosome- mosaic Patau syndrome. Full trisomy 13 is caused by nondisjunction of chromosomes during meiosis (the mosaic form is caused by nondisjunction during mitosis).

Like all nondisjunction conditions (such as Down syndrome and Edwards syndrome), the risk of this syndrome in the offspring increases with maternal age at pregnancy, with about 31 years being the average.[ Patau syndrome affects somewhere between 1 in 10,000 and 1 in 21,700 live births. 
Edwards syndrome, also known as trisomy 18, is a genetic disorder caused by the presence of a third copy of all or part of chromosome 18. Many parts of the body are affected.born small Babies are often  and have heart defects. Other features include a small head, small jaw, clenched fists with overlapping fingers, and severe intellectual disability. 
Most cases of Edwards syndrome occur due to problems during the formation of the reproductive cells or during early development. The rate of disease increases with the mother's age. Rarely, cases may be inherited from a person's parents. Occasionally, not all cells have the extra chromosome, known as mosaic trisomy, and symptoms in these cases may be less severe. An ultrasound during pregnancy can increase suspicion for the condition, which can be confirmed by amniocentesis. 
Treatment is supportive. After having one child with the condition, the risk of having a second is typically around one percent. It is the second-most common condition due to a third chromosome at birth, after Down syndrome. 
Edwards syndrome occurs in around 1 in 5,000 live births. Some studies suggest that more babies that survive to birth are female.  Many of those affected die before birth. Survival beyond a year of life is around 5–10%. It is named after English geneticist John Hilton Edwards, who first described the syndrome in 1960.
Turner syndrome (TS), also known 45,X, or 45,X0, is a genetic condition in which a female is partly or completely missing an X chromosome. Signs and symptoms vary among those affected. Often, a short and webbed neck, low-set ears, low hairline at the back of the neck, short stature, and swollen hands and feet are seen at birth. Typically, they develop menstrual periods and breasts only with hormone treatment, and are unable to have children without reproductive technology. Heart defects, diabetes, and low thyroid hormone occur more frequently. Most people with TS have normal intelligence, however many have troubles with spatial visualization that may be needed for mathematics. Vision and hearing problems occur more often. 
Turner syndrome is not usually inherited; rather, it occurs during formation of the reproductive cells in a parent or in early cell division during development. No environmental risks are known, and the mother's age does not play a role. Turner syndrome is due to a chromosomal abnormality in which all or part of one of the X chromosomes is missing or altered. While most people have 46 chromosomes, people with TS usually have 45. The chromosomal abnormality may be present in just some cells in which case it is known as TS with mosaicism. In these cases, the symptoms are usually fewer and possibly none occur at all. Diagnosis is based on physical signs and genetic testing. 
Klinefelter syndrome (KS), also known as 47,XXY is the set of symptoms that result from two or more X chromosomes in males. The primary features are infertility and small poorly functioning testicles. Often, symptoms are subtle and subjects do not realize they are affected. Sometimes, symptoms are more evident and may include weaker muscles, greater height, poor coordination, less body hair, breast growth, and less interest in sex. Often it is only at puberty that these symptoms are noticed. Intelligence is usually normal; however, reading difficulties and problems with speech are more common. Symptoms are typically more severe if three or more X chromosomes are present (48,XXXY syndrome or 49,XXXXY syndrome). 
Klinefelter syndrome occurs randomly. The extra X chromosome comes from the father and mother nearly equally. An older mother may have a slightly increased risk of a child with KS. The syndrome is defined by the presence of at least one extra X chromosome in addition to a Y chromosome yielding a total of 47 or more chromosomes rather than the usual 46. KS is diagnosed by the genetic test known as a karyotype. As babies and children, XXY males may have weaker muscles and reduced strength. As they grow older, they tend to become taller than average. They may have less muscle control and coordination than other boys of their age. During puberty, the physical traits of the syndrome become more evident; because these boys do not produce as much testosterone as other boys, they have a less muscular body, less facial and body hair, and broader hips. As teens, XXY males may develop breast tissue and also have weaker bones, and a lower energy level than other males. By adulthood, XXY males look similar to males without the condition, although they are often taller. In adults, possible characteristics vary widely and include little to no sign of affectedness, a lanky, youthful build and facial appearance, or a rounded body type with some degree of gynecomastia (increased breast tissue). Gynecomastia is present in about a third of affected individuals, a slightly higher percentage than in the XY population. About 10% of XXY males have gynecomastia noticeable enough that they may choose to have cosmetic surgery. Affected males are often infertile, or have reduced fertility. Advanced reproductive assistance is sometimes possible. It has been estimated that 50% of males with Klinefelter syndrome can produce sperm. 
Triple X syndrome, also known as trisomy X and 47,XXX, is characterized by the presence of an extra X chromosome in each cell of a female. Those affected are often taller than average. Usually there are no other physical differences and normal fertility. Occasionally there are learning difficulties, decreased muscle tone, seizures, or kidney problems. 
Triple X is due to a random event. Triple X can result either during the division of the mother's reproductive cells or during division of cells during early development. It is not typically inherited from one generation to the next. A form where only a percentage of the body cells contain XXX can also occur. Diagnosis is by chromosomal analysis. 
Treatment may include speech therapy, physical therapy, and counseling. It occurs in about one in every 1,000 female births. It is estimated that 90% of those affected are not diagnosed as they either have no or only few symptoms. It was first identified in 1959. statureSymptoms may include tall , vertical skin folds that may cover the inner corners of the eyes (epicanthal folds), poor muscle tone, and a curve in the 5th finger towards the 4th (clinodactyly). There may also be a small head (microcephaly). There are seldom any observable physical anomalies in triple X females, other than being taller than average.

Poor coordination may be present. Those affected appear to have higher rates of scoliosis. 
XYY syndrome is a genetic condition in which a male has an extra Y chromosome. There are usually few symptoms. These may include being taller than average, acne, and an increased risk of learning problems. The person is generally otherwise typical, including typical rates of fertility. The condition is generally not inherited from a person's parents but rather occurs as a result of a random event during sperm development. Diagnosis is by a chromosomal analysis, but most of those affected are not diagnosed within their lifetime. There are 47 chromosomes, instead of the usual 46, giving a 47,XYY karyotype. 
Treatment may include speech therapy or extra help with schoolwork, but outcomes are generally good. The condition occurs in about 1 in 1,000 male births. Many people with the condition are unaware that they have it.  The condition was first described in 1961. 
People with the 47,XYY karyotype have an increased growth rate from early childhood, with an average final height approximately 7 cm above expected final height. Prenatal testosterone levels are normal in 47,XYY males. Most 47,XYY males have normal sexual development and have normal fertility
Table 8 
Variation of human genotype during illnesses

	#
	Syndrome
	Karyotype
	Number of autosomes
	Main phenotypic traits

	1
	Down
	47, +21

46,

 t (21→15)
	45

44
	

	2
	Patau
	
	
	

	3
	Edwards
	
	
	

	4
	Shereshevsky-Turner
	
	
	

	5
	Kleinfelter
	
	
	

	6
	X-Trisomy
	
	
	

	7
	Double Y
	
	
	


Hereditary human diseases associated with dental pathology

Pursuing oral health starting with the patient’s childhood, the dentist is thus able to observe the various abnormalities and to intervene early to remedy the situation, and in more complex cases, recommend patients to specialists in medical genetics and/or genetic counseling. For this purpose, the dentist himself must have thorough knowledge of genetic research.
According to the National Institute of Dental and Craniofacial Research Genetics (2008) in the U.S., from the approximately 5500 known genetic disorders in humans, more than 700 are craniofacial disorders. Only in 20% of all known diseases is their genetic determinism also known.

Molecular mechanism of dentogenesis

Recently many efforts have been made for the understanding of molecular and cellular mechanisms that control the development and dental pathology. Additional information regarding tooth organogenesis was obtained using mouse embryos and birds as experimental material. These studies revealed a strict genetic control of odontogenesis, which determines the position, number, size and shape of the teeth.

During the bell stage the cyto-differentiation of dental epithelial occurs; cells near the mesenchyme which are differentiated into ameloblastes will produce enamel. The adjacent mesenchymal cells will differentiate into odontoblasts and will be involved in dentin formation. Mesenchyme surrounding the tooth bud will develop forming the supporting structure of the tooth, for example the periodontal ligament that anchors the tooth to the alveolar bone.

Like other processes during the embryonic development, morphogenesis and differentiation of teeth is the result of complex interactions at molecular level between the ectoderm and the mesenchyma. Until now more than 200 genes in-volved in these processes have been identified . A crucial role was attributed to those transcription factors that have a homeodomain. The homeodomain consists of 60 amino acids with a helix-turn-helix DNA binding motif and is encoded b y a homeobox sequence: short chains of 180 bp, located in the vicinity of the gene’s 3′end. In addition to the homeodomain that facilitates the binding to DNA, the transcription factors also contain a transactivation domain that interacts with a RNA polymerase. The homeodomain transcription factors in turn are involved in the regulation of homeobox gene expression sites, thus having a role in the activation of gene expression in multicellular organisms during embryonic development.

The first genes containing homeobox sites were identified in the Hox cluster (cluster-related group of genes located on the same chromosome, each coding for a particular protein which are often regulated by the same cellular mechanisms). This cluster is highly conserved during evolution; sequences have remained relatively unchanged (75–90%) for hundreds of millions of years. In embryogenesis, Hox genes cluster controls the development plan of the embryo during development. During tooth morphogenesis, expression of the homeobox genes is under the control of signaling cascades initiated by the interaction of certain proteins (either growth factors or other proteins secreted or available on the surface of neighboring cells) with receptors on the surface of target cells.

Important factors in tooth morphogenesis are: the family of fibroblast growth factors (FGF) and transforming growth factors (TGF, including BMP4 - bone morphogenetic protein 4), the family of Wnt (Wingless) and morphogenesis molecule Shh (Sonic hedgehog). The general scheme of dentition is determined even before the development of visible teeth. The proximal area of the molars to be developed is characterized by the expression of growth factors FGF8 and FGF9, while BMP4 is expressed in the distal region of the presumed incisors.

Mentioned transcription factors define spatially the domains of expression of the homeobox genes in the developing jaw. Basically every combination of homeobox genes expressed is a “code” that specifies the type of the tooth. Tooth formation is a complex process, genetically controlled in two ways: on one side, by specifying the type, size and position of each tooth organ; on the other, by the processes of enamel and dentin formation. Different genes involved in the formation of teeth belong to signaling pathways with functions in regulating morphogenesis of other organs. This explains the fact that mutations in these genes have pleiotropic effects in addition to causing non-syndromic dental abnormalities and dental anomalies associated with different genetic syndromes.

Dental agenesis

Congenital lack of one or more teeth is the most frequent anomaly in humans. In hypodontia 1–6 teeth (excluding molar 3) are missing; in oligodontia - more than 6 (excluding molar 3). Anodontia, ie the complete absence of teeth is very rare, it was demonstrated in a large family in China and believed to be recessive and inherited autosomally.

Cases of hypodontia/oligodontia may or may not be associated with various syndromes such as hypohydrotic ectodermal dysplasia, cleft of the lip or palate etc. Frequency of cases of non-syndromic hypodontia/oligodontia is 80% when missing a tooth, less than 10% when missing several teeth and less than 1% when missing a large number of teeth.

Although agenesis is occasionally caused by environmental factors (trauma in the dental region such as fractures, surgical procedures, chemotherapy, radiotherapy), in most cases the causes are genetic.

So far, only 4 genes have been identified to be associated with non-syndromic hypodontia/oligodontia, which after Carels represents less than 5% of total cases. The identified genes are:

· - MSX1 - hypodontia NS;

· - PAX9 - oligodontia NS;

· - AXIN2 - oligodontia associated with colono-rectal cancer;

· - EDA1 - oligodontia NS.

Located on the short arm of chromosome 4 (4p16.1–p16.3), the MSX1 gene has a homeobox sequence and two exons that encode a homeodomain - a 297 amino acid protein. The gene plays an important role in craniofacial development, including odontogenesis. So far, three mutations in exon 1 and 4 in exon 2 have been associated with hypodontia affecting predominantly PM2 and M3 or cleft associated hypodontia. MSX1 phenotypes caused by the protein deficiency depend on the location of the mutations and their effect on the structure and function of the protein.

In 1996, Vastardis et al. identified an Arg to Pro substitution in position 31 of the MSX1 gene homeodomain that caused hypodontia and was transmitted in an autosomal dominant way in the analyzed family for 4 generations. The mutant protein had an abnormal structure, but low thermal stability compared with the normal protein. The ability of the mutant protein to bind to DNA, and interact with other transcription factors were significantly altered. Chishti et al. identified a new point mutation in the MSX1 gene which resulted in the substitution of alanine to threonine (A219T) in the MSX1 homeodomain in 2 pakistani families, causing oligodontia. This mutation was the first recessive mutation identified in the MSX1 gene.

The PAX9 gene is a highly conserved gene in humans (14q12–q13), encoding a transcription factor that is involved in the development of teeth. Until now 14 mutations in exons 1, 2 and 4, mostly in exon 2 were found and are associated with different degrees of non-syndromic agenesis. In 2000, Stockton et al. showed that a mutation in the PAX9 gene (G219 insertion in exon 2) modified the open reading frame (frameshift mutation) causing premature termination of translation. The affected individuals were normal, but lacked most permanent molars. The disease was transmitted in autosomal dominant fashion.

Subsequently, other PAX9 mutations that led to non-syndromic oligodontia were found:

· - transversion (A340T) that created a stop codon at lysine 114 in the DNA binding domain;

· - a cytosine insertion in exon 4 (insC793), frameshift mutation that led to the appearance of a premature STOP codon at amino acid position 315;

· - three different missense mutations leading to substitution of arginine with proline in the homeodomain (Arg26Pro), glutamic acid with lysine (Glu91Lys) and leucine-to-proline (Leu21Pro) affecting M1;

· - transitions (C76T) and (C139T) that led to the replacement of arginine with tryptophan in N-terminus of the homeodomain.

In all these cases, permanent parts of the molars were missing, which emphasizes the importance of this gene in development. The sequencing of PAX9 gene in samples from a Chinese family with many cases of oligodontia showed a transition (A → G) in the initiator AUG codon, in exon 1. This is the first mutation found in an initiator codon that supposedly caused a severe inhibition of translation.

AXIN2 gene (17q23–q24) encodes the Axin2 protein that has an important role in regulating the stability of β-catenin, which is involved in the Wnt signalling pathway (wingless). When cells receive Wnt signals, β-catenin binds to stabilized transcription factors (TCF family), regulating the expression of Wnt target genes. It was found that changes in the functioning of the Wnt signaling pathway leads to cancer predisposition.

In 2004 Lammi et al. identified mutations that caused severe oligodontia in a Finnish family (11 members lacked at least eight permanent teeth, two of whom developed only 3 permanent teeth) with a predisposition for colorectal cancer (8 patients). It was found that oligodontia and predisposition to cancer was caused by a nonsense mutation (Arg656Stop) in the AXIN2 gene. In another unrelated patient with severe agenesis, an insertion (1994–1995insG) in the AXIN2 gene was identified that caused a frameshift mutation. Both mutations activate the Wnt signalling pathway. These results prove the importance of this signalling pathway in the normal development of teeth.

Oligodontia as the results of mutations in the AXIN2 gene was more severe than that described for mutations in MSX1 and PAX9 genes; there were more missing molars, premolars, upper lateral incisors and lower incisors, but upper central incisors were present.

EDA1 gene (Xq12–q13.1)

Mutations in this gene cause X-linked hypohydrotic ectodermal dysplasia (HED), a rare disease characterized by hypoplasia or absence of sweat glands, dry skin, sparse hair and pronounced oligodontia. In 2010 Khabour et al. identified a nonsense mutation (transition 463C> T) in the EDA gene in a Jordanian family. The mutation resulted in the replacement of arginine with cysteine that has led to intolerance to heat, the absence of 17 teeth, speech problems and anhydrosis (reduced sweating) in affected individuals. In 2006 Tao et al. found a point mutation (cross c.193C> G, the replacement of arginine with glycine) in the EDA gene in a Mongolian family in which affected males (females are carriers) did not present other features of the disease than hypodontia. Other cases of non-syndromic hypodontia were described by Li et al., in 2008 in two families in China with two nonsense mutations in the same gene (947A> G substitution Glu316Gly and 1013C> T substitution in the protein Thr338Met). Threonine substitution with methionine in position 338 (Thr338Met) is accompanied by the lack of central and lateral incisors, and canine teeth of the maxilla and mandible.

In 2009 Song et al. identified three new mutations of the EDA gene (Ala259Glu, Arg289Cys, Arg334His) in four male individuals (27%) from 15 analyzed individuals with non-syndromic oligodontia.

In addition to genes MSX1, PAX9, AXIN2 and EDA1, Kantaputra and Sripathomsawat (2011) reported that non-syndromic hypodontia can be caused by mutations in WNT10A gene. This gene is part of the WNT gene family encoding the expression of signalling proteins on the cell surface and is associated with several syndromes (ectodermal dysplasia), but also non-syndromic hypodontia.

The genetic causes of dental pathologies are multiple. Phenotype and severity is dependent on the affected gene, the type and location of the mutations. We still do not know all the causes of the dental diseases, but their genetic basis is not a neglected factor.

Ghergie M, Cocîrla E, Lupan I, Kelemen BS, Popescu O. Genes and dental disorders. Clujul Med. 2013;86(3):196-199.
Practice № 15
Topic:
Genealogy and twin studies as methods for human inheritance investigation. Making family trees and their analysis
Task:


1. Consider twin method of human inheritance investigation. 

Solve the genetic problem (see the methodical recommendations).
2. Consider genealogy method of human inheritance investigation Make and analyse family trees.

Genetic symbols
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