
CBSE CLASS XII BOTANY
Gene Expression And Regulation
One mark questions with answers 
Q1. Who synthesized the first artificial gene?
Ans1. The first synthetic gene, prepared by H.G. Khorana et al, was alanine-tRNA gene having 77 base pairs, but was it non-functional. The first functional gene was tyrosine-tRNA gene with 207 base pairs, and was also synthesized by Khorana et al.
Q2. Which is the smallest virus and the first virus to be discovered?
Ans2. The first virus to be discovered was TMV. The smallest virus is Foot and Mouth Virus with the dimensions of 10 nm.
Q3. What is an oncogenic virus? Name one.
Ans3. Oncogenic (cancer causing) viruses, such as Epstein Barr virus and Hepatitis B virus are those that possess genes that trigger off cancer by activating the proto-oncogenes.
Q4. What are 'biological scissors'?
Ans4. "Biological Scissors" is the name given to a category of enzymes called "Restriction Endonucleases" that cleave DNA at specific sites and leave complementary ends on the fragments. They make recombinant DNA technology possible.
Two mark questions with answers 
Q1. What is contact inhibition? What is its significance in cell division?
Ans1. Normal cells, growing in culture, stop dividing when they make contact with neighbouring cells. This phenomenon is called contact inhibition. They form a monolayer of cells on the surface of the culture medium. This phenomenon exerts a control on cell division even in the in vivo conditions. Cancerous cells  loose the property of contact inhibition. They keep dividing in spite of the contact with their neighbours and form piles of cells or tumours. They tend to overgrow each other, and also migrate and infiltrate other tissues, a property called metastasis.  
Q2. What are oncogenes and proto-oncogenes?
Ans2. Proto-oncogenes are present in all cells and take part in normal growth and differentiation but they lead to uncontrolled cell division when they are activated to form oncogenes.The normal cells are converted into cancerous cells when the proto-oncogenes are activated into oncogenes. The latter code for the production of altered proteins that lead loss of contact inhibition and uncontrolled multiplication of cells. The proto-oncogenes are converted to oncogenes by several factors including:
Transposons, which activate proto-oncogenes into oncogenes by carrying strong promoters to them.
Point Mutations, which may convert proto-oncogenes into oncogenes and lead to the production of abnormal proteins. The latter may stimulate uncontrolled cell divisions.
Q3. Write briefly about 'gene library' and 'gene cloning'.
Ans3. Gene Library is defined as a collection of clones, each having a different segment of the genome of an organism. Together, all the clones represent the complete gene complement of an organism.
Gene cloning refers to the identification and isolation of the desired gene and  the production of multiple copies of the same, using the recombinant DNA technology. The isolated gene is incorporated into a vector or vehicle DNA (plasmids) to form recombinant DNA or chimeric DNA. The recombinant DNA is incubated with host cells (bacterial cells or yeast cells), which pick up the former in the presence of dilute calcium chloride. The transformed host cells are multiplied to form clonal populations. The recombinant DNA also replicates along with the cells and is passed on to the daughter cells. Thus, several copies of the genes can be obtained by this method.
Q4. What are retroviruses? How does the process of reverse transcription occur in them?
Ans4. In Retroviruses or RNA to DNA viruses, the viral RNA first synthesizes a single stranded copyDNA (cDNA) by the process of reverse transcription. The enzyme reverse transcriptase or RNA dependent DNA polymerase present in the virus catalyzes the reaction. The single stranded copyDNA synthesizes its complementary strand to form a double stranded DNA molecule. The viral RNA degenerates.

Three mark questions with answers 
Q1. What is totipotency? Give examples to explain your answer.
Ans1. The potential of a cell to develop into a complete embryo and to give rise to all the tissues of an adult organism is referred to as totipotency. The zygote is a totipotent cell. However, as differentiation and morphogenesis take place in a multicellular organism, the cells become permanent and loose their ability to divide. It has been found that the cells arising from the first two (in sea urchin egg) or three (in a frog or a human egg) are totipotent. If these happen to separate, each of them develops into an embryo and twin or multiple births result.
Totipotent cells have the potential of full genetic expression. During the process of determination, the cells become committed to develop into specific parts of an organism and their potential of genetic expression is restricted. Differentiation, at the genetic level, is a function of differential gene expression. Although, all the cells have the same set of genes, some genes are repressed and the others are activated in specific tissues.
However, it has been seen that given a suitable set of conditions, all cells can undergo dedifferentiation and become totipotent. Steward et al, for the first time regenerated complete plantlets of carrot from a callus derived from the phloem of carrot roots (a permanent tissue). Nuclei of somatic cells have been used to clone complete animals, as has been demonstrated by Wilmut and Campbell in 1997, who cloned the sheep Dolly.
Q2. How can gene introduction help humans? Site any two examples.
Ans2. Gene introduction has been beneficial to the humans both directly and indirectly.
Examples are :
(a) It is now possible to correct genetic disorders by gene replacement therapy. This feat was achieved in 1994 by Crystal et al, who succeeded in introducing the normal gene for the disease cystic fibrosis in the respiratory tract of an affected person. Cystic fibrosis is caused by a recessive gene, and is characterized by hypersecretion of abnormally viscid mucus containing a high concentration of salts, in the respiratory tract. The mucus forms a suitable medium for the growth of bacteria and harbours infections. The mucus tends to block the respiratory tract and passages of liver and pancreas. Pancreas develop fibrous growth and due to defective liver, fat metabolism is also not normal. The patients usually do not survive upto the reproductive age. Crystal et al introduced the normal gene into a disabled cold virus and made the latter to infect the cells of the respiratory epithelium, where the defective gene was replaced by the normal gene.
(b) The introduction of the genes for the two polypeptides of human insulin into E.coli and their successful expression in the latter, converted the E.coli cultures into mini factories producing human insulin. Prior to this, bovine insulin was used to treat diabetics, who often developed allergies to it. The production of human insulin on a commercial scale revolutionized the treatment of diabetes.
Q3. Outline the main theories that have been proposed to explain the phenomenon of ageing.
Ans3. Ageing is defined as the progressive loss in functional efficiency of an organism with age. It is due, at the cellular level, to a general increase in entropy or disorderliness, decrease in the rate of metabolism, decrease in the capacity of repair and regeneration, lack of resistance to infection and disease, and disturbed homeostasis.
Two theories have been proposed to explain the phenomenon of ageing :
(a) Genetic Clock Theory, which believes that ageing is in-built or pre-programmed into the genes of an organism to occur at a particular time. Indeed, ageing genes have been discovered in roundworm.
(b) Error Theory, which believes that as age advances, the errors during the replication of DNA are accumulated. Even though cells possess a DNA proof reading and repair mechanism, some errors always escape. When the errors are accumulated beyond a threshold value, faulty proteins are produced that bring about defective metabolism, and lead to ageing.
The above two theories, however, are not necessarily exclusive of each other. The genetic pre-programming may express itself through accumulation of errors. Indeed, cytological analysis of aged cells reveals an accumulation of mutations, chromosomal aberrations and faulty disjunction of chromosomes.
Q4. Describe the two main types of phagic life cycles in viruses.
Ans4. The phagic reproduction is of two types, lytic and lysogenic.
(1) Lytic Cycle : It is exhibited by the virulent phages like T2, T4 bacteriophage.The phage attaches to the surface of the host (E.coli) cell by means of its fibres and produces a hole in the host cell wall with the help of lysozyme at the point of contact of the tail. The tail sheath is contractile and injects the viral DNA  inside the bacterial cell. The viral DNA takes over the host cell machinery.
The host DNA is degraded, while its ribosomes, tRNAs and raw material are used to synthesize several copies of the phage DNA and the viral proteins. 100 -1000 phage particles are assembled within 15-60 minutes and the host cell ruptures to release the phage progeny.
(2) Lysogenic Cycle : It is exhibited by temperate phages, e.g., Lambda phage, and is more specialized. The phage comes in contact with the surface of the host cell (E.coli) through its tail, produces a hole in the wall and injects its DNA. The phage DNA represses its virulent genes and gets converted to the temperate state. In this state it gets integrated with the host DNA at a specific site and is called prophage. It replicates along with the host cell DNA and is passed on to the daughter cells.
Sometimes, the temperate phage is converted to the virulent form due to de-repression of the virulent genes.
Five mark questions with answers 
Q1. Explain the methods resorted to by bacteria in order to achieve genetic recombination in the absence of syngamy and meiosis.
Ans1. Bacteria show recombination of genes through three methods :
(a) Conjugation : The bacteria showing conjugation are dimorphic. The donor or male (F+) bacteria possess the fertility factor or plasmid. The latter confers the sex pili and the ability to form conjugation tube. The recipient or female (F-) bacteria do not possess either the F-plasmid or the sex pili. When a donor cell and a recipient cell come in contact, the former establishes connection through a conjugation tube formed by the enlargement of a sex pilus. The gene exchange can take place by the following two methods :
(i) Sterile Male Method : The F-plasmid of the donor cell replicates by the rolling circle method, and a copy of it is transferred to the recipient cell. As a result, the latter also becomes a donor. This phenomenon is also referred to as sexduction.
(ii) Fertile Male Method : The F-plasmid gets incorporated into the chromosome of the donor bacterium and is now called episome. Such a donor cell is called Hfr ( high frequency) because it exhibits 1000 times more frequency of gene recombination than the normal male. The bacterial chromosome, with the integrated episome, breaks distal to the episome and undergoes replication. The replicated copy of the chromosome is transferred to the recipient cell through the conjugation tube. The transferred genes may be recombined to replace the recipient's genes, or may disintegrate.
(b) Transformation :  It is the picking up of a DNA segment belonging to its relative, by a living bacterium, from the surrounding medium. The bacteria possess special membrane receptors for recognizing the relevant DNA segments. The ability of a bacterium to pick up DNA from the surrounding medium is termed as competence and is usually present in a cell towards the end of its active growth.
(c) Transduction :  It is defined as the transfer of genetic material from one bacterial host cell to the other through the agency of a virus. The virus picks up genes of the host during its multiplication, leaves behind a few of its own genes and is rendered non-virulent. The genes picked up from the previous host are injected into the next host. In generalized transduction, a particular transducing phage is not specific to the genes it picks up. In restricted transduction, a particular transducing phage always transfers the same gene.
Q2. What are shot gun experiments? Outline the main steps with help of a diagram.
Ans2. In shot gun experiments or random DNA experiments, the complete genome of an organism is extracted and its gene library is prepared. It involves the following steps: 
1. Isolation of DNA : The DNA of an organism is extracted by rupturing its cells and nuclei, and subjecting them to ultracentrifugation. The DNA thus obtained is further concentrated and purified through gel electrophoresis.
2. Restriction Endonucleases : The total purified DNA of an organism is digested with the help of a particular restriction endonuclease (RE) which cleaves the DNA at specific sites characterized by specific base sequences. These sites occur at places in the genome unique to every individual (RFLP forms the basis of DNA fingerprinting). The segments obtained by digestion with RE usually possess 'sticky' or complementary ends. The fragments are separated through gel electrophoresis.
3. The vector/vehicle DNA, like plasmid, is also digested by the same restriction endonuclease so that it has ends complementary to the DNA fragments obtained in the above step.
4. The DNA fragments of the desired genome and the plasmids are incubated together. Their ends pair up, on account of being complementary and are sealed with the help of DNA ligase to produce a recombinant or chimeric DNA.
5. The recombinant plasmids are added to the cultures of host cells (usually bacterial cells or yeast cells)  previously treated with calcium chloride. Some of the host cells pick up the recombinant plasmids.
6. The host cells which have picked up the recombinant plasmids are identified by suitable screening and are multiplied in the culture to produce clones. Each of these clonal populations will have a segment of the genome, and together will be termed as a gene library of that organism, the genome of which it carries. The gene library represents all the genes of that organism.
7. Once the gene library of an organism has been prepared, it can be used for various purposes such as, iden
tification and cloning of a gene, analysis of its base sequence etc.
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Q3. Explain the lac operon in E.coli referring both to the negative control and the positive control.
Ans3. Lac Operon of Escherichia coli is an example of an inducible operon that operates in catabolic pathways. It usually remains switched off and is switched on by an inducer.
It's components are :
(a) Structural genes : The lac - operon has three structural genes, Z, Y and A. They transcribe a polycistronic mRNA that is translated into three enzymes - -galactosidase (for hydrolyzing lactose), lactose permease (for allowing the entry of lactose into the bacterial cell from outside) and transacetylase (exact function not known).
(b) Operator gene : It lies at the starting point of the three structural genes and directly controls the transcription of the structural genes by acting as an on-off switch for the functioning of the operon.
(c) Promoter gene : It lies adjacent to the operator gene and possesses the start signal for transcription. It functions as the recognition centre for the enzyme RNA polymerase.
(d) Regulator gene : It produces the proteinaceous repressor that binds to the operator gene to switch it off.
(e) Repressor : It is a protein synthesized by the regulator gene. In the absence of inducer, it binds to the operator to switch it off and thus exerts a negative control on the operon. On binding with the inducer it undergoes a conformational change and is rendered unable to bind with the operator.
(f) Inducer : It is the substance that binds with the repressor to render it ineffective in binding with the operator. In lac-operon, the inducer is lactose.
(g) cAMP-CAP complex - The cyclic AMP and Catabolite Activator Protein Complex exerts a positive control on the lac-operon, i.e., its presence is essential for transcription.
Mechanism of lac-operon : When E.coli is cultured in a medium devoid of lactose, the enzymes of lactose catabolism are not required. In such cases, the lac-operon remains switched off or repressed. Under such conditions, the regulator gene produces a repressor protein which binds with the operator gene and prevents transcription. When E.coli is cultured in a medium containing lactose (but lacking glucose), then it needs the enzymes for lactose-catabolism. In such cases, the lactose enters the E.coli and gets modified into an inducer substance. It binds with the repressor so that the repressor is unable to bind with the operator. The latter then allows the RNA polymerase to bind with the promoter gene and the structural genes transcribe mRNA to produce the enzymes required for lactose metabolism.
