
 

 

MEIOSIS (LIVE)         27 MAY 2015 

Section A: Summary Content Notes 

Mitosis 

In mitosis you learned how the chromosomes carry the genes that hold the information for each individual.  
During the process, the chromosomes duplicate to form two identical daughter cells. When cells are 
damaged for example, the surrounding cells will duplicate by mitosis and form new identical cells.  Mitosis will 
take place to ensure: 

 growth of the organism 

 repair of damaged cells 

 replacement of cells that cannot be repaired 

 reproduction in single-celled organisms (only one cell so they do not have reproductive structure and 
reproduce by duplicating the parent cell) 

 

 

 

 

 

 

 

 

The Process of Meiosis 

The purpose of meiosis is to produce cells with half the original amount of DNA that are not identical.  These 
daughter cells are required for sexual reproduction.  In order for sexual reproduction to take place, a cell from 
the male (containing half the number of chromosomes) will fuse with a cell from the female (also containing 
half the number of chromosomes) during fertilisation.  The result is a new cell with a full set of chromosomes 
i.e. 46 chromosomes in humans. The cells with half the number of chromosomes are called gametes. The 
condition where cells have half the number of chromosomes is referred to as haploid. A cell with the full set of 
chromosomes is termed diploid. 

 Each gamete contains half of the chromosomal number of the body cells.  

 The process of meiosis takes place so that each gamete contains half the number of chromosomes 
that the parent has  

 The zygote (cell formed as a result of fertilisation) will contain a full set of chromosomes – one from 
the male gamete and one from the female gamete.  

 The growth and development of the zygote will then occur by the process of mitosis. 

In humans, each body cell contains 46 chromosomes (diploid). One set of 23 chromosomes will come from 
the mother in the egg cell (haploid female gamete). The second set of 23 chromosomes will come from the 
father in the sperm cell (haploid male gamete). When there is a full set of chromosomes, the nucleus is diploid 
(2n) and complete.     Haploid represents 23 chromosomes and diploid represents 46 chromosomes in 
humans. 
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The Stages of Meiosis 

Meiosis occurs in two phases. Meiosis I and Meiosis II 

Meiosis I 

Interphase 

Chromosomes coil up tightly and become visible under a light microscope. 
DNA replicate. 

 

Prophase I 

Nuclear membrane disintegrates and the centrioles travel to the poles of the 
cell. 

Homologous chromosomes pair up and crossing over occurs (the point of 
cross over is known as the chiasma). 

Crossing over ensure genetic variation this is very important 

 

Metaphase I 

Microtubules form a spindle and the spindle fibers attach to the centromeres 
of the chromosomes 

Pairs of homologous chromosomes align along the equator. 

 

 

Anaphase I 

Spindle fibers shorten pulling paired homologous chromosomes in opposite 
directions 

Paired homologous chromosomes are separated and pulled to opposite 
poles so that each pole contains one chromosome of each pair. 

This called random assortment and also ensure genetic variation 

  

Telophase I 

A nuclear membrane forms around the chromosomes at each pole and 
chromosomes uncoil 

The cell undergoes cytokinesis to form two daughter cells 

Forms two haploid cells (half the number of the original chromosome 
number) 

 
 
  



 

 

Meiosis II 

Prophase II 

Chromosomes coil up again 

Centrioles move to the cell poles 

Nuclear membrane disintegrates  

 

 

Metaphase II 

Spindle fibres attach to the centromeres 

Chromosomes align along the equator 

 

 

Anaphase II 

Spindle fibers shorten 

Centromeres split 

Chromatids of each chromosome travel to opposite poles 

 

Telophase II  

Nuclear membrane forms around the chromatids at each pole, once the 
membrane is formed, each chromatid is then called a chromosome.  

Both cells undergo cytokinesis to form four cells 

Chromosomes uncoil 

Nucleoli form 

 

 



 

 

Cytokinesis 

Cytokinesis starts during the nuclear division phase called anaphase and 
continues through telophase. 

A ring of protein filaments called the contractile ring forms around the 
equator of the cell just beneath the plasma membrane. 

The contractile ring shrinks at the equator of the cell, pinching the plasma 
membrane inward. 

There are two separate cells each bound by its own plasma membrane 
now. 

The end result is four haploid cells each of the cells having different DNA  

The Process of Meiosis Simplified 

 

THEN 

 

  



 

 

Significance of Meiosis 

The process of meiosis takes place to: 

 Produce haploid gametes from diploid chromosome pairs, in preparation for sexual reproduction 

 the formation of haploid sperm cells during meiosis is called spermatogenesis 

 the formation of haploid egg cells during meiosis is called oogenesis 

 Ensure that the chromosome number remains the same in the offspring as in the adult (n + n = 2n) 

 Ensure genetic variation when crossing over takes place during Prophase I  

The Production of Sex Cells 

The production of sex cells is grounding for Reproduction and Genetics.  Meiosis takes place in specialized 
cells located in the reproductive system, to ensure sexual reproduction: 

In animals: 

 male gametes/spermatozoids are produced in the testes 

 female gametes/egg cells are produced in the ovaries 

In plants:  

 special cells in the pollen sacs of the anthers and in specialised cells in the ovule  

The 23 pairs of chromosomes that result in a zygote are divided as follows: 

 22 pairs of autosomes  

 1 pair of sex chromosomes represented by  

XX in females 
XY in males 

 
A karyotype is a set of chromosomes from a human cell that shows the chromosomes arranged according to 
their numbers.  Number 1 is always the largest while number 22 is the smallest.  The female karyotype will 
have XX as number 23 and the male will show XY as number 23. 
 

Disorders 

Non-disjunction is the failure of homologous CHROMOSOMES or CHROMATIDS to segregate during 
MITOSIS or MEIOSIS with the result that one daughter cell has both of a pair of parental chromosomes or 
chromatids and the other has none.  

Sometimes changes take place in the chromosome number during 
meiosis. Each nucleus should contain 23 chromosomes after meiosis 
but if one nucleus contains 22 while the other has 24, it creates 
problems. When either of these resulting gametes joins with a normal 
gamete, the result could be:   
23 + 22 = 45 or 23 + 24 = 47 chromosomes.  If this happens, 
abnormalities result. 
 

Down’s Syndrome: 

The Down’s syndrome baby has 47 chromosomes.  The mother’s egg 
cell has 24 chromosomes + the father’s sperm cell that has 23 
chromosomes. The child will have 45 autosomes, with three number 
21 chromosomes instead of the normal pair and one pair of sex 
chromosomes. Women over the age of 40 have a 1/12 chance of 
producing gametes that have 24 chromosomes.  

 

  



 

 

Section B: Practice Questions 

Question 1 

The diagram below represents an animal cell in a phase of meiosis. 

 

Remember to complete the labels before you move on to the questions. 

1.1 State which phase of meiosis is represented in the diagram above.    (1) 

1.2 Give a reason for your answer to QUESTION 1.1.      (2) 

1.3 Identify parts A and B.          (2) 

1.4 How many chromosomes … 

(a) were present in the parent cell before it underwent meiosis?    (1) 

(b) will be present in each cell at the end of the meiotic division?    (1) 

1.5 State ONE place in the body of a human female where meiosis would take place.  (1) 

1.6 Could the cell represented in the diagram be that of a human?      (1) 

1.7 Explain your answer to QUESTION 1.6.         (2) 

1.8 Give TWO reasons why meiosis is biologically important.     (2) 

  



 

 

Question 2 

(Taken from Viva Life Science – Grade 12)  

(When doing any question about Meiosis, remember that crossing over during Meiosis Prophase I 
AND the random assortment of the chromosomes during Meiosis Metaphase I bring about variation.  
You must know this for Genetics and also to understand Diversity) 

Study the diagram below and answer the questions that follow: 

 

2.1. Name the process occurring in the diagram.       (1) 

2.2. Provide a label for the region marked X.        (1) 

2.3. During which phase of meiosis does this process occur?      (2) 

2.4. List ONE importance of this process to living organisms.      (1) 

[5] 

Question 3 

(Remember that the human genome is the ‘blue print’ for each individual’s chromosome pairs.  It determines 
and represents our individual karyotype (chromosome sets).  The gonosomes will be XX in females and XY in 
males.  Humans have 23 pairs of chromosomes – 23 from the mother and 23 from the father = 23 pairs.  
When there are 1 or 2 chromosomes too many in the karyotype, genetic/chromosomal disorders will result) 

The diagrams below show the sets of chromosomes (karyotypes) in two human individuals, A and B. Study 
the diagrams and answer the questions that follow. 

 

3.1 Which individual (A or B) is female?        (1) 

3.2 Give a reason for your answer to QUESTION 3.1.      (2) 

3.3 Identify which individual (A or B) has an abnormal number of chromosomes.   (1) 

3.4 Name the genetic disorder that the individual in QUESTION 3.3 has.    (1) 

3.5 Explain the how the abnormal chromosome number mentioned in QUESTION 3.4 arises.  (5) 

[10] 

  



 

 

Question 4 

The diagram below represents a phase of meiosis. Study the diagram and answer the questions that follow. 

 

4.1 Write down the term that best describes the paired chromosomes labelled A.   (1) 

4.2 Identify structure B.          (1) 

4.3 What phase of meiosis is represented in the diagram above?     (2) 

4.4 How many chromosomes are shown in the diagram above?     (1) 

4.5 How many chromosomes would there be in each cell at the end of meiosis?   (1) 

[6] 

Question 5 

Study the diagrams below on the principle of meiosis. Answer the questions that follow: 

 

5.1. How many chromosomes does cell B have?       (1) 
5.2. Would this be n or 2n? Give a reason for your answer.      (2) 
5.3. How many chromosomes does each cell in F have?      (1) 
5.4. What would the ploidy of each cell in F be?       (1) 
5.5. Does each cell in F have exactly the same number of chromosomes?    (1) 

[6] 



 

 

Question 6 

The graph below shows the relationship between the number of babies born with Down’s syndrome and the 
age of the mother. 

 

6.1. Explain the trend shown in the graph.        (3) 
6.2. What is the difference in the number of chromosomes between a normal baby and a baby with 

Down’s syndrome?          (2) 
6.3. Discuss your view on the termination of pregnancy if a woman discovers she is carrying a foetus with 

Down’s syndrome?          (2) 
[7] 

Question 7 

Study the karyotype below of a person suffering from Turner's syndrome. Females with Turner's syndrome do 
not develop mature sex organs. Turner syndrome is a medical disorder that affects about 1 in every 2,500 
girls. Researchers know that it's the result of a problem with a girl'schromosomes. Girls with Turner 
syndrome are usually short in height. Those who aren't treated for short stature reach an average height of 
about 1.4 meters. Most girls are born with two X chromosomes, but girls with Turner syndrome are born with 
only one X chromosome or they are missing part of one X chromosome. The effects vary widely among girls 
with Turner syndrome. It all depends on how many of the body's cells are affected by the changes to the X 
chromosome.  

In addition to growth problems, Turner syndrome prevents the ovaries from developing properly, which affects 
a girl's sexual development and the ability to have children. 

 

Remember: there are 44 autosomes and only one X chromosome. Chromosome 

pair 23 is the sex chromosomes:  in males XY and in females XX normally. 



 

 

7.1 State the differences between the karyotype for a normal female and a female with Turner's 
syndrome.           (2) 

7.2 Explain ONE effect of the disorder in a female.       (2) 

[4] 

Question 8 

The diagrams below represent phases of meiosis. (Remember to first label the diagram before going on 
to the questions.) 

 

8.1 Name the process taking place at A.        (1) 

8.2 Identify structures B, C, D and E.        (4) 

8.3 State ONE function of F.         (2) 

8.4 What phase of meiosis is represented in Diagram 2?      (2) 

8.5 Give a reason for your answer to QUESTION 8.4.      (2) 

8.6 How many chromosomes are shown in Diagram 3?      (1) 

8.7 Name ONE organ in the human male body where the process of meiosis will occur.  (1) 

[13] 

Question 9 

The diagrams below show chromosome pair 21 in the nucleus of a cell of the ovary of a woman. The 
chromosomes are involved in a process that takes place in a phase of meiosis.  

 



 

 

9.1 Give labels for A and B.          (2) 

9.2 Rearrange the letters X, Y and Z to show the correct sequence in which the events take  
place in this phase.          (1) 

9.3 Explain why the chromosomes in Diagram X and Diagram Y are different in appearance.  (3) 

9.4 The diagram below shows the nuclei of the four cells that resulted from meiosis involving the 
chromosomes in Diagram X above. 

 

a) Explain why nuclei O and P do NOT have chromosomes.     (2) 

b) Name and explain the disorder that will result if Diagram M represents an egg that fuses  
with a normal sperm cell.         (3) 

Section C: Solutions 

Question 1  

1.1 Anaphase II     (1) 

1.2  chromatidsare moved/pulled towards the poles     (2) 

1.3 A Spindlefibre     

B Cell membrane     (2) 

1.4 (a) 8           (1) 

 (b) 4           (1) 
1.5 Ovary/germinal epithelium/follicle     (1) 

1.6 No      (1) 

1.7 Humans would have 23chromosomes/.  

 This diagram shows only 4 chromosomes /incorrect number of chromosomes   (2) 

1.8 Reduction/halving of chromosome number/ allows for creation of gametophyte/ keep chromosome 
number constant from generation to generation/prevents doubling of chromosome number at 
fertilisation  

Contributes to genetic variation 

Leads to the formation of gametes                 (Any)  Mark first TWO only)   (2) 

              [13] 

  



 

 

Question 2 

2.1. crossing over  

2.2. X – chiasmata(this is the actual point where the chromosomes touch) 

2.3. prophase I (Reminder:  the ‘I’ means meiosis I/ 1st meiotic division.  So a ‘II’ like e.g.: 

metaphase II will mean that this is metaphase in the 2nd meiotic division) 

2.4.  To ensure genetic variation  in the organism.       (5) 

Question 3 

3.1  B            (1) 

3.2  XXchromosomes/ Two identical sex chromosomes     (any 2) 

3.3  A             (1) 

3.4  Down’s syndrome (Reminder:  23 + 24 = 47 chromosomes)    (1) 

3.5  Caused by a faulty meiotic divisionoogenesis during productionof the ovum/spermatogenesis 
during sperm production    

The chromosomes of chromosome pair 21 fail to separateduring anaphase 

referred to as non-disjunction        Any (5) 

Question 4 

4.1  Homologous            (1) 

4.2  Spindle thread/spindle fibre         (1) 

4.3 Metaphase 1            (2) 

4.4  4             (1) 

4.5  2            (1) 

Question 5 

5.1. 4   

5.2. 2n  – full set of chromosomes/ homologous pairs of chromosomes are present  

5.3. 2  

5.4. n / haploid  

5.5. yes            (6) 

Question 6 

6.1. The number of Down’s Syndrome babies increases  as the age of the mother  increases  

The incidence of Down’s Syndrome babies increases rapidly after the age of 35 of the Mother  (3) 

6.2. normal baby = 46 chromosomes , Down’s syndrome baby = 47 chromosomes    (2) 

6.3. The learner agrees or disagrees with termination of the pregnancy.   They must provide a reason for 
their answer that is valid and not just because they think so i.e.:  religious beliefs, cultural beliefs, 

economic or psychological reasons etc.        (2) 

Question 7 

7.1 Normal female: Chromosome pair 23 = XX/46 chromosomes 

Female with Turner's syndrome: Only one X chromosome/ 45chromosomes   (2) 

7.2 She will not be able to have children since her sex organs will not develop 

 OR 



 

 

No menstrual cycle because there are underdeveloped gonads/ and, therefore,  
no hormones 

OR 

No sex hormones and therefore secondary sexual characteristics will not appear  (2) 

         (Mark first ONE only)  [4] 

Question 8 

8.1  Crossing over            (1) 

8.2  B – Centromere            (1) 

C – Nuclear membrane           (1) 

D – Centrosome/centriole           (1) 

E – Homologous chromosomes          (1) 

8.3  Part F/Spindle threads contract to move chromosomes towards opposite  

 Poles. Allow for the attachment of chromosomes(any 1 x 2)      (2) 

         (Mark first ONE only) 

8.4  Metaphase1           (2) 

8.5  Chromosomes arranged along the equator in homologous pairs    (2) 

         (Mark first one only) 

8.6  4             (1) 

8.7  Testes            (1) 

             [13] 

Question 9 

9.1  A - Homologous chromosomes/bivalent/(tetrad)       (1) 

B - Centromere          (1)  

9.2  Y – Z – X (Must be in the correct sequence)        (1) 

9.3  Genetic material was exchanged between the chromosomes in diagram X due to crossing over 
whereas the chromosomes in diagram Y did not undergo crossing over   (3) 

9.4  (a) During meiosis the chromosome pair 21 does not separate/ there is non-disjunction Two 
gametes (M and N) will have an extra copy of chromosomenumber 21 and therefore the other 
gametes (O and P) do not have a copy of chromosome 21      (2) 

(b) Down syndrome/ Trisomy 21. If this gamete fuses with a normal sperm having 1 copy of  
chromosome 21the resulting zygote will have 3 copies of chromosome number 21 /47 
chromosomes            (3) 


