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SYLLABUS GENETICS 

THEORY 

Multiple alleles, Linkage and recombination Sex determination and Sex linkage, Blood group 

system and Pleiotropism. Quantitative inheritance. Mapping the genome (Linkage, crossing over 

and chromosome mapping). Human genome. Regulation of gene expression and development. 

Extra chromosomal inheritance including maternal inheritance. Mutation induced and 

spontaneous. Point mutation, Mutagens, Consequence of point mutations, inborn errors of 

metabolism. Hereditary diseases in human. Chromosomal aberration, Variation in chromosome 

number and structure. Inbreeding and Heterosis. Regulation of DNA transformation in bacteria. 

Plasmids in bacteria. Restrictions Endonucleases, cutting and joining of DNA. Recombinant DNA 

and gene cloning. Restriction mapping and sequencing, application. Gene Therapy.   

 

PRACTICAL 

1. Color blindness detection with the help of vision cards. 

2. Experiments involving monohybrid and dihybrid ratios, sex linked inheritance, detection 

of linkage. 

3. Sex Liked inheritance of skin color and Human Height. 
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Definition: Inbreeding is reproduction from the mating of parents who are closely related 

genetically. Inbreeding results in increased homozygosity, which can increase the chances 

of offspring being affected by recessive or deleterious traits. 

History of inbreeding 

 The earliest recorded study of inbreeding and its effects on human health was 

reported by Bemiss in 1858. In 1871, Darwin attempted to get questions regarding effects 

of cousin marriages included in the survey of Great Britain and Ireland. Darwin's son 

George Darwin also studied inbreeding in humans. 

Explanation:  

 Inbreeding is simply defined as the mating of relatives. Inbreeding can occur 

naturally in plants via self pollination. Inbreeding limits genetic diversity in addition to 

increasing the probability (chance) of inheriting any deleterious recessive genes from a 

parent or ancestral population. Inbreeding results in increased homozygosity, which can 

increase the chances of offspring being affected by recessive or deleterious traits. This 

generally leads to a decreased fitness of a population, which is called inbreeding 

depression. The level of inbreeding is determined by ‘inbreeding coefficient’ meaning 

that the closer the relatives are the higher the inbreeding coefficient is and thus riskier.  

Inbreeding coefficient 

 The inbreeding coefficient represents the probability that an offspring will receive 

a gene from each parent that is a copy of a single shared ancestral gene.  The inbreeding 

coefficient is zero if the parents do not share a common ancestor, and if the inbreeding 

coefficient is one than the offspring has a 100% chance of receiving two copies of the 

ancestral gene. However, this maximum inbreeding coefficient of one cannot be achieved 

in human populations  

 

 

Inbreeding in Human:  
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Inbreeding is not only limited to plants and animals. Inbreeding was practiced in 

western societies (before 19th and 20th centuries) and it is still common in some parts of 

the world. While Muslims of India, Middle-East, and Africa practice inbreeding for cultural 

and religious reasons.  

Effects of Inbreeding in Human 

 Long-term practice of inbreeding can be beneficial to a population as harmful 

genes are elimination by selection, there have been sufficient studies suggesting that 

inbreeding poses threats to a population in a variety of ways such as reduced fertility and 

increased child mortality and morbidity (illness). 

 Inbreeding is considered a problem in humans because inbreeding increases the 

chances of receiving a deleterious recessive allele inherited from a common ancestor. 

Deleterious recessive alleles received from inbreeding can lower the fertility rates of adult 

woman. Other effects of inbreeding are infertility, mortality and morbidity of the 

offspring, weak reproductive performance of the offspring, and characteristics of the 

offspring. However, inbreeding seemed to be beneficial when examining some aspects of 

health. Offspring from the inbreeding group showed decrease in allergies and a decrease 

in nephritis, a rare genetic disorder that causes inflammation of the kidneys.  

Example 

1. Hemophilia spreads rapidly through the British royal house for several generations, 

and inbreeding in the family was seen as a major cause of the deleterious recessive 

allele's frequently through the lines of British royalty.  Queen Victoria is thought to be 

the original carrier for the recessive X-linked hemophilia gene, which lead to over 

twenty members of royal families inheriting the disease in just over 100 years.   

2. In lions, prides (Lions living in a groups) are often followed by related males in bachelor 

groups. When the dominant male is killed, a father may be replaced with his son. 

There is no mechanism for preventing inbreeding or to ensure out crossing. 

Topic No 2: HETEROSIS 
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Definition: It is the tendency of a crossbred organism to have qualities superior to those 

of either parent. 

History: Heterosis was first described by Charles Darwin (1876), and independently 

rediscovered by Shull (1908) and East (1908). Shull called Heterosis as “Stimulation of 

heterozygosity”. 

Explanation:  

In Heterosis, heterozygote in a population has a higher fitness than the 

homozygote such as they grow better, better ability to survive, and are more fertile than 

the homozygote. In few verities of plants that does better in growth and production when 

cross-pollinated than when self-pollinated. The effect of Heterosis can apply to hybrids. 

 The term "Heterosis" is often used in genetics and selective breeding, in which 

desirable traits are bred into a species, while undesirable traits are bred out of the 

species. In breeding, Heterosis refers to the idea that a hybrid (an animal or plant of mixed 

origin) has greater genetic strength than organisms of a homogenous (similar) 

background. It also refers to the potential to combine the positive traits of the parents 

into "better" offspring.  

 Heterosis describes a hybrid organism that is genetically superior to either of its 

parents due to the combined effect of its alleles. It is the opposite effect to out-breeding 

depression. When offspring are considered to be better, or fit for survival, than their 

parents, this is known as hybrid vigor. However, crossbred plants or animals are not 

always better than their parents.  

 

Out-Breeding Depression 

http://genetics-notes.wikispaces.com/Allele
http://genetics-notes.wikispaces.com/Outbreeding
http://genetics-notes.wikispaces.com/Outbreeding
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 It may also happen that a hybrid inherits such different traits from their parents 

that make them unfit for survival or in other words, it is possible for a hybrid to be less fit 

for survival. This is known as Out-breeding depression, typical examples of which are 

crosses between wild and hatchery fish that have incompatible adaptations. Out breeding 

depression only occurs between populations that have diverged significantly i.e. Different 

species.  

Heterosis in Humans 

 Heterosis in humans must be taking differently than Heterosis in other organisms, 

because the entire human population already has a very limited gene pool. Heterosis 

functions as the opposite of inbreeding, and in this way limited Heterosis in humans to 

exist; humans who have offspring with close relatives have unfit offspring, so the children 

of unrelated pairs by comparison are an example of hybrid vigor. In other words, in 

humans Heterosis refers to children of parents who do not share a blood line and thereby 

genetic material. 

Heterosis and Out-breeding depression 

 As a general rule of thumb, Hybrid vigor or Heterosis (another way of saying a 

reduction of inbreeding depression) is strongest in first generation hybrids and gets 

weaker over time.  

 In contrast, out-breeding depression can be relatively weak in the first generation. 

But outside the context of ruthless selective pressure, out-breeding depression will 

increase in power when suppressed gene shows their expression as Dominant gene in F2 

and F3 generation. 

 

 

Topic No 3: PLASMID 
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Definition: “An extra-chromosomal DNA that can replicate independently of the 

chromosomal DNA is called Plasmid”. The term Plasmid was first introduced by the 

American molecular biologist J. Lederberg in 1952. 

Properties of Plasmid: Plasmids may carry genes that provide resistance to naturally 

occurring antibiotics, also helpful to synthesis protein that act as toxins to destroy the 

host or invaders DNA. Plasmids are double-stranded and in many cases are circular. 

Plasmids usually occur naturally in bacteria, but are sometimes found in eukaryotic 

organisms.  

 Plasmid can be transferred from one bacterium to another bacterium through 

conjugation or transformation. Further, Plasmid is found in Arachea, bacteria and 

eukaryotes. pSC 101 and pBR 322 are naturally occurring plasmid, pSC 101 show 

resistance against the tetracycline, while pBR 322 show resistance against two types of 

antibiotics tetracycline and Penicillin. 

Classification of Plasmid: Categorically Plasmid is divided into two groups. 

A. Stringent plasmids replicate only when the chromosome replicates. This is good if 

we are working with a protein that is lethal to the cell.  

B. Relaxed plasmids have the capability to replicate on their own. This gives us a 

higher ratio of plasmids to chromosome 

There are five main classes: 

1. Fertility Plasmid: It helps in the process of conjugation. 
2. Resistance Plasmid: This show resistance against antibiotics or poisons. 
3. Col Plasmid: This plasmid produces protein “bacteriocins”; that can kill other 

bacteria. 
4. Degradative Plasmid: This plasmid enables the digestion of unusual substances e.g. 

salicylic acid. 
5. Virulence Plasmids:  This type of plasmid can turn the bacterium into a pathogen. 
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Plasmid as Vector 

 A vector is generally a small, circular DNA molecule that replicates inside a 

bacterium such as E. coli. Vector can replicate by the host’s machinery independently of 

the genome. Bacteria will grow on medium containing antibiotics only if the bacteria 

contain a plasmid with the appropriate selectable marker. There are some factors that 

make plasmids either more useful or easier to work with like smaller size plasmid is easy 

to handle and use, more restriction enzymes sites and multiple ORI site which give easy 

and helpful scientific approach. 

Structure of Plasmid: Plasmid usually consists of three basic elements 

1. ORI: It is also as Origin of replication site that helps in the amplification 

(multiplication of copies) of the plasmid. 

2. Selectable Marker or Resistance Site: This is usually an antibiotic resistance of 

some sort, to give the bacteria with plasmids a selective advantage in specific 

media. 

3. Multiple Cloning Site (MCS): The MCS allows us to cut the plasmid, insert new 

DNA, and re-ligate the desirable genes. 

  

 

 

 

 

 

 

         Fig 1: Structure of Bacteria   Fig 2: Structure of a common Plasmid 
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Topic No 4: RESTRICTION ENDONUCLEASE 

Definition: Restriction Endonuclease or Restriction enzyme is the enzymes that cleave 

(break) DNA at specific nucleotide sequences.  

Explanation 

  Hamilton was the first scientist; who isolated these enzymes. Currently 3000 types 

of different Endonuclease have been discovered and 20 are regularly used in different 

fields of Biotechnology. The most common restriction enzyme is EcoRI. 

 Endonucleases are produced by the bacteria and few eukaryotic organisms, which 

can cut the single and double stand of DNA. Few Endonucleases have the specialty to cut 

the RNA and called as Endoribonucleases. 

 Endonuclease cut the sequence of DNA recognized is often four to six nucleotides 

long and called as Palindromic sequence to develop the sticky ends (unequal cutting of 

the polynucleotide chain) or blunt ends (when base pair are cut from the middle). They, 

therefore facilitate the insertion of foreign DNA into vector DNA. So, recombinant DNA 

will be formed. The place where DNA is cut by the Endonuclease is called Restriction sites. 

 For example, the restriction Endonuclease EcoRI recognizes the sequences, 

GAATTC. The nucleotides at one end of the recognition sequence are often 

complementary to those at the other end i.e. CTTAAG. EcoRI cleaves the Phosphodiester 

Bond within the polynucleotide Chain between the G and A at both strands. The Chain 

can be rejoining by using the DNA ligase (DNA gum). 

 There are three types of the Endonuclease I, II and III. Each and Every Endonuclease 

is given specific name due to its specific linkage site. Thus for example, "EcoRI" means 

that the restriction Endonuclease is found in Escherichia coli ("Eco"); strain (strains means 

verity or types) RY13 ("R"), restriction Endonuclease number "I".  

Importance 
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 Because each restriction enzyme binds to DNA only at a specific recognition 

sequence, we can take advantage of this activity and use it in recombinant DNA 

technology. If we know the sequence of a fragment of DNA, and if that fragment has a 

essential recognition sequence. We can use the specific enzyme that recognized that 

sequence to cut the DNA at a desired site or sites. In this way, a large piece of DNA can 

be digested into smaller, more manageable fragments.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  Fig: Role of Endonuclease to built the cleavage in the plasmid. 
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Definition: Recombinant DNA (rDNA) is a form of artificial DNA that is created by 

combining two or more sequences that would not normally occur together. 

History: The idea for recombinant DNA was first proposed by Peter Lobban. Stanley 

Cohen and Herbert Boyer made what would be one of the first genetic engineering 

experiments, in 1973. They demonstrated that the gene for frog ribosomal RNA could be 

transferred into bacterial cells and expressed by them. The first licensed drug generated 

using recombinant DNA technology was human insulin. 

Explanation 

Recombinant DNA is possible because DNA molecules from all organisms share the 

same chemical structure; they differ only in the sequence of nucleotides within that 

identical overall structure. The DNA sequences used in the construction of recombinant 

DNA molecules can originate from any species. For example, plant DNA may be joined to 

bacterial DNA, or human DNA may be joined with fungal DNA. In addition, DNA sequences 

that do not occur anywhere in nature may be created by the chemical synthesis of DNA, 

and incorporated into recombinant molecules. Using recombinant DNA technology and 

synthetic DNA, literally any DNA sequence may be created and introduced into any of a 

very wide range of living organisms. Proteins that result from the expression of 

recombinant DNA within living cells are termed recombinant proteins. When 

recombinant DNA encoding a protein is introduced into a host organism, the recombinant 

protein will not necessarily be produced. 

Creating recombinant DNA 

Molecular cloning is the laboratory process used to create recombinant DNA. It is 

one of two widely-used methods (along with polymerase chain reaction or PCR) used to 

direct the replication of any specific DNA sequence chosen. The fundamental difference 

between the two methods is that molecular cloning involves replication of the DNA within 

a living cell, while PCR replicates DNA in the test tube, free of living cells. 

http://en.wikipedia.org/wiki/Polymerase_chain_reaction
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Formation of recombinant DNA requires a cloning vector, a DNA molecule that will 

replicate within a living cell. Vectors are generally derived from plasmids or viruses, and 

represent relatively small segments of DNA that contain necessary genetic signals for 

replication, as well as additional elements for convenience in inserting foreign DNA, 

identifying cells that contain recombinant DNA, and, where appropriate, expressing the 

foreign DNA. The choice of vector for molecular cloning depends on the choice of host 

organism, the size of the DNA to be cloned, and whether and how the foreign DNA is to 

be expressed. 

In standard Recombinant protocols, the cloning of any DNA fragment essentially 

involves seven steps: (1) Choice of host organism and cloning vector, (2) Preparation of 

vector DNA, (3) Preparation of DNA to be cloned, (4) Creation of recombinant DNA,     (5) 

Introduction of recombinant DNA into the host organism. 

 

 

 

 

 

 

 

 

 

 

 

 

TOPIC NO 06: GENE CLONING  
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http://en.wikipedia.org/wiki/Plasmid
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Definition “Gene cloning is a process that produces many copies of a gene of interest”. 

These copies can be used in sequencing the gene, in producing its encoded protein, or in 

basic research or other applications.  

Explanation: 

The molecular biologist studying a particular gene faces a challenge. Naturally 

occurring DNA molecules are very long, and a single molecule usually carries many genes. 

Moreover, in many eukaryotic genomes, genes occupy only a small proportion of the 

chromosomal DNA, the rest being “non-coding nucleotide sequences”. 

Molecular biologists can avoid eukaryotic-bacterial incompatibility by using 

eukaryotic cells such as yeasts, rather than bacteria, as hosts for cloning and/or expressing 

eukaryotic genes of interest. Yeasts, single-celled fungi, offer two advantages: They are 

as easy to grow as bacteria, and they have plasmids, a rarity among eukaryotes. Scientists 

have even constructed recombinant plasmids that combine yeast and bacterial DNA and 

can replicate in either type of cell. 

Steps involves in Gene cloning 

To clone pieces of DNA in the laboratory, researchers first obtain a plasmid 

(originally isolated from a bacterial cell and genetically engineered for efficient cloning) 

and insert DNA from another source (“foreign” DNA) into it. The resulting plasmid is now 

a recombinant DNA molecule.  

The plasmid is then returned to a bacterial cell, producing a recombinant 

bacterium. This single cell reproduces through repeated cell divisions to form a clone of 

cells, a population of genetically identical cells. Because the dividing bacteria replicate the 

recombinant plasmid and pass it on to their descendants, the foreign DNA and any genes 

it carries are cloned at the same time. The production of multiple copies of a single gene 

is called gene cloning. 

Besides using vectors, scientists have developed a variety of other methods for 

introducing recombinant DNA into eukaryotic cells. In electroporation, a brief electrical 

pulse applied to a solution containing cells creates temporary holes in their plasma 

membranes, through which DNA can enter. (This technique is now commonly used for 

bacteria as well). Alternatively, scientists can inject DNA directly into single eukaryotic 

cells using microscopically thin needles. 

DNA cloning in cells remains the best method for preparing large quantities of a 

particular gene or other DNA sequence. However, when the source of DNA is very little 
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or impure, the polymerase chain reaction, or PCR, is quicker and more selective. In this 

technique, any specific target segment within one or many DNA molecules can be quickly 

amplified in a test tube. With automation, PCR can make billions of copies of a target 

segment of DNA in a few hours, significantly faster than the days it would take to obtain 

the same number of copies by screening a DNA library for a clone with the desired gene 

and letting it replicate within host cells.  

 To get DNA into plant cells, the soil bacterium Agrobacterium can be used, as well 

as other methods. If the introduced DNA is incorporated into a cell’s genome by genetic 

recombination, then it may be expressed by the cell. 
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TOPIC NO 07: APPLICATIONS OF rDNA OR GENE CLONING 

Many practical applications of recombinant DNA or gene cloning are practicing in 

human, veterinary medicine, in agriculture and in bioengineering. Some examples are 

discussed below. 

1. Recombinant human insulin 

 Recombinant DNA technology or Gene cloning helps us to synthesize recombinant 

insulin for the treatment of insulin-dependent diabetes. This recombinant insulin can be 

obtained from animal sources e.g. pigs and cattle etc. Recombinant insulin is synthesized 

by inserting the human insulin gene into E. coli, which then produces insulin for human 

use.  

2. Recombinant human growth hormone  

 Human growth hormone especially somatotropin is produced in less quantity in 

few person. The main function of this hormone is to support normal growth and 

development. Before the recombinant HGH became available, HGH was obtained from 

pituitary glands of cadavers (dead body). This unsafe practice led to some patients cause 

the death. Recombinant HGH eliminated this problem. It has also been misused as a 

performance enhancing drug by athletes and others.  

3. Recombinant blood clotting factor VIII 

Recombinant factor VII is a blood-clotting protein, which is used for the treatment 

of the bleeding disorder “hemophilia” in those patients who are unable to produce factor 

VIII to support normal blood coagulation. Before the development of recombinant factor 

VIII, the protein was obtained by processing large quantities of human blood from 

multiple donors, which carried a very high risk of transmission of HIV and hepatitis B. 

4. Recombinant hepatitis B vaccine 

http://en.wikipedia.org/wiki/Insulin
http://en.wikipedia.org/wiki/Diabetes
http://en.wikipedia.org/wiki/E._coli
http://en.wikipedia.org/wiki/Growth_hormone
http://en.wikipedia.org/wiki/Factor_VIII
http://en.wikipedia.org/wiki/Hepatitis_B_vaccine
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 Prevention of hepatitis B infection is controlled through the use of a recombinant 

hepatitis B vaccine, which contains a form of the hepatitis B virus surface antigen that is 

produced in yeast cells. The development of the recombinant subunit vaccine was an 

important and necessary development because hepatitis B virus, unlike other common 

viruses such as polio virus, cannot be grown in vitro.  

5. Herbicide-resistant crops  

 Recombinant DNA technology provides us the herbicide resistance crops. Different 

agriculture verities of crops like corn, soya and cotton are developed with the 

incorporation of recombinant gene. Herbicides are the chemical which is used to kill 

weed. Before, the recombinant HRC became available. Severe affects of herbicide were 

found on different verities of crops. Now, different strains of herbicide resistance crops 

are available in market for former’s use.  

6. Insect-resistant crops 

 Bacillius thuringeiensis is a bacterium which produces a protein called as Bt-toxin 

with insecticidal properties. The genes of this bacterium are incorporated with plant 

genes to get recombinant DNA to control the insect in the agriculture fields. 

7. TI-Plasmid 

 Agrobacterium tumefaciens contain Ti plasmids (Ti stands for tumor inducing) 

which usually cause crown gall disease in plants. Recombinant Ti plasmid incorporated 

with plant genome reduces the Ti tumor causing side effects. 

 

TOPIC NO 08: GENE THERAPY 

 “Gene therapy is the insertion of genetic material into human cells for the 

treatment of a genetic disorder”. There are two methods used for gene therapy i.e. Ex-

vivo and in Vivo. 

http://en.wikipedia.org/wiki/Hepatitis_B
http://en.wikipedia.org/wiki/Polio_virus
http://en.wikipedia.org/wiki/In_vitro
http://en.wikipedia.org/wiki/Glyphosate
http://en.wikipedia.org/wiki/Bacillus_thuringiensis
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A. EX-Vivo  

 Ex-vivo means for the therapeutic requirement the defective cells are removed 

outside the body and inserted normal gene via retrovirus and modified cell is returned 

back to the patient. In ex-vivo condition a number of genes are carried by vector viruses 

like retrovirus and adenovirus. 

 Retrovirus contains single strand RNA as the hereditary material in place of the 

more common DNA. It combines with DNA to form recombinant DNA, Thus its replication 

is called reverse transcription. Usually retrovirus causes two important diseases in human 

i.e. HIV and leukemia. Beside, insertion of gene of interest in retrovirus, the virus lost the 

ability to cause disease rather it transfer gene of interest in the genetically disturb cell. 

Examples EX-Vivo  

1. Severe Combined Immunodeficiency Syndrome (SCID) 

2. Familial Hypercholesterolemia 

3. Cancer diseases 

 

1. Severe Combined Immunodeficiency Syndrome (SCID) 

Few children lack an enzyme called Adenosine deminase (AD) due to defective 

genes that involve in the maturation of T and B cells in the Bone marrow stem cells. To 

cure the disease, retro virus is allowed to attack on defective bone marrow cells to 

transfer normal genes. Later, Recombinant Bone marrow synthesize AD enzymes by 

replicating them self. 

2. Familial Hyper-Cholesterolemia 

This disease is related with a condition, where Liver cells fail to remove cholesterol 

form blood, thus level of cholesterol increases in the blood. This increase in the blood 

may lead to heart attack in the young age. The genes of the normal liver cells by retro 

virus are inserted in the liver and implanted into the liver to cure the disease. 

 

3. Cancer diseases 

For the treatment of the cancer chemotherapy (chemical treatment) is used. 

Chemotherapy not only effective on the cancer cells also destructs many normal cells. 

Recombinant Bone marrow stem cells via retrovirus are inserted to increase the efficiency 

of the bone marrow stem cells against Cancer cells. 
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B. In-Vivo 

Different diseases like Hemophilia, diabetes mellitus, Parkinson and AIDs are 

treated through vivo treatment. Genetic medicines are trailed orally to the patient with 

regular doses. In Parkinson disease (shaking problem of body), Dopamine-producing cells 

could be grafted directly to the brain.  

Examples of Vivo 

1. Cystic Fibrosis 

This disease is caused by a defective gene. Normal gene help to move the Chloride 

ions to pass into and out of cells, thus thin mucus is produced. Due to defective gene think 

mucus is produced in the respiratory tract and lead to different respiratory tract infection. 

To cure the disease, Liposome sprayed into the patient nostrils. Liposomes are artificial 

microscopic vessels are created when lipoprotein put in a solution which contain normal 

gene for the regulation of Chloride ions.  

2. Coronary artery angioplasty 

To cure the disease, Balloon 

catheter is used to open a closed 

artery. The artery has sometimes 

showed a tendency to close up once 

again due to lack of a gene that 

synthesis vascular endothelial 

growth factor. Balloon is coated with 

the gene for vascular endothelial 

growth factor. This factor, relax the 

blood vessels to minimize the chance 

of the blockage. 

 

TOPIC NO 09: TRANSFORMATION IN 

BACTERIA 

Definition: The process of transferring exogenous DNA into cells is call “transformation”  

History: Transformation was first performed by F. Griffith. He discovered that a harmless 

strain of Streptococcus pneumoniae could be made virulent after being exposed to heat-

killed virulent strains by using the mouse. Later, same experimentation was performed by 
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Avery, MacLeod and McCarty experiment performed in invitro condition without using 

mouse. After the discovery of conjugation and transduction by J. Lederberg the Avery’s 

transformation was accepted. In 1972, Stanley Cohen showed that CaCl2 treatment is also 

effective for artificial transformation of plasmid DNA. In 1980, Transformation using 

Electroporation was introduced by E. Neumann. The purpose of Electroporation was 

developed to increase the uptake of DNA for bacteria. 

Explanation: Uptake of foreign DNA especially plasmid in the cell is discussed as the 

Competency of the cell. It means those cells which take-up the DNA is called competent 

cells. About 1% of bacterial species are capable of naturally taking up DNA under 

laboratory conditions; more may be able to take it up in their natural environments.  

Beside, in animals the process of the uptake of foreign DNA is called transfection. In 

transfection calcium phosphate and Electroporation is used, in another method 

liposomes are used. In plants, a number of methods are used to promote the entry of 

foreign DNA.  

Types of Transformation: There are basically two general methods for transforming 

bacteria. 

1. CaCl2: The first is a chemical method utilizing CaCl2 and heat shock to promote DNA 

entry into cells. In this method, colonies of bacteria are centrifuge and added CaCl2 

solution and chill on ice. Then colonies of the bacteria are transferred into the 

eppendorf tubes and added desirable plasmid. Transfer the solution into the water 

bath for few hours and transfer and grow the colonies into the dishes.  

 

2. Electroporation: A second method is called Electroporation based on a short pulse of 

electric charge to facilitate DNA uptake. This method is used for the transformation in 

bacteria, yeast and plants protoplast. In this method, the colonies of bacteria are first 

centrifuge and re-suspended bacterial colonies in sterile H20. The process is repeated 

twice and then the cells are transfer into the eppendorf tubes and added desirable 

plasmid. Then apply the electric shock and add buffer solution to maintain the PH of 

the colonies.  

 

Screening of Plasmid transformation 

Selectable markers (is a gene introduce in the cell for the identification) or 

Radioactive substances are used to monitor the entrance of the plasmid in the cell for the 

process of transformation. Lac Z genes in the plasmid can produce the beta-glycosidase 
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and hydrolysis the lactose into its component. Cells containing successfully ligated insert 

can then be easily identified by its white coloration from the unsuccessful blue ones. 

White colonies are those colonies in which gene of interest are entered. Thus, white and 

blue colonies help us to identify that which colonies took the gene of interest and which 

colonies remain untreated.  

 

 

 

 

          Fig a: CaCl2 method 

    

 

 

 

 

    Fig b: Electroporation 

 

 

 

 

 

Topic No: 10    RESTRICTION MAPPING AND SEQUENCING 

Definition: Restriction mapping is the process of obtaining structural information about 

the restriction sites on the DNA. 

Background 
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Restriction mapping involves digesting of DNA with a series of restriction enzymes 

and the separating the resultant DNA fragments by Agarose gel electrophoresis using the 

ethidium bromide. The distance between restriction enzyme sites can be determined by 

the patterns of fragments that are produced by the restriction enzyme digestion.  

  Restriction maps can be represented in a linear or circular fashion.  For vector 

maps, an arbitrary site is chosen to be position 0 and then nucleotides are numbered 

sequentially.  Thus, numbers represent the number of nucleotides away from the origin 

that a specific restriction site can be found.  These numbers can be used to calculate the 

sizes of restriction fragments resulting from restriction enzyme digestions. Beside, few 

enzymes develop single digest and other develop double digest. 

Method of Restriction Mapping 

 Restriction mapping of plasmid can be performed with the help of a series of 

individual restriction Endonuclease. The steps that might be taken to map this fragment 

by partial digestion are:  

1. The first step is to know the size of plasmid that can be observed by the fragments 

digest. The most important aspect is plasmid is cut with restriction enzyme and no 

matter how many times it cut into pieces all of the pieces should be equal to the size 

of the circle DNA.  

2. The second step of the restriction mapping is how many times the restriction enzymes 

cut the circular DNA strand.  

3. The third step of the restriction mapping is to compare the restriction sites built up by 

the restriction enzymes. This will also gives information about the size of the plasmid. 

To compare the restriction enzymes molecular probe are used. These molecular 

probes are attached with the fragments to remember each and every piece of the DNA 

fragment. 
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Suppose a plasmid (fig. 1, mentioned below) comprising of 100 kilo base pair. We 

use EcoRI-I and digest the plasmid from three different sites. One side consists of 10 kilo 

base pair, second consists of 30 kilo base pair and third consists of 60 base pair. Each of 

the fragments is then run under the Agarose electrophoresis and stained with ethidium 

bromide and then placed the gel into the UV equipment to get the size of the unknown 

plasmid along with the restriction size of the Plasmid.  

Using a Computer to Generate Restriction Maps 

If the sequence is known, it is a simple matter to feed that sequence into any 

number of computer programs, which will search the sequence for dozens of restriction 

enzyme recognition sites and build a map. One such program which can be used is 

Mapper, available as part of the Molecular Toolkit.  

 

 

 

 

 

 

 

Fig.1 Diagram indicating the digestion of EcoR-I and gel 

electrophoresis band representing the fragment length of the 

digested restriction site 

TOPIC NO: 11 GENE EXPRESSIONS or PROTEIN SYNTHESIS 

Definition: 

“The expression of gene to synthesis the functional genetic product is called gene 

expression”. The Gene expression is follows by transcription and translation.  

Explanation: 
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a. Transcription 

 The synthesis of mRNA from DNA in the nucleus is called transcription. The Double 

helix structure of DNA is untwisted through an enzyme called Topoisomerase. The 

helicase enzyme breakdown the bonding between the two polynucleotide strands of 

DNA. The Process of transcription initiate from 5/-3/ direction at a specific site called 

promoter site. This site consists of TATTA box and RNA polymerase.   

 RNA polymerase-II help to recognize the three nucleotide sequence called Codon 

to attach with the DNA strand, the first Codon is called starting Codon. Transcription 

initiates one of the two strands of DNA called as template strand. The transcription 

complete when mRNA is synthesized from DNA and leave the first segment as U-

ribionucleotide.  

 This precursor mRNA is comprising introns and Exon. Introns are non-coding 

sequence and removed by SnRNA and spliceosome by a process called RNA splicing. The 

last stage of maturation of mRNA is the attachment of GTP cap at 5/ and Poly AAA-AAA 

tail at 3/. Now mRNA is ready to move in the cytoplasm for translation. 

b. Translation 

 

 AMP and specific amino acid are attached with an enzyme called aminoacly tRNA 

synthetase, this enzyme attach the amino acid at the tip of the tRNA with the help of 

AMP. The RNA polymerase-III recognized the tRNA carry three nucleotides called as 

anticodon over the mRNA. The RNA polymerase-I recognized the 80S Ribosome to attach 

on mRNA.  The first tRNA attached at P-site and called as Peptidyl tRNA, the second tRNA 

attaches parallel to the first tRNA at A-site is called Acceptor tRNA to transfer its amino 

acid and leave from E-site. Thus a long chain of polypeptide is formed and expressed as 

protein. 
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TOPIC NO: 12 Regulation of Gene Expression or DNA regulation in Prokaryotes 

Definition: “All those processes involves in the regulation of gene expression of the 

synthesis of gene product is called gene Expression”. 

  The genes are influence under different factors including the environmental stress. 

The best way to explain the regulation of gene expression is the Operon Systems in 

prokaryotic organisms. The most common Operon systems are the lac and tryp Operon 

discovered by the J. Monod. Operon system consists of regulator regions and coding 

regions. 

a. Lac Operon  

 A gene consists of three regions a regulatory region, coding region and terminator 

region. In Lac Operon the coding region consists of three genes synthesis three different 

enzymes as Lac-Z (beta-galactosidase), Lac-Y (Lactose permease) and Lac-A (galactosidase 

transceytylase).  

 Besides, regulator region consists of Lac-O or operator, Lac-P or promoter, a cap 

region or and lac-L region. The lac-I region synthesis a protein called repressor. In absence 

of lactose this repressor protein is bound to the lac operator site, RNA polymerase is 

prohibited from recognizing the lac promoter and the Lac-Z, Lac-Y and Lac-A genes are 

not transcribed.  

 When lactose enters the cell, a small amount of it is converted to allolactose via 

beta-galactosidase. Allolactose binds to the lac repressor. This causes a conformational 

change in the lac repressor protein that prevents it from binding to the lac operator site. 

Thus inactive repressor is unable to bind the lac operator site and RNA polymerase moves 

over the coding zone and synthesis a polycistronic mRNA.  
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b. Tryp Operon  

 In bacteria E. coli, a group of five genes code for enzymes required to synthesize 

the amino acid tryptophan. All five genes transcription as a unit called Operon. A regulator 

protein called a repressor can bind to the operator site and prevent transcription. When 

tryptophan is lacking in the environment, the repressor is made but it is unable to bind to 

the DNA and block transcription. RNA polymerase binds to the promoter site and then 

proceeds down the DNA, transcribing the genes for the tryptophan biosynthesis enzymes.  

 When tryptophan is present in the environment, the organism no longer needs to 

make tryptophan. Tryptophan binds to the repressor and activates it. The activated 

repressor now binds to the operator, located within the tryptophan promoter and blocks 

transcription.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

TOPIC NO: 13 Regulation of Gene Expression or DNA regulation in Eukaryotes 
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Definition: “All those processes involves in the regulation of gene expression of the 

synthesis of gene product is called gene Expression”. 

In the DNA regulation, process of gene expression involves the two processes i.e. 

Transcription and Translation. 

Transcription: Mainly transcription is regulated by the RNA polymerase and 

direction of the RNA synthesis should be 5' to 3'. In, eukaryote the three types of 

the RNA polymerase are involved types I, II and III. RNA polymerase involves the 

sub units called as sigma factor to initiate the process to attach over the Promoter 

site. The promoter site consists of hundred of nucleotide and it is not transcribed 

into the mRNA. Three types of protein are involve in the transcription  

1. Activators protein (enhancer) that increases the interaction of RNA 

polymerase with promoter site.  

2. Repressor protein that attached over the non coding sequence (Intron) of 

the DNA to facilitate the RNA polymerase to work.  

3. Regulatory protein (Silencer) that attaches near the promoter site to switch 

on the gene expression. If these protein doesn’t attached to their sites gene 

expression suppresses. 

Further, the mRNA synthesis comprising of two different types of the nucleotide 

sequences one is called Exon (Expressed sequence) and the Intron the (intervening 

sequence).  Introns are removed by the spliceosome and SnRNA through splicing 

mechanism. Finally the mRNA are protected by the Poly A tail and Methlyated GTP. 

The protection mechanisms are adopted to prevent the degradation of the mRNA. 
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 Translation: Translation is carried out by the Ribosome that makes conformational 

changes in the mRNA and converts the entire structure into the rRNA which then 

synthesis the targeted functional protein. Besides, the post transcriptional 

modifications occur into two major steps. 

1. Function groups like acetate, phosphates are attached with the amino acid 

and changing the chemical nature of the amino acid. 

2. Enzymes like proteosomes are attached with the protein and denature the 

unneeded protein by proteolysis process. 

Finally, the functional protein ready to perform its desire function in the body. 

 

 

 

 

 

 

 

 

 

 

Note: Draw diagram of the topic 11 “Gene expression or Protein Synthesis”. 
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TOPIC NO: 14 MULTIPLE ALLELES 

Definition: Those alleles that may exist in more than two different forms for a 

specific trait or character are called multiple alleles or when three or more alleles 

are present at a same gene locus then it is called Multiple alleles.  

Explanation: 

In human 70 percent genes are mono-allelic that they can be exists only in 

one form and show no variation. A very few are poly-allelic having more than two 

forms. Besides, About 30% of the genes in humans are di-allelic, that is they exist 

in two forms which means they have two alleles. Multiple allele is one of the di-

allelic examples. Di-allelic genes can generate 3 genotypes; Genes with 3 alleles can 

generate 6 genotypes.  

Fundamental properties of Multiple are that Multiple alleles always occupy 

the same locus on the chromosome. They always influence the same characters. 

No crossing over among the member alleles of the same multiple allelic series. 

Generally, wild type allele is dominant, mutant alleles may have dominant or 

intermediate effect. 

Examples:  

The coat or hair color in mice is determined three different alleles. These 

colors are black, brown, agouti, gray and albino. These alleles follow order of 

dominance like agouti > black > albino. This means that agouti is dominant to black 

and albino; black is dominant to albino. 

Multiple Allele system determines coat colors in Rabbit. The coat color of 

rabbit has 3 patterns i.e. Agouti, chinchilla and albino. These alleles follow order of 
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dominance like chinchilla > agouti > albino. This means that chinchilla is dominant 

to agouti and albino; agouti is dominant to albino. 

Only two alleles exist for the pea characters that Mendel studied, but most 

genes exist in more than two allelic forms. The ABO blood groups in humans, for 

instance, are determined by three alleles of a single gene: IA, IB, and i. A person’s 

blood group (phenotype) may be one of four types: A, B, AB, or O.  

      

 

 

 

Fig: Indicating the different blood group and role of multiple allele. 

 

 

 

 

 

 

 

 

 

Blood group or Phenotype Multiple Alleles/Genotype 

A iAiA, iAi 

B IBiB, IBi 

AB iAiB 

O ii 
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TOPIC NO: 15 GENETICS RECOMBINATION AND LINKAGE  

Recombination: Rearrangement of genetic material on chromosomes by crossing 

over is called recombination. 

Explanation: Recombination is followed by the Crossing over, which is one of the 

final stages of the genetic recombination occurring at the Meiosis-I. One of the 

most successful experiments of Mendel was Law of Independent Assortment which 

was based on the crossing over to provide new genetic recombination. Basically, 

crossing over follows the law of independent Assortment and denies the law of 

segregation. 

 Without recombination genes are linked to gather on the same chromosome 

passing same is it to the off-spring. Although crossing over is highly significant 

besides, sometimes unbalanced recombination may results in the deletion, 

translocation, duplication and inversion of the chromosome that may result in 

different genetic disorders. 

Example: In Mendel’s Second law of independent assortment in which he took two 

parental verities and get recombinant verities shown below. This proves that 

recombination provides the new combination which is usually stable and more 

resistible verities show better adoption abilities against environmental stress. 

 

 

 

 

Recombination frequency can be counted by the following formula: 
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Linkage: All those genes present on the same chromosome are linked to each other 

are called linked gene and their phenomenon is called gene linkage. 

Explanation: In human 35 thousand genes are located on their locus, many of them 

are those genes which are linked on the same chromosome. Gene, which are linked 

to sex Chromosome are called sex-linked gene, which inherited from parents to 

offspring, collectively termed as Sex-linkage inheritance. A gene located on either 

sex chromosome is called a sex-linked gene; those located on the Y chromosome 

are called Y-linked genes. 

There are two types of Sex linked gene in Human one is x-linked gene and 

other is y-linked gene. X-linked are further classified into X-linked recessive (e.g. 

hemophilia and color blindness) and X-linked dominant (e.g. brown teeth). The 

human X chromosome contains approximately 1,100 genes, which are called X-

linked genes.  

Y- Gene normally contain SRY-gene determine the maleness in males. The Y 

chromosome is passed along virtually intact from a father to all his sons. Because 

there are so few Y-linked genes, very few disorders are transferred from father to 

son on the Y chromosome. A rare example is that in the absence of certain Y-linked 

genes, an XY individual is male but does not produce normal sperms.  

Benefit of the Linkage: Linkage reduces the possibility of variability in gametes 

unless crossing over occurs. 

 

 

 

Note: If the question is asked about only Linkage, also write the topic no 16 “sex 

linkage Inheritance”. 
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TOPIC NO: 16 SEX LINKED INHERITANCE 

Definition: Gene, which are linked to sex Chromosome are called sex-linked gene, which 

inherited from parents to offspring, collectively termed as Sex-linkage inheritance. A gene 

located on either sex chromosome is called a sex-linked gene; those located on the Y 

chromosome are called Y-linked genes. 

Explanation: There are two types of Sex linked gene in Human one is x-linked gene 

and other is y-linked gene. X-linked are further classified into X-linked recessive (e.g. 

hemophilia and color blindness) and X-linked dominant (e.g. brown teeth). The human X 

chromosome contains approximately 1,100 genes, which are called X-linked genes.  

Y- Gene normally contain SRY-gene determine the maleness in males. The Y 

chromosome is passed along virtually intact from a father to all his sons. Because there 

are so few Y-linked genes, very few disorders are transferred from father to son on the Y 

chromosome. A rare example is that in the absence of certain Y-linked genes, an XY 

individual is male but does not produce normal sperms.  

An example is Duchenne muscular dystrophy, which affects about one out of every 

3,500 males born in the United States. The disease is characterized by a progressive 

weakening of the muscles and loss of coordination. Affected individuals rarely live past 

their early 20s. Researchers have traced the disorder to the absence of a key muscle 

protein called dystrophin and have mapped the gene for this protein to a specific locus 

on the X chromosome. Other example of X-linked inheritance are given bellow 

A.  HEMOPHILIA: Hemophilia is an X-linked recessive disorder defined by the absence of 

one or more of the proteins required for blood clotting. When a person with hemophilia 

is injured, bleeding is prolonged because a firm clot is slow to form. Small cuts in the skin 

are usually not a problem, but bleeding in the muscles or joints can be painful and can 

lead to serious damage. In the 1800s, hemophilia was widespread among the royal 

families of Europe. Queen Victoria of England is known to have passed the allele to several 

of her descendants. 

TYPES OF HEMOPHILIA 
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There are three types of hemophilia in human. 

1. Hemophilia A: It is due to blood clotting factor VII, 80% hemophilic patients suffer 

with hemophilia A. It is more common in man than female. 

2. Hemophilia B: It is due to blood clotting factor XI, 20% hemophilic patients suffer 

with hemophilia B. It is more common in man than female. 

3. Homophile C: It is due to autosomal recessive trait. It can affect both male and 

female equally. 

 

B. COLOR BLINDNESS: Color vision deficiency is disease in which a person finds difficulty 

in distinguishes the different color. Cone cells are present in the Retina to distinguish red, 

green and blue.  

TYPES OF COLOR BLINDNESS 

There are three types of color blindness in human 

a. Mono-Chromate: When only one color deficiency occur  

i. Red Blindness: Protanopia  

ii. Green Blindness: Deuteranopia 

iii. Blue Blindness: Tritanopia 

b. Dichromate: It perceives all the two colors i.e. red, green or blue. 

c. Trichromate: It perceives all the three colors i.e. red, green and blue. 

 

 

 

Note: You can also as an example of crosses of colorblind and hemophilia in paper 

e.g. crosses between normal male and carrier colorblind female etc. 

TOPIC NO: 17 BLOOD GROUP SYSTEMS 
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Definition: The most important blood type system (or blood group system) in human used 

in the blood transfusion is called ABO blood group system.  

Back ground: The ABO blood group system is widely credited to have been discovered by 

the Austrian scientist Karl Landsteiner, who found three different blood types in 1900. He 

was awarded the Nobel Prize in Medicine in 1930 for his work. 

Explanation:  

Blood group system in human is one of the best examples of multiple alleles. The 

genes of ABO blood group system are located on the locus present on chromosome 9. 

The human blood group is classified into four groups i.e. A, B, AB and O. These names are 

given on the presence or absence of the antigens A and B on the surface of red blood 

cells. These antigens are under the control of 3 alleles i.e. iA, iB and i. Antigens are termed 

as any foreign particle which stimulate the production of the antibody. Antigens are 

protein, carbohydrate, lipid and nucleic acid, while antibodies are protein in nature.  

 These antibodies are specified for a particular antigen and each antigen produces 

specific type of antibody. When antigen in term of foreign particle enters in the body 

antibody will produce and react with it to minimize the harmful effects of it. Thus, AB 

blood group is universal recipient and O blood group is universal donor. 

Blood 

Group 

Antigen Antibody Genotype Can receive 

blood from 

Can receive 

blood to 

A Antigen-A Antibody-B iAiA, iAi A and O A and AB 

B Antigen-B Antibody-A IBiB, IBi B and O B and AB 

AB Antigen-AB None  iAiB O, A, B and AB AB only 

O None Antibody A-B ii Only O O, A, B and AB 
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RH BLOOD GROUP:  

The Rh blood group was named after Rhesus monkey in which it was first 

discovered by Landsteiner in 1930s. In human this group includes antigens called 

Rh antigens or Rh factor. If Rh antigen is present on RBcs membrane the blood 

group is called Rh positive (Rh+) and if Rh antigen is absent then person is Rh 

negative (Rh-). 

Genetic importance of Rh-Antigen 

Rh blood group is encoded by 3 genes C, D and E. These genes D and E are 

located together on the same locus while the D is present on the other locus called 

as D locus and important due to its immunogenicity. Gene D has 2 alleles D and d. 

D is dominant over d. if a person has DD or Dd then it has Rh+ and can produce 

antigen on the other hand a person has dd will contains Rh- can produce only 

antibody. On the basis of Rh factor the ABO blood group system is further divided 

into two categories Rh+ and Rh-.  

Erythroblastosis fetalis 

If the mother is Rh- (dd) and father is Rh+ (DD), then all offspring will be Rh+ (Dd). 

During the pregnancy the blood of the Rh+ of the child sometimes leak across the 

placental barrier into the mother’s circulatory system. Thus the antigen of the 

foetus will stimulate the production of antibody in mother blood stream which will 

then destroy the foetus blood in the spleen and liver and may result the mental 

retardation, and neurological damage. Cure involves the inoculation of Rh-

immunoglobin injection during the middle of the pregnancy or 72 hours after the 

birth to the Rh+ child. 
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TOPIC NO: 18 PLEIOTROPISM 

Definition: When a gene has more than one phenotype effects, it is called 

Pleiotropism or when multiple phenotypes are controlled by one gene it is called 

as Pleiotropism.  

Explanation:  

So far, we have treated Mendelian inheritance as though each gene affects 

only one phenotypic character. Most genes, however, have multiple phenotypic 

effects, a property called pleiotropy (from the Greek pleion, more). Given the 

complex molecular and cellular interactions responsible for an organism’s 

development and physiology, it isn’t surprising that a single gene can affect a 

number of characteristics in an organism. 

Example: 

1. In the garden pea, the gene that determines flower color also affects the 

color of the coating on the outer surface of the seed, which can be gray or 

white.  

2. In humans, for example, pleiotropic alleles are responsible for the multiple 

symptoms associated with certain hereditary diseases, such as cystic fibrosis 

and sickle-cell anemia. In cystic fibrosis, the gene affects the lungs, pancreas, 

and duodenum at a time. While in case of sickle cell anemia, which is usually 

caused by a defective gene that result in the modification of red blood cell 

also cause the effects on the development of many tissues and organ such 

as bones, lungs, kidney, spleen in humans.  

3. In drosophila, gene w not only affects eye color but also effects behavior and 

pigmentation of internal organs. 
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4. Phenylketonuria is the metabolic disorder caused by a defective gene.  The 

normal gene is responsible for the amount of phenylalanine in blood also 

involves in the IQ and even in the head size.  

5. Albino mammals lack a gene which in normal conditions synthesizes an 

enzyme tryosinase which converts the tyrosine into the melanin and 

responsible for the eyesight. Defective gene effects on multiple phenotype 

including the albinism and poor eyesight in mammals.  

6. In cat a gene W controls the fur and deafness (hearing ability). Due to the 

defective W gene albinism and lack of deafness are observed. 

7. In Drosophila the sperm storing organ called as Spermatheca has different 

shapes controlled by the single gene.  
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TOPIC NO: 19 SEX DETERMINATIONS 

A. Sex determination in animals 

In Animals there are different types of the sex determination in animals, besides 

few are discussed below. 

1. The XY-XX system: In mammals, the sex of an offspring depends on whether 

the sperm cell contains an X chromosome or a Y. In Drosophila, males are XY, 

but sex depends on their ratio between the number of X chromosomes and the 

number of autosome sets, not simply on the presence of a Y chromosome. 

2. The XX-X0 system. In grasshoppers, cockroaches, and some other insects, 

there is only one type of sex chromosome, the X. Females are XX; males have 

only one sex chromosome (X0). Sex of the offspring is determined by whether 

the sperm cell contains an X chromosome or no sex chromosome. 

3. The ZZ-ZW system: In birds, some fishes, and some insects, the sex 

chromosomes present in the egg (not the sperm) determine the sex of the 

offspring. The sex chromosomes are designated Z and W. Females are ZW and 

males are ZZ. 

4. The haplo-diploid system: There are no sex chromosomes in most species of 

bees and ants. Females develop from fertilized eggs by a process called as 

parthenogenesis and are thus diploid. Males develop from unfertilized eggs 

and are haploid; they have no fathers.  

 

 

Sex Type XO-XX XY –XX ZZ-ZW 
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Examples Grass-Hopper & Protener 

bug 

Human and Drosophila Birds, Butterfly 

and moths 

Male Male is heterogametic 

that contains O or null, 

which fertilizes X.  

Male is Heterogametic 

containing XY.  

Male is 

Homogametic 

containing ZZ. 

Female Female contain XX and 

thus it is homogametic. 

Female contain XX and 

thus it is homogametic. 

Female contain 

ZW and thus it is 

heterogametic. 

No of 

Chromosome 

Male produce X 

chromosomes or O 

chromosome, while 

female produce XX 

chromosomes. 

Male produce 23 and 

female egg produce 24 

chromosomes. 

Male and Female 

produces half and 

half chromosome. 

 

B. Sex Determination in Plants 

Plants may be monoecious like pea plant. Few verities of the plants are 

dioecious (Plants of separate sex) like date, palm and spinach. In strawberry, the 

female produce two types of eggs one develops in male and other develops in 

female. In yeast, Sex Chromosome are absent, sex is determine by MATa and MAT 

alpha genes. Besides, in plants partheocarpy is also common e.g. banana. 

 

 

 

 

 

TOPIC NO: 20 CROSSING OVER 
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Definition: It is a natural process in which the homologous chromosomes (Non 

sister Chromatids) exchange their segment is called crossing over. 

Explanation: 

T. H Morgan was the first scientist who described the term Crossing over; he 

derived this term from Chiasmatypie while working on the Drosophila. In Pachytene 

stage of the Meiosis-I, where two homologous chromosomes (those chromosome 

which are shape and size vise equal to each other) come together and exchange 

the segments at a specific stage called Chasmata. During Meiosis I, homologous 

Chromosome come close to each other and form pair which is called bivalent 

chromosome by a process called synapsis.  

Crossing over is one of the final stages of the genetic recombination 

occurring at the Meiosis. One of the most successful experiments of Mendel was 

Law of Independent Assortment which was based on the crossing over to provide 

new genetic recombination. Basically, crossing over follows the law of independent 

Assortment and denies the law of segregation. 

 Without recombination genes are linked to gather on the same chromosome 

passing same is it to the off-spring. Although crossing over is highly significant 

besides, sometimes unbalanced recombination may results in the deletion, 

translocation, duplication and inversion of the chromosome that may result in 

different genetic disorders. 

 Crossing over provides genetic diversity, which means many different 

characteristics are given to individuals of a species. Therefore, if there is more 

diversity within that species, there is a higher likelihood of that species surviving, 

growing, and reproducing.  
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A number of factors can be affecting on the crossing over like Age, Sex, 

Temperature, Radiations, Chemicals, Physical distance between genes. There are 

three kind of the crossing over like single, double and multiple ones. Single crossing 

over when crossing over occurs at one point, double means when crossing over 

occurs at two points and multiple off course at different points where the exchange 

of the segments take place. 

Besides, crossing over has two type i.e. somatic crossing over and germinal 

crossing over. When crossing over occurs in chromosomes of somatic cells of an 

organism during mitotic cell division, it is called as mitotic crossing over. Occurrence 

is rarely and it has limited genetically significance. Mitotic Crossing over usually is 

rare and sometimes it promotes the tumor formation in rats while it is useful in the 

repairing of the double strand of DNA. While, when crossing over occurs during 

meiosis, it is called as meiotic crossing over. 

 

 

 

 

 

 

 

Topic No: 21 Quantitative Inheritance 
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Definition: Quantitative inheritance or Continuous variation of a character controlled by 

polygenes with each allelic pair of genes at a given locus having a specific quantitative 

effect. 

Background: Analysis of variance was formulated by Sir Ronald A. Fisher to solve genetic 

problems in agriculture.  

Explanation: Quantitative inheritance usually indicates polygenic inheritance, when one 

trait is governed by several genes occupying different loci on the same homologous pair 

of chromosomes or on different homologous pairs of chromosomes. Quantitative 

inheritance is the deal under the branch of Population genetics, in which statistics are 

used to obtain the data on the histogram. Through using the histogram bell shaped curved 

are obtained.  

Examples:  

1. Human Skin Color 

Human Skin color is controlled by three to six pair of genes. Globally continuous variation 

in skin colors is the result of pigments such as melanin being produced the darker the skin 

the greater the protection against the harmful effects of the sun. Scientists have observed 

that environmental influence can also effect on the skin color usually darker skin in hot 

climate and pale skin in cold climate. Darker skin provides the protection against the UV 

and minimizes the chances of skin damage and cancer and Pale skin increases the 

production of vitamins D. It means the Quantities inheritance is depending upon on the 

genetic variation and environmental influence. In other words more genetic variation 

more genes are involved with the characteristic the greater the number of phenotypic 

classes. 

 

2. Human Height 
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Human Height is controlled by many pairs of genes at different loci. These genes deal with 

growth hormone production and bone production to name a few. Tallness is recessive to 

shortness. A person born with tall height gene due to malnutrition i.e. short of food or 

balance diet may be shorter in life. 

3. Seed Color in Wheat 

Nilsson-Ehle studied quantitative traits in wheat kernel strains. He took two wheat plants 

of white color of pure breeding line and allowed to self-pollinate. In F2 generation, the 

offspring were all red, but the intensity of color was much less that in the red parent. 

4. Beak shape of finches 

Darwin during his visit of Galapagos Island studied the different beak shapes of the 

finches. Finches are seed eating birds that use their beaks to break open seeds. The depth 

of beak is under polygenic control of three genes with two alleles each.  

Besides, the tongue rolling ability is due to a single dominant gene. It is a discontinuous 

variation inherited in simple Mundelein fashion.  

 

 

 

 

 

Topic No: 22 GENOME AND CHROMOSOME MAPPING  

Definition:  
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Genome or Chromosome mapping is the assignment of genes to specific locations on a 

chromosome.  

Explanation:  

A gene map serves many important functions and is much like understanding the 

basic human anatomy to allow doctors to diagnose patients with disease. A doctor 

requires knowledge of where each organ is located as well as the function of this organ 

to understand disease. A map of the human genome will allow scientist to understand 

where genes are located so that its function within the human genome can be elucidated. 

The discovery of linked genes and recombination due to crossing over led one of 

Morgan’s students; Alfred H. Sturtevant was the scientist who works on the mapping of 

the gene loci. He began using the recombinant Data of the drosophila fly and map the 

genes. Sturtevant hypothesized that the percentage of recombinant offspring, the 

recombination frequency, calculated from experiments like the one in figures below 

depends on the distance between genes on a chromosome. His reasoning was simple: 

The greater the distance between two genes, the more points there are between them 

where crossing over can occur. Using recombination data from various fruit fly crosses, 

Sturtevant proceeded to assign relative positions to genes on the same chromosomes 

that is, to map genes. 

A genetic map based on recombination frequencies is called a linkage map. Using 

recombination data, Sturtevant and his colleagues were able to map numerous 

Drosophila genes in linear arrays. They found that the genes clustered into four groups of 

linked genes (linkage groups). Light microscopy had revealed four pairs of chromosomes 

in Drosophila, so the linkage map provided additional evidence that genes are located on 

chromosomes. Each chromosome has a linear array of specific genes, each gene with its 

own locus.  
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Because a linkage map is based strictly on recombination frequencies, it gives only 

an approximate picture of a chromosome. The frequency of crossing over is not actually 

uniform over the length of a chromosome, as Sturtevant assumed, and therefore map 

units do not correspond to actual physical distances (in nanometers, for instance). A 

linkage map does portray the order of genes along a chromosome, but it does not 

accurately portray the precise locations of those genes. 

Figure represents a part of the chromosome that carries the linked gene of three 

characters. The diagram shows the recombination frequencies between these alleles 

taken two at a time is 17% between the b and vg, 9.5% between b and cn and 9.5% 

between the cn and vg. Sturtevant reasoned that these values represent frequencies 

between genes. 

 

 

 

 

 

 

 

 

 

Topic No: 23   HUMAN GENOME  
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Genome: In modern molecular biology and genetics, the genome is the entirety of an 

organism's hereditary information. 

Explanation:  

There are five types of the genome in the world so far these are; Prokaryotic 

genomes, Eukaryotic Genomes, Nuclear Genomes, Mitochondrial genomes and 

Chloroplast genomes. We study the genome because DNA blue print of life. As Human 

body has 1013 cells and each cell has 6 billion base pairs (A, C, G, T). A hidden 

language/code determines which proteins should be made and when, this language is 

common to all organisms.  

The Human genome includes both the genes and the non-coding sequences of the 

DNA/RNA."The human genome is the genome of Homo sapiens, which is stored on 23 

chromosome pairs. Twenty-two of these are autosomal chromosome pairs, while the 

remaining pair is sex-determining.  

The haploid human genome occupies a total of just over 3 billion DNA base pairs. 

The haploid human genome contains ca. 23,000 protein-coding genes, far fewer than had 

been expected before its sequencing. In fact, only about 1.5% of the genome codes for 

proteins, while the rest consists of non-coding RNA genes, regulatory sequences, introns, 

and (controversially named) "junk" DNA".  

Human Genome Project 

In 1990, the human genome project led by international team the project was 

based on 15 year contribution and in 2003 the workers of the team finally sequence the 

DNA. Today we have 99.99 % accurate DNA mapping. The DNA sequence of human 

chromosome no 22 one of the smallest human chromosome was completed in 1999. The 

Human genome is 25 times larger than any other genome sequenced so far.  

Other work on genome: 

http://en.wikipedia.org/wiki/Genome
http://en.wikipedia.org/wiki/Homo_sapiens
http://en.wikipedia.org/wiki/Autosome
http://en.wikipedia.org/wiki/XY_sex-determination_system
http://en.wikipedia.org/wiki/Haploid
http://en.wikipedia.org/wiki/DNA
http://en.wikipedia.org/wiki/Base_pair
http://en.wikipedia.org/wiki/Gene
http://en.wikipedia.org/wiki/Protein
http://en.wikipedia.org/wiki/Non-coding_RNA
http://en.wikipedia.org/wiki/Regulatory_sequence
http://en.wikipedia.org/wiki/Intron
http://en.wikipedia.org/wiki/Junk_DNA
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By early 2010, the sequencing of about 1,200 genomes had been completed and that of 

over 5,500 genomes and over 200 Meta genomes was in progress. In the completely 

sequenced group, about 1,000 are genomes of bacteria, and 80 are archaeal genomes. 

Among the 124 eukaryotic species in the group are vertebrates, invertebrates, protists, 

fungi, and plants. The accumulated genome sequences contain a wealth of information 

that we are now beginning to mine. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Topic No: 24 INDUCED AND SPONTANEOUS MUTATION 
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Gene Mutation: In genetics, the change in the nucleotide sequence of an organism is 

called Mutation. Mutation may be beneficial or harmful in both aspects. Mutation 

involves in the biological processes like the evolution, cancer and the development of the 

immune system. There are about three major classes of the mutation. 

1. Induced Mutation 

2. Spontaneous Mutation 

3. Point Mutation 

1. Induced Mutation 

Mutations which are artificially induced with the help of mutagenic agents are 

called induced mutations. Many are also carcinogens and cause cancer. Induced 

mutations are defined as those that arise after purposeful treatment with mutagens, 

environmental agents that are known to increase the rate of mutations. If a large number 

of mutants are required for genetic analysis, mutations must be induced. The induction 

of mutations is accomplished by treating cells with mutagens.  

Mutations may be induced by exposure to ultraviolet rays and alpha, beta, gamma, 

and X radiation, by extreme changes in temperature, and by certain mutagenic chemicals 

such as nitrous acid, nitrogen mustard, and chemical substitutes for portions of the 

nucleotide subunits of genes. Besides the nuclear energy is also consider as induced 

mutation as the nuclear waste is a big issue in the social societies and harmful effects of 

this mutation is causing drastic effects in various regions across the globe. It helps 

evolution and development of more genetic variations. 

 

 

 

2. Spontaneous Mutation 
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The Mutation that occurs suddenly in nature under natural condition is called 

spontaneous mutation. In other words, Spontaneous mutations are those that arise in the 

absence of known mutagen treatment. They account for the "background rate" of 

mutation and are the ultimate source of natural genetic variation that is seen in 

populations. The frequency at which spontaneous mutations occur is low, generally in the 

range of one cell in 105 to 108.  

The mutations that occur suddenly in nature under natural conditions are called 

Spontaneous mutations. Their origin is unknown. They are also called as background 

mutations and arise by the action of mutagenic agents present in the environment These 

mutagenic agents include cosmic rays, radioactive compounds, heat and naturally 

occurring base analogues such as caffeine. Spontaneous mutations have been reported 

in maize, bread moulds, bacteria, viruses, mice, man, Drosophila etc. 

Difference between induced and Spontaneous mutation 

 
 

 

Note: This question may be asked as Gene mutation or separately as Induced and 

Spontaneous mutation, if the question is ask about the point mutation then please follow 

the topic no: 26. 

Topic No: 25 EXTRA CHROMOSOMAL INHERITANCE INCLUDING MATERNAL INHERITANCE  

Types Induced Mutation Spontaneous Mutation 

Definition Mutation caused by artificial 
elements 

Mutation caused by natural 

Example ultraviolet rays, by extreme 
changes in temperature, and by 
certain mutagenic chemicals  

Caffeine, cosmic rays, heat 
radioactive compound 

Effects It helps evolution and 
development of more genetic 
variations 

Mutation in genetic structure in 
maize, bread moulds, bacteria, 
viruses, mice, man, Drosophila 
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Definition: Extranuclear inheritance or cytoplasmic inheritance is the transmission of 

genes that occur outside the nucleus.  

Explanation:  

It is found in most eukaryotes and is commonly known to occur in cytoplasmic 

organelles such as mitochondria and chloroplasts, which are also known as plasmagenes. 

Most common example of the extra chromosome is the plasmid of the genes which are 

used for the recombinant DNA technology.  

The inheritance of characters by plasmagenes is called Extra- chromosomal or 

Cytoplasmic or Extra-nuclear inheritance. These extra chromosomal inheritances doesn’t 

follow the roles of the Mendel’s thus, they are also called as Non-Medellin inheritance.  

Endosymbiotic theory explains that Mitochondria and Chloroplast were once free 

living organisms later they mutually adopted by the eukaryotic organisms as self 

replicating organelles as they can synthesis their own proteins. These cytoplasmic 

organelles or structures can be identified using electron microscope. The general features 

of the extrachrmosomal DNA is quite different from the Nuclear DNA as the 

extrachrmosomal DNA is circular in shape and the Nuclear DNA is linear in shape. 

Maternal inheritance 

The determination of the phenotype of offspring by the genotype of female parent 

is called maternal inheritance or uniparental inheritance or maternal effect. Example: 

Pattern of shell coiling in snail. Here the shell coiling is determined by the genotype of the 

mother and not by the individual’s own genotype. 

In many organisms, the mitochondrial genome is inherited maternally. This is 

because the mother’s egg cell donates the majority of cytoplasm to the embryo, and 

mitochondria inherited from the father’s sperm are usually destroyed.  
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 Besides, it has been reported that Mitochondria has been reported paternally 

(from father) to some of the organisms like honey bee, fruit fly etc. Also the in-vitro 

fertilization in which forcefully sperm are injected in the egg is also included in the 

exceptional cases.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Topic No: 26 POINT MUTATION OR BASE SUBSTITUTION MUTATION 

Definition: These involve a change in a single nucleotide and therefore a change in a 

specific codon. 
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Explanation: A point mutation is a change in one or a few base pairs in a gene. These are 

very small changes when compared with the large-scale mutations. Point mutations can 

be divided into three general categories: 

1. Silent Mutation 

A Silent mutation causes no change in the activity of the protein. For example an 

amino acid called Glycine is coded by two different set of nucleotide GGC and GGU. If GGC 

is replaced by GGU there will be no effect on protein synthesis. 

 

 

 

2. Nonsense mutation 

In a nonsense mutation, a change in a single base pair creates a stop codon. 

Because this kind of mutation creates a stop signal in the middle of a normally functional 

gene, the resulting protein is almost always nonfunctional, hence the term “nonsense” 

mutation. 

 

 

 

 

3. Missence Mutation: 
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In a missense mutation, a change in one base pair causes a single amino acid to be 

changed in the resulting protein. The effect of a missense mutation on the protein is 

unpredictable. A missense mutation is the cause of the disease, sickle cell anemia. The 

effect of a change in one base pair alters one amino acid in the resulting hemoglobin 

protein, causing red blood cells to take on a strange shape. Hemoglobin are composed of 

4 polypeptide chain when they become sickle in shape then the Amino acid Glycine is 

replaced by valine at position 6 of beta chain of hemoglobin to reduce the functionality 

of the red blood cell. Alkaptonoruria disease occurs due to the point mutation. 

 

 

 

 

 

 

 

 

 

 

 

Note: In this question the diagrams are compulsory; if the question is asked in examination. 

Topic No: 27 MUTAGENS OR MUTAGENIC AGENTS  
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Definition: These are the physical, chemical and biological agents that can change in the 

genetic material usually the DNA of an organism.  

Explanation:  

The first Mutagens that were identified as carcinogen and it were linked with the 

cancer. Tumors were described more than 2000 year early before the discovery of DNA. 

Usually the mutagens effects on the transcription and translation of the DNA and 

eventually cause the death of the entire cell.  

Most of the mutagens are carcinogen in nature that causes the mutation. 

However, few verities of the mutagens are not carcinogens and called as spontaneous 

mutation like the error in the DNA replication that can be corrected. 

 Besides, few mutagens are used against cancer as they can stop the proliferation 

of the cells of the cancer and used as chemotherapy like doxorubicin. Mutagens can cause 

the forward and reverse mutation of the cells. The forward mutation is the mutation in 

which the wild type is converted into the mutant type and reverse is the opposite term of 

the forward mutation. 

Mutagens are physical, chemical and biological in origin.  

1. Physical Mutagens:  

a. Ionizing radiation like x-rays and gamma rays.  

b. Ultraviolet radiation that can produce the pyrimidine dimers.  

2. Chemical Mutagens: 

a. Alkaloid: it has been produced by animals, plants and fungi. Alkaloid of plant 

called as Vinca that can convert the metabolic process into the mutagen or 

carcinogen. 

b. Benzene is the most common solvent use in the drugs, plastic bags. The side 

effects of the benzene can cause the mutation in humans.  

c. Nicotine: The most common element of the smoking that can cause the cancer 

of the lungs is the chief mutagens in the cancer categories. 
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3. Biological Mutagens:  

a. Viruses: Viruses inserted their genome into the host cell and cause the 

mutation of the host cell body e.g. Rous sarcoma virus which is believed to be 

oncovirus. 

b. Bacteria: Helicobacter pylorus is strain of the bacteria that can cause the 

mutation and reducing the efficiency of the DNA repair system. 

Protection against the mutagens: 

Many fruits that contain vitamin A, vitamin C, vitamin E, beta carotene are the 

common example of anti-oxidant that can prevent the effects of the mutagens. Green 

tea, broccoli, carrots and tomatoes are anti-oxidant.  

Mutagens test system: 

A vast number of chemical systems are practicing for the presence of the mutagenic 

elements.  

1. Ames test: it the most common test in which bacteria revert back to wild type from 

the mutant type. 

2. DNA repair: E. coli bacteria lack the system of DNA repair thus this bacterial strain 

are used to grow over the mutagens. 

3. Yeast test: yeast is used to check the forward and back reverse mutation in the 

animals. 

 

 

 

ANTIOXIDANTS are substances that may protect your cells against the effects of free radicals. 

Free radicals are molecules produced when your body breaks down food, or by environmental 

exposures like tobacco smoke and radiation. 

Topic No: 28 INBORN ERROR OF METABOLISM  
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Definition: Inborn error of metabolism consists of a large class of genetic or hereditary 

involving disorders of metabolism.  

Explanation:  

Majority are due to defects of single gene that code for enzymes that facilitate 

conversion of various substances (substrate) into other (products). In most of the cases 

the toxic substances are accumulated in the body and affect the normal function of the 

body. Besides, inborn error of metabolism is also included in congenital disease. Inborn 

errors of metabolism affect about 1 in every 5,000 babies born. Parents who have had 

one child with an inborn error of metabolism are at risk to have other affected children. 

Inborn error of metabolism has vast range of verities thus they are categorized in many 

classes. Few examples are given as  

1. Phenylketonuria:  

This is one of the genetic disorders in which an enzyme of liver which is called as 

phenylalanine hydroxylase becomes functionless. The substance is found in foods that 

contain protein. This enzyme is usually helpful in the conversion of an amino acid called 

as phenylalanine into tyrosine. When Phenylalanine hydroxylase become functionless it 

is converted into phenylpyruvate (also known as phenylketone). Untreated 

Phenylketonuria can lead to mental retardation, seizures, and other serious medical 

problems. Proper diet and medication can improve the condition. 

2. Galactosaemia:  

This is a genetic condition which means galactose in the blood. In this disease body 

lack an enzyme called as galactose-1-phosphate uridyl trasferase which convert galactose 

into glucose. Galactose is a part of lactose when lactose break down glucose and galactose 

are produced when GPUT is absent then galactose level is increased in the blood and thus 

lead to the mental retardation. 
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3. Alkaptonuria (black urine disease) 

A specific gene when becomes defective makes the body unable to properly break 

down certain amino acids like tyrosine and phenylalanine. As a result, a substance called 

homogentisic acid builds up in the skin and other body tissues. The acid leaves the body 

through the urine. The urine turns brownish-black when it mixes with air. 

4. Microcephaly 

Microcephaly is a condition in which a person's head is significantly smaller than 

normal for their age and sex, based on standardized charts. Head size is measured as the 

distance around the top of the head. Conditions that affect brain growth can cause 

Microcephaly. These include infections, genetic disorders, inborn metabolism and severe 

malnutrition. 
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Topic No: 29 HEREDITARY DISEASES IN HUMAN 

Definition: Hereditary diseases (i.e. Genetic diseases) may result when mutations in 

parent’s germ cells are transmitted to progeny).  

Explanation: Some of the genetic diseases are caused by mutations in the DNA of genes. 

Others are caused by changes in the overall structure or number of chromosomes. Few 

important diseases are discussed below. 

1. Cystic Fibrosis: This disease is caused by a defective gene. Normal gene help to move 

the Chloride ions to pass into and out of cells, thus thin mucus is produced. Due to 

defective gene think mucus is produced in the respiratory tract and lead to different 

respiratory tract infection. To cure the disease, Liposome sprayed into the patient nostrils. 

Liposomes are artificial microscopic vessels are created when lipoprotein put in a solution 

which contain normal gene for the regulation of Chloride ions.  

2. Hemophilia: Hemophilia is an X-linked recessive disorder defined by the absence of 

one or more of the proteins required for blood clotting. When a person with hemophilia 

is injured, bleeding is prolonged because a firm clot is slow to form. Small cuts in the skin 

are usually not a problem, but bleeding in the muscles or joints can be painful and can 

lead to serious damage. In the 1800s, hemophilia was widespread among the royal 

families of Europe. Queen Victoria of England is known to have passed the allele to several 

of her descendants. 

3. Severe Combined Immunodeficiency Syndrome (SCID): Few children lack an enzyme 

called Adenosine deminase (AD) due to defective genes that involve in the maturation of 

T and B cells in the Bone marrow stem cells. To cure the disease, retro virus is allowed to 

attack on defective bone marrow cells to transfer normal genes. Later, Recombinant Bone 

marrow synthesize AD enzymes by replicating them self. 
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4. Familial Hyper-Cholesterolemia: This disease is related with a condition, where Liver 

cells fail to remove cholesterol form blood, thus level of cholesterol increases in the blood. 

This increase in the blood may lead to heart attack in the young age. The genes of the 

normal liver cells by retro virus are inserted in the liver and implanted into the liver to 

cure the disease. 

5. Sickle cell anemia: This is one of the most famous genetic disorder in which the red 

blood cell or erythrocytes becomes the sickle in shaped. It is due to the amino acid 

glutamic acid which is replaced by valine of chromosome number 11 at position 6th. So far 

gene therapy is the best way to treat or cure the disease. However, this treatment is 

expensive and blood transfusion is the regularly practicing for it.  
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Topic No: 30 CHROMOSOMAL ABERRATION 

Definition: Alterations of chromosome number and structure are associated with a 

number of serious human disorders.  

Explanation: Nondisjunction in meiosis results in aneuploidy in gametes and any resulting 

zygotes. Although the frequency of aneuploid zygotes may be quite high in humans, most 

of these chromosomal alterations are so disastrous to development that the affected 

embryos are spontaneously aborted long before birth. 

1. Down Syndrome (Trisomy 21) 

One aneuploid condition, Down syndrome, affects approximately one out of every 

700 children born in the United States. Down syndrome is usually the result of an extra 

chromosome 21, so that each body cell has a total of 47 chromosomes. Because the cells 

are trisomic for chromosome 21, Down syndrome is often called trisomy 21. Down 

syndrome includes characteristic facial features, short stature, correctable heart defects, 

and developmental delays. Down syndrome, on average, has a life span shorter than 

normal, most, with proper medical treatment, live to middle age and beyond.  

2. Klinefelter syndrome 

An extra X chromosome in a male, producing XXY, occurs approximately once in 

every 500 to 1,000 live male births. People with this disorder, called Klinefelter syndrome, 

have male sex organs, but the testes are abnormally small and the man is sterile. Even 

though the extra X is inactivated, some breast enlargement and other female body 

characteristics are common. Affected individuals may have subnormal intelligence. 

 

 

3. Turner syndrome 
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Monosomy X, called Turner syndrome, occurs about once in every 2,500 female 

births and is the only known viable monosomy in humans. Although these X0 individuals 

are phenotypically female, they are sterile because their sex organs do not mature. When 

provided with estrogen replacement therapy, girls with Turner syndrome do develop 

secondary sex characteristics. Most have normal intelligence. 

4. Cri du chat 

One such syndrome, known as cri du chat (“cry of the cat”), results from a specific 

deletion in chromosome 5. A child born with this deletion is severely intellectually 

disabled, has a small head with unusual facial features, and has a cry that sounds like the 

mewing of a distressed cat. Such individuals usually die in infancy or early childhood. 

 

 

 

 

 

 

 

 

Note: this question can be asked as human disorders due to chromosomal alterations. 

So, you have to write it as chromosomal aberration.  

Topic No: 31 VARIATION OR ALTERATIONS OF CHROMOSOME NUMBER AND STRUCTURE  

Abnormal Chromosome Number 
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Ideally, the meiotic spindle distributes chromosomes to daughter cells without 

error. But there is an occasional mishap, called a nondisjunction, in which the members 

of a pair of homologous chromosomes do not move apart properly during meiosis I or 

sister chromatids fail to separate during meiosis II. If either of the abnormal gametes 

unites with a normal one at fertilization, the zygote will also have an abnormal number of 

a particular chromosome, a condition known as aneuploidy.  

Some organisms have more than two complete chromosome sets in all somatic 

cells. The general term for this chromosomal alteration is polyploidy; the specific terms 

triploidy (3n) and tetraploidy (4n) indicate three or four chromosomal sets, respectively. 

One way a triploid cell may arise is by the fertilization of an abnormal diploid egg 

produced by nondisjunction of all its chromosomes. 

Many of the plant species we eat are 

polyploid; for example, bananas are triploid, 

wheat hexaploid (6n), and strawberries 

octoploid (8n). Polyploid animal species are 

much less common, although some are found 

among fishes and amphibians. In general, 

polyploids are more nearly normal in 

appearance than aneuploids. One extra (or 

missing) chromosome apparently disrupts 

genetic balance more than does an entire 

extra set of chromosomes. 

 

 

Alterations of Chromosome Structure 
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Errors in meiosis or damaging agents such as radiation can cause breakage of a 

chromosome, which can lead to four types of changes in chromosome structure. 

1. Deletion: A deletion occurs when a fragment of a chromosome breaks off and the 

chromosome loses genes. Most gene deletions result in the miscarriage of the embryo or 

produce serious and usually fatal abnormalities in babies who are born alive.  

2. Duplication: A mistake in DNA replication leads to are repeated set of genes duplication 

of whole gene is not usually serious in fact copes of gene may provide the source material 

for new genes to evolve producing new useful proteins. 

3. Inversion: An inversion occurs when a chromosome fragment breaks off and then 

reattaches in the reverse order. Inversion within the chromosome is usually not serious 

because all the genes are still present. However, problems, such as faulty gametes 

production, may occur if the break occurs within a gene. 

4. Translocation: A translocation moves a segment from one chromosome to a non 

homologous chromosome. In a reciprocal translocation the most common types, 

nonhomologous chromosome exchange fragments.  

 

 

IMPORTANT QUESTION GUIDE LINE  
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1. Inbreeding and Heterosis 

2. Recombinant DNA technology and its applications 

3. Gene therapy 

4. Transformation in bacteria 

5. Regulation of DNA or Regulation of gene expression 

6. Linkage and recombination  

7. Extra chromosomal inheritance including maternal inheritance 

8. Chromosomal aberration         

9. Hereditary diseases in human  

10. Inborn errors of metabolism  
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PRACTICE QUESTIONS 

1. Explain how inbreeding increases the frequency of homozygote and decrease the 

frequency of hertozygotes. 

2. Provides Gene manipulation technique with suitable example? 

3. Explain how the productions of functional mRNA in prokaryotes differ from that of 

eukaryotes. 

4. Give an account of recent progresses in gene therapy with giving two examples. 

5. What do you understand by gene libraries? Write briefly about genome library. 

6. What is the importance of DNA sequencing? Describe any one method of DNA 

sequencing. 

7. What are different methods of introducing DNA into cells? Explain advantages and 

disadvantages (Transformation in bacteria). 

8. Explain the method of gene mapping in Human? 

9. Explain genetic recombination in bacteria through transformation. 

10. What is recombinant DNA technology? Describe the essential steps for obtaining a 

clone of a specific fragment of DNA. Add a note on the practical applications of 

Recombinant DNA technology. 

11. Explain the organization and regulation of Lac Operon. How does it differ from Tryp 

Operon? 

12. What is an Operon concept? Discuss lactose Operon and its control? 

13. Discuss the role of various factors in protein synthesis. Give the mechanism of 

elongation process of prokaryotic translation and add a note on inhibitor’s of 

protein synthesis. 

14. What is meant by gene transfer? Give its types and importance in bacterial gene 

mapping. 

15. Discuss the principles and applications of following techniques in molecular 

genetics and clinical diagnostics; Gel electrophoresis and PCR. 

16. Define Gene therapy. Explain Ex-vivo and in-vivo methods of gene therapy. 

17. Define Multiple allele with suitable example? 

18. Write a detail note on human genome project? 

19. Discuss in detail the human disorders due to chromosomal alterations? 

20. Write a detail note on the mutagens and effects as mutation causing agents? 

21. Explain with example mutation and its various types? 

22. Give few examples of hereditary diseases in Humans? 

23. Differentiate the spontaneous and induced mutation in Humans? 

24. Detail note on the extra chromosomal inheritance? 

25. How chromosome mapping is performed in Humans? 
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IMPORTANT DEFINITIONS  

1. Allele is the alternative form of allele like AA is for tall and aa is for short height. 

2. Blood group system: The most important blood type system (or blood group system) 

in human used in the blood transfusion is called ABO blood group system. 

3. Chromosomal Aberration: Alterations of chromosome number and structure are 

associated with a number of serious human disorders.  

4. Crossing Over: It is a natural process in which the homologous chromosomes (Non 

sister Chromatids) exchange their segment is called crossing over. 

5. Gene cloning is a process that produces many copies of a gene of interest. These 

copies can be used in sequencing the gene, in producing its encoded protein, or in 

basic research or other applications.  

6. Gene expression is the expression of gene to synthesis the functional genetic product 

is called gene expression. 

7. Gene is the specific sequence of nucleotide which can synthesis the protein or mRNA 

is called gene. 

8. Gene Mutation: In genetics, the change in the nucleotide sequence of an organism is 

called Mutation.  

9. Gene therapy is the insertion of genetic material into human cells for the treatment 

of a genetic disorder.  

10. Genome or Chromosome mapping is the assignment of genes to specific locations on 

a chromosome.  

11. Genome: In modern molecular biology and genetics, the genome is the entirety of an 

organism's hereditary information. 

12. Hereditary diseases (i.e. Genetic diseases) may result when mutations in parent’s 

germ cells are transmitted to progeny). 

13. Heterosis it is the property of a crossbreed organism to have qualities superior to 

those of either parent. The term is applied oppositely of the inbreeding. 

14. Inborn Error of Metabolism is consists of a large class of genetic or hereditary 

involving disorders of metabolism.  

15. Inbreeding is the breeding between close relatives, whether plant or animal or 

inbreeding is the reproduction from the mating of two genetically related parents. 

16. Induced Mutation: Mutations which are artificially induced with the help of 

mutagenic agents are called induced mutations.  
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17. Multiple Allele Those alleles that may exist in more than two different forms for a 

specific trait or character are called multiple alleles. 

18. Mutagens or Mutagenic Agents: These are the physical, chemical and biological 

agents that can change in the genetic material usually the DNA of an organism.  

19. Plasmid “An extra-chromosomal DNA that can replicate independently of the 

chromosomal DNA is called Plasmid”. 

20. Pleiotropism: When a gene has more than one phenotype effects, it is called 

Pleiotropism or when multiple phenotypes are controlled by one gene it is called as 

Pleiotropism. 

21. Point Mutation: These involve a change in a single nucleotide and therefore a change 

in a specific codon. 

22. Quantitative Inheritance: Quantitative inheritance or Continuous variation of a 

character controlled by polygenes with each allelic pair of genes at a given locus having 

a specific quantitative effect. 

23. Recombinant DNA (rDNA) is a form of artificial DNA that is created by combining two 

or more sequences that would not normally occur together. 

24. Regulation of Gene Expression means all those processes involve in the regulation of 

gene expression of the synthesis of gene product is called gene Expression. 

25. Restriction Endonuclease or Restriction enzyme is the enzymes that cleave (break) 

DNA at specific nucleotide sequences.  

26. Restriction mapping is the process of obtaining structural information about the 

restriction sites on the DNA. 

27. Sex linked inheritance: Gene, which are linked to sex Chromosome are called sex-

linked gene, which inherited from parents to offspring, collectively termed as Sex-

linkage inheritance. 

28. Spontaneous Mutation: The Mutation that occurs suddenly in nature under natural 

condition is called spontaneous mutation. 

29. Transformation in Bacteria is the process of transferring exogenous DNA into cells is 

call “transformation. 

30. True breeding is the offspring having the dominant or recessive character for a specific 

trait. 

Prepare these definitions with yourself: Genetics, homozygous, heterozygous, 

Genotype, and phenotype. 
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UNIVERSITY OF BALOCHISTAN QUETTA 

               MA/MSC (ANNUAL) EXAMINATION 2013 (Practice Paper)  

Attention: -     1-    Possession & use of mobile & other electronic accessories are strictly 
prohibited. If anyone posses/ uses, his/her case will be sent to unfair means 
committee. 

            2-  If any candidate show/ Marks his/her identity in the answer book, 
he/she will be disqualified for the said paper 

Subject:    ZOOLOGY    Paper   IV Prev 

   Genetics and Biostatistics 

Time Allowed: - 3 Hour       Max: Marks: 75 

Note: - Attempt any five Questions in All But Question No. I- in section-I is compulsory 
and the time Section-I is only 40 Minutes. After Expiry of the Time paper should be handed 
over to the supervisory staff. 

 

   SECTION – I (OBJECTIVE POTION 15 MARKS)  

Q. No. 1 Attempt 15 Question out of 20 All Question carry equal marks. 

1. Define Recombinant DNA? 
2. Difference between Heterosis and inbreeding. 
3. What is Restriction Mapping? 
4. Differentiate between Gene and Allele. 
5. What do you mean by Point Mutation? 
6. Define DNA? 
7. What is Gene library? 
8. Difference between Allele and Gene 
9. Define Gene Linkage. 
10. Define Vector and one of its examples? 
11. Enlist the types of DNA sequencing using in Genetics? 
12. What do you mean by Crossing Over? 
13. Differentiate between Genome and Gene pool? 
14. What do you know about Gene Expression? 
15. Differentiate between induced and Spontaneous mutation? 
16. Define Chromosomal Aberrations? 
17. Write Regression formula? 
18. Define Standard Deviation. 
19. What do you mean by Coefficient of Variance? 
20. Define Interval Estimation? 
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SECTION – II (SUBJECTIVE PORTION 60 MARKS) TIME ALLOWED 2:20 

Attempt any four questions, selecting three questions from part -I and one question from 

part-II. All question carry equal marks. 

Part-1 (Genetics) 

Q.No.2 Define the Gene Therapy? Explain Ex-vivo and in-vivo methods of gene 
therapy. 

Q.No.3 What is recombinant DNA technology? Describe the essential steps for 
obtaining a clone of a specific fragment of DNA.  

Q.No.4 Discuss Multiple Allele with special reference to the Human Blood group 
system or explain the extra chromosomal inheritance in Human? 

Q.No.5 What is an “Operon” concept? Discuss lactose Operon and its control? 

Q.No.6 Discuss in detail various hereditary diseases in Human. 

Q. No.7 Define Linkage, also discuss the sex linked inheritance with suitable 
examples. 

Q. No.8 Write a note on the following. 

  i. Chromosomal Aberration 

  ii. Pleiotropism 

    Part- II (Biostatistics) 

Q.No.9 Find out the Mean Deviation for the given data 

        Marks  0-10   10-20   20-30   30-40    40-50     50-60    60-70    70-80 

No. of Students     2          8         30          45         35           20           6              4 

Q.No.10 Write a short note on the following 
  i. Brief history of Statistics  
  ii. Uses & Misuses of Statistics 
 

 

 

 


	Topic No 2: HETEROSIS
	History: Heterosis was first described by Charles Darwin (1876), and independently rediscovered by Shull (1908) and East (1908). Shull called Heterosis as “Stimulation of heterozygosity”.
	Explanation:
	In Heterosis, heterozygote in a population has a higher fitness than the homozygote such as they grow better, better ability to survive, and are more fertile than the homozygote. In few verities of plants that does better in growth and production when...
	Heterosis and Out-breeding depression
	Classification of Plasmid: Categorically Plasmid is divided into two groups.
	A. Stringent plasmids replicate only when the chromosome replicates. This is good if we are working with a protein that is lethal to the cell.
	B. Relaxed plasmids have the capability to replicate on their own. This gives us a higher ratio of plasmids to chromosome
	Fig 1: Structure of Bacteria   Fig 2: Structure of a common Plasmid
	History: The idea for recombinant DNA was first proposed by Peter Lobban. Stanley Cohen and Herbert Boyer made what would be one of the first genetic engineering experiments, in 1973. They demonstrated that the gene for frog ribosomal RNA could be tra...
	Creating recombinant DNA
	TOPIC NO 07: APPLICATIONS OF rDNA OR GENE CLONING
	Using a Computer to Generate Restriction Maps


	1. Phenylketonuria:
	This is one of the genetic disorders in which an enzyme of liver which is called as phenylalanine hydroxylase becomes functionless. The substance is found in foods that contain protein. This enzyme is usually helpful in the conversion of an amino acid...
	2. Galactosaemia:
	This is a genetic condition which means galactose in the blood. In this disease body lack an enzyme called as galactose-1-phosphate uridyl trasferase which convert galactose into glucose. Galactose is a part of lactose when lactose break down glucose ...
	3. Alkaptonuria (black urine disease)
	A specific gene when becomes defective makes the body unable to properly break down certain amino acids like tyrosine and phenylalanine. As a result, a substance called homogentisic acid builds up in the skin and other body tissues. The acid leaves th...

	4. Microcephaly
	Microcephaly is a condition in which a person's head is significantly smaller than normal for their age and sex, based on standardized charts. Head size is measured as the distance around the top of the head. Conditions that affect brain growth can ca...
	13. Heterosis it is the property of a crossbreed organism to have qualities superior to those of either parent. The term is applied oppositely of the inbreeding.

