CBSE CLASS XII BOTANY
Genetic Material - Its Replication, Transcription And Translation
One mark questions with answers 
Q1. Name the scientists who received the Nobel Prize for deciphering the structure of DNA.
Ans1. Watson, Crick and Wilkins received the Nobel prize in 1962 for deciphering the structure of DNA.
Q2. What are auxotrophs?
Ans2. Auxotrophs are nutritional mutants which cannot manufacture all the metabolites required for their growth from the raw material available in the minimal medium, and hence cannot survive on the latter.
Q3. Name the scientists who proved that DNA is the universal genetic material. What is their experiment popularly called?
Ans3. The blender experiment, conducted by A.D. Hershey and Martha Chase in 1952 on the T2 bacteriophage, proved conclusively that DNA is the genetic material.
Q4. What is an RNA primer?
Ans4. An RNA primer is a short segment of RNA or a short polyribonucleotide segment that is synthesized complementary to the template DNA on the 5' end of the new strand to initiate the replication of DNA, because DNA polymerase cannot initiate replication.
Two mark questions with answers 
Q1. Write a brief note on the post-transcriptional modifications that a primary transcript may be subjected to.
Ans1. The primary transcript often contains superfluous regions, is larger than the final product and is called heterogenous RNA (hnRNA). It may undergo one or more of the following post-transcriptional modifications :
(a) Splicing : It occurs in eukaryotes, which possess introns or intervening sequences in their genes. The introns are removed from the hnRNA by a nuclease (e.g., Ribozyme).
(b) Cleavage : Larger hnRNA is cleaved to remove superfluous regions, and to form several smaller functional RNAs.
(c) Nucleotide Modifications : The N-bases are chemically modified by methylation (methyl cytosine) or deamination (inosine) and so on.
(d) Terminal Additions : Nucleotide sequences are added to certain primary transcripts. For example, methylated bases in the Cap region of mRNA.
Q2. Write the steps involved in the activation of amino acids during protein synthesis.
Ans2. Activation of amino acids involves:
(a) The combination of the amino acid with a specific enzyme or Amino-Acyl-tRNA-synthetase in the presence of Mg2+ and energy from ATP.
AA (amino acid) + ATP + Amino-Acyl-E (Amino-Acyl-tRNA-Synthetase)  
Q3. Differentiate between the leading and the lagging strand of DNA.
Ans3. 
	Leading Strand
	Lagging Strand

	1. It is formed complementary to the template DNA strand running from 3' to 5' end.
	1. It is formed complementary to the template DNA strand running from 5' to 3' end.

	2. It is the replicated strand that is formed continuously.
	2. It is the replicated strand that is formed discontinuously or in small segments called Okazaki fragments.

	3. It does not depend upon DNA ligase for its growth.
	3. It depends on DNA ligase to join the Okazaki fragments.

	4. Replication proceeds from the free end to the fork end.
	4. Replication proceeds from the fork end to the free end.

	5. Direction of replication as well as direction of growth of the strand is from 5' to 3' end.
	5. Direction of replication is 5' to 3' end but the direction of growth of the strand is from 3' to 5' end.


Q4. What is central dogma? Why was the central dogma revised?
Ans4. Central Dogma is defined as the one way flow of information from DNA to mRNA through transcription, and from mRNA to proteins through translation.
Central Dogma was proposed by Crick in 1958.
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Temin and Baltimore, in 1970, discovered the flow of information from RNA to DNA in retroviruses. They possess RNA as the genetic material which acts as a template for the reverse transcription of double stranded DNA inside the host cells. The reaction is catalyzed by the enzyme reverse transcriptase. The DNA copy, then transcribes mRNA for translation into proteins. This mode of flow of information is called Central Dogma Reverse or Teminism. Hence, the central dogma has now been modified as :
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Three mark questions with answers 
Q1. List the criteria that must essentially be qualified by the genetic material.
Ans1. The properties that a biochemical must possess to qualify as the genetic material are :
(a) It must be ubiquitous in distribution, i.e., should be found in all cells of all the organisms, and must possess a way of developing diversity.
(b) It must possess the property of autonomous replication i.e., must be able to produce exact copies of itself to be faithfully transmitted to the next generation.
(c) It must be chemically stable but at the same time must be capable of undergoing occasional changes to incorporate variations (mutations).
(d) It must be able to express itself through the formation of specific molecules and must subject itself to regulation.
(e) It must have all the information required for the structure and function of the living organisms in the coded form.
Q2. Write the specific role of the three types of RNA in protein synthesis.
Ans2. (1) Ribosomal RNA : It forms the smaller and the larger sub-unit of ribosomes. Ribosomal RNA helps the mRNA and tRNA to synthesize protein over the ribosomes.
(2) Messenger RNA : It is synthesized in the nucleus on a DNA template and moves to the cytoplasm. The base sequence in a DNA template decides the base sequence in the mRNA.  It carries the genetic code and serves as the message tape to be decoded into a protein.
(3) Transfer RNAs act as adapter molecules and translate the DNA language into the protein language. They bear the anticodon to recognize the codon on mRNA.
The tRNA picks up the activated amino acid from the cytoplasm and supplies it to the site of protein synthesis. It attaches itself to the ribosome in accord with the codon, by establishing temporary hydrogen bonds with the latter, through its anticodon.
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Q3. DNA replication is not 100% accurate. What, then, are the measures taken by the living systems to ensure minimum error frequency during this process?
Ans3. Error or mispairing occurs during DNA-replication with a frequency of 3 errors in every  100,000 base pairs. However, the final error rate is only one in one billion base pairs. This accuracy is achieved through the  following mechanisms, which strive to minimize the error frequency :
(a) DNA Polymerase III goes back and adds the correct base in place of the wrong one.
(b) The errors overlooked by DNA polymerase III are corrected by excision repair mechanism, where by a nick is induced by endonuclease near the faulty region of the strand, and the wrong bases are removed and substituted by the correct ones by DNA polymerase I. The repaired strand is sealed by DNA ligase.
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Q4. Give an account of the experiment conducted by Griffith and the conclusions drawn by him.
Ans4. Transformation was discovered by an English bacteriologist S.F. Griffith in 1928, while working on the bacterium Diplococcus pneumoniae (Pneumococcus), the virulent strains of which cause pneumonia. The bacterium possesses two strains R-strain and S-strain. The R-strain bacteria lack a polysaccharide capsule, form rough colonies and are non-virulent. The S-strain bacteria are encapsulated, form smooth colonies and are virulent, because the capsule protects them from the immunologic defences of human leucocytes.
He injected laboratory mice with different strains and obtained the results tabulated below :
	Summary of Griffith's experiments


	Bacteria Injected
	Effect in Mice

	1. Live virulent (S-type)
	Died

	2. Live non-virulent (R-type)
	Survived

	3. Heat killed virulent (S-type)
	Survived

	4. Live non-virulent (R-type) + Heat killed virulent (S-type)
	Some Died


He was surprised when some of the mice injected with live R-strain bacteria along with heat killed S-strain ones developed pneumonia and died. Some live S-strain bacteria were recovered from the blood of the dead mice, on their autopsy. He concluded that some of the R-strain bacteria got transformed to S-strain bacteria by picking up the gene for virulence from the heat killed S-strain ones.
He could not conclude whether :
a. DNA, polysaccharide or protein part of the dead S-strain bacteria was responsible for transformation.
b. mice were necessary for transformation, by providing some factor essential for it, or not.
Five mark questions with answers 
Q1. Write an explanatory account on the process of translation.
Ans1. Mechanism of Translation :
The process of protein synthesis can be studied under four main headings, activation of amino acids, initiation, elongation and termination.
(a) Activation of amino acids : It involves the combination of the amino acid with a specific enzyme or Amino-Acyl-tRNA-synthetase in the presence of Mg2+ and energy from ATP.
AA (amino acid) + ATP + Amino-Acyl-E (Amino-Acyl-tRNA-Synthetase)  [image: image6]AA-AMP-E (Activated amino acid) + PP (i) (Pyrophosphate).
The AA-AMP-Enzyme complex reacts with the specific tRNA and the amino acid is attached to the 3'OH end of the tRNA to form charged tRNA.
AA - AMP - E + tRNA ¾ AA - tRNA (charged tRNA)+ AMP + E.
(b) Initiation : The initiation of protein synthesis requires initiation factors and energy in the form of GTP.
It involves :
(i) Attachment of smaller sub unit of ribosome (40S in eukaryotes, 30S in prokaryotes) with the cap region of mRNA, through its rRNA. The initiation codon (AUG/GUG) comes to lie at the P site.
40S/30S sub unit ¾ 40S/30S - mRNA complex. 
(ii) The amino acyl tRNA complex (methionine tRNA), specific for the initiation codon (AUG), comes to lie at the P-site and forms temporary hydrogen bonds with the initiation codon, through its anticodon. This step requires energy in the form of GTP.
40S/30S - mRNA complex + tRNAmet  [image: image7]40S/30S - mRNA - tRNAmet complex.
The initiating methionine is formylated at its amino group in prokaryotes and non-formylated in eukaryotes.
(iii) To the 40S/30S - mRNA - tRNAmet complex, now attaches the larger sub unit of ribosome (60S/50S) making the ribosome intact.
40S/30S - mRNA - tRNAmet + 60S/50 ¾ 80S/70S - mRNA - tRNAmet
(c) Elongation : Elongation or chain formation occurs by step-wise and gradual addition of amino acids, as directed by the sequence of codons on mRNA. It involves:
(i) The Amino-Acyl-tRNA complex specific for the next codon on mRNA attaches to the A-site of the ribosome and forms hydrogen bonds with the codon. This step requires GTP.
(ii) The enzyme peptidyl transferase, which is a component of the larger sub unit of ribosome, catalyzes the establishment of a peptide bond between -COOH group of the amino acid at the P site (methionine) and the -NH2 group of the amino acid at the A site. The amino acid at the P site is transferred on to the tRNA at the A-site and the free tRNA detaches from the P site.
(iii) Translocation : The amino-acyl-tRNA complex at the A site is translocated to the P-site due to the rotation of the ribosome and the mRNA. The A-site is vacated and is ready to receive the next charged tRNA specified by the next codon, which now lies at the A-site. This step requires GTP.
The elongation proceeds in this manner and the polypeptide chain elongates.
(d) Termination : The process of elongation is repeated until a nonsense codon/termination codon comes to lie at the A site. There is no corresponding tRNA for the nonsense codon, and the tRNA at the P-site, carrying the complete polypeptide chain is hydrolyzed. The polypeptide chain is released. Release factors are required for this process. The two sub units of the ribosome dissociate in the presence of dissociation factors.
Q2. Explain, with the help of diagrams, the classic experiment conducted by Meselson and Stahl to prove that DNA replication is semi conservative.
Ans2.  The most conclusive evidence for the semi conservative mode of DNA replication came from the ingenious experiment of Mathew Meselson and Franklin W. Stahl in 1958, on the prokaryotic chromosome of Escherichia coli. The technique they employed is equilibrium density gradient centrifugation using Cesium Chloride as a medium. They grew a culture of E.coli in a medium containing the heavy isotope of nitrogen (15N) for many generations so that the bacterial DNA becomes completely labelled or 'heavy'. The labelled bacteria were then transferred to a medium containing the normal isotope of nitrogen (14N). Samples were withdrawn after every replication cycle or generation time and analyzed for the density of DNA. The results were as follows :
	Generation
Time
	Density of DNA

	1. 
	All DNA molecules had a density intermediate between heavy DNA (with15N) and light DNA (with 14N).

	2.
	50% of the DNA were light and 50% were of intermediate density.

	3.
	75% of the DNA were light and 25% were of intermediate density.


The above results can be explained as follows. The two strands of parental heavy DNA (with both strands labelled with 15N) separate and synthesize a complementary strand which has 14N incorporated into it. The resulting two daughter DNA molecules have one strand with 15N and one with 14N, and hence have a density intermediate between heavy and light DNA (light DNA has both strands with 14N). The results of the subsequent generations can also be explained on the same basis.
Q3. Describe the process of DNA replication.
Ans3. Process of DNA Replication : The replication of DNA begins at a specific site which is termed as the origin of replication. Prokaryotic and viral DNA has a single origin of replication, but the eukaryotic DNA has several origins owing to its large size.  The replication is bi-directional. The multi-step process of DNA replication involves the following sequence of events :
(a) Activation of Deoxyribonucleotides : Deoxyribonucleoside monophosphates (deAMP, deCMP, deGMP, deTMP) that occur in the nucleoplasmic pool are activated through phosphorylation into deoxyribonucleoside triphosphates (deATP, deCTP, deGTP, and deTTP). The reaction is catalyzed by the enzyme phosphorylase and energy is required in the form of ATP.
(b) Unwinding of DNA duplex : The coiled helix opens in a zip like manner due to the breakdown of the hydrogen bonds between the two strands. This process requires energy in the form of ATP and enzymes. Topoisomerases cut and reseal one strand of  DNA to counter the tension due to recoiling. Helicases/Unwindases unwind the helix. In prokaryotes, the two enzymes are replaced by gyrases. 
(c) Formation of replication fork : As the two strands separate at a particular point, the site of replication appears Y shaped and is called the replication fork.
(d) Formation of RNA primer/Initiation phase : The main DNA polymerizing enzyme, DNA polymerase III (in prokaryotes), can not initiate the process of DNA synthesis. So, a small segment of RNA, called RNA primer, is synthesized at the 5' end of the new DNA chains, complementary to the template DNA by the enzyme primase. DNA polymerase adds nucleotides to the RNA primer.
(e) Base pairing : The activated deoxyribonucleotides are positioned opposite to those of the template or parental DNA strand, according to the base pairing rule (deATP opposite T and so on). The two terminal phosphates of the deoxyribonucleotides are hydrolyzed with the help of the enzyme pyrophosphatase. The energy released in this process is utilized to establish hydrogen bonds between the N-bases of the free nucleotides and the template strand.
(f) Synthesis of DNA chain : The RNA primers open the strands and stabilize the paired free nucleotides. DNA polymerase III (in prokaryotes) is the main enzyme that catalyzes the polymerization of free nucleotides positioned against the template strand by linking them with the help of phosphodiester bonds. This requires energy (GTP). However, DNA polymerase can add nucleotides only in the 5 '3' direction because it has an obligate requirement for the 3' OH group of the sugar. So, the replication is continuous in one strand (leading strand) and discontinuous in the other. In the strand being synthesized complementary to the 5'3' template strand, a new primer is synthesized every time more of the template is exposed at the fork end. This strand is called the lagging strand, as only a short segment of DNA can be synthesized at a time in the 5'3' direction. These segments of DNA, which are about 3000-4000 nucleotides in length, are called Okazaki fragments. The RNA primer of each Okazaki fragment is excised eventually, the gap is filled by DNA polymerase I and the different fragments are joined by DNA ligase.
(g) Proof-reading and DNA repair : Errors or mispairing occurs during DNA-replication with a frequency of 3 errors in every  100,000 base pairs. However, the final error rate is only one in one billion base pairs.This accuracy is achieved through DNA proof reading by DNA Polymerase III which goes back and adds the correct base in place of the wrong one, and DNA polymerase I which corrects the errors overlooked by DNA polymerase III.
Q4. What are the salient features of the genetic code? Also write the contribution of the following scientists in cracking the genetic code.
(a) Gamow (b) Nirenberg (c) H.G. Khorana.
Ans4.Deciphering the Genetic Code :
1.The term genetic code and triplet code were coined by George Gamow in 1954.
2. Nirenberg, in 1961 synthesized homopolymers of the four ribonucleotides (poly U, poly C etc.) and incubated them separately, with in vitro protein synthesizing machinery. He found that poly U was translated as polyphenylalanine, poly C as polyproline and poly A as polylysine.
3. H.G. Khorana, in 1964, synthesized copolymers of two nucleotides and incubated them with in vitro protein synthesizing machinery. He found that such copolymers translated as a polypeptide chain with two alternating amino acids. This is possible only if the code is a triplet one.
Characteristics of the Genetic Code :
1. Triplet Code : A sequence of three adjacent nitrogenous bases on DNA or mRNA specifies one amino acid in the polypeptide chain.
2. Commaless Code : The N-bases are arranged without punctuation and there are no pauses after every triplet codon. Hence, the number of amino acids in the polypeptide is always one third of the number of N-bases in the segment of DNA (gene) specifying it.
3. Non-Overlapping Code : Adjacent codons do not overlap each other, i.e., one nitrogenous base is a constituent of only one codon and cannot be shared by any other codon.
4. Initiating Codon : The start codon for the translation of mRNA from the 5' end is fixed and is always AUG, which codes for methionine (rarely GUG, which codes for valine).
5. Termination Codon : The end of translation is signaled by any of the three alternative codons which are called termination or nonsense codons. They are UAA, UAG and UGA. 
6. Universal Code : Apart from a few exceptions, the genetic code applies universally to all living organisms, be it a virus, a bacterium, a plant or an animal.
7. Non-Ambiguous Codons : One codon specifies for only one amino acid and none other.
8. Related Codons : Amino acids with similar properties have related codons so that a mutation from one codon to the other, that causes the substitution of one amino acid to the other in the polypeptide, results in minimum disturbance to the latter.
9. Degenerate Codons : Degeneracy of the genetic code refers to the fact that one amino acid may be specified by more than one codon. Only methionine (AUG) and tryptophan (UGG) are specified by one codon, all the rest are specified by 2-6 codons.
10. Colinearity : The linear sequence of the triplet codons of N-bases in the gene corresponds to the linear sequence of the amino acids in the polypeptide for which it codes.
11. Cistron/Gene - Polypeptide Parity : The number of the types of polypeptides in an organism is equal to the number of genes/cistrons it has.
