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ARRANGING THE OBJECT USING DIFFERENT MAGNIFICATION 

 (40×, 100×, 400×) 
 

Permanent slide: letter (písmeno) 
Put permanent specimen with letters on the stage of microscope to be able to read the word 
(not reversed). Observe the specimen under the various objectives (4×, 10× a 40×) 
 

 Draw everything you see under the various objectives 
 
       
 

 

 

 

 

 

 

 

 

 

 

 

 

 

         
 

 

 

 

 

 

 

 

 

 

 

  

Choose the right answer: 
1. What image can you see in microscope? A) unchanged, B) reduced and inversed, 

C) enlarged and inversed 
2. How does the free working distance, visual field size and resolution change based on 

magnification used? 
A) The higher magnification, the smaller free working distance and visual field, the more 

visible details in visual field 
B) The higher magnification, the higher free working distance and visual field, the more 

visible details in visual field 

100× 40× 

400× 

Lesson 1: MICROSCOPIC TECHNIQUE 
Name: 

Group: 

1/I 
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CENTERING THE OBJECT 
 

Permanent slide: stained wool (ʺvlna barvenáʺ) 
Place the stained wool (cross or other characteristic place) in the centre of the visual field 

under the smallest objective (4×). Than use objective (10× and 40×), without drifting the 

object and observe the wool.  

 Draw everything you see in the visual field under the various objectives 
 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

What principle arises from it?  

 100× 40× 

400× 

2/I 
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OPTICAL PLANES AND MEASURING THE THICKNESS OF THE OBJECTS 

 

Permanent slide: a wing of a butterfly (ʺkřídlo hmyzuʺ) 
Observe the specimen under the smallest objective (4×) and 
choose the appropriate place for observing (e.g. with many 
hairs). Than observe the specimen under the largest objective 
40×.  
 Focus object by fine focus in upper optical plane and draw 

sharp image (hair), without moving the slide focus in 
middle optical plane and draw sharp image (major branch) 
and then focus in lower optical plane and draw sharp 
image (another hair)  

 Measure the thickness of the wing 

1. What principle arises from it? 
 

2. The thickness of the wing was ……..………… μm    

middle optical plane upper optical plane 

lower optical plane 

400× 

3/I 

400× 

400× 
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PARTS OF A LIGHT MICROSCOPE 

 
 Match the numbers to the individual parts of the microscope: 

 Indicate, which parts belog to the optical (O), illumination (S) and mechanical (M) part 

 

 

 

Fill in or select the correct answer: 
1. The total magnification of the microscope is determined by multiplying of magnification 

of the condenser/objective with magnification of the ocular/tube length  
2. What is the resolution ability of microscope? 

A) the ability of the objective to capture as many rays as possible 

B) the ability of the objective to sharply display several optical planes of the observe 
object at the same time 

C) the ability of the objective to distinguish two closely situated points as separate 
points  

3. The resolution ability of the light microscope is  ………………μm 
4. What are the two types of objectives according to the medium between the object and 

the lens of the objective?  
5. Fill in the missing parts (grey fields) of the table:      
 

 

 

 

  

Optical part of the 
microscope Magnification 

 10× 10×  10× 

  10× 40× 100× 

Total magnification 40×  400×  

1. Condenser with diaphragm 

2. Window lens 

3. Ocular 

4. Objective 

5. Revolving nosepiece 

6. Specimen holder 

7. Stage 

8. Tube 

9. Arm 

10. Vertical and horizontal feed knob 

11. Fine focus adjustment knob 

12. Base 

4/I 
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A 

B 

C 

 
 

 
CELL SHAPE – NEURON 

 

Permanent slide: the spinal cord of pig or rat (ˮmíchaˮ) 
Find the neurons in the so-called grey matter in the 
ventral spinal horns. 
 

 Observe, draw and describe one nerve cell  
 
       
 

 

 

 

 

 

 
 

 

 
 

 

 

 

         
 

 

 

 

 

 

 

 

  

Describe the picture of nerve cell: 
 
 

A ……………………………………………. 

B ………………………………………….... 

C ……………………………………………. 

400× 

Lesson 2: ANIMAL CELL, PROTOZOA 
Name: 

Group: 

1/II 
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SHAPE OF NUCLEI - LEUKOCYTES 

Permanent slide: leukocytes (ˮbílé krvinky“) 
First, observe the slide under the objective (40× and 100×), when you find the best place for 
observation, use the largest magnification (400×) 
 

 Draw 2 – 3 various types of nuclei (violet coloured) of leukocytes 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

Join the right name of leukocytes and shape of their nuclei to each of the pictures 
Cell name: monocyte, lymphocyte, granulocyte 
Nuclei type: lobular, round, bean (kidney)-like shaped, s-shaped 

 

 

2/II 

400× 

A D B C 
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CELL SHAPE - SPIROSTOMUM 

Permanent slide: Spirostomum sp. (ˮplazivenkaˮ) 
First, observe the slide under the objective (40× and 100×), when you 
find the object, use the largest magnification (400×). 
 
 Draw Spirostomum sp. 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

How many nuclei does Spirostomum spp. have and what does their shape looks like?  

400× 

3/II 
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NUMBER OF NUCLEI - CILIATE PROTOZOAN 

Permanent slide: ciliate protozoan Paramecium sp. (ˮtrepkaˮ) 
First, observe the slide under the objective (40× and 100×), when you find the object, use 
the largest magnification (400×). 
 
 Draw and describe Paramecium spp. 

 
 
 
1. What are the two types of nuclei that we can observe at Paramecium sp.?  
 
 
 
2. What is the difference between them and what is their function? 

400× 

4/II 
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NUMBER OF NUCLEI 

Permanent slide:  Opalina ranarum ʺopalinka žabíˮ 
First, observe the slide under the objective (40× and 100×), when 
you find the object, use the largest magnification (400×). 
 

 Draw Opalina ranarum 

 
1. Add correct description of the nuclear cell. 
 

A) nucleolus 
B) nuclear pores 
C) chromatin 
D) double nuclear envelope 
E) nucleoplasm 

 

2. In which phase of cell cycle we can observe the nucleolus inside the nucleus cell? 
 

5/II 

400× 
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CELL ORGANELLS – GOLGI APPARATUS 

 

Permanent slide: Golgi apparatus in silver stain cross section of small intestine  
Find an intact (not distorted) villus projecting into the lumen (interior) of the intestine. Find 
the layer of cylindric epithelial cells (enterocytes) on its surface. Note the violet elongated 
nuclei in the basal part of enterocytes and the Golgi apparatus in the apical (peripheral, 
luminal) part of enterocytes (above the nuclei). It is a round-shaped cluster of brown-black 
dots (silver stain) or is pale-colored. 
 
 
 Draw the cross – section of 

intestine with enterocytes. Mark 
the Golgi apparatus and nuclei. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1. What is the function of the Golgi apparatus in animal cell? 

 

2. Draw the scheme of the Golgi apparatus. 

400× 

6/II 
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CELL ORGANELLS – MITOCHONDRIA 

 

Permanent slide: liver selective stained for mitochondria after 
Heidenheim - “mitochondrie” 
Observe mitochondria as tiny blue-black points (like powder) 
inside liver cells (hepatocytes). Inside of nucleus, there is dark 
nucleolus. 
 

 Draw and describe the hepatocyte with mitochondria 

 

 

 

 

 

 

 

 

 

 

 

 

1. Describe the picture of mitochondria 

  
 

    
 

 

2. What is the function of mitochondria in the cell? 
 

3. Complete the sentence: Name of the process when there is a synthesis of ATP molecules 

on ……………………… membrane of mitochondria is called ……………………..   

………………………….. 

7/II 

400× 

1. outer membrane 
2. inner membrane 
3. cristae 
4. matrix 
5. intermembrane space 
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PIGMENT INCLUSIONS 
 

Permanent specimen: melanophores or melanin containing cells 
in frog skin - “melanofory” 
Observe the cells of frog epidermis (melanophores) with 
numerous branching projections containing melanin pigment 
granules. 
 

 Draw the cells of frog epidermis with melanophores 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

1. What is the pigment melanin used for in the cell? 
 

 
 
2. Choose YES/NO for correct or wrong sentences 

1. Eucaryotic cell is evolutionary younger than prokaryotic cell. YES – NO  
2. The average size of eukaryotic cell is 10 - 100 μm. YES – NO 
3. Eukaryotes include fungi, plants and animals. YES – NO 
4. Nuclei of eukaryotic cell can have various shape and they can be multiple. YES – NO 
5. The process of oxidative phosphorylation takes place on the membranes of GA. YES – NO 
6. Mitochondria are the reservoir of calcium for the cells. YES – NO 
7. Smooth ER does not have ribosomes and synthesis of lipids takes place here. YES – NO 
8. Mitochondria have chromosomes with circular double-helix DNA without histones. YES – NO 
9. Lysozomes contain digestive enzymes and they are responsible for acid hydrolysis.  YES – NO 
10. Animal cell is surrounded by the cell wall.  YES – NO 

 

400× 

8/II 
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BROWNIAN MOLECULAR MOTION 

 

Place a drop of ferric oxide suspension onto a slide and cover it. Observe 

one small moving particle and draw trajectory of its movement. 

 

 Draw the movement trajectory of the particle 
       
 
  

  

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

    

Choose the right answer:  
1. Brownian molecular motion is the random/oriented zigzag movement of microscopic/ 
macroscopic particles suspended in a liquid or gas.  
2. Brownian molecular motion is depended on the mechanical/chemical/kinetic energy of 
water/ATP molecules  
3. The bigger/smaller moving particle, the more/less noticeable movement. 
 
 
 

Lesson 3: MOVEMENT AND IRRITATION                                                                                  
Name:                                                                                                                                                   

Group: 

400× 

1/III 
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CELLS WITH CILIA 
 

Permanent specimen: cells with cilia – (“řasinkový epitel, žába”), 

stained with haematoxylin-eosin.  

Observe and draw cells of cylindrical or conical shape with 

visible nucleus and with cilia localized at the wider base of cell. 

 
 
 Draw and describe the cells with cilia 
 

  

 

 

 

 

 

 

 

 

 

 

 

 

1. Fill in the grey fields of the table: 

 

 

 

 

2. Which cells of human body does have cilia on its surface? What is the function of these 

cilia? 

MOVEMENT FILAMENTS MOLECULAR MOTOR 

ciliary   

  myosin I 

flagellar   

  myosin II 

 400× 

2/III 2/III 
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CILIARY MOVEMENT 

Working material: hay infusion, detritus from aquarium  

Observe ciliary movement of ciliates or other microscopic animals (flatworm, etc.). 

 Draw and describe one of the ciliates 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1.  Match the right names to each of the pictures (Rotifera spp., Colpidium spp., 

Caenorhabditis spp., Stylonychia spp.) 

 

 

   …………………………       …………………………………       ……………………..       ……………………………………… 

2. What are the two types of vacuoles in ciliates and what are their functions? 

 
 

400× 

3/III 
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AMOEBOID MOVEMENT 

Working material: hay infusion/video:  

Observe movement of amoeba from hay infusion. Pseudopods 

are homogenous, cytoplasm is granulated.  

 

 Observe and draw the movement of amoeba 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1. Describe the picture with the right terms (nucleus , 

digestive (food) vacuole, pseudopod, cytoplasm, 

contractile vacuole)  

 

 

 

 

2. Describe the principle of the amoeboid movement (which cytoskeletal filaments and 

molecular motor are involved? 

 

400× 

4/III 
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FLAGELLAR MOVEMENT 

Working material: sperm, hay infusion/video 
Observe flagellar movement of sperms (or flagellar protozoans from hay 
infusion). If you want to slow them down, suck off water from the space 
between the two glasses using filter paper. 
 
 Draw the sperm and her movement 

 
 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

1. Describe the cross-section of the flagellum with 

the right terms (dynein, outer microtubule 

doublet, central microtubules, radial spoke) 

 

 

 

 

 

 

2. Complete the sentence with numbers:  The main structure of kinocilium is consisted 
of…………… pairs of microtubules, so-called structure ………...+………….. 

5/III 

400× 
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STRUCTURE OF STRIATED MUSCLE 

Permanent specimen: striated muscle from insect leg stained 
with Heidenhein hematoxylin and specimen stained with 
haematoxylin-eosin ("příčně pruhovaný sval") 
Observe both specimens and draw the striating which is 
caused by different staining of muscle fibres. 
 
 Draw and describe the striated muscle 

 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

1. Describe the picture with these terms (Z line, sarcomere, myosin, actin) 

 

 

 

 

 

 
2. Answer these questions 
a) How is called the basic contractile unit of the muscle? 

b) What mineral substance is used during the muscle contraction? 

c) What are two types of filaments involved in the muscle contraction? 

d) What proteins are blocking the muscle contraction?  

6/III 

400× 
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 movement towards the environment with higher concentration of the oxygen   

 movement induced by the presence of the chemical substance 

 movement oriented towards the light 

 

OXYGENOTAXIS IN CILIATES 

Working material: hay infusion 
Cover a drop of hay infusion with cover glass to form air bubbles 

under it. Ciliates try to find space with optimal tense of oxygen 

(close to oxygen bubbles). The same is observed also at the edges 

of cover glass.  

 

 

 

 

 

 Draw and describe the action 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1. Match the right terms to the types of movement (chemotaxis, fototaxis, oxygenotaxis) 

 

 

 

 

2. Complete: 

a) The movement oriented towards the stimulus is called ……………………… taxis. 

b) The movement oriented away from the stimulus is called…………………… taxis.  

Air bubble  

7/III 

400× 



                                                     

Authors: Kateřina Kobédová, Jiřina Marková, Revision: Eva Bártová, Ivo Papoušek  
Grant: IVA VFU Brno 2016FVHE/2150/34 

 
 

 
PROKARYOTES 

PREPARATION OF THE BACTERIOLOGICAL SMEAR (G+ AND G- BACTERIA) 
 

Practical task: bacteria (coccus, bar) 
 Sterilize the bacteriological loop using the gas burner flame and let the loop cool off 
 Take a colony of bacteria from the surface of the agar medium in a Petri dish the 

bacteriological loop (bacterial culture)  
 Make a thin smear in a droplet of water on a slide (the smaller, the better)  
 Fix it over the flame (three times) 
 Perform Gram-staining 
 

 
Gram-staining:  

Lesson 4: CHEMICAL COMPOSITION, PROKARYOTES 
Name: 

Group: 

1/IV 

 Apply the crystal violet (the primary stain) on the slide for 3 min 

 Rinse it with distilled water and apply the Lugol (2KI + I + H2O) (2 min) 

 Rinse it and add the ethanol (decolorizer) until the stain stops being washed 

out (but do not waste the alcohol!) 

 Rinse it with distilled water and apply the carbolfuchsin (counterstain) for 

1.5min  

 Rinse it with distilled water and gently dry the specimen with filter paper 

preparát filtračním papírem 
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PROKARYOTES – OBSERVATION UNDER IMMERSION OBJECTIVE 

 Put the slide with bacteria under all objectives subsequently from 
4× to 100×, find and centre the bacteria, turn revolving nosepiece 
and put a drop of immerse oil on the slide 

 Focus the slide with fine focus adjustment knob and observe the 
bacteria 
!!! (after finishing of work, clean lens of immerse objective and 
permanent slide with ethanol) 

 Observe the specimen with stained bacteria under the immersion objective and draw  

both types of bacteria 

 

 

 

 

 

 

 

 

 

 

 

 

 

1. Which bacteria are on the pictures A and B in 

terms of Gram-staining? Give some examples 

of their representatives. 

 

 

 

 

2. Explain, why there is a difference in staining of the cell wall of G+ a G- bacteria. 

2/IV 

1000× 

A B 
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CHEMICAL COMPOSITION - PROOF OF STARCH 

 

Practical task: potato 
Press a piece of potato against a slide glass (or take juice from a surface 

of potato), add a drop of water, and cover with cover glass.  

 Notice and draw the colour and shape of the starch grains 
 
 Add Lugol’s solution (2KI + I2 + H2O) and draw the starch grain 

again 
 

 

 

 

 

 

 

 

 

 
 
 

1. Did the colour of the starch grains change after staining? How? 

 

2. What is the practical application of colouring starch? 

 

3. Complete the sentence with the names of saccharides: 

a) The main energetic source for the cell is:  ………………………………. The summary formula is: 

.......................................   

b) The storage polysaccharide in animals is: …………….………………, in plants: …………………………  

c) Polysaccharide which is the main component of the cell wall in fungi is called 

……………………………, the cell wall of plants is formed by  ……………………………………  

400× 400× 

3/IV  
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CHEMICAL COMPOSITION – PROOF OF FAT IN BIOPLASMA 

 
Permanent specimen: histologic section of fatty liver tissue stained by Sudan III red dye           
(“lipidy”)  
 
The fat can be found in two forms in the cell – as lipid vacuoles or it fills the entire volume of the cell 

 
 Draw liver cells with lipid vacuoles 
 

 
 

 

 

 

 

 

 

 

 

1. What is the colour of lipid vacuoles? 
 

2. In what cell organelle are the lipids synthetized? 
 

3. Match the terms from the first colon with their correct function (second colon): 
A) subcutaneous fat 1. energy storage 
B) lipid vacuoles 2. structural 
C) organ fat 3. signalling 
D) component of biological membranes 4. metabolic 
E) “fat- soluble“ vitamins (A, D, E, K) 5. protective 
F) steroid hormones 6. heat isolation 

 
4. Draw and describe the structure of biomembrane. What lipids are the components of 

membranes?  

4/IV 

400× 
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CHEMICAL COMPOSITION – PROOF OF PROTEIN 

(AFTER HELLER WITH NITRIC ACID) 
 

Practical task: egg white 
Pour 2 ml of nitric acid (HNO3) into the tube and slowly add egg white (the two liquids must 

not mix), you can observe the white ring between both layers. 

1. What is a component of white ring in the tube?  

2. Do you know other methods used for detection of proteins? 

3.  In what cell organelle are the proteins synthetized? 

4. What is the name of the bond which joins aminoacids in protein?.........................  

5. Complete and describe the chemical formula of aminoacid. 

 

6. Draw and describe two types of the secondary conformation of proteins.  
 
 
 
 

7. Give concrete examples for protein functions. 
1. Structural  
2. Catalytic 
3. Informative 
4. Transport 
 

  

HNO3 

white egg 

5/IV 
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BLOOD SMEAR 

 

Practical task: 

 
 
 

 
     

Conclusion (choose the correct one): We observe oval/round shaped mammal erythrocytes 
with/without nucleus with brighter/darker centre. 
 
 
Circle YES/NO if the sentence is correct 
1. The serologic method belongs to the basic methods of blood 

examination. 
YES – NO 

2. Complete blood count provides information only about the 
number of blood elements.                  

YES – NO 

3. Thrombocytes have a kidney-shaped nucleus. YES – NO 

4. Lymphocytes and monocytes belong to red blood cells.                                               YES – NO 

5. Thrombocytes are involved in the process of blood coagulation.                                                   YES – NO 

6. Avian erythrocytes are without nucleus.                                                                              YES – NO 

7. Mammalian and avian erythrocytes have the same size. YES – NO 

 

 

 

 

 

 

 
  

Lesson 5: BLOOD EXAMINATION   
Name:                                                                                                                                                   

Group: 

1. Drop the blood onto the slide glass at one edge 

2. Use a skewed glass at an angle of 45° and let 
the blood spread along the edge of the  slide glass 

3. Smear the blood drop on the slide glass by pulling 

the drop behind the skewed glass  

1/V 

4. Let the bloodsmear dry and observe under 

the microscope.  
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BLOOD SMEAR AND „PANOPTIC” STAINING AFTER PAPPENHEIM 
 

Practical task: 
1. let dry blood smear prepared from the previous task 
2. Add May-Grünwald (5 min) 

3. Add distilled water (5 min) 
4. Pour of dye, and add  Giemsa-Romanowski (10 min) 
5. Pour of dye and rinse it with distilled water 
6. Dry it and observe blood smear (white blood cells are visible) 

 

 

 

 

 

 Draw and describe which of blood cells you can observe after staining 
 

 

 

 

 

 

 

 

 

         

 

 

 

 

 

 

 

 

What is panoptic staining (after Pappenheim) used for? What cells are stained and how? 

 

2/V 

                        

400× 
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MEASURING THE LENGHT OF THE OBJECTS 

Permanent specimen (bird erythrocytes), wet mount (mammal erythrocytes) 
Measurement of the length of objects is done by ocular micrometre (scale) that is placed in 
one of the ocular. It is necessary to find out how many units of the scale correspond to 
object. The number of unit is multiplied by micrometric coefficient (specific for each 
objective) of objective that was used for microscoping. The results are in μm. 
 

 
 

Micrometric coefficients for various objectives: 25 (4×), 10 (10×), 2.5 (40×), 1 (100×) 

 Draw and measure the size of bird and mammal erythrocyte: 

 

 

 

 

 

 

 

 

 

 

 

 

 

What is the difference between these two types of erythrocytes? (size, shape and 

presence of nucleus)? 

Bird:  

Mammal: 

  

3/V 

 

The size of bird erythrocyte is ………………. 

 

The size of mammal erythrocyte is ………………… 

400× 400× 

Objective micrometre 

 

Eyepiece micrometre 
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PLAZMORHIZIS 

Practical task: blood, 1M KNO3 
Put the drop of blood on slide glass and add one drop of 1M KNO3. Cover with cover glass 
and observe what is happening with erythrocytes.  
 
 Draw erythrocytes 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Conclusion (describe what happened with erythrocytes) 

 

 

 

Complete or choose the right answer (circle the correct one): 
1. There are three types of solutions in terms of their osmotic effects on cells: 

..…………………………………………………………………………………………………………………………………... 

2. Plazmorhizis is the effect described in ……………………….. cells in ………………………..… 

solution. 

3. During plazmorhizis, there is exosmosis/endosmosis, water goes out/into the cell and 

the cell shrinks/bursts. 

 

400× 

4/V 
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OSMOTIC HAEMOLYSIS 

MACROSCOPICALLY 

 Pour on 1 ml of mammal blood into two tubes. Add 3 ml of physiological solution to one 
tube and 3 ml of distilled water to the other one. Gently mix and compare both tubes 
and think of what happened. 

 
Choose the right answer (circele) 

1. Inside of the tube with distilled water, there is 
hypotonic/hypertonic/izotonic solution, water goes into/out 
of the cells, the cells burst/shrink and 
myoglobin/haemoglobin is released. The result of reading 
test is negative/positive and the tube is/is not transparent. 
Water was in tube A/B. 

2. Inside of the tube with physiological solution, there is 
hypotonic/hypertonic/izotonic solution. The result of 
reading test is negative/positive, the tube is/is not transparent. Physiological solution 
is in test tube A/B. 
 

MICROSCOPICALLY 

 Put a small drop of blood on the slide and cover with cover glass. Add water to one 
edge of the cover glass. Then observe under microscope and draw changed 
erythrocytes. 
 

 

 

 

 

 

 

 

 

 

 
 
 

 

 Conclusion (choose correct answer): We observe decrease/increase of erythrocytes 

caused by their ruptures/swelling. Erythrocytes are more/less visible.  

400× 

5/V 

B A 

blood H2O  
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PHAGOCYTOSIS 

Permanent specimen: phagocyting leukocytes stained by Pappenheim method 
 
FA = počet fagocytujících buněk/počet počítaných buněk 

 

 Observe slide, find and draw leucocytes with phagocyted particles. If you have a time, 
count phagocyting activity.   

 

 

 

 

 

 

 

 

 

 

 

 

1. Match correctly the terms (ENDOCYTOSIS, EXOCYTOSIS, PINOCYTOSIS, PHAGOCYTOSIS) 

to their description 

 Process when cell absorb material from the outside by engulfing it with their cell 

membrane 

 Ingesting of fluid  

 Ingesting of solid particles  

 Process when cell releases fluid or solid particles 

2. Which of the pictures represents phagocytosis, haemolysis and plazmorhizis? (write 

under the pictures) 

                          

 

 

 

 

6/V 

Phagocyting aktivity (PA) = number of phagocyting cells/number of counted  cells 

400× 
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IDENTIFICATION OF HUMAN BLOOD GROUPS 

Practical task: 
Use the diagnostic kit for identification of human blood grouping system ABO (monoclonal) 
and determine your blood type 
 
Procedure: 
1. Add one drop of antiserum Anti-A into blue circle 
2. Add one drop of antiserum Anti-B into yellow circle 
3. Add one drop of blood into red circle (prick your finger with 

thin needle and press finger to drop blood) 
4. Mix the antiserums and drop of blood with mixing stick (use 

different end of stick for each sample) 
 

 Conclusion: What was your blood type? 

 

 

 

 

1. How is called the positive reaction inducing the presence of the correspondent antigen 
on erythrocytes?  

A) hemocoagulation B) sedimentation C) agglutination D) precipitation E) haemolysis 

 

2. What blood type is on the picture below? 

 

3. Fill in the empty fields of the table: 

 

 
 

4. Is the distribution of blood groups in the Czech Republic comparable to other countries 
in Europe or world? Find possible differences.  

 
 

 
5. Complete the sentence (circle the correct one): Rh factor is the blood sedimentation 

factor/blood coagulation factor/system of blood type determination; based on Rh factor 
we divide individuals as  Rh……  and  Rh ….. 

 
6. What blood groups are in animals (e.g. in cats)? 
  

Blood 
group 

Agglutinogen Agglutinin 

A A  

  anti-A 

AB  - 

 - anti-A, anti-B 

7/V 
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MITOSIS IN ONION ROOTLET CELLS 

 

Permanent slide: onion rootlet stained with acetorcein 
The particular mitotic phases are visible in the onion rootlet cells. 
Chromosomes and microtubules of mitotic spindle are visible after staining 
with acetorcein. 
 Observe the cells in mitotic phases and interphase 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

1. Name the phases of cell cycle in the correct order:  
2. What is interphase and which phases of cell cycle includes?  
 
3. Write the correct phase of cell cycle to these characteristics : 

………… : condensation of replicated chromosomes, karyokinesis, cytokinesis, uniform 
distribution of genetic material to two daughter cells 

………… : replication of nuclear DNA, duplication of centrosomes and chromosomes  

………… : cell growth, organelles reproduction, synthesis of proteins and enzymes 

………… : mitotic spindle formation (the beginning), organelles reproduction, cell growth, 
synthesis of proteins and enzymes 

 

Lesson 6: CELL CYCLE, MITOSIS 
Name: 

Group: 

1/VI 

400× 
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MITOSIS IN TISSUE CULTURE  
 

Permanent slide: specimen from tissue culture from kidney of rabbit 
(ˮTK mitózaˮ) 
Mitotic cells are bigger, brighter and without nucleus (some of mitotic 
figures instead of nucleus) compared to interphase cells. Monaster (the 
cell in metaphasis) and defects of mitosis (e.g. anaphase bridge) are 
visible in the specimen. 
 

 Draw the different phases of mitosis and the cell in interphase 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 
1. Write the right name of mitotic phase under every picture: 

 

 

 

 

 

2. What is mitotic index and what is it used for? 

 
3. Draw monaster and anaphase bridge.  

400× 

2/VI 

B C A D 
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MITOSIS IN HISTOLOGIC SECTION OF SMALL INTESTINE 

 

Permanent slide: small intestine of laboratory rat stained with haematoxylin-eosin (“mitóza-
střevo”) 
First observe cross-section of small intestine under small 
magnification and find the place with mitotic cells (in intestinal villi 
close to their base).  
 Draw the cross- section of the intestine and the location of 

mitotic dividing cells 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
1. Add description to the picture 

A) astral microtubule 
B) centriole 
C) kinetochore microtubule 
D) polar microtubule 
E) centrosome 
F) kinetochore 
G) chromatid 

2. What structure is on the picture? 

400× 

3/VI 
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MITOSIS IN HISTOLOGIC SECTION OF UTERUS 
 

Permanent slide: uterus of laboratory rat stained with haematoxylin-eosin (“mitóza- uterus”) 
First observe cross-section of uterus under small magnification and find the place with 

mitotic cells (in cubic epitel of mucosa).  

 

 Draw the cross- section of the uterus and the location of mitotic cells 
 

 

 

 

 

 

  

 

 

 

 

 

 

 

 
Write the mitotic phases in the correct order and match the corresponding characteristics. 

1.  
2.  
3.  
4.  
a) disintegration of nuclear envelope, b) chromosomes are lined up in the equatorial plane 
by the assistance of microtubules and molecular motors (kinesins), c) binding of kinetochore 
microtubules to the kinetochore of chromosome, d) separation of sister chromatids by 
proteolytic separase, e) destruction of nucleolus and condensation of replicated 
chromosomes, f) formation of nuclear envelope from the vesicles of nuclear membrane 
around each set of chromosomes, g) segregation of sister chromatids to opposite poles of 
the mitotic spindle by shortening of microtubules with the help of molecular motors 
(dyneins), h) formation of mitotic spindle and kinetochores, i) formation of two nuclei with 
nucleoli and degradation of mitotic spindle 

400× 

4/VI 
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MITOSIS IN HISTOLOGIC SECTION OF TESTES 
 

Permanent slide: testes of laboratory rat stained with 
haematoxylin-eosin (“varle krysa”) 
First observe specimen under small magnification and find the 

place with mitotic cells (on the periphery of seminiferous 

tubules).   

 

 Draw the seminiferous tubule and the location of mitotic 
cells 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fill in the missing words to complete the sentence: 

1. Mitosis includes two periods: ………………………… (nucleus division) and ………………….. 
(cytoplasm division) 

2. Cytokinesis in animal cell is arranged by …………………………………………., which is formed with 
cytoskeletal filament (…………………………………) and molecular motor 
(…………………………………).  

3. Cytokinesis in plat cell is arranged by …………………………………, which is formed from the 
residues of polar …………………………………, that are used for transport of vesicles from 
………………………………… (cell organelle). 

 
  

400× 

5/VI 
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VACUOLES, CHLOROPLASTS 

Native sample: berries of Ligustrum vulgare 
Cut the berry and impress it on the slide glass, add water and cover 

with cover glass and observe. Then try how will be changed the 

colour of vacuoles after adding acetic acid and NaOH. Except of 

vacuoles, you can observe green chloroplasts. 

 

 

 

 

 

 

 

 

 

         

 

 

 

 

 

 

1.  Complete table 

 

 

2. Describe the picture of chloroplast (granum, thylakoid, stroma, outer and inner 

membrane):  

 

 

 

 

3. What are anthocyanins and what is their function in plant cell? 

  

Solutions Environment (pH) Colour of vacuoles 

Water   

NaOH   

Acetic acid   

Lesson 7: EUKARYOTES, PLANT CELL                                                                             
Name:                                                                                                                                                   

Group: 

1/VII 

400× 400x 

 Draw the cell with vacuoles after 
adding acetic acid 

  

 Draw the cell with vacuoles 
after adding NaOH 
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INCREASING OF TURGOR  

Native sample: pollen grain, H2O 
Place pollen grains by stick on the glass, observe and draw their shape. 
Then add water, cover with cover glass, observe it again and draw. 
 
 
 

 Pollen grains                                                                            

 

 

 

 

 

 

 

 

 

 

 

Conclusion (circle the right answer): After adding the water, cells are in 

hypotonic/hypertonic/isotonic solution. Water goes out of/to the cell. Pollen grains 

increase/reduce their size by activity of water. You can observe outflow of yellow cell 

wall/cytoplasm from broken grains.  
 

1. Write under picture which of the cell is animal and which is plant one. 

2. Describe the pictures (nucleus with nucleolus, cell wall, cytoplasmatic membrane, 

cytoplasm, ribosomes, Golgi apparatus, smooth and rough endoplasmic reticulum, 

mitochondria, chloroplasts, vacuole, lysosome) 
 

 

 

 

 

 

 

400× 400x 

 Pollen grains after adding water 

........................ CELL ........................ CELL 

2/VII 
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PLASMOLYSIS 

Practical task: onion, neutral red 
1. Peel off the inner epidermis from the onion (it differs from the outer) and carefully 

spread on slide glass. 

2. Add 1% neutral red which colours the vacuoles, and cover with cover glass. Check 

under the microscope that you have only one layer of inner epidermis. 

3. Then add one drop of 1M KNO3 to one edge of cover glass and put the filter paper 

from the opposite side of slide glass (solution is sucked under the slide glass)  

4. Observe it again under the microscope and notice the changes – plasmolysis. It is 

possible to see simple and spasm plasmolysis. 

 

 Draw the cell with plasmolysis (simple, spasm) and properly describe the picture (cell 

wall cell membrane, vacuole, nucleus, cytoplasm) 

 

 

 

 

 

 

 

 

 

 

 

 

 Conclusion: Plasmolysis is even that happen in plant cell placed in 

hypotonic/hypertonic/isotonic solution. We can observe separating of the cell 

membrane from the cell wall because water goes out of/to the cell that will results in cell 

enlarging /cell shrinking/vacuole shrinking. This effect is reversible/irreversible. 

 

Write the type of plasmolysis under the picture (simple or spasm).  

 

 

 

                                                                     

 

 
…………………………………….. ……………………………………… 

400× 

3/VII 
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MEIOSIS 

Permanent slide: stained longitudinal sections of testes of beetle Blaps mortisaga 
Observe several sections of testes and try to find individual phases of meiosis.  
 
 Draw types of cells corresponding to phases of I. meiotic division   

 

 

 

 

 

 

 

 

 

1. Which phases of meiotic prophase I are in these pictures?     
 
 
 
 
 
 
 

2. Choose YES/NO for correct or wrong sentences:  
Meiosis is the way of sexual reproduction of cells. YES – NO 
Heterologous chromosomes join together to form the bivalent. YES – NO 
Crossing over takes place in prophase of II. meiotic division.  YES – NO 
The places of crossing of chromatids during crossing-over are chiasma.  YES – NO 
The number of chromosomes is reduced to a half in homeotypic division.  YES – NO 
Synaptonemal complex is the group of homologous chromosomes.  YES – NO 
Nucleolus and nuclear membrane are forming in diakinesis.  YES – NO 
 

 

Lesson 8: REPRODUCTION AND DEVELOPMENT                                                                              
Name:                                                                                                                                                   

Group: 

1/VIII 

400× 400× 400× 

Leptotene - Pachytene Diplotene Diakinesis 
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SPERMIOGENESIS 

Permanent slide: testes of rat stained with haematoxylin-eosin (“varle krysa”) 
Observe stages of spermiogenesis in cross-section of seminiferous tubules (from periphery 
to the centre of tubule). 
 
 Draw individual  types of cells (with evident difference in nuclei and size of cells) 

 

 

 

 

 

 

 

 

 

1. Mark in the picture individual cells of spermiogenesis: 

 

 

 

 

 

 

 

 
2. Complete the text with developmental stages of spermiogenesis:  

On the periphery of seminiferous tubules there are …………………….…… (smaller cells with 
nucleus rich in chromatin), more centripetally you can find 
…….……………………..and……………………………….(differing in size of cells and type of nuclei). 
Closer to the centre of seminiferous tubule, there are ……………….. (with a small amount of 
chromatin in the nucleus) and in the centre of the tubule, there are …………. 

3. What is the name of sex male hormone, which is produced in testes and influences 
spermiogenesis? 

 

4. How long does spermiogenesis last? 
 

400× 

2/VIII 

A Spermatogony 
B Spermatide 
C Sperm 
D Spermatocyte I 
E Spermatocyte II 
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 SHAPE AND SIZE OF SPERMS IN DIFFERENT ANIMAL SPECIES 
 

Permanent slide: sperms of rat ("potkan"), rabbit ("králík"), pig ("prase") and bull ("býk") 
  Draw sperms of rat and other animal species (notice the differences)   

 
 
                                                                         

 

 

 

 

 

 

 

1. Sperms of various animal species can differ in (choose): A) length of tail, B) shape of sperm 

head, C) presence of polar body, D) size of acrosome, E) number of tails 

2. There can be various defects in sperms. Match individual types of abnormalities to the 
picture: A) sperm with condensed acrosome, B) big sperm head, C) abnormal middle part, 
D) small sperm head, E) doubled tail, F) normal shape of sperm, G) doubled head 

 

3. Choose the correct information about acrosome: A) contains enzymes used for 

penetration of sperm into the egg, B) is on the head of sperm, C) is used for synthesis of 

testosterone 

4. Describe the picture of the sperm:  

400× 400x 

Species: 

a 

Species:  

a 

3/VIII 

A cytoplasmic membrane 
B acrosome 
C middle part 
D cell nucleus  
E head 
F tail 
G centriol+mitochondria 
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OOGENESIS 

Permanent slide: ovarium of rat ("ovarium potkana") 
 Find and draw primary follicle (oocyte surrounded by 

follicular cells) and mature Graafian follicle (oocyte with 
multiplied follicle cells and cavities fulfilled with fluid)  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

1. Complete the text with developmental stages of oogenesis: 

…….……………. are dividing inside of ovarium by mitosis and they are changing into 

……………….…….., which enter meiosis and stop at the telophase stage of meiosis II 

/anaphase of meiosis I/ prophase of meiosis I /telophases of meiosis I (choose the right 

answer). Oogenesis continues in puberty. ……………………is dividing in 28 days interval into 

….…………... and ………………….. The development is stopped at the metaphase of meiosis I/ 

metaphase of meiosis II (choose the right answer), continues after fertilization by 

forming ……………………..and………………………………  

2. Which hormone is produced by follicular cells? (choose) 

A) testosterone, B) progesterone, C) estrogene, D) oxytocin, E) FSH, F) gonadotropin 

3. Complete: Corpus luteum is formed during ovulation from…………………………… It is used 

for production of hormone ……………………….. 

4. How long does oogenesis last? 

  

400× 

4/VIII 
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CYTOLOGICAL CHANGES IN VAGINAL MUCOSA DURING ESTROUS CYCLE 

Permanent slide: stained vaginal swab of rat in different phases of estrous cycle 

 Draw typical findings for individual phases of estrous cycle 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Choose the right process and prevalent type of cells for each phase of estrous cycle. 

Proestrus……………. 1 corpus luteum forming A mucus and leukocytes 
Estrus…………………. 2 egg maturation in the ovary B mucus, round-shaped cells with big nucleus 
Metestrus………….. 3 removing of fertilized egg C cubic cells with small nucleus 

Diestrus………………. 4 releasing of mature egg from folicule D corneous cells without nucleus 

400× 400× 

400× 400× 

Proestrus Estrus 

Metestrus Diestrus 

5/VIII 
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BUDDING YEAST 

Native slide: suspension of yeasts 

Observe the budding, forming of buds on some cell, which gradually 

increases and finally dissociates from the maternal cell. 

 Draw and describe the budding yeast 

 

 

               

 

 

 

 

 

 

 

 

 

 

 

1. What is true about budding? 

A) asexual reproduction 

B) daughter cells are formed by dividing mother cell 

C) sexual reproduction 

D) the bud is formed on the mother cell, it grows and then it separates 

2. Choose the representatives, which are reproduced by budding: 

A) plathelmintes, B) ciliates, C) polyzoa, D) cnidarian, E) polychaeta 

3. Describe the picture of the yeast: the bud-new forming cell, mother cell, cell wall, 

membrane, cytoplasm 

 

 

 

400× 

6/VIII 
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DEVELOPMENT OF DIFFERENT ANIMAL SPECIES 

Cuvettes with developmental stages of different animal species 

Complete the picture with type of development and describe each picture using terms in 

brackets in the right order: mammalian development (foetus of rat, rat, uterus in early and 

late stage of gravidity), amphibian development (frog with tail, frog, tadpole, egg), 

holometabolism (larva, puppa in cocon, egg, imago), hemimetabolism (nymphs-I., II., III., 

imago, larva, egg), fish development (embryo, hatched larva with yolk sac (=alevin), egg, 

adult fish), avian development (chicken after hatching, adult, egg, embryo) 

 

 

 

  

7/VIII 

     ……………….       …………….    ……………    ……………….        ……………………. 

…………………….             ……………………..         ………………………        …………………….. 

……………………            ……………………         …………………….         …………………… 

…………………..            ……………………         ……………………….       ……………………… 

……………………        ……………………….         ……………………         ……………………… 

…………………         ……………………….         ………………………….      ……………………… 



                                                     

Authors: Kateřina Kobédová, Jiřina Marková, Revision: Eva Bártová, Ivo Papoušek  
Grant: IVA VFU Brno 2016FVHE/2150/34 

ADDITIONAL TASKS 

1. Highlight the terms connected with asexual reproduction 

Binary fission, gametogenesis, cilliates, zygote, crossing over, budding, gonochorists, 

tetrad, chiasma, homotypic division, plathelmithes, human, leptotene, schizogenesis 

2. What is the term for development of individuum from egg without fertilization 

(choose)? 

A) oogenesis, B) metagenesis, C) parthenogenesis, D) androgenesis, E) hemimetabolia 

 

3. What is the secret gravidity (choose)? 

A) mating takes place before ovulation and sperms stay at female genital tract until 

ovulation 

B) development of an embryo is stopped between mating and childbirth (usually at the 

end of the cleavage) 

 

4. What is apomixes? Give an example. 

 

5. Write at least 2 examples of animals:   
monoestrous…………………………… 
diestrous………………………………….  
polyestrous…………………………….. 

 

6. Decide if it is spermiogenesis or oogenesis and fill in the missing data (cell names, 
number of chromosomal sets, type of cell division – mitosis, meiosis I, meiosis II). 

 

 

 

 

 

 

 

 

 

 

 

 

7. What is the difference between fylogenetic and ontogenetic development? 
  

? 

8/VIII 

polar body 

?       
 ?      ?        ?        ? 

spermatocyte II 
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STRUCTURE OF POLYTENE CHROMOSOMES 

Permanent specimen: polytene chromosomes ("obrovské chromozomy") 
of chironomid larva (Chironomus spp.) 
Observe and draw the cell with polytene chromosome from the salivary 
gland of chironomid. 
 
 Draw the polytene chromosome 

 

 

 

 

 

 

 

 

 

 

 

Conclusion (verify or complete): We observe cells with polytene chromosome located in the 
nucleus called as ray-shaped/ribbon-shaped. With higher/smaller magnification, there are 
stripes (reminding the bar code) on chromosomes called………………, they are stained in the 
same/different way. We can also see swelling/stricture of the chromosome called 
………………….. 

1. What is the size of chromosomes in µm?  A) 0 – 1,  B) 1 – 10, C) 10 – 20, D) 20 – 50 
2. Describe the picture:  

 

 

 

Lesson 9: CHROMOSOMES, KARYOTYPES                                                                          
Name:                                                                                                                                                   

Group: 

400× 
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MAMMAL KARYOTYPES 

Permanent specimen: karyotype of rabbit ("králík"), sheep ("ovce"), pig ("prase"), horse 
("kůň"), cattle ("dobytek") and human ("člověk") stained with Giemsa 
 
 Observe karyotypes of all species and choose 2 specimens for drawing 
                                                                         

 

 

 

 

 

 

 

 

 

Conclusion: Write the record of karyotype of animals that you choose. What chromosomes 

are prevalent (based on the position of centromere) in each picture? 

1. Complete the grey parts in table 

(54, cattle, onion, 38, human, 44, 64) 

 

 

 

 

2. Write under pictures, which karyotype belong to cattle, human or onion 

 

 

 

 

 

 ................................           ………………………………..            ………………………………..  

Species Number of chromosomes 

pig  

 46 

rabbit  

horse  

 60 

sheep  

 16 

400× 

Karyotype ………………. 

 

Karyotype ……......... 

a 400× 

2/IX 
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CHOMOSOMES, KARYOTYPES – ADDITIONAL TASKS 

1. Complete the types of chromosomes according to the position of centromere 

 

 

 

 

 

 

 

 

 

2. Complete the grey parts in table 

 

 

 

 

 

 

 

3. Complete karyotypes: 

a) healthy man:                                    .……………………………… 

b) man with Down syndrome            …………………………..…. 

c) woman with Edwards syndrome ………………………………. 

d) ram (male of sheep)                       ………………………………. 

 

4. Complete in detail what karyotypes are shown (species, gender, syndrome) 

a) 45, XO …………………………………………….. 

b) 47, XXY…………………………………………….. 

c) 47, XX+13 ……………………………………..... 

d) 60, XX …………………………………………..... 

e) 64, XY …………………………………………..... 

 

5. What is the difference between trisomy and triploidy? Write the record  

Trisomy:……………………………………………………………………… Record: ………………………… 

 

Triploidy: ……………………………………………………………………. Record: …………………………. 

 

6. Mark correct statement about Baar body: 

a) It is sex chromatin 

b) It occurs in heterogametic sex 

c) It is inactivated chromosome X 

d) it is situated on inner side of nuclear membrane 

Type of chromosomal 
determination of sex 

Male Female Representatives 

 XY  mammals, amphibians 

  ZW  

Protenor   true bugs, orthopteran insect 

honeybee  2n social insect 

A …………………………… 

B …………………………... 

C …………………………… 

D ………………………….. 

3/IX 



                                                     

Authors: Kateřina Kobédová, Jiřina Marková, Revision: Eva Bártová, Ivo Papoušek  
Grant: IVA VFU Brno 2016FVHE/2150/34 

  
 
 

CROSSING OF DROSOPHILAS WITH DIFFERENT EYE COLOUR 
Drosophila melanogaster: male and female with different eye colour 
Crossing of drosophila with red eyes (original wild form) with mutant with white eyes. The 

experiment will be done in groups:  

  
1. LESSON: BEGINNING OF THE EXPERIMENT 

Tools:  
 Erlenmeyer flask with fresh medium 
 Two tubes with drosophila of different sex (two possible 

crossing of drosophila in tubes) 
 
 Check if sex and eye colour of fruit fly correspond to information on tubes. Write under 

pictures symbols for sex and eye colour of drosophila. 
 

 
 

 

 

 

 

 

 Carefully transfer drosophila (males and females) into the Erlenmeyer flask. Close the 

flask with cotton and mark  

 

 

 

 

1. How long last the life cycle of Drosophila melanogaster in optimal laboratory condition? 

…………………days. 

2. Write down the stages of drosophila life cycle in the right order.  

 

 

3. Write at least three different names used for Drosophila melanogaster. 

1/X 

GENETIC EXPERIMENT: Crossing of Drosophila melanogaster 
Name: 

Group: 

…………………… …………………… 

…………………… …………………… 

Example:  
Day and time of the lesson (e.g. Mo 7-8:45 etc.) 
Group (FVL 1 etc.)  
Working group (number, picture….) 
Sex and eye colour of crossing drosophila  
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2. LESSON: REMOVING OF ADULT DROSOPHILA FROM THE FLASK 

The aim is to remove adults from the flask not to mix them with the offspring. 

 Drop ether (about four drops) on the cotton placed at the 

cover of the bottle and close the bottle (bottle inside will 

fill with ether). Then open the bottle and remove fruit fly 

(only adults!) from the flask and close the bottle.  

 
 
 
 

 

 

  

 

 Remove narcotized adults from the bottle to the tube and cover it with cotton  

 

 

1. Complete the karyotype of Drosophila melanogaster: 2n = …………… 

2. Complete drawing - shape and striation of the abdomen according gender  

 

 

 

 

 

 

3. Who did first use drosophila as the genetic model?  

4. Write 5 reason why it is convenient to use drosophila as the genetic model 

a) 

b) 

c) 

d) 

e) 

2/X 

ether 
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3. LESSON: EVALUATION OF EXPERIMENTAL RESULTS 

Use ether to narcotize fruit flies (offspring of crossing) by the same as in 2. practical. 

 Sort drosophila according to sex and eye colour. Write numbers under picture.   
 
 
 

 

Conclusion: Deduce if eye colour in offspring inherited according to our expectation? If not, 

explain the reason or mistakes.  

 

 

1. Complete alleles in P and F1 generation. Complete also the eye colour of the offspring. 

a) How does F1 generation look like if in P generation, dominant allele is on X chromosome 

in female? Complete alleles on chromosomes. 

P: X X × X Y F1: X X, X Y 
 Eye colour of offspring: 

b) How does F1 generation look like if in P generation, dominant allele is on X chromosome 

in male?  

P: X X × X Y F1: X X , X Y 
 Eye colour of offspring 

2. Choose right answers: Eye colour of fruit fly is the trait belonging to sex-limited 
inheritance/sex-linked/sex-influenced/sex controlled. Genes are located on 
autosomes/gonosomes, on heterologous part of Y/heterologous part of X/homologous part 
of X. 

3. Complete sentence: Dominant eye colour is …………………….., allele for this colour is 
marked ………………. . Recesive eye colour is …………………….., allele is marked ………………. 

4. Threre are many mutations in drosophila. Match their phenotype to some of them.  
eyeless white eyes 
yellow rudimental wings 
ebony yellow body colour 
curly black body colour 
white reduced eyes 
vestigial wings curled up 
 
5. What mutations are on the picture? 

 
 

3/X 

………………………                    ……………………… ……………………… ……………………… 
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Aim: Basic methods used for DNA analysis 

1. DNA isolation 

2. DNA amplification by PCR and electrophoresis 
3. DNA visualisation and evaluation of results 

 

Task: Sex determination of bird from the biologic material (muscle tissue) by PCR. 
              
           

MOLECULAR BIOLOGY I – TISSUE PREPARATION FOR DNA ISOLATION 
 

Procedure of preparation of the lysate:  

1. take a piece of tissue (muscle or other tissue of bird) with size 
corresponding to max. two pinheads and transfer it into microtube (1.5 
ml) marked with fix. 

2. add 200 μl of GT Buffer 
3. homogenise tissue with microbeater 
4. add 20 μl of proteinase K by new tip 
5. close microtube, shake it in hand and incubate in room temperature for 2 min 
6. add 200 μl of GBT Buffer (for lysis) by new tip 
7. close microtube, shake it and place in shaking thermoblock heated to 55 °C and incubate 

it for cca 3 hours at 300 rpm (rounds per minute) 
8. lysed samples will be stored at room temperature for next week 

 

  
  

Lesson 9,10,11: MOLECULAR BIOLOGY 
Name:  

Group:  

 students have one sample for pair 
 microtubes must be marked with the number of the group and number of each pair 
 set of automatic pipets is available for one working group  

 
 it is necessary to choose the right pipette according to the volume range 
 check and set the required volume on the pipette – be careful not to rewind the pipette out 

of given volume range!! 
 to ensure the accurate volume, the tip must be carefully put on the pipette (contactless!!)  
 filter tips are used for working with DNA to prevent the contamination of the pipettes  
 It is used always a new tip to prevent contamination of the solutions (it is possible to use one 

tip for the same solution) 
 the required volume is obtained by pressing the pipette to the first position and dipping the 

tip of the pipette to the liquid, than releasing the compression and transfering the required 
volume to the tube by pressing the pipette to the first position.  

 homogenization of the sample in the tube is done by repeated sucking into the pipette and 
emptying (three times)  

 removing of the tip is performed contactless 
 

INSTRUCTIONS FOR WORK 

1/XI 
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MOLECULAR BIOLOGY II – DNA ISOLATION AND PCR 
 

DNA ISOLATION 

1. add 200 μl of 96% ethanol to cell lysate in microtube 
2. mix content of microtube by repeated turnover 
3. take colon with collecting microtube and write your identification number on cover of 

colon by fix, then pour off content of microtube into colon  
4. centrifuge for 1 min at 13000 rpm 
5. pour off content of collecting microtube (into waste bottle) and put give collecting 

microtube again under colon 
6. add 400 μl of washing solution 1 (W1 Buffer) by new tip into colon 
7. centrifuge for 1 min at 13000 rpm  
8. pour off content of collecting microtube (into waste bottle) and put collecting microtube 

again under colon  
9. add 600 μl of washing solution 2 (Wash Buffer) by new tip into colon 

10. centrifuge for 1 min at 13000 rpm  
11. pour off content of collecting microtube (into waste bottle) and put collecting microtube 

again under colon 
12. centrifuge for 3 min at 13000 rpm  
13. place the colon into a new microtube (2 ml) marked with fix (discard the used collecting 

microtube) 
14. add 50 μl of elution solution (Elution Buffer) preheated to 55 °C into the centre of colon 
15. incubate 2 min at room temperature  
16. centrifuge for 2 min at 13000 rpm  
17. remove the colon (discard it into waste bottle) and close the microtube that contains 

isolated DNA 
 
 
 
 

 

 

 

 
 
 

  

DNA binding 

on the 

column 

elution buffer 

DNA 

centrifugation 

 

wash buffer 

centrifugation centrifugation 

collection microtube 

2/XI 
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PCR 

Pair of students will process one sample: 

1. prepare PCR mixture into PCR microtube (mixture for one sample 18 μl): 

 10 μl - PCR master mix (mixture of nucleotids dNTP, DNA polymerase and Mg2+ ionts) 
   2 μl - primer 2550F  (GTTACTGATTCGTCTACGAGA)   
   2 μl - primer 2718R  (ATTGAAATGATCCAGTGCTTG)  
   4 μl - water for PCR   

2. add 2 μl of isolated DNA into microtube with 18 μl of PCR mixture by new tip 
3. close PCR microtube and place in the thermocycler, teacher will start the PCR programme  
4. PCR product will be stored in the fridge after ending PCR programme 
 
 
Programme of PCR amplification: 

Initial denaturation DNA 94 °C   3 min  
   DNA denaturation 94 °C   30 sec 
   Primer binding (annealing) 55 °C   45 sec                    35 cycle 
   Synthesis of complemental DNA strains (extension) 72 °C   45 sec 
    
Synthesis of rest of DNA strains (final extension)  72 °C   5 min 
 
 

  MOLECULAR BIOLOGY III – ELECTROPHORESIS  

 

GELE ELECTROPHORESIS 

The preparation of 1.2% agarose gel (one gel for group) 

1. weight 1.2 g of agarose and put it into Erlenmeyer flask 
2. measure 100 ml TBE buffer with a glass cylinder, pour it into the 

flask and mix it 
3. place the flask into the microwave oven and boil it at maximal 

temperature for 2 min (stop the microwave when the agarose 
starts to bubble, mix the content of the flask gently by gloved 
hand)  

4. take the flask and cool it under the flowing water to 60 °C (you can 
hold the flask for several seconds without heat gloves)  

5. add (by using a new tip) 3 μl of MIDORI Green (10000x 
concentrated solution) and mix it gently by hand 

6. prepare the electrophoretic mold and pour off warmed agarose 
from the flask into the mold  

7. place the comb into the mold and remove eventual air bubbles in 
the gel by the tip (agar will be rigid after 30 min)  
 
 

Sample loading 

3/XI 

degenerované nukleotidy: R=A,G; Y=C,T 
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1. once the gel is rigid, remove the comb, transfer the gel to 
electrophoretic bath and pour off TBE buffer to submerge whole 
gel  

2. add 3 μl of DNA ladder (size standard) into one well (the central 
one is the best)  

3. one of students in pair will apply (using a new tip) 10 μl of PCR 
product into gel (you must work carefully, not to tear the gel)  

4. cover the electrophoretic bath with a lid, plug it in, switch it on using constant voltage of 
120 V for 30 min 

5. after electrophoresis is finished, place the gel on UV transluminator and evaluate the 
results (for your safety, use the plactic cover to observe the results)  

 

Evaluation: 

Female sex: (ZW) there are 2 strips (bands) on the gel. One bigger corrrespond to CHD-Z, the 

second one (200 bp smaller) correspond to CHD-W.  

Male sex: (ZZ) there is a single strip corresponding to CHD-Z.  
 

 

Result of gel electrophoresis: 1, 10 – size marker; 2, 3, 4, 5 – female; 6, 7, 8, 9 – male.  

  

4/XI 

100 bp 

 

 

200 bp 

 

 

300 bp 

 

 

400 bp 

 

 

500 bp 

 

 

  1        2        3       4        5       6        7        8        9      10       
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ADDITIONAL TASKS 
 

1. Choose from which material can we isolate DNA? 

A) prions, B) mammalian blood, C) avian blood, D) hair follicle, E) amniotic fluid, F) saliva, 

G) bacteria, H) plant tissue, I) yeasts, J) viruses 

 

2. Circle YES/NO for sentences if they are true or not 

a) Molecular biology is concerned with the structure and 
interactions of biomacromolecules 

YES – NO 

b) Chromatography does not belong to the methods of molecular 
biology 

YES – NO 

c) It is possible to isolate DNA from viral particles. YES – NO 
d) Tissues and organs have to be homogenised before DNA 

isolation  
YES – NO 

e) Lysozyme is used for removing contaminants and for DNA 
extractions from the solution 

YES – NO 

f) Thermocycler is the machine for DNA isolation YES – NO 
 

3. Draw the DNA structure to show the basis of the chain, connection of both chains and 

to mark the ends of chains. 

 

 

 

 

 

 

 

 

4. Write at least three different purposes of using methods of molecular biology.  

1. ………………………………….…. 

2. …………………………………….. 

3. …………………………………….. 

 

5. Who was responsible for the development of PCR? 

A) Jeffreys, B) Mullis, C) Sanger, D) Linné 

6. Describe the picture – components of the PCR mixture                          

7. How many cycles does PCR usually have? 

A) 15-20, B) 25-35, C) 30-50, D) 50-100, E) more than 100 

8. How many copies of DNA do we obtain from one initial DNA molecule after 4 cycles of 

PCR reaction?  

  

5/XI 
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……………………….. ……………………………………… ……………………….. 

9. Which of the sentences about primers are true? 

A) they are chemically synthetized oligonucleotides YES – NO 

B) they serve as templates for the synthesis of new DNA chain YES – NO 

C) they define the part of DNA that will be amplified YES – NO 

D) one specific primer is enough to initiate the PCR reaction YES – NO 

E) they bind to complementary parts of the opposite DNA chains YES – NO 

 

10. Complete the scheme with the names of PCR phases and add the appropriate 

temperatures at which each phase generally runs (72° C, 94-95° C, 55-65° C)  

 

 

 

 

 

 

 

 

 

 

11. What are the names and functions of machines below? 

        

 

 

 

 

 

 

 

 

12. How can we determine (approximately) the size of DNA fragments in the gel? Choose 

the right answer.  

A) with ruler, B) using the size standard (ladder), C) with enzymes, D) it is not possible, it 

must be sequenced 

  

…………………………. 

1) ..………….......... 

 

2) ..………….......... 

 

3) ..………….......... 

 

Phase: 
(temperature) 
 

……………………….. ……………………………………… ……………………….. 

6/XI 
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13. Correct the following text (complete with the word below or choose the right answer) 

A. DNA isolation 

DNA isolation is done with the isolation kit, based on the principle of adsorption …..……… 

on silicate. Material for examination (avian tissue) is lysed by ……………….. (it contains 

detergents that dissolve cell membranes and denatures ………….), enzyme …………... (it 

restricts proteins including histons bound to DNA) and enzyme  ……….. (it restricts RNA).  

Choose from these anwers: lysis buffer, RNase A, DNA, proteinase K, proteins 

 

Material after lysis was transferred into isolation colon/ to collecting tube, that contains 

silicone/silicate. In presence of chaotropic salts, that are component of the lysis buffer, 

DNA adheres/precipitates on silicate. The column with bounded DNA was washed with 

elution solution through repeated denaturation/centrifugation and finally released by 

elution/lysis buffer. 

 

B. PCR, electrophoresis 

Bird sex is determined by analysis of CHD/SRY gene, which encodes a lipid/protein that 

regulates activation of transcription on the chromatin level. This gene is in bird located on 

autozomes/gonozomes. In birds, male sex is homogametic/heterogametic with sex 

chromosomes XX/XY/ZZ/ZW. Female sex is recorded …………………… 

 

PCR was used to amplify RNA/DNA fragment corresponding to part of gene on 

chromosome ……… and chromosome ………. Number of PCR fragments (bands) obtained 

by PCR in male was ……………........ and in female it was ……………......... DNA fragments were 

separated by the spectofotometer/gele electrophoresis, visualised under 

ultraviolet/electromagnetic light and evaluated. 
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F2: phenotype ratio  1:2:1 
      genotype ratio     1:2:1 

 
 

 
Example: 1 
Write crossing of two homoygotes of snapdragon plants 
(Antirrhinum maius) with red flowers (AA) and white flowers (aa). 
Heterozygore (Aa) has pink flowers. 
a) Complete genotypes and phenotype and genotype ratios in F1 

and F2 generation.  
b) How is color of snapdragon inherited (complete or incomplete 

dominance)? 
c) In total, 14 red, 58 pink and 28 white plants grew up in the 

garden. Use χ2 test to find out, if it correspond to theoretical phenotype ratio (table value 
– supplement 1 of handbook). 

 
Solution 
a)  P: AA × aa                                       Aa × Aa 

                                                                                                                                                                                  
 

 

 
 

 

b) The observe trait show incomplete dominance 
c)  
xi …………                      14:  58 : 28 
expected ratio           1  : 2 :  1 
ei                               25 : 50 : 25 

(ei  values are calculated by this way: 14+58+28 = 100/4=25, then: 25x1, 25x2 and 25x1) 
 
X2

(N) ═ Ʃ (xi – ei)2  (use values of xi and ei from ovals) 
                    ei 

X2 ═ (14-25)2 + (58-50)2 + (28-25)2  ═  4,84 + 1.28 + 0.36 = 6.48  
25       50           25  

N = (number of cleavage classes -1) = 3 - 1 = 2 
P = (use value for 5% deviation, that is used frequently in statistic) = 0.05 
Table value:  5.99 
 
6.48 < 5.99 (calculated value is lower than table value).…..phenotype ratio  does not correspond to 
expected one. 
  

 A A 

a Aa Aa 

a Aa Aa 

 A a 

A AA Aa 

a Aa aa 

Genetic tasks I: MENDELISM, MONOHYBRIDISM 
Name: 

Group: 

F1 : Aa (uniform offspring) 
 

1/I 
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Solve the following tasks: 
1. Use χ2 test to find experimental phenotype ratio in F2 generation; 79 dark, 170 bright and 
95 russian rabbits correspond to theoretical phenotype ratio (table values – see supplement 
one in handbook). 
 
2. In pumpkin, white color is dominant over yellow. Alele W encodes white color, allele w 
encodes yellow color.  
a) After crossing of two white pumpkins, 3/4 of offspring were white and 1/4 of offspring 

were yellow. What are the genotypes of parents and offspring?  
b) You have white pumpkin. What type of crossing will you use to find out, if it is 

homozygote or heterozygote? White possible crossing (genotypes and phenotypes of 
plants). 

 
3. Blue and brown color of eyes in humans is determined by different alleles of one gene. 
The following results were found in 337 families during one study: 

  

What color of eyes is dominant? Use symbols B, b and write all types of crossings.  
 
4. Two black female mice were crossed with two brown males. One female had 9 black and 7 
brown offspring in several litters; the second female had 57 black offspring in several litters. 
 a) Deduce, they was of inheritance of  black and brown color? What color is dominant, 

recessive and why?  
 b) What were the genotypes of parents in these crossing (use symbols D and d for alleles)? 
 
5. The results of crossing of white pumpkin with yellow one was: 327 white and 360 yellow 
pumpkin (see task 3). 
a) Write genotypes of the plants. What is the genotype of the initial white pumpkin?  

b) What is the name of this type of crossing? 

c) Use χ2 test to verify phenotype ratios (table value - supplement 1). 
 
6.  Leaves of cucumber are typically palmate, but there is also gene that encodes flabellate 
leaves called ginkgo, because they looks like leaves of trees of Ginkgo biloba. After crossing 
of homozygote plant with palmate leaves and homozygote with ginkgo leaves, leaves of all 
plants in F1 generation were palmate.  
a) What type of leaves is dominant?  
b) What are genotype and phenotype ratios in F2 generation and in back crossing? 
 
  

Parents (eyes color) Number of families Children (color of eyes) 
blue brown 

Blue × Blue 150 625 0 
Blue × Brown 158 317 322 
Brown × Brown 29 25 82 

2/I 
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7. In Andalusian breed of chicken, dominant allele B determines dark color of feather, allele 
b determines white color. Heterozygotes have bluish color.  
What will be the color of feather of offspring after crossing of bluish female with male:  
a) of dark feather, b) bluish feather, c) white feather?  
 

SOLUTION 

  

3/I 
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Example: 1 
Deduce phenotype and genotype ratio in F2 and B1 
generation for dihybridism by using punnet square/bracket or  
brunching method. There is the relation of complete 
dominance between alleles of both genes A and B.  
 
Solution: 
F1:  AaBb × AaBb 
gametes: AB, Ab, aB, ab × AB, Ab, aB, ab 
 
Punnet square: 

 
 
 
 
 
 

F2: phenotype ratio: 9:3:3:1 (various phenotype combinations) 
      genotype ratio: 1:2:1:2:4:2:1:2:1 (various alleles combinations) 
 
Bracket method: 
Aa x Aa …AA, 2Aa, aa = genotype ratio (1:2:1), phenotype ratio (3:1) 
Bb x Bb…..BB, 2Bb, bb = genotype ratio (1:2:1), phenotype ratio (3:1)  
(3:1) x (3:1) = 9:3:3:1 
(1:2:1)x(1:2:1)= 1:2:1:2:4:2:1:2:1 
 
Brunching method: 
  
                                                     
                                          
 
                                                  
 
Back crossing: AaBb × aabb 
gametes: AB, Ab, aB, ab 
 
B1: genotype and phenotype ratio: 1:1:1:1 
 
 
 
 
 
  

 AB Ab aB ab 

AB AABB AABb AaBB AaBb 

Ab AABb AAbb AaBb Aabb 

aB AaBB AaBb aaBB aaBb 

ab AaBb Aabb aaBb aabb 

 AB Ab aB ab 

ab AaBb Aabb aaBb aabb 

Genetic tasks II: DI-, POLYHYBRIDISM 
Name: 

Group: 

BB 
2Bb 
bb 

AA

RB 
BB 
2Bb 
bb 

2Aa 

BB 
2Bb 
bb 

aa

RB 

3B- 
bb 3A-

RB 
3B- 
bb 

 aa 
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Solve the following task: 
1. Complete Punnett square for dihybridism and deduce phenotype and genotype ratio for 
offspring of two guinea pigs with the same genotype RrBb (R - rough coat, r - smooth coat, B 
- black coat, b - white coat). There is the relation of complete dominance between alleles of 
both genes. What will be ratio in back crossing? 

2. Use the branching method for setting genotypes of gametes produced by individuals with 
the following genotypes:  
a) RrssTtUU 
b) AaBBCcddEe  
c) KkllmmNnOOppQq 

3. Use the branching (or bracket) method for setting of genotype and phenotype ratios in 
offspring after crossing of hybrids: AaBBCcddEe x aaBBCcDdee (between alleles of all genes 
is incomplete dominance). 

4. Black rough and white rough guinea pigs had 32 black rough, 33 white rough, 12 black 
smooth and 9 white smooth offspring.  
a) What were genotypes of both parents?  
b) Use the branching method for determination of genotype frequencies of offspring.  
c) Use χ2 test for determination of significance of variation between obtained (empiric) and 

expected (theoretic) phenotype ratios (table value – handbook, supplement no. 1). 

5. In pigeons, smooth head (C) is dominant over the crest (c) and orange eye colour (O) 
is dominant over pearl (o). What are the genotypes of parents in the following crossings? 
a) pigeon with smooth head and orange eye × dove with smooth head and pearl eye 

(offspring: 3/4 with smooth head and orange eye + 1/4 with crest and orange eye) 
b) pigeon with smooth head and orange eye × dove with smooth head and pearl eye 

(offspring: 1/2 s with smooth head and orange eye + 1/2 with smooth head and pearl eye) 
c) pigeon with smooth head and orange eye × dove with smooth head and orange eye 

(offspring: 9 smooth head and orange eye + 3 smooth head and pearl eye + 3 head with 
crest and orange eye + 1 head with crest and pearl eye) 

 

6.  Use the branching (or bracket) method for setting of genotype and phenotype ratios in 
offspring of parents with these genotypes: RrssTtUU x RrSsTTuu (there is complete 
dominance between alleles of all genes). 

7.  In pumpkins, white colour (W) is dominant over yellow (w) and disk shape (D) is dominant 
over round shape (d). What are the genotypes of parents and offspring in the following 
crossings?  

a) White disk x yellow round (offspring: 1/2 white disk and 1/2 white round).   
b) White disk x yellow round (offspring: 1/4 white disk, 1/4 white round, 1/4 yellow disk and 

1/4 yellow round).  
c) White disk x white disk (offspring: 28 white disk, 9 white round, 10 yellow disk and 3 

yellow round). 
 

SOLUTION 
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Example: 1  
In rabbits, there is allele set with dominance in this order: coloured fur (C), Himalayan 
albinism (ch) and albinism (ca). 
a) What colour of fur can be expected in offspring after crossing of two homozygotes one 

with coloured fur and the second with albinism?  
b) What are the genotypes of parents when crossing rabbits with albinism and Himalayan 

albinism, if they had following offspring: 1/2 albinism and 1/2 Himalayan albinism? 
 

Solution: 
C- (CC, Cch, Cca) coloured 
ch-  (chch, chca) Himalayan albinism 
ca – (caca) albinism 
 
a) CC × caca 

Cca  The offspring will have coloured fur. 
b) ca- × ch- 

1/2 caca , 1/2 ch-  
The second allele in both parents must be ca, to have offspring with genotype caca.  

Genotype of parents are: caca and chca 

 

Solve the following tasks: 

1. In rabbits, there is allele set with dominance in this order: coloured fur (C) Himalayan 
albinism (ch) and albinism (ca). 

a) What colour of fur can be expected in offspring after crossing of two homozygotes one 
with coloured fur and the second with Himalayan albinism?  

b) What are the genotypes of parents when crossing rabbits with coloured fur and 
Himalayan albinism, if they had these offspring: 1/2 coloured, ¼ Himalayan albinism and 
¼ albinism? 

 
2. In humans, blood groups are determined by three alleles IA, IB and i. Alleles IA and IB are 

dominant over allele I and there is codominance between IA and I B (presence of these two 

alleles results in blood group AB). There are 4 blood groups in human: A (genotypes: IAIA, IAi), 

B (genotypes: IBIB, IBi), AB (genotype: IAIB), O (genotype: ii). 

a) What blood groups can have children of parents with genotypes IAi and IBi?  
b) What are the genotypes of parents, if father has blood group AB, mother B and their 

children ¼ A, ¼ AB and ½ B?  
c) Which of two men can be excluded as a father of child? Mother of the child has blood 

group B, child has blood group 0, one man has blood group A and second man has blood 
group AB. 

d)  Both parents are heterozygous for blood group B. What is the probability that their first-
born son will have blood group B? What is the probability in case that the first-born is 
daughter? 

Genetic tasks III: POLYMORPHIC GENES 
Name: 

Group: 
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e) In a short period of time (during the same night) 4 children were born with blood groups 
A, B, AB and 0. Due to the mistake of midwife it was not certain, which child belonged to 
which mother. Therefore blood groups of all 4 parent couples were examined and it was 
find out that pair one has blood groups B x B, pair two has blood groups 0 x AB, pair three 
A x B and pair four 0 x 0. Which child belonged to which couple? 

 

3. Blood groups in cats are determined by 3 alleles A, aab, b (in order of dominance: A > aab > 

b). There are three blood group in cats: A (genotypes: AA, Aaab, Ab) AB (genotypes: aabaab, 

aabb) and B (genotype bb).  

a) The cat with blood group B was mated with tomcat of unknown blood group. After 
examination of their kittens it was find out, that four kittens have blood group A and 
three blood group B. What were the genotypes of parents and kittens?  

b) The cat with blood group A was mated with tomcat of blood group B. What blood groups 
can have their kittens?  

 
4.  Blood groups in humans 
a) Determine the blood groups in men in which we can exclude the paternity if you know 

the blood group of mother and child. A) mother 0, child A, b) mother 0, child 0, c) mother 
A, child B, d) mother AB, child B 

b) Both parents are heterozygous for blood group A. What is the possibility that their first 
two children will also have blood group A?  

c) Mother has the blood group B and her child A. Mother claims that father is the man with 
blood group AB. Is it possible? 

 
5. The cat with blood group AB had gradually kittens with two tomcats. All kittens from the 

first litter had blood group A, kittens from the second litter had A, AB or B. What were blood 

groups of two tomcats and what were the genotypes of parents and offspring? 

 

SOLUTION 
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Example: 1 
Mutation (miniature, m) in Drosophila melanogaster is a type of 
mutation of small narrow wings, slightly overlapping the abdomen. 
Their dark grey coloration is caused by the hairs which are densely 
accumulated on small sized cells. The following ratio was obtained by 
crossing of individuals from the population where the mutation 
occurs. (normal size +) 

+ m 

female male female male 
204 100 0 96 

 
What were the genotypes of the parents? 
 
Solution:  

                                                                                                                                                                                  
 

 
 
 
Father's genotype was X+Y, mother's genotype was X+Xm. 
 

 
Solve the following tasks: 
1. Eye colour in Drosophila melanogaster is determined by two alleles, which are marked 
with upper index + (dominant allele) and w (recessive allele). Red colour is dominant over 
white colour. 
a) On which chromosome is the gene for eye colour located? What type of inheritance is it?  
b) Find out the ideal ratios of F1 generation after crossing red eye female with white eye 

male and white eye female with red eye male.  
 
2. In cats, dominant allele of gene Y (in homozygote form in females and hemizygote form in 
males) determines black colour of fur. Recessive allele determines yellow colour and 
heterozygote females have tortoise-coloured fur.  
a) On which chromosome is gene for fur colour located? What type of inheritance is it? 
b) Black female had one tortoise-coloured and four black offspring. What genotype and 

colour of fur had their father? What sex had the black offspring?  
c) Tortoise-coloured female was mated with yellow male. What is the probability that they 

will have yellow male and female offspring? 
 
3. Color blindness (daltonism) is disease with recessive X-linked inheritance (gene D). 
A couple has daughter with daltonism, but her mother was able to distinguish colours. What 
were the genotypes of the both parents?  

 X? X? 

X? X+X? X+X? 

 Y X+Y XmY 

 X+ Xm 

X+ X+X+ X+Xm 

  Y X+Y XmY 

Genetic tasks IV: INHERITANCE AND SEX 
Name: 

Group: 
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4. Haemophilia is disease with a recessive gonosomal inheritance linked to chromosome X 
(gene H). A man with haemophilia had daughter with healthy woman with homozygote 
genotype. What genotype had their daughter? 
 
5. The colour of Ayrshire cattle is determined by gene M. Cowes and bulls with genotype 
(MM) are mahogany, cattle with recessive homozygote genotype (mm) is red spotted. Bulls 
with genotype (Mm) is mahogany, while cows are red spotted.  
a) What type of inheritance is it? What will be the fur colour in the offspring of F2 

generation?  
b) The red spotted cow (her father was mahogany) was mated with the red spotted bull. 

What are genotypes and phenotypes of parents and their offspring?  
c) The mahogany cow gave birth to red spotted offspring. Can you find out the sex of 

offspring? 
 
6.  In humans, there is gene P for baldness (hairlessness). Men with genotype PP and Pp are 
bald, while women are bald only with genotype PP. Gene B determines colour of eyes; 
brown one is dominant over blue one.  
a) What type of inheritance does hairlessness show?  
b) The hairless man with brown eyes (his father has hair and blue eyes) married a blond 

woman with blue eyes (her father and brothers were bald). What colour of eyes can they 
expect in their children? Will they have hair or will they be bald?   

 
7. In Siamese fighting fish (Betta splendens), dominant allele of gene Z induces enlargement 
of fins, if there are male sex hormones present.  
a) What type of inheritance is it? What will be the fins size in the offspring of F2 generation? 
b) Write an example of crossing, where you reveal heterozygous genotype in males and 

homozygous dominant genotype in females, if you have recessive homozygotes for 
crossing (zz).  

 

 

SOLUTION 
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Phenotype ratio:   
3(white) : 1(purple) 

 
 
Example: 1 
Purple colour of vetch is caused by the presence of at least 
one dominant allele of both genes (C-P-). Others combination 
of genotypes lead to white colour of flowers.  
a) Use colours in Punnet square to differentiate different 

phenotypes resulting from crossing of two dihybrids 
(heterozygous in both genes). What type of gene 
interaction is it?  

b) What colour of flower can be expected in offspring resulting 
from the following crossings: 1) CcPp x CcPP, 2) Ccpp x ccPp? 

 
Solution: 
a)  CcPp × CcPp 
     gametes: CP, Cp, cP, cp × CP, Cp, cP, cp 

 
 
 
 
 
 

Phenotype ratio: 9 (purple) : 7 (white), it is complementarity. 
 

b) CcPp ×  CcPP                                                        Ccpp × ccPp 
                                                                                                                                                                                  
 
 
 

   

 CP Cp cP cp 

CP CCPP CCPp CcPP CcPp 

Cp CCPp CCpp CcPp Ccpp 

cP CcPP CcPp ccPP ccPp 

cp CcPp Ccpp ccPp ccpp 

 CP Cp cP cp 

CP CCPP CCPp CcPP CcPp 

cP CcPP CcPp ccPP ccPp 

 Cp cp 

cP CcPP ccPp 

cp Ccpp ccpp 

Genetic tasks V: GENE INTERACTIONS 
Name: 

Group: 
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Solve the following tasks: 
 
1. In pigs of breed Duroc, the red colour is determined by parralel presence of dominant 
alleles in genes R and S. The presence of dominant allele in one of these genes encodes for 
sand-like colour, while recessive homozytotes in both genes are white. 
a) Use colours in Punnet square (or branching method) to differentiate phenotypes resulting 

from crossing of two dihybrids (heterozygous in both genes). What type of gene 
interaction is it? 

b) What is the colouring and phenotype ratio in following crossing? 1) RRSs × rrSs, 2) rrss × 
RrSs?  

 
2. The colour of a feather of a canary is determined by genes A and B. Dominant allele of 
gene A encodes for red colour, dominant allele of gene B for yellow one. Birds with 
genotypes aabb and A-B- are white. 
a) Use colours in Punnet square (or branching method) to differentiate phenotypes resulting 

from crossing two dihybrids (heterozygous in both genes). What type of gene interaction 
is it? 

b) Third gene C determines, if the feather is smooth or fuzzed. Birds with dominant allele C 
are smooth, birds with cc combination are fuzzed. Use branching method to find out 
phenotype ratio in offspring resulting from crossing: AaBbCC x AabbCc.  

 
3. The colour of a feather of a budgerigar (Melopsittacus undulatus) is determined by the 
interaction of two genes F and O. Gene F encodes for yellow colour (genotype F-oo), gene O 
encodes for blue colour (genotype ffO-). If both alleles are present, budgerigar is green 
(genotype F-O-). Recessive homozygote in both genes is white (genotype ffoo).  
a) Use colours in Punnet square (or branching method) to differentiate phenotypes resulting 

from crossing two dihybrids (heterozygous in both genes). What type of gene interaction 
is it? 

b) What will be the feather colour and phenotype ratios in the offspring resulting from 
crossing: 1) FFOo x ffOo, 2) FfOO x Ffoo? 

c) The crossing of yellow and blue budgerigars resulted in 6 yellow and 5 green offspring. 
What are the genotypes of parents? 

d) Green female budgerigar had white offspring. What was the genotype of female 
budgerigar? 

 
4. In some species of snails, striped shell is determined by the presence of dominant allele 
parallel in both genes C and S. Others genotypes determine shell without stripes. 
a) Use colours in Punnet square (or branching method) to differentiate phenotypes resulting 

from crossing two dihybrids (heterozygous in both genes). What type of gene interaction 
is it? 

b) Use the brunching method to find out phenotype ratio in offspring resulting from crossing 
of parents with genotypes Ccss × ccSs. 
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5. In mice, the presence of dominant allele of gene C is important for production of dark 
pigment melanin. Dominant allele of gene A causes change of dark pigment into yellow.  
a) Use colours in Punnet square (or branching method) to differentiate phenotypes resulting 

from crossing two dihybrids (heterozygous in both genes). What type of gene interaction 
is it? 

b) What offspring will result from crossing of black mouse (CCaa) with white mouse (ccAA)? 
 
6. In chicken, dominant allele of gene A determines coloured feather, dominant allele of 
gene I suppresses effect of gene A, but has no effect on the phenotype.  
a) Use colours in Punnet square (or branching method) to differentiate phenotypes resulting 

from crossing two dihybrids (heterozygous in both genes). What type of gene interaction 
is it? 

b) What feather can be expected in offspring resulting from crossing: AaIi x Aaii? 
 
7.  The length of rabbit ears is determined by three genes A, B, C. Recessive homozygotes in 
all three genes have ears 10 cm long and is longer for 2 cm with presence of other dominant 
allele. What ear length and phenotype ratio could be expected in offspring resulting from 
crossing of aaBbCc × AABbcc?   
 
8. In a pumpkin, the orange colour is determined by gene W, white colour by gene Y. Plants 
with genotypes (W-Y- and W-yy) are orange, (wwY-) white and (wwyy) green.  
a) Use colours in Punnet square (or branching method) to differentiate phenotypes resulting 

from crossing two dihybrids (heterozygous in both genes). What type of gene interaction 
is it?  

b) What will be the colour and phenotype ratio of the offspring after crossing of pumpkins 
with genotypes: WwYy and Wwyy? 

 
9. Scaliness in carp (Cyprinus carpio) is determined by genes S and N. Between these genes, 
there is reciprocal interaction with lethal effect that is inherited together with dominant 
allele of gene N. Fish with genotype NN die, because it carries homozygous dominant 
combination of lethal gene. Other types of scalliness are: row (S-Nn), scaly (S-nn), smooth 
(ssNn), bare (ssnn).  
a) What is the rate of different scaliness types and lethal effect in offspring resulting from 

crossing of two row carps with genotypes SsNn x SsNn? 
b) Use the branching method to find out phenotype ratio in offspring resulting from crossing 

of row and smooth carps. 
 
Additional tasks: 
10. In hens, the plumage of feet is determined by the presence of one or more dominant 
alleles in genes A or B. Hens with genotype aabb have unplumaged feet.   
a) Use colours in Punnet square (or branching method) to differentiate phenotypes resulting 

from crossing two dihybrids (heterozygous in both genes). What type of gene interaction 
is it? 

b) What is the ratio of hens with plumaged and unplumaged feets in offspring resulting from 
crossing the male without plumaged feet and female with plumaged feed and genotype 
AaBb?  

 

3/V 



                                                     

Authors: Kateřina Kobédová, Jiřina Marková, Revision: Eva Bártová, Ivo Papoušek  
Grant: IVA VFU Brno 2016FVHE/2150/34 

11. In Labradors, the colour of fur is determined by interactions of genes B and E. Dominant 
allele of gene B determines black colour, recessive allele b encodes brown colour. Presence 
of recessive allele e in homozygous form determines golden colour. 
a) Use colours in Punnet square (or branching method) to differentiate phenotypes resulting 

from crossing two dihybrids (heterozygous in both genes). What type of gene interaction 
is it? 

b) What colour of fur will be in puppies resulting from crossing of golden male (Bbee) and 
black female (BbEe)?    

 
12. In pumpkin, the shape is determined by two genes. Dominant allele of gene A or B 
determines round shape, dominant alleles of both genes determine discoid shape, while 
homozygous genotype aabb determines elongated shape.  
a) Use colours in Punnet square (or branching method) to differentiate phenotypes resulting 

from crossing two dihybrids (heterozygous in both genes). What type of gene interaction 
is it?  

b) The crossing of the discoid pumpkin with the round pumpkin resulted in 3/8 discoid, 1/2 
round and 1/8 elongated pumpkings. What were the genotypes of parents? 

 
13. The coat colour of some rodents is determined by the interactions of genes: A, B, C. 
Gene C is recessively epistatic to genes A and B and determines albinism. Between genes A 
and B, there is reciprocal interaction. Dominant allele A determines gray colour, recessive 
homozygote determines black colour. Dominant allele B determines yellow pigmentation of 
hair ends ("wild colour"), recessive homozygotes bb is without phenotype manifestation.  
Use the branching method to find out possible phenotypes of offspring resulting from 
crossing of individuums with genotypes: AabbCc x AaBbcc. 
 
14. In humans, the colour of hair is determined by the interaction of six genes. Gene A 
determines pigment formation and is recessively epistatic to other genes, it means that man 
with genotype aa is albino. Gene B encodes for formation of brown pigment and is 
dominantly epistatic to gene R, it means that man with genotype bb has fair hair. Gene R 
determines formation of red pigment with inactive recessive allele r. Dominant alleles D, F, V 
influence quantitatively intensity of hair colour. Between alleles in all six genes, there is 
complete dominance.  
Use the branching method to find out phenotypes of offspring, if their parents had black hair 
and genotypes: AaBBRrDDFfVv and AaBBRrDDFfVv 
 
15. Find out type of gene interactions if we obtain following phenotype ratios in F2 
generation (use χ2 test): a) 205 : 163, b) 225 : 92 : 114, c) 275 : 17 
 

 

SOLUTION 
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Example: 1 
Find out the correct order of genes R, S and T and power of linkage (distance) between 
neighbouring genes based on genetic analysis of offspring from test crossing: RrSsTt × 
rrsstt. 

 
Solution:  

1) Set the correct order of genes based on phenotype with the 
lowest frequency that means that this phenotype is the result of 
double crossing-over. If it is order RST, you would obtain 
combination RsT/rSt (see figure). It means that you have to 
change the order of genes inside of chromosome to obtain 
double crossing-over and thus you will obtain correct order of 
genes (it should be RTS).  

2) Correct order of genes in all phenotypes (see figure). 
3) Calculate the linkage power for genes RT and TS (linkage power 

depends on frequency of crossing-over that is why you have to 
count together frequencies of genes with crossing-over (see figure after correction).  

 
Genetic linkage for genes RT: p(RT) = 6.7 + 0.4 = 7.1 cM; for genes TS: p(TS) = 14.4 + 0.4 = 
14.8 cM. 
 
4) Draw a chromosome map with the correct order of genes and their distances. 

 

 

 

.  

 

 

 

 

 

 
Solve additional tasks: 
 
1. What gametes (genotypes) can we expect from gametogony AaBb? Solve for:  

a) incomplete linkage   
b) complete linkage in case of linkage phase cis and trans 

Phenotypes % 

RST 
rst 

78.5 

RsT 
rSt 

14.4 

Rst 
rST 

6.7 

rsT 
RSt 

0.4 

Genetic tasks VI: GENETIC LINKAGE  
Name: 

Group: 

s T r 

R t S 

s t R 

r T S 

S T R 

r t s 

S r t 

s T R T s R 

r S t 

t s R 

r S T 

T S R 

r s t 

t R S 

T s r 

after 

correction 

double 

crossing-over 

R S T 

7.1 cM 14.8 cM 

chromosome map 
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AB  ×  ab 
ab       ab 

2. Calculate theoretical phenotype ratio in B1 generation resulting from crossing 
of individuums with following genotype. Genetic linkage is p(AB) = 16.6 cM and 
number of offspring n = 1152. 
 

3. In hens, feathery legs are dominant over featherless (gene A), 
pea comb over simple (gene B) and white colour over dark (gene 
C). What is the order of genes ABC and power of linkage between 
neighbouring genes based on genetic analysis of offspring 
resulted from test crossing: AaBbCc x aabbcc.  
Draw chromosomal map. 

 
B1 crossing:    
ABC  ×  abc  
     

 
 
4. Find out gene map of V. chromosome of 
tomato. You have to find out order of genes 
K, L, N, S and genetic linkage (p) in cM 
between neighbouring genes. 
Phenotype frequencies of offspring from 
testing crossing are in tables. Draw 
chromosomal map. 
 
 
 
 
 
 

SOLUTION 
 
         
 
 
 
 

  

Phenotypes % 

ABC 
abc 

80.9 

ABc 
abC 

  3.9 

Abc 
aBC 

14.6 

AbC 
aBc 

  0.6 

Phenotypes % 

NKS 
nks 

67.8 

NkS 
nKs 

29.2 

Nks 
nKS 

2.2 

nkS 
NKs 

0.8 

Phenotypes % 

KSL 
ksl 

49.6 

kSl 
KsL 

21.4 

KSl 
ksL 

20.4 

Ksl 
kSL 

8.6 

abc        abc 
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P: crossing of female with genotype for right-

handed shell and male with genotype for left-

handed shell. 

F1: offspring with uniform phenotype with right-

handed shell, because their mother had 

genotype DD for right-handed shell. Offspring 

have genotype for right-handed shell (Dl). 

F2: offspring with three different genotypes (DD, 

2Dd, dd), however phenotypically they are all 

right-handed, because their mother had 

genotype for right-handed shell (Dd). 

F3: mothers with genotypes (DD or Dd) produce 

offspring with right-handed shell, mother with 

genotype (dd) produces offspring with left-

handed shell. 

 
 

 
Example: 1 
The coiling of the shell of snail (Lymnaea peregra) is given by 
two different alleles of a nuclear gene. Genotype (Dd, Dd) with 

dominant allele D determines right-handed coiling of shell (R), 
genotype (dd) with recessive allele d determines left-handed coiling 
of shell (L). There is incomplete dominance between alleles.  
Phenotype of the offspring (regardless it’s genotype) depends on the 
genotype of mother (regardless her phenotype).  
What is the phenotype in offspring of F1, F2 a F3 generation resulting from crossing of the snail 
with the genotype for right-handed shell (DD) and genotype for left-handed shell (dd)? 
 
Principle: protein (product of maternal gene) influencing coiling of the shell is present in the 
oocyte prior to fertilization. It influences the orientation of mitotic spindle during the first mitosis 
after fertilization, thus influencing the final shell coiling (left-handed or right-handed) in the 
offspring. 
 
Solution: 

 

 

_______________________________________________________________________

         

   ♀ DD       ♂ dd  

     phenotype  R        

     genotype    Dd 

  R          R          R          R 

DD       Dd        Dd        dd 

   R        R          R          L 

P: 

 

 

 

F1: 

 

F2: 

 

 

 

F3: 

 

 

self-fertilisation 

self-fertilisation 

Genetic tasks VII: NON-MENDELIAN INHERITANCE  
Name: 

Group: 
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Solve the following tasks: 

 1. A man affected with mitochondrial optic neuropathy married a healthy woman. What is      

the probability that their child will be affected with this disease? 

2. Recessive mutation in chloroplast DNA causes variegation of leaves because of reducing 
the chlorophyll. What plants can be expected in the offspring of variegated maternal plant 
and green paternal plant? 
 
3. What will be the leaf colour of the offspring resulting from pollination of green plant with 
the pollen of variegated plant? 
 
4. What will be genotypes and phenotypes in F1, F2 and F3 generations, if you cross female 

snail with genotype for left-handed shell (dd) and male with genotype for right-handed shell 

(DD). 

5. What was the genotype and phenotype of parents if they had offspring with left-handed 

shell? What is the phenotype of this offspring? 

6. The pedigree bellow shows the inheritance of genetic disease (Kearns-Sayre syndrome) 

caused by mtDNA mutation. It is multisystemic diseases characterized with progressive 

ophthalmoplegia (paralysis of muscles controlling eye-lid and eye movement) and different 

severity. In pedigree, mark with black colour individuals with these diseases.  

 

 

 
 

SOLUTION 
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I 

 

 

II 
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Example: 1  
Calculate the arithmetic average, variance and standard deviation of 
the weight of eggs in two groups of hen and evaluate the variability of 
the weight. 

 

 weight (g) 

Group 1 52 60 54 55 

Group 2 48 50 49 51 

 
Solution: 
Arithmetic average of group 1 (x1) ……..52+60+54+55/4 = 55.25 g 
Arithmetic average of group 2 (x2)……..48+50+49+51/4 = 49.5 g 
Variance (s2), standard deviation (s) 
s1

2 = Σ (xi – x)2 
               n-1 
s1

2 = (52-55.25)2 + (60-55.25)2 + (54-55.25)2 + (55-55.25)2  
                                                                    4 - 1 
s = 3.4 
 
s2

2 = (48-49.5)2 + (50-49.5)2 + (49-49.5)2 + (51-49.5)2 
                                          4 - 1 
s = 1.3 
 
Weight of eggs and their variability was higher in group 1, while weight and variability was 
lower in group 2. 
                                                                       

 
Solve the following tasks: 

1. Evaluate the variability of weight in two groups of mice and compare the results. 
Use the arithmetic average and variance. First group: 15.5 g, 10.3 g, 11.7 g, 17.9 g and 14.1 g. 
Second group: 20.2 g, 21.2 g, 20.4 g, 22.0 g and 19.7 g. 

 

2. Based on the values of heritability coefficients, evaluate how is the phenotype influenced 
by the environmental conditions (in %)?  
a) The body height has heritability coefficient h2N = 0.9.   
b) The size of egg in hen has heritability coefficient h2N = 0.5 – 0.6.  
c) The colour intensity of the yolk in hen has heritability coefficient h2N = 0.15.  
 
 
 
 
 

Genetic tasks VIII: Quantitative genetics  
Name: 

Group: 

1/VIII 
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3. The average height of children (sons and 
daughters) and their parents was measured 
(see table). 
a) Count the arithmetic average and the 

variance for the height of children and 
their parents. 

b) Use the correlation coefficient to 
evaluate what relation is between the 
height of parents and children 
(positive/negative, strong/week 
correlation). 

c) Count the narrow-sense heritability for 
the height (use regression coefficient). 
Is it weak or strong heritability and what 
does it mean?  

 
 
 

4. In eight ducks, width of head and length of wing 
was measured (see table): 
a) Count the arithmetic average and standard 

deviation for width of head and length of wing. 
b) Use the correlation coefficient to evaluate 

relation between the width of head and length 
of wing.  

c) What is the relation between the width of head 
and length of wing in ducks? 
(positive/negative, strong/week correlation). 

 
 
 
 
 
 
 

SOLUTION 
 
         
 
  
 
  
  

Height of children (cm), 
first child from each 

family 

Height of parents (cm), 
the average height of 
mother and father in 

family 

175 175 

180 190 

177 180 

160 175 

165 175 

175 173 

185 195 

175 185 

183 172 

  

Duck Width of head 
(cm) 

Length of wing 
(cm) 

1 2.75 30.3 

2 3.20 36.2 

3 2.86 31.4 

4 3.24 35.7 

5 3.16 33.4 

6 3.32 34.8 

7 2.52 27.2 

8 4.16 52.7 
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Example: 1 
There is a hypothetic trait in population (in total of 100 individuals) with 
dominant phenotype in 75 of people. Determine the frequency of alleles 
and genotypes (population is in HW equilibrium).  

 
(p+q)2 = p2 + 2pq + q2 = 1                           

 
 
 
Dominant phenotype includes dominant homozygotes and heterozygotes (complete 
dominance). We calculate the frequency of recessive homozygotes (recessive phenotype).  
q2(aa)…..100 - 75 = 25….dividing 100 (total number of individuals) = 0.25  

Allelic frequency 
q (a) is obtained by square rooting of 0.25 = 0.5 
p (A)= 1 – q = 1 – 0,5 = 0.5  

Genotype frequency 
P (AA) = p2 = 0.52 = 0.25 
H (Aa) = 2pq = 2 × 0.5 × 0.5 = 0.5  
Q (aa) = q2 = 0.52 = 0.25  
The results can be expressed also in percentage. 
 

Example: 2 
Albinism is inability to synthesize pigment melanin and it is recessively inherited disease. In 
the population, there is one albino (aa) per 10 000 people (0.0001). Calculate the allelic 
frequency of recessive allele a for albinism. How many % of carriers (Aa) are in the 
population? 
Solution:  
1) First, you have to transfer descriptin into the symbols of allelic and genotypic frequencies. 

In this case, you have to calculate the frequency of recessive allele q(a) from the genotype 
frequency of recessive homozygotes Q (aa).                                                                          

2) If the population is in HW equilibrium (we suppose yes if it is not stated otherwise), it is 
valid that Q = q2 and the frequency of the recessive allele is equal to two square root of 
the frequency of recessive homozygotes q(a) = 0.01. 

The next step is to calculate frequency of carries, genotype frequency of heterozygotes in 
population H(Aa). According to the HW, H = 2pq. But first we have to calculate the frequency 
of dominant allele p(A). Since p + q = 1, we can calculate p = 1 – q = 0.99. The genotype 
frequency of heterozygotes is H = 2 × 0.99 × 0.01 = 0.0198, that is 1.98 %. 
 

 
Solve the following tasks: 

1. Calculate genotype and phenotype frequencies in panmictic population in case that 

gene I (blood system AB0) exists in population in three forms (IA, IB and i). Frequence of 

allele IB (q) = 0.4 and frequency of allele i (r) = 0.4.  

Genetic tasks IX: POPULATION GENETICS 
Name: 

Group: 

1/IX 

Allelic 

frequency 
Genotype 

frequency 
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2. We observed type of earlobes in group of 100 students. It is monofactorial trate with 
three forms. Attached earlobe (aa) was found in 17 students, middle attached (Aa) in 45 
students and free (AA) in 38 students. 
a) Find out frequencies of allele A and a. 
b) Check if HW equilibrium is valid (use χ2 test, table value – see supplement in handbook). 
 
3. The population is in HW equilibrium. The allelic frequency for blue eye colour is q (b) = 
0.6.  Calculate the frequency of people with blue eyes in the population.  
  
4. In the population, there are 36 % of people with blue eyes (bb) and 64 % with brown eyes 

(BB, Bb). How many % of the brown eye people are homozygotes and heterozygotes? 

5. In our population, there are about 84 % of people with Rh+ (DD, Dd) and 16 % with Rh- 

(dd).  What is the frequency of the dominant allele? 

6.  Frequency of recessive allele a for myopy (short sightedness) in a population is 0.14, q (a) 

= 0.14. What are the frequencies of short-sighted people (aa) and carriers (Aa) in this 

population? 

 

SOLUTION  
 
         
 
 
 
 
 
 

  

2/IX 



                                                     

Authors: Kateřina Kobédová, Jiřina Marková, Revision: Eva Bártová, Ivo Papoušek  
Grant: IVA VFU Brno 2016FVHE/2150/34 

Supplement 1: Value of chí squared test (2) for significance levels P = 0.95 - 0.001 and for 

degrees of freedom N = 1 - 30. Usually it is used value of P = 0.05 (5%). 

N 0.95 0.9 0.8 0.7 0.5 0.3 0.1 0.05 0.02 0.01 0.001 

1 0,004 0,016 0,064 0,15 0,46 1,07 2,71 3,84 5,41 6,64 10,83 

2 0,103 0,21 0,45 0,71 1,39 2,41 4,61 5,99 7,82 9,21 13,82 

3 0,35 0,58 1,01 1,42 2,37 3,67 6,25 7,82 9,84 11,34 16,27 

4 0,71 1,06 1,65 2,2 3,36 4,88 7,78 9,49 11,67 13,28 18,47 

5 1,15 1,61 2,34 3 4,35 6,06 9,24 11,07 13,39 15,09 20,52 

6 1,63 2,2 3,07 3,83 5,35 7,23 10,65 12,59 15,03 16,81 22,46 

7 2,17 2,83 3,82 4,67 6,35 8,38 12,02 14,07 16,62 18,48 24,32 

8 2,73 3,49 4,59 5,53 7,34 9,52 13,36 15,51 18,17 20,09 26,13 

9 3,32 4,17 5,38 6,39 8,34 10,66 14,68 16,92 19,68 21,67 27,88 

10 3,94 4,87 6,18 7,27 9,34 11,78 15,99 18,31 21,16 23,21 29,59 

11 4,57 5,58 6,99 8,15 10,34 12,9 17,28 19,68 22,62 24,73 31,26 

12 5,23 6,3 7,81 9,03 11,34 14,01 18,55 21,03 24,05 26,22 32,91 

13 5,89 7,04 8,63 9,93 12,34 15,12 19,81 22,36 25,47 27,69 34,53 

14 6,57 7,79 9,47 10,82 13,34 16,22 21,06 23,69 26,87 29,14 36,12 

15 7,26 8,55 10,31 11,72 14,34 17,32 22,31 25 28,26 30,58 37,7 

16 7,96 9,31 11,15 12,62 15,34 18,42 23,54 26,3 29,63 32 39,25 

17 8,67 10,09 12 13,53 16,34 19,51 24,77 27,59 31 33,41 40,79 

18 9,39 10,87 12,86 14,44 17,34 20,6 25,99 28,87 32,35 34,81 42,31 

19 10,12 11,65 13,72 15,35 18,34 21,69 27,2 30,14 33,69 36,19 43,82 

20 10,85 12,44 14,58 16,27 19,34 22,78 28,41 31,41 35,02 37,57 45,32 

21 11,59 13,24 15,45 17,18 20,34 23,86 29,62 32,67 36,34 38,93 46,8 

22 12,34 14,04 16,31 18,1 21,34 24,94 30,81 33,92 37,66 40,29 48,27 

23 13,09 14,85 17,19 19,02 22,34 26,02 32,01 35,17 38,97 41,64 49,75 

24 13,85 15,66 18,06 19,94 23,34 27,1 33,2 36,42 40,27 42,98 51,18 

25 14,61 16,47 18,94 20,87 24,34 28,17 34,38 37,65 41,57 44,31 52,6 

26 15,38 17,29 19,82 21,79 25,34 29,25 35,56 38,89 42,86 45,64 54,05 

27 16,15 18,11 20,7 22,72 26,34 30,32 36,74 40,11 44,14 46,96 55,5 

28 16,93 18,94 21,59 23,65 27,34 31,39 37,92 41,34 45,42 48,28 56,89 

29 17,71 19,77 22,47 24,58 28,34 32,46 39,09 42,56 46,69 49,59 57,45 

30 18,49 20,6 23,36 25,51 29,34 33,53 40,26 43,77 47,96 50,89 59,7 
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