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EDO UNIVERSITY IYAMHO  

Department of Biological Sciences  
  

COURSE CODE: AEB 211 

COURSE TITLE: INTRODUCTION TO GENETICS AND CELL PHYSIOLOGY  

NUMBER OF UNITS: 2 Units 

COURSE DURATION: Two hours per week 

 

COURSE LECTURER:   DR (MRS) M.O. AGBUGUI  

COURSE DETAILS:  

Week 1:  Cell 

Week 2-3: Mendel’s Laws of inheritance  

Week 4-5 Linkage and Recombination 

Week 6-8: Sex-linked inheritance 

Week 9-10: Phylogenetic Inheritance 

 

 

INTENDED LEARNING OUTCOMES 

At the completion of this course, students are expected to: 

1. Define and apply Mendel’s law of Independent Assortment 

2. Understand the concept behind linkages and recombination  

3. Discuss and analyze sex linked characters and their presentation 

4. Know the uses and application of sex liked characters. 

    

RESOURCES 

• Lecturer’s Office Hours: 

DR (MRS) M.O. AGBUGUI: Wednesday 9-10am 
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• Course lecture Notes:         http://edouniversity.edu.ng/staff/agbugui–marian-onwude 

• Assessments 

• 2 assignments  

• 1 test 

• Practical Sessions (Assessments take 30% of final grade) 

• Exams: 

• Final, comprehensive (according to university schedule): ~ 70% of final grade 

 

Assignments & Grading 

• Academic Honesty: All practical sessions should be done independently, unless explicitly stated 

otherwise on the assignment handout. 

• You may discuss general solution to practical examinations 

• Presentations should be taken seriously; this is an integral part of group discussion and an 

opportunity for all students to interact efficiently. 

 

• NO LATE HOMEWORKS ACCEPTED 

• Turn in what you have at the time it’s due. 

• All home works are due at the start of class. 

• If you will be away, turn in the homework early. 

 

PREAMBLE: 

Genetic linkage is the tendency of DNA sequences that are close together on a chromosome to be 

inherited together during the meiosis phase of sexual reproduction. Two genetic markers that are 

physically near to each other are unlikely to be separated onto different chromatids during 

chromosomal crossover, and are therefore said to be more linked than markers that are far apart. 

In other words, the nearer two genes are on a chromosome, the lower the chance of recombination 

between them, and the more likely they are to be inherited together. Markers on different 

chromosomes are perfectly unlinked. 

Introduction: 

The cell (from Latin cella, meaning "small room) is the basic structural, functional, and biological 

unit of all known living organisms. A cell is the smallest unit of life. Cells are often called the 

"building blocks of life". The study of cells is called cell biology. 

Cells consist of cytoplasm enclosed within a membrane, which contains many biomolecules such 

as proteins and nucleic acids. Organismres can be classified as unicellular (consisting of a single 

cell; including bacteria) or multicellular (including plants and animals).While the number of cells 

in plants and animals varies from species to species, humans contain more than 10 trillion cells. 

http://edouniversity.edu.ng/staff/agbugui–marian
https://en.wikipedia.org/wiki/DNA_sequences
https://en.wikipedia.org/wiki/Chromosome
https://en.wikipedia.org/wiki/Meiosis
https://en.wikipedia.org/wiki/Sexual_reproduction
https://en.wikipedia.org/wiki/Genetic_markers
https://en.wikipedia.org/wiki/Chromatids
https://en.wikipedia.org/wiki/Chromosomal_crossover
https://en.wikipedia.org/wiki/Genes
https://en.wikipedia.org/wiki/Genetic_recombination
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Most plant and animal cells are visible only under a microscope, with dimensions between 1 and 

100 mm. Cells were discovered by Robert Hooke in 1665, who named them for their resemblance 

to cells inhabited by Christian monks in a monastery  Cell theory first developed in 1839 

by Matthias Jakob Schleiden and Theodoer Schwann, states that all organisms are composed of 

one or more cells, that cells are the fundamental unit of structure and function in all living 

organisms, and that all cells come from pre-existing cells.[8] Cells emerged on Earth at least 3.5 

billion years ago. 

 

 

Cell: 

A cell consists of three parts: the cell membrane, the nucleus, and, between the two, 

the cytoplasm. Within the cytoplasm lie intricate arrangements of fine fibers and hundreds or 

even thousands of miniscule but distinct structures called organelles. 

The cell is surrounded by a cell membrane, contains a nucleus and organelles such as mitochondria 

and ribosomes. The plant cell has a cell wall, a vacuole and chloroplasts for photosynthesis. 

Cell Structure and Function:  

Cell wall: It helps in protecting the plasma membrane and plays a vital role in supporting and 

protecting the cells. It is a thick outer layer made of cellulose.  

Cell membrane: It is a double layered, thin barrier, surrounding the cell to control the entry and 

exit of certain substances. 

What is the structure of a typical cell? 

Genes are linearly arranged in thread like structures called chromosomes. But these chromosomes 

are visible only when the cell divides. and nucleoli. Chromosomes can be seen clearly only during 

cell divisions. Apart from chromosomes, there may be one or more spherical structures 

https://en.wikipedia.org/wiki/Cell_(biology)#cite_note-8
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called nucleolus, present in the nucleus

 

Onion (Allium cepa) root cells in different phases of the cell cycle (drawn by E. B. Wilson, 1900) 

 

 

 

Structure of an animal cell 

 

Cell organelle Function 

Nucleus Directs the activity of the cell and stores DNA 

Plasma Membrane Outer membrane of the cell that lets things in and out of the 

cell 

Rough Endoplasmic 

Reticulum 

Responsible for the synthesis and transport of proteins 

Smooth Endoplasmic 

Reticulum 

Makes sex hormones, lipids and enzymes 

Golgi Apparatus 

 

Responsible for directing molecular traffic in the cell; 

modifies, sorts and transfers molecules 

Mitochondria 

 

Converts chemical energy stored in food into compounds more 

convenient for the cell to use 

https://en.wikipedia.org/wiki/Onion
https://en.wikipedia.org/wiki/Allium
https://en.wikipedia.org/wiki/Cell_cycle
https://en.wikipedia.org/wiki/Edmund_Beecher_Wilson
https://en.wikipedia.org/wiki/File:Structure_of_animal_cell.JPG
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Cell Wall Supports and protects a cell; made of cellulose (fiber) 

Ribosomes Builds/synthesizes proteins 

Lysosome Contains enzymes that digest waste and "clean up" the cell 

Cytoplasm A fluid that contains all organelles and supports them 

Chloroplast Captures energy from sunlight and converts it into chemical 

energy to supple cell with food 

Vacuole Stores materials in a cell 

Cilia 

 

Fine hair like projections from certain cells such as those in the 

respiratory tract that sweep in unison and help to sweep away 

fluids and particles. 

Cytoskeleton Allows cells to change shape, move, and supports the cell 

Flagellum allows cell to move; propels cell (like sperm) 

 

 

CHROMOSOME ORGANISATION 

Chromosome organization. A process that is carried out at the cellular level that results 
in the assembly, arrangement of constituent parts, or disassembly of chromosomes, 
structures composed of a very long molecule of DNA and associated proteins that carries 
hereditary information. 

Chromosomes are the thread-like structure found in the nuclei of both animal and plant 
cells. They are made of proteins and one molecule of deoxyribonucleic acid (DNA). 
During cell division, DNA remains intact and is evenly distributed throughout the cells. 
The proteins are called histones and are made up of DNA that is tightly coiled many times. 
In humans, each cell normally contains 23 pairs of chromosomes, for a total of 46. 
Twenty-two of these pairs, called autosomes, look the same in both males and females. 
The 23rd pair, the sex chromosomes, differ between males and females. 

 

 Four Major Types of Chromosomes 

 Chromosomes and DNA. Deoxyribonucleic acid (DNA) is the genetic code that allows 
information to be transferred from one generation to the next. ...(From parent to 
offspring) 

 Metacentric Chromosomes. ... 

 Submetacentric Chromosomes. ... 

 Acrocentric Chromosomes. ... 

 Telocentric Chromosomes 

 

https://ghr.nlm.nih.gov/primer/basics/howmanychromosomes
https://ghr.nlm.nih.gov/primer/basics/howmanychromosomes
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In humans, the Y chromosome spans about 58 million base pairs (the building blocks of 
DNA) and represents approximately 1% of the total DNA in a male cell. The human Y 
chromosome contains over 200 genes, at least 72 of which code for proteins. Genes are 
contained in chromosomes, which are mainly in the cell nucleus. A chromosome contains 
hundreds to thousands of genes. Every human cell contains23 pairs of chromosomes, for 
a total of 46 chromosomes. DNA is made out of two long, twisted strands that contain 
complementary genetic information (like a picture and its negative). A gene is a segment 
of DNA that is passed down from parents to children and confers a trait to the 
offspring. Genes are organized and packaged in units called “chromosomes.”  

Is it possible to have XXY chromosome? 

Klinefelter syndrome males inherit one or more extra X chromosomes--their genotype 
is XXY or more rarely XXXY or XY/XXY mosaic. In severe cases, they have relatively 
high-pitched voices, asexual to feminine body contours as well as breast enlargement, 
and comparatively little facial and body hair. 

MENDELIAN GENETICS: 

First law is the law of segregation 

Second law is the law of independent assortment: 

 

 

 

TT/YY                  X                      tt/yy 

F1 = T/t Y/y     

The F1 hybrids were then self-fertilized.  

TY Ty tY ty  

F2 generation 

 

Mendel & the Quantitative approach 

The blending inheritance approach  was used for the common garden pea (Pisum sativum )  
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We can use the Punnett square method for determining ratios of genotypes and 
phenotypes expected in a dihybrid cross for independently assorting genes. 

Cross between two plants bearing a single allele of the phenotypes T/t will give rise to 
3:1. Again cross between plants of genotypes T/y will give rise to 3:1. If we examine the 
tall and dwarf phenotypes expected in the dihybrid experiment, they will produce 12 tall 
and 4 dwarfs which still reduces to 3:1. Thus the mono hybrid prevail in both traits when 
the are considered independently. The 9;3:3:1 is just a combination of the two ratios. 

3 :1 X 3 : 1 = 9:3:3:1 

The result of this experiment is thus 

a)  The segregation of alleles for plant height is entirely independent of segregation 
of alleles for seed colour. 

So Mendel’s second law of independent assortment is that paired copies of two 
different genes located on different (non-homologous) chromosomes segregate 
independently of one another.  

 This is because during meiosis the number of any pair of homologous 
chromosomes transmitted to a gamete is independent of which member of any 
other pair of chromosomes it receives. 

If the genes are close together on each chromosome they would assort together 
(be linked). Genes located far apart on the same chromosome show independent 
assortment because crossing over occurs between them nearly in every meiosis. 

 

Benefits of the approach; 

Short generation time  

• Easy to manipulate  

• Purebred lines for one or two traits 

LINKAGE AND RECOMBINATION 

This lecture is about the basis of genetic linkage mapping which allows us to localise disease genes.  

Lets remind ourselves of the lesson on the concept of crossing/ over recombination during 

Prophase I of meiosis.  



AEB 211: INTRODUCTION TO GENETICS AND CELL PHYSIOLOGY,  

EDO UNIVERSITY IYAMHO Page 8 
 

Genes are located on Chromosomes • During the 19th century, cytologists identified chromosomes 

and described their behaviour during mitosis and meiosis • They did not realise that chromosomes 

were involved in the mechanism of inheritance • In the early 20th century, geneticists realised that 

chromosomes behaved just like the hypothetical “unit factors” proposed by Mendel to explain 

inheritance - they occur in pairs in diploid cells - their number is halved during gamete formation 

- fertilisation restores the diploid number • They eventually proved that genetic information (genes) 

is located on the chromosomes • Mendel investigated the inheritance of 7 traits • Each trait showed 

“independent assortment” i.e. the inheritance of one trait did not influence the inheritance of the 

second trait • Because of this, he observed the following ratios in the offspring  

1. Monohybrid cross (inheritance of a single trait) 3 : 1 (dominant : recessive)  

2. Dihybrid cross (inheritance of two traits) 9 : 3 : 3 : 1 

Mendelʼs studies 3  “independent assortment” always the case? No it depends on whether the genes 

are linked or not  

(a) Genes located on different chromosomes are not linked. This allows independent assortment – 

in a di-hybrid cross the traits show the classic 9:3:3:1 inheritance pattern  

(b). Genes that are located very close together on the same chromosome may show complete 

linkage. They may be so close to each other that they cannot be separated by recombination during 

meiosis.  

(c). Genes located far apart on the same chromosome typically show incomplete (partial) linkage 

because they are easily separated by recombination Linkage  

What is Mendel’s first law and second law. 

After Mendel’s second law, it was evident that not all factors segregate independently. Many are 

inherited together. 

Each chromosome contains many genes. All genes present in a chromosome are linked. 

Linkage specifies that the genes are all on the same chromosome and all genes present in the same 

linkage group, therefore there should be many linkage groups as there are chromosome pairs. 

Linkage – autosomal, inheritance of genes on a given autosomal chromosome usually written as 

AB/ab showing that genes A and B are on the same chromosome. 

The study of independent assortment was possible by Mendel on seven characters of garden peas 

because the traits were on different chromosomes 

Why not eight? Because garden peas have only seven pairs of homologous chromosomes 
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Sex linkage = inheritance of trait on a sex chromosome and thus its phenotype expression depends 

on the sex of the organisms 

Sex linked inheritance 

Inheritance of characters depend on sex of the parent carrying the gene of the offspring. One of 

the best known is hemophilia and he red-green color blindness in which red and green are 

indistinguishable to varying degrees.  

Colour blind men greatly outnumber colour blind women. When colour blindness does not apply 

in a woman then the fathers are colour blind. Furthermore if a woman with normal vision (carrier 

of colour blindness i.e carrier, heterozygous gene +phenotypic normal bears a son, half of them 

are likely to be colour blind. 

Colour blindness and hemophilia are recessive traits carried on X chromosomes, they are 

phenotypically expressed either when both genes are defective in the female or when only one 

gene is present is present in the male. 

Question- what would be the outcome of mating between a homozygous normal woman and a 

colour blind man? 

 

IMPLICATIONS OF LINKAGE: Since chromosomes are the units that are distributed into 

gametes during meiosis, if 2 genes are located on the same chromosome they will tend to be 

inherited together whereas genes located on different chromosomes will show independent 

inheritance.  

Genetic linkage is the most prominent exception to Gregor Mendel's Law of Independent 

Assortment. The first experiment to demonstrate linkage was carried out in 1905. At the time, the 

reason why certain traits tend to be inherited together was unknown. Later work revealed that 

genes are physical structures related by physical distance. 

 

Patterns of inheritance  

Mendelian inheritance 

1. . Patterns of Inheritan 
2. What was the prevalent believe about inheritance before Mendel? • People believed in 

“spontaneous generation” and in the “blending of characters” – Problem: • Would expect 
variation to disappear • Variation in traits persists 

3. Experimental genetics began in an abbey garden – Modern genetics • Began with Gregor 
Mendel’s experiments with pea plants. Petal Carpel Stamen 

4. Why breed peas? -Used pea plants because: •They were available •They reproduced quickly 
•They showed obvious differences in the traits 

5. Mendel's Plant Breeding Experiments For seven years, Mendel bred pea plants and 
recorded inheritance patterns in the offspring. Particulate Hypothesis of Inheritance Parents 

https://en.wikipedia.org/wiki/Gregor_Mendel
https://en.wikipedia.org/wiki/Law_of_Independent_Assortment
https://en.wikipedia.org/wiki/Law_of_Independent_Assortment
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pass on to their offspring separate and distinct factors (today called genes) that are 
responsible for inherited traits. Understood that there was something that carried traits from 
one generation to the next- “FACTOR”. 

6. To test the particulate hypothesis, Mendel crossed true-breeding plants that had two distinct 
and contrasting traits—for example, purple or white flowers. What is meant by “true 
breeding?” 

7. Typical breeding experiment P generation (parental generation) F1 generation (first filial 
generation, the word filial from the Latin word for "son") are the hybrid offspring. Allowing 
these F1 hybrids to self-pollinate produces: F2 generation (second filial generation). It is the 
analysis of this that lead to an understanding of genetic crosses. 

8. Mendel studies seven characteristics in the garden pea 
9. Mendel's Laws of Inheritance Mendel postulated three laws, which are now called after his 

name as Mendel’s laws of heredity. These are: 1. Law of dominance and recessive 2. Law of 
segregation 3.Law of independent assortment 

10. One allele masked another. one allele was dominant over the other in the F1 generation. - 
Offspring that are hybrid for a trait will have only the dominant trait in the phenotype. 1. Law 
of Dominance 

11. When two homozygous individuals with one or more sets of contrasting characters are 
crossed, the characters that appear in the F1 hybrids are dominant characters and those do 
not appear in F1 are recessive characters. 

12. Importance of law of dominance The phenomenon of dominance is of practical importance 
as the harmful recessive characters are masked by the normal dominant characters in the 
hybrids. In Human beings a form of idiocy, diabetes, haemophilia etc. are recessive 
characters. A person hybrid for all these characteristics appears perfectly normal. Thus 
harmful recessive genes can exist for several generations without expressing themselves. 

13. - When gametes are formed, the pairs of hereditary factors (genes) become separated, so 
that each sex cell (egg/sperm) receives only one kind of gene. - Alleles for a trait are then 
"recombined" at fertilization, producing the genotype for the traits of the offspring. 2. Law of 
Segregations: 

14. Example • Pure tall plants are homozygous and, therefore possess genes (factors) TT; 
similarly dwarf possess genes tt. • The tallness and dwarfness are two independent but 
contrasting factors or determiners. • Pure tall plants produce gametes all of which possess 
gene T and dwarf plants t type of gametes. • During cross fertilization gametes with T and t 
unite to produce hybrids of F1 generation. 

15. • These hybrids possess genotype Tt. It means F1 plants, though tall phenotypically, 
possess one gene for tallness and one gene for dwarfness. • Apparently, the tall and dwarf 
characters appear to have become contaminated developing only tall character. • But at the 
time of gamete formation, the genes T (for tallness) and t (for dwarfness) separate and are 
passed on to separate gametes. • As a result, two types of gametes are produced from the 
heterozygote in equal numerosity. 50% of the gametes possess gene T and other 50% 
possess gene t. • Therefore, these gametes are either pure for tallness or for dwarfness. 
(This is why the law of segregation is also described as Law of purity of gametes). 

16. 3. Law of Independent Assortment: - Members of one gene pair segregate independently 
from other gene pairs during gamete formation • The inheritance of more than one pair of 
characters (two pairs or more) is studied simultaneously, the factors or genes for each pair of 
characters assort out independently of the other pairs. Mendel formulated this law from the 
results of a dihybrid cross. 

17. • Monohybrid cross: a genetic cross involving a single pair of genes (one trait); parents differ 
by a single trait. • Dihybrid cross: Matings that involve parents that differ in two genes (two 
independent traits) 

18. • The cross was made between plants having yellow and round cotyledons and plants having 
green and wrinkled cotyledons. • The F1 hybrids all had yellow and round seeds. When 
these F1 plants were self fertilized they produced four types of plants in the following 
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proportion: (i) Yellow and round 9 (ii) Yellow and wrinkled 3 (iii) Green and round 3 (iv) Green 
and wrinkled 1 

19. • These results indicate that yellow and green seeds appear in the ratio of 9 + 3 : 3 + 1 = 3 : 
1. • Similarly, the round and wrinkled seeds appear in the ratio of 9 + 3 : 3 +1 = 12:4 or 3 :1. • 
This indicates that each of the two pairs of alternative characters yellow-green cotyledon 
colour is inherited independent of the round-wrinkled character of the cotyledons. • It means 
at the time of gamete formation the factor for yellow colour enters the gametes independent 
of R or r. 

20. Mendelian Inheritance in Humans dominant recessive • Tongue Roller (T) • Free Earlobes 
(F) • Dimples (D) • Widow’s Peak (P) • Can’t roll tongue (t) • Attached lobes (f) • No dimples 
(d) • Straight hairline (w) 

21. Many human disorders follow Mendelian patterns of inheritance • Cystic fibrosis • Tay-Sachs 
disease • Sickle-cell disease 

22. Inheritance pattern of CF • Cystic Fibrosis: a lethal genetic disease affecting Caucasians. • 
Caused by mutant recessive gene • One in 400 Caucasian couples will be both carriers of 
CF – 1 in 4 children will have it. • CF disease affects transport in tissues – mucus is 
accumulated in lungs, causing infections. 

23. Inheritance pattern of CF IF two parents carry the recessive gene of Cystic Fibrosis (c), that 
is, they are heterozygous (C c), one in four of their children is expected to be homozygous 
for CF and have the disease: C C C c C c c c C c C c C C = normal C c = carrier, no 
symptoms c c = has cystic fibrosis 

Uses of genetic map 

Genetic maps help researchers to locate other markers, such as other genes by testing for genetic 

linkage of the already known markers. 

Note: A genetic map is not a physical map (such as a radiation reduced hybrid map) or gene map. 

The recombination frequency will be 50% when two genes are located on different chromosomes 

or when they are widely separated on the same chromosome. This is a consequence of independent 

assortment. 

When two genes are close together on the same chromosome, they do not assort independently 

and are said to be linked. Whereas genes located on different chromosomes assort independently 

and have a recombination frequency of 50%, linked genes have a recombination frequency that is 

less than 50%. 

Recombination and Linkage 

Each human somatic cell contains two of each type of chromosome.  One chromosome of each of 

the 23 pairs came from the mother and the other from the father.  When gametes are produced (by 

meiosis), the paired homologous chromosomes separate so that each gamete contains only one of 

the pair of alleles for each trait. 

https://en.wikipedia.org/wiki/Radiation_reduced_hybrid
https://en.wikipedia.org/wiki/Gene_map
https://en.wikipedia.org/wiki/Chromosomes
https://www2.palomar.edu/anthro/biobasis/glossary.htm#gamete
https://www2.palomar.edu/anthro/biobasis/glossary.htm#meiosis
https://www2.palomar.edu/anthro/biobasis/glossary.htm#homologous_chromosomes
https://www2.palomar.edu/anthro/biobasis/glossary.htm#allele
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Homologous chromosomes 

separating in the production 

of sex cells 

  

 

Why Sex? 

From an evolutionary perspective, the most important consequence of meiosis and crossing-over 

is the rearrangement of genetic information.  It constantly assures that each generation has 

significantly new genetic combinations from which nature can select for winners and losers in the 

competition for survival.  The more genetic variation existing in a population, the greater the 

chance it will survive when there are stressful changes in the environment.  In other words, there 

will more likely be some individuals who will have a genetic combination that will allow them to 

survive changes such as major climate shifts or new predators and diseases.  Those survivors will 

be the parents of future generations.  This is very likely the reason that sexual reproduction was so 

successful in the history of evolution on earth.  In contrast, organisms that reproduce asexually do 

not have the advantage of extensively new genetic combinations each generation.  They must rely 

on periodic mutations to provide their variation.  Subsequently, they usually are less responsive to 

rapid changes in their environments.  The short video linked below illustrates this advantage of 

sex.  

Sex Linkage 

Sex linkage applies to genes that are located on the sex chromosomes. These genes are considered 

sex-linked because their expression and inheritance patterns differ between males and females. 

While sex linkage is not the same as genetic linkage, sex-linked genes can be genetically linked.  

Sex Chromosomes 

Sex chromosomes determine whether an individual is male or female. In humans and other 

mammals, the sex chromosomes are X and Y. Females have two X chromosomes, and males have 

an X and a Y. 

https://www2.palomar.edu/anthro/biobasis/glossary.htm#mutation
https://umarket.utah.edu/ugive/index.php?gift_id=2787&special=%20Learn.Genetics%20website%20MD11595-40165
https://umarket.utah.edu/ugive/index.php?gift_id=2787&special=%20Learn.Genetics%20website%20MD11595-40165
http://learn.genetics.utah.edu/content/pigeons/geneticlinkage/
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Non-sex chromosomes are also called autosomes. Autosomes come in pairs of homologous 

chromosomes. Homologous chromosomes have the same genes arranged in the same order. So for 

all of the genes on the autosomes, both males and females have two copies. 

A female’s two X chromosomes also have the same genes arranged in the same order. So females 

have two copies of every gene, including the genes on sex chromosomes. 

The X and Y chromosomes, however, have different genes. So for the genes on the sex 

chromosomes, males have just one copy. The Y chromosome has few genes, but the X 

chromosome has more than 1,000. Well-known examples in people include genes that control 

color blindness and male pattern baldness. These are sex-linked traits. 

 

Inheritence of Sex Chromosomes in Mammals 

Meiosis is the process of making gametes, also known as eggs and sperm in most animals. During 

meiosis, the number of chromosomes is reduced by half, so that each gamete gets just one of each 

autosome and one sex chromosome. 

Female mammals make eggs, which always have an X chromosome. And males make sperm, 

which can have an X or a Y. 

Egg and sperm join to make a zygote, which develops into a new offspring. An egg plus an X-

containing sperm will make a female offspring, and an egg plus a Y-containing sperm will make 

a male offspring. 
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 Female offspring get an X chromsome from each parent 

 Males get an X from their mother and a Y from their father 

 X chromosomes never pass from father to son 

 Y chromosomes always pass from father to son 

 

When gametes (egg and sperm) form, chromosomes go through a process called recombination. 

During recombination, homologous chromosomes pair up and exchange stretches of DNA. 

Recombination makes new allele combinations, which can then be passed to offspring. 

When sex chromosomes don’t have a homologue (XY male mammals and ZW female birds, for 

instance), the sex chromosomes do not recombine.* Instead, the sex chromosomes pass unchanged 

from parent to offspring. But when sex chromosomes do have a homologue (as in XX female 

mammals and ZZ male birds), the sex chromosomes recombine to make new allele combinations. 

In pigeons, color and dilute (color intensity) are controlled by two genes on the Z chromosome. In 

males, recombination between homologous Z chromosomes can make new combinations of color 

and dilute alleles (by chance, some offspring will still receive the same allele combination as the 

father). But in females, where the Z chromosome does not recombine, the two alleles always pass 

to offspring together. 

http://learn.genetics.utah.edu/content/pigeons/color/
http://learn.genetics.utah.edu/content/pigeons/dilute/
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* This isn’t entirely true. Portions of the X and Y chromosomes, called the “pseudoautosomal 

regions,” do pair up and recombine. These regions have the same genes, which are not considered 

sex-linked even though they’re on the sex chromosomes. 

Sex-Linked Genes Can Also Be Genetically Linked 

In pigeons, the color and dilute genes are not only sex-linked, they are also genetically linked. 

Unlinked genes, whether on the same or different chromosomes, are inherited separately 50% of 

the time. Genes that are genetically linked are inherited separately less than 50% of the time. The 

closer together the linked genes are, the less likely it is that a recombination event will happen 

between them. Color and dilute are separated by recombination about 40% of the time (in males 

only, of course), so they are not very close together. 

 
Gene 3 is more closely linked to Gene 2 than to Gene 4. Gene 1 and Gene 3 are not linked, but by 

chance they will still stay together 50% of the time, the same as if they were on separate 

chromosomes. 

 

CELL MEMBRANE 

The cell membrane, also called the plasma membrane, physically separates the intracellular 

space (inside the cell) from the extracellular environment (outside the cell). All plant and animal 

cells have cell membranes. The cell membrane surrounds and protects the cytoplasm. Cytoplasm 

is part of the protoplasm and is the living component of the cell. 

The cell membrane is composed of a double layer (bilayer) of special lipids (fats) 

called phospholipids. Phospholipids consist of a hydrophilic (water-loving) head and 

a hydrophobic (water-fearing) tail. The hydrophobic head of the phospholipid 

is polar (charged) and can therefore dissolve in water. The hydrophobic tail is non-

polar (uncharged), and cannot dissolve in water. 

http://learn.genetics.utah.edu/content/pigeons/geneticlinkage/
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The lipid bilayer forms spontaneously due to the properties of the phospholipid molecules. In an 

aqueous environment, the polar heads try to form hydrogen bonds with the water, while the non-

polar tails try to escape from the water. The problem is solved by the formation of a bilayer 

because the hydrophilic heads can point outwards and from hydrogen bonds with water, and the 

hydrophobic tails point towards one another and are 'protected' from the water molecules. 

 

The lipid bilayer showing the arrangement of phospholipids, containing hydrophilic, polar heads 

and hydrophobic, non-polar tails. 

All the exchanges between the cell and its environment have to pass through the cell membrane. 

The cell membrane is selectively permeable to ions (e.g. hydrogen, sodium), small molecules 

(oxygen, carbon dioxide) and larger molecules (glucose and amino acids) and controls the 

movement of substances in and out of the cells. The cell membrane performs many important 

functions within the cell such as osmosis, diffusion, transport of nutrients into the cell, processes 

of ingestion and secretion. The cell membrane is strong enough to provide the cell with 

mechanical support and flexible enough to allow cells to grow and move. 

Structure of the cell membrane: the fluid mosaic model 

This model describes the structure of the cell membrane as a fluid structure with various protein 

and carbohydrate components diffusing freely across the membrane. The structure and function 

of each component of the membrane is provided in the table  

below.  

Component 

(see Figure 2.12) 
Structure Function 

https://www.siyavula.com/read/science/grade-10-lifesciences/cells-the-basic-units-of-life/02-cells-the-basic-units-of-life-03#figure:fluidmosaic
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Phospholipid 

bilayer 

Consists of two layers of phospholipids. 

Each phospholipid has a polar, hydrophilic 

(water-soluble) head as well as a non-

polar, hydrophobic (water-insoluble) tail. 

It is a semi-permeable structure that does not 

allow materials to pass through the membrane 

freely, thus protecting the intra and 

extracellular environments of the cell. 

Membrane 

proteins 

These are proteins found spanning the 

membrane from the inside of the cell (in 

the cytoplasm) to the outside of the cell. 

Membrane proteins have hydrophilic and 

hydrophobic regions that allow them to fit 

into the cell membrane. 

Act as carrier proteins which control the 

movement of specific ions and molecules 

across the cell membrane. 

Glycoproteins 

Consist of short carbohydrate chains 

attached to polypeptide chains and are 

found on the extracellular regions of the 

membrane. 

These proteins are useful for cell-to-cell 

recognition. 

Glycolipids 

Carbohydrate chains attached to 

phospholipids on the outside surface of the 

membrane. 

Act as recognition sites for specific chemicals 

and are important in cell-to-cell attachment to 

form tissues. 
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Figure 2.12: Fluid mosaic model of the cell membrane. 

Table 2.2: Structure and function of components of the cell membrane. 

Movement across membranes (ESG4X) 

Movement of substances across cell membranes is necessary as it allows cells to acquire oxygen 

and nutrients, excrete waste products and control the concentration of required substances in the 

cell (e.g oxygen, water, hormones, ions, etc). The key processes through which such movement 

occurs include diffusion, osmosis, facilitated diffusion and active transport. 

1. Diffusion 

Diffusion is the movement of substances from a region of high concentration to low 

concentration. It is therefore said to occur down a concentration gradient. The diagram below 

shows the movement of dissolved particles within a liquid until eventually becoming randomly 

distributed. 

 

Diffusion is the movement of molecules from a region of higher concentration to a lower 

concentration. It is a passive process (i.e. does not require input of energy). 

Diffusion is a passive process which means it does not require any energy input. It can occur 

across a living or non-living membrane and can occur in a liquid or gas medium. Due to the fact 

that diffusion occurs across a concentration gradient it can result in the movement of substances 

into or out of the cell. Examples of substances moved by diffusion include carbon dioxide, 

oxygen, water and other small molecules that are able to dissolve within the lipid bilayer. 
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