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1 Mark Questions

1. Why is it not possible for an alien DNA to become part of a chromosome anywhere along
its length and replicate normally?

[All India 2014]

Ans.The integration of alien DNA is required to become a part of chromosome. As the DNA
itself cannot multiply and replicate but rather requires a specific sequence for initiating its
replication called origin of replication. Therefore, the alien DNA needs to be joined with the host
DNA with the help of enzymes and linked to Ori, so as to be part of chromosome and replicate
normally to produce its copies.

2. Mention the type of host cells suitable for the gene guns to introduce an alien DNA.
[Delhi 2014]
Ans. The host cells suitable for the gene guns to introduce an alien DNA are plant cells.

3. Write the two components of first artificial recombinant DNA molecule constructed by
Cohen and Boyer. [Foreign 2014]

Ans.The two components of first artificial recombinant DNA molecule constructed by Gohen
and Boyer are:

(i) antibiotic resistance gene

(it) plasmid of Salmonella typhimurium

4. Name the host cells in which microinjection technique is used to introduce an alien
DNA. [Foreign 2014]

Ans. The microinjection technique to introduce alien DNA is usually carried out in animal cell,
i.e. directly into the nucleus.

5. Name the material used as matrix in gel electrophoresis and mention its role. [All
India 2014C]

Ans. The material used as matrix in gel electrophoresis is agarose.

This agarose gel acts as a sieve to separate the DNA fragments according to their size.



6. Write any four ways used to introduce a desired DNA segment into a bacterial cell in
recombinant technology experiments. [All India 2013]

Ans. Ways to introduce desired DNA into bacterial cell are:

(i) microinjection (ii) disarmed pathogen vectors

(iii) portion by bivalent cation such as calcium

(iv) bidlistic or gene gun

7. State what happens when an alien gene is ligated at Sal | site of pBR322 plasmid. [Delhi
2013c]

Ans. If an alien gene is ligated at Sal | site of tetracycline resistance gene in the vector pBR322,
the recombinant plasmid will lose its tetracycline resistance.

8. Mention the uses of cloning vector in biotechnology ? [Delhi 2011]
Ans. Uses of cloning vector in biotechnology.

(i) Helps in linking the foreign/alien DNA with that of host’s DNA.

(i) Help in the selection erf recombinants from the non-recombinants.

9. Biotechnologists refer to Agrobacterium tumefaciens as natural genetic engineer of
plants. Give reasons to support the statement.

[ HOTS; All India 2011]

Ans. Agrobacterium tumefacieps is a pathogen of several dicot plants. It is used as a
natural genetic engineer because it is able to deliver a piece of its DNA (called T-DNA) to
transform normal plant cells into tumour cells and direct the tumour cells to synthesise the
chemicals required by the pathogen.

10. Why is it essential to have a selectable marker in a cloning vector? [All India 2011]
Ans.Selectable marker in cloning vector helps in identifying and selecting the recombinants and
eliminating the non-recombinants.

11. Why do DNA fragments move towards the anode during gel electrophoresis? [hots;
Delhi 2011c]

Ans. DNA fragments are negatively charged molecules and hence, moves toward the anode
during gel electrophoresis.

12. In the year 1963, two enzymes responsible for restricting the growth of bacteriophage in
E. coli were isolated. How did enzymes act to restrict the growth of the

bacteriophage? [All India 2011c]

Ans.Two enzymes responsible for restricting the growth of bacteriophage in coli are:
Exonucleases Add methyl group to DNA. Endonucleases Cut DNA at specific points.

13. How is the action of exonuclease different from that of endonuclease.

[All India 2010]

Ans.Exonuclease removes nucleotides from theends of DNA, while endonuclease cuts the DNA
at specific positions.



14. Mention the role of molecular scissors in recombinant DNA technology. [All
India 2009]

Ans. Molecular scissors or restriction enzymes cut DNA at specific site, thus allowing to extract
desired gene and like it with DNA of host.

15. Name the technique used for separating DNA fragments in the laboratory. [Delhi
2008]
Ans. Gel electrophoresis is used for separating DNA fragments in the lab.

16. What is the role of ethidium bromide during agarose gel electrophoresis of DNA
fragments? [All India 2008C]

Ans. The separated DNA fragments during agarose gel electrophoresis are visualised after
staining the DNA with ethidium bromide, in UV light. This staining imparts DNA a bright
orange colour.

2 Marks Questions

17. How does a restriction nuclease function? Explain. [All India 2014]

Ans. Restriction nucleases function by inspecting the length of DNA sequence, and then binding
to specific recognition sequences and cutting the strands at sugar phosphate backbones.
These nucleases are of two types depending on their mode of action.

(1) Restriction exonucleases cut sequences at terminal ends of DNA.

(ii) Restriction endonucleases cut between the two bases of recognition sequence.

18. Write the role of Ori and restriction site in a cloning vector pBR322.

[Delhi 2014]

or

How do Ori and cloning sites facilitate cloning into a vector?

[All India 2008C]

Ans.Ori is a sequence of DNA from where replication starts. Any piece of DNA that needs to
replicate in the host cell has to be linked to it.

Cloning sites refers to the site/sequence of DNA where the alien DNA is linked.

19. Explain with the help of a suitable example the naming of a restriction

endonuclease. [Delhi 2014]

Ans. Naming of restriction endonuclease are:

(i) The first letter of the name comes from the genus and next two letters from species of the
prokaryotic cell from where enzymes are extracted.

(it) The Roman numbers following the name show the order in which the enzymes, were isolated
from the bacterial strain. For example, Eco Rl is derived from Escherichia coli RY 13, Hind 1l
from Haemophilus influenzae Rd, etc.

20. How are sticky ends formed on a DNA strand? Why are they so called? [Delhi 2014]
Ans.Sticky ends on DNA are formed by action of enzymes restriction endonucleases. These
enzymes cut the strand of DNA a little away from the centre of the palindrome sequence between
the same two bases on both the strands. This results in single stranded stretches on both the



complementary strands at their ends.
These overhanging stretches are called sticky ends as they form hydrogen bonds with the
complementary base pair sequences.

21.How is insertional inactivation of an enzyme used as a selectable marker to differentiate
recombinants from non-recombinants?

[Foreign 2014]

Ans. The insertional activation of J3-galactosidase enzyme, i.e. by inserting the desired gene in
the coding region of enzyme, results in inactivation of (3-galactosidase gene in recombinants.
The recombinant on transformed hosts are unable to produce any colour when grown on
chromogenic substrate, thus acting as a selectable marker to differentiate recombinants from
non-recombinants.

22. Explain palindromic nucleotide sequence with the help of a suitable

example. [Foreign 2014]

Ans.The palindromic nucleotide sequence is the sequence of base pairs in DNA that reads the
same on both the complementary strands of DNA, with same orientation of reading.

For example

5-GAATTC-3’

3-CTTAAG-5'

23. Why are molecular scissors so called? Write their use in

biotechnology? [Foreign 2014]

Ans. Molecular scissors are so called because they cut DNA at specific sequences between base
pairs.

Since, molecular scissors on restriction enzymes cut DNA at desired sequences and generate
sticky ends that facilitate to join with host genome or vector DNA, they play an important role in
genetic engineering or biotechnology. It is because with the help of these enzymes we can cut the
desired gene and introduce into vectors for expression.

24. Why is making cells competent essential for biotechnology experiments? List any two
ways by which this can be achieved.

[Delhi 2014C]

Ans. Since, DNA molecules are hydrophillic, they cannot pass through cell membranes. For
recombinant DNA to be integrated into vector or host genome it is necessary for the DNA to be
inserted in the cell. Therefore, making the host cells competent is necessary in biotechnology
experiments.

The two ways by which cells can be made competent to take up DNA are:

(i) Chemical action By increasing concentration of divalent cation, calcium, thereby increasing
the efficiency of DNA entering through pores in cell, wall.

(if) Heat shock treatment Incubating the cells with recombinant DNA on ice, followed by brief
treatment of heat at 42 °C and again putting them back on ice.



25. How is an exonuclease functionally different from an endonuclease? Give an example of
any two endonucleases other than Sal I. [Delhi 2013C]

Ans. Exonucleases are the enzymes which cleaves base pairs of DNA at their terminal ends and
act on single strand of DNA or gaps in double stranded DNA. While, endonucleases cleaves
DNA at any point except the terminal ends and can make cut on one strand or on both strands of
double stranded DNA, e.g. Eco Rl and Hind II.

26. Explain the work carried out by Cohen and Boyer that contributed immensely in
biotechnology. [Delhi 2012]

Ans. (i) Stanley Cohen and Herbert Boyer constructed the first artificial recombinant DNA
(rDNA) molecule.

(if) They isolated the antibiotic-resistance gene by cutting out a piece of DNA from a plasmid
with the help of restriction enzyme and linked it to a native plasmid of Salmonella typhimurium
with the help of DNAIligase.

27. (i) A recombinant vector with a gene of interest inserted within the gene of a-
galactosidase enzyme is introduced into a’ bacterium. Explain the method that would help
in selection of recombinant colonies from non-recombinant colonies.

(if) Why is this method (.of selection referred to as insertional inactivation? [HOTS; All
India 2012]

Ans. (i) The recombinant colonies can be differentiated from non-recombinant colonies by their
inability to produce colour in the presence of a chromogenic substrate.

The recombinants do not produce any colour while, the non-recombinants produce a blue colour
with chromogenic substrate in the medium.

(if) The enzyme a-galactosidase become inactivated on insertion of recombinant DNA, within
the coding sequence of enzyme. Thus, the method is called insertional inactivation.

28. Explain giving reasons why an alien piece of DNA needs to be integrated to a specific
sequence of host DNA for its cloning?

[All India 2011]

Ans.The replication of DNA is initiated from the specific DNA sequence called origin of
replication. For multiplication of alien DNA in the host, it has to be integrated to the origin of
replication (ori).

29. List the key tools used in recombinant DNA technology. [Delhi 2011]
Ans.Key tools used in recombinant technology are restriction enzymes, polymerases, ligases,
cloning vectors.and competent host organism or cells.

30. Explain the role of Ti plasmids in biotechnology. [Delhi 2011]

Ans.The Ti plasmid of Agrobacterium is responsible for the natural transformation of plant cells
into tumours. So, it is modified into a non-pathogen ic vector but still is able to deliver the DNA.
This disarmed plasmid of Agrobacterium is used as a vector for the transformation of plant cells,
thus proved to play an important role in biotechnology.



31. How are recombinant vectors created? Why is only one type of restriction endonuclease
required for creating one recombinant vector? [Foreign 2011]

Ans.Creation of recombinant vectors Vector DNA is cut at a particular restriction site by a
restriction enzyme, the same that was used to cut the desired DNA segment. The alien DNA is
then linked with the vector DNA using enzyme ligase’ to form the recombinant vector.

Since, a restriction enzyme Recognises and cuts the DNA at a particular sequence

called recognition site, the same restriction enzyme is used for cutting the DNA segment from
both the vector and the other source, sp as to produce same sticky ends in both DNA molecules
to facilitate their joining.

32. Study the diagram given below and answer the following questions

Wells DNA

. C/_ bands\D

(i) Why have

DNA fragments in bank D moved farther away in comparision to those in band C ?

(i1) I1dentify the anode end in digram.

(iii) How are these DNA fragments visualised ? [Foreign 2011]

Ans. (i) In band D, DNA fragments are smaller than those on band C. The fragments separate
according to their size through the sieving effect provided by the gel So, the smaller fragments
move farther away than the larger ones.

(i) B is anode end in the diagram.

(iii) Gel containing DNA fragments is stained with ethidium bromide and exposed to UV
radiation. Orange colour bands of DNA becomes visible.

33. A recombinant DNA is formed when sticky ends of vector DNA and foreign DNA join.
Explain how the sticky ends are formed and get joined ? [All India 2010]

Ans.Sticky ends are formed when a restriction enzyme cuts the strands of DNA a little away
from the centre of the palindromic sequence.

The sticky ends are joined via complementary factor of two polynucleotide strands bases and by
the action of enzyme, DNA ligase.

34. Explain the action of the restriction endonuclease Eco RI.

[Foreign 2010]

Ans.Restriction endonuclease Eco RI cuts the DNA strands a little away from the centre of the
palindromic sequence, but between the same two bases on the two strands, i.e. G and A.



5'-GAATTC-3'

3-CTTAAG-5

(1) Due to this, single stranded portions called sticky ends, overhang at the end of each strand.
(ii) Because of the stickiness, they easily form hydrogen bonds with their complementary
counterparts.

35. How are the DNA fragments separated by gel electrophoresis visualised and separated
for use in constructing recombinant DNA ?

[ Foreign 201; All India 2008]

Ans. The separated DNA fragments are stained with ethidium bromide.

(i) By the exposure to UV radiation, the separated DNA fragments become visible as orange-
coloured bands.

(i) The separated bands of DNA are cut out from the agarose gel and DNA is extracted from
these gel pieces, this process is called elution.

36. (i) lustrate the recognition sequence of Eco Rl and mention what such sequences are
called?

(it) How does restriction endonuclease act on a DNA molecule?

[All India 2010 C]

AnNs.(/’) Recognition sequence of Eco Rl

5-GAATTC-3

3-CTTAAG-3

These sequences are called palindromic nucleotide sequences.

(i) Restriction endonuclease acts on specified length of a DNA and binds to the DNA at the
specific recognition sequence. It cuts both the double strands of DNA, at the sugar phosphate
backbones, a little away from the centre of palindromic sites in between the specific sequence or
points.

37. Name the source organism from which Ti plasmid is isolated. Explain the use of this
plasmid in biotechnology. [Foreign 2009]

Ans. Ti plasmid is isolated from Agrobacterium tumefaciens bacteria.

The Ti plasmid of Agrobacterium is responsible for the natural transformation of plant cells into
tumours. So, it is modified into a non-pathogen ic vector but still is able to deliver the DNA. This
disarmed plasmid of Agrobacterium is used as a vector for the transformation of plant cells, thus
proved to play an important role in biotechnology.

38. Name the natural source of agarose. Mention one role of agarose in
biotechnology. [Delhi 2009c]

Ans.The natural source of agarose is sea weed. Role of agarose in biotechnology
() It is used to develop the matrix for gel electrophoresis.

(i) 1t helps in the separation of fragments on the basis of their size.



| 39. Study the linking of DNA fragments shown below:

A DNA B DNA

G
CHNTHT[{A}A

oo

E.coli cloning vector pBR322 showing restriction sites (Hind 11, Eco RI
Bam HI, Sal I, Pvu Il, Pst I, Cla 1), ori and antibiotic resistance genes (amp® and tet®).
rop codes for the proteins involved in the replication of the plasmid.

« Name A DNA and B DNA.
« Name the restriction enzyme that recognises this palindrome.

Name the enzyme that can link these two DNA fragments.

[Delhi 2008]

Ans. (i) A — Vector/plasmid DNA

B —Foreign DNA

(ii) Eco RI

(iii) DNA ligase40. The following illustrates the linking of DNA fragments.

A DNA B DNA
—1r---—-'—'~-5

G

Eco Rl

(i) Name A and B.

(if) Complete the palindrome, which is recognised by Eco RI.
(itli) Name the enzyme that can link the two DNA fragments.
[Foreign 2008]

Ans.(i) A — Vector DNA, B-Foreign DNA

(i1) 5’- GAATTC-3’

3'- CTTAAG-5'

(iii) DNA ligase

3 Marks Questions



41. Name and describe the technique that helps in separating the DNA fragments formed
by the use of restriction endonuclease. [All India 2014]

Ans. DNA fragments formed by the use of restriction endonucleases are separated by gel
electrophoresis.

(i) DNA fragments are negatively charged molecules. Thus, they move towards the anode under
electric field through the medium.

(i) DNA fragments separate according to their size due to seiving effect of agarose gel.

(iii) The separated DNA fragments can be viewed by staining the DNA with ethidium bromide
followed by exposure to UV radiation.

(iv) The separated bands of DNA are cut and extracted from gel piece. This is known as elution.

42. Draw a schematic diagram of the colicloning vector pBR322 and mark the following in
it.

ori

rop

ampicillin resistance gene
tetracycline resistance gene
restriction site Bam HI
restriction site EcoRlI

or

(i) Draw schematic diagrams of segments of a vector and a foreign DNA with the sequence
of nucleotides recognised by Eco

(ii) Draw the vector DNA segment arid foreign DNA segments after the action of EcoRlI
and label the sticky ends produced. [Delhi 2014C]

or

Draw a schematic sketch of pBR322 plasmid and label the following in it

e Any two restriction sites.
e Oriandrop
« An antibiotic resistant gene. [Delhi 2012].



| Ans. coli cloning vector pBR322.

EcoRl —Cl@1__ ping 1

Pvu |

Pvu ll E.coli cloning vector pBR322
showing restriction sites (Hind I11, Eco Rl

Bam HI, Sal I, Pvu 11, Pst |, Cla I), ori and antibiotic resistance genes (amp™ and tet").

rop codes for the proteins involved in the replication of the plasmid.

or
The enzyme cuts both DNA Eco Rl cuts the DNA between bases
strands at the same site G and A only when the sequence
GAATTC is present in the DNA
Vector DNA Foreign DNA )
+ - [
G A AT [T] IC
G (T| |T| Al A G T g
t t
l EcoRI l
Sticky end
AN/ \"ENARNG L D7\,

Sticky end
DNA fragments join at sticky ends

NN\ G2\ N7,

Recombinant DNA
Steps in formation of recombinant DNA by the action of restriction

endonuclease enzyme-£Eco Rl (a) Restriction enzymes cut
the strand of DNA a little away from the centre of the palindrome sites, but between the same
two bases on the opposite strands.
(b) This leaves single stranded portions at the ends.
(c) There are overhanging stretches called sticky ends on each strands as given in above figure.




These are named so, because they form hydrogen bonds with their complementary cut
counterparts.

(d) The stickiness of the ends facilitates the action of the enzyme DNA ligase.

(e) Restriction endonucleases are used in genetic engineering to form recombinant molecules of
DNA, which are composed of DNA from different sources/genomes.

() These sticky ends are complementary to each other when cut by same restriction enzyme,
therefore can be joined together (end-to-end) using DNA ligases.43. What are ‘cloning sites’ in
a cloning vector? Explain their role. Name any two such sites in pBR322.  [All India
2014C]

Ans.The cloning sites are actually the specific unique recognition sequence for a particular
restriction enzyme, so as to link the foreign DNA with the vector DNA to create a recombinant
DNA molecules, (I) These sites are important for joining of DNA fragments of vector and alien
DNA. And also multiple recognition sequences for a particular restriction enzyme within a DNA
or vector will complicate the process of gene cloning.

The two cloning sites in pBR322 are Bam HI of tetracycline resistant gene and Pvu | of
ampiciMies resistant genes.

44. How are the DNA fragments separated and isolated for DNA fingerprinting?

Explain. [Foreign 2012]

Ans. DNA fragments formed by the use of restriction endonucleases are separated by gel
electrophoresis.

(i) DNA fragments are negatively charged molecules. Thus, they move towards the anode under
electric field through the medium.

(i1) DNA fragments separate according to their size due to seiving effect of agarose gel.

(iii) The separated DNA fragments can be viewed by staining the DNA with ethidium bromide
followed by exposure to UV radiation.

(iv) The separated bands of DNA are cut and extracted from gel piece. This is known as elution

45. (i) Why are restriction endonucleases, so called?

(if) What is a palindromic , nucleotide sequence? How do restriction endonucleases act on
palindromic sites, to create sticky ends?

[Delhi 2011C]

Ans. (i) Restriction endonucleases are so called because they recognise and make a cut at
specific positions within the DNA and restrict the growth of bacteriophage.

(ii) (@) The palindrome in DNA is a sequence of base pairs that reads same on the two strands of
DNA when orientation of reading is kept the same.

For example,

5>—GAATTG—3’

3’—CTTAAG—5'

(b) Restriction enzymes cut the strand of DNA a little away from the centre of palindrome site,
but between the same two bases in both the strands. This creates single stranded stretches,
overhanging at the ends of the palindrome, called sticky ends.

46. How are the following used in biotechnology?



e Plasmid DNA
« Recognition sequence
o Gel electrophoresis [All India 2011c]

Ans. (i) Plasmid DNA It is used for constructing recombinant DNA, by ligating the alien piece
of DNA with it. It is used as a cloning vector and helps in the selection of recombinants from
non-recombinants.

(if) Recognition sequences These are specific base sequences of DNA, where restriction enzyme
cuts the DNA. They are utilised to extract the desired gene or fragments from DNA molecules.
(iii) Gel electrophoresis It is a technique, used to separate the DNA fragments according to their
size through seiving effect of the gel.47. EcoRlI is used to cut a segment of foreign DNA and
that of a vector DNA to form a recombinant DNA. Show with the help of schematic
diagrams.

e The set of palindromic nucleotide sequence of base pairs the EcoRI will recognise in
both the DNA segments. Mark the site at which EcoRI will act and cut both the
segments.

o Sticky ends formed on both the segments, where the two DNA segments will join later
to form a recombinant DNA. [Delhi 2010]

Ans. Palindromic sequence of Eco RI is

5"G AATTC 3’

3CTTAAGS't

(the arrows indicate the site, where it cuts the strands.)
(i) Sticky ends formed on both the segments.



The enzyme cuts both DNA Eco Rl cuts the DNA between bases

i G and A only when the sequence
same sit
snce e B GAATTC is present in the DNA
Vector DNA Foreign DNA )
+ - [
A A A [T [T] IC T
CT| |TI A A G T g
t
l EcoRI
Stncky end

RN adan \ TTRYARNA

Sticky end
DNA fragmants join at sticky ends

WW

Recombinant DNA ;i
Steps in formation of recombinant DNA by the action of restriction

endonuclease enzyme-Eco Rl (a) Restriction enzymes cut
the strand of DNA a little away from the centre of the palindrome sites, but between the same
two bases on the opposite strands.
(b) This leaves single stranded portions at the ends.
(c) There are overhanging stretches called sticky ends on each strands as given in above figure.
These are named so, because they form hydrogen bonds with their complementary cut
counterparts.
(d) The stickiness of the ends facilitates the action of the enzyme DNA ligase.
(e) Restriction endonucleases are used in genetic engineering to form recombinant molecules of
DNA, which are composed of DNA from different sources/genomes.
(F) These sticky ends are complementary to each other when cut by same restriction enzyme,
therefore can be joined together (end-to-end) using DNA ligases.48. (i) Name the organism in
which the vector shown is inserted to get the copies of the desired gene.

e Mention the area labelled in the vector responsible for controlling the copy number
of the inserted gene.

o Name and explain the role of aselectable marker in the vector Shown. [All India
2010]



Ans. (i) Escherichia coli (E. coli)

(i) Ori in the vector is responsible for controlling the copy number of inserted gene.

(iii) The genes encoding resistance to antibiotics like tet” resistant to tetracycline, amp® resistant
to ampicillin are used as selectable markers. If a foreign DNA is ligated at the Bam HI site of
tetracycline resistance gene, the recombinant plasmids will lose the tetracycline resistance.

The selectable markers help in identifying and eliminating non-transformants and selectively
permitting the growth of transformants.

49. (i) EcoRl is a restriction endonuclease. How is it named so? Explain.

(if) Write the sequence of DNA bases that the enzyme recognises. Mention the point at
which the enzyme makes a cut in the DNA segment. [Delhi 2010c]

Ans.(I) Naming of restriction endonuclease are:

(i) The first letter of the name comes from the genus and next two letters from species of the
prokaryotic cell from where enzymes are extracted.

(ii) The Roman numbers following the name show the order in which the enzymes, were isolated
from the bacterial strain. For example, Eco Rl is derived from Escherichia coli RY 13, Hind Il
from Haemophilus influenzae Rd, etc.

(I1) The recognition sequence is a palindrome, where the sequence of the base pair reads the
same on both the DNA strands, when orientation of reading is kept same,

e.g., 5-GAATTC-3'

3- CTTAAG -5’

The enzyme Eco RI it cuts the DNA segment at bases G and A on both the strands only when the
sequence GAATTC

50. (i) Name the technique used for separation of DNA fragments.

o Write the type of matrix used in this technique.
e How is the separated DNA visualised and extracted for use in recombinant
technology? [All India 2010]




Ans. (i) Gel electrophoresis.

(i) The material used as matrix in gel electrophoresis is agarose.

This agarose gel acts as a sieve to separate the DNA fragments according to their size.

(iii) The separated DNA fragments are stained with ethidium bromide.

(a) By the exposure to UV radiation, the separated DNA fragments become visible as orange-
coloured bands.

(b) The separated bands of DNA are cut out from the agarose gel and DNA is extracted from
these gel pieces, this process is called elution.

51. (i) Identify the selectable markets in the diagram of E. coli vector shown below.
Clal~C

. , Pw il
(ii) How is the coding sequence of

a-galactosidase considered a

better marker than the ones

identified by you in the above

diagram. EXplaln' [Dethi 2009] A (i) A — Ampicillin resistanceD —

Tetracycline resistance are used as selectable markers in E.coli cloning vector.

(i) Coding sequence of a-galactosidase is a better marker, as the recombinants and non-
recombinants are differentiated on the basis of their ability to produce colour in the presence of a
chromogenic substrate, while the selection of recombinants due to inactivation of antibiotic
resistant gene is a tedious and time taking process to grow them simultaneously on two
antibiotics separately.

(a) Introduction of rDNA into the coding sequence of a-galactosidase leads to insertional
inactivation.

(i1) The recombinants do not produce a blue colour, while the non-recomninants produces a blue
colour.

52. Name and explain the techniques used in the separation and isolation of DNA
fragments to be used in recombinant DNA technology.

[All India 2009]

Ans.DNA fragments formed by the use of restriction endonucleases are separated by gel



electrophoresis.

(i) DNA fragments are negatively charged molecules. Thus, they move towards the anode under
electric field through the medium.

(i) DNA fragments separate according to their size due to seiving effect of agarose gel.

(iii) The separated DNA fragments can be viewed by staining the DNA with ethidium bromide
followed by exposure to UV radiation.

(iv) The separated bands of DNA are cut and extracted from gel piece. This is known as elution.

53. Why are genes encoding resistance of antibiotics considered useful selectable markers
for coli cloning vector? Explain with the help of one example. [Delhi 2009c]

Ans. The genes encoding resistance to antibiotics are cosidered useful selectable

markers because the normal £. coli cells do not carry resistance against any of these antibiotics.
Example A foreign DNA is ligated at the Bam HI site of tetracycline resistance gene in the
vector pBR322. The recombinant plasmids will lose tetracycline resistance due to the insertion of
foreign DNA but can still be selected from non-recombinants by plating the transformants on
ampicillin containing medium.

The transformants growing on ampicillin containing medium are then transferred on medium
containing tetracycline. The recombinants will not grow, while non-recombinants will grow on
the medium containing both the antibiotics. Antibiotic resistance gene, thus helps in selecting the
transformants.

54. (i) Write the palindromic nucleotidesequence for the following DNA segment
5'- GAATTC- 3’

« Name the restriction endonuclease that recognises this sequence.
o How are sticky-ends produced? Mention their role. [All India 2009]

Ans. (i) Palindromic sequence for

5'- GAATTC- 3’

3- CTTAAG -5".

(i) Restriction endonuclease Eco RI recognises the above palindromic sequence.

(iii)Sticky ends on DNA are formed by action of enzymes restriction endonucleases. These
enzymes cut the strand of DNA a little away from the centre of the palindrome sequence between
the same two bases on both the strands. This results in single stranded stretches on both the
complementary strands at their ends.

These overhanging stretches are called sticky ends as they form hydrogen bonds with the
complementary base pair sequences.

Role of the sticky ends These sticky ends produced form hydrogen bonds with their
complementary cut counterparts. This stickiness of the ends facilitates the action of the enzyme
DNA ligase.

55. (i) What are molecular scissors?
Give one example.



(if) Explain their role in recombinant DNA technology.

[Delhi 2008; Foreign 2008]

or

(i) Name the category of enzymes that cut at a specific site within the DNA molecule. Give
an example.

(ii) Explain, how do these enzymes function? Mention their use in genetic engineering. [All
India 2008C]

Ans. (i) Molecular scissors are the restriction endonucleases because they cut the DNA segments
at particular locations or specific sequence, e.g. Eco RI.

(i) The restriction enzymes cut the DNA strand a little away from the centre of the palindromic
sites, but between the same two bases on the opposite strands. This leaves single stranded
portions at the ends with overhanging stretches called sticky ends on each strand. These ends
form hydrogen bonds with their complementary cut counterparts. This stickiness of the ends
facilitates the action of the enzyme DNA ligase.

56. Why is Agrobacterium tumefaciens a good cloning vector? Explain.
[All India 2008]

Cla | ~ Hind I

Eco Rl ]l’ ok
Pvul ' '
Pst |

Pvu ll

Ans. Agrobacterium
tumefaciens is a soil bacterium, which causes disease in many dicot plants. It is a natural vector
as it is able to deliver a piece of DNA known as T-DNA to transform the normal cells into
tumour cells and direct these tumour cellsto produce the chemicals required by the pathogen.
The Tumour inducing (Ti) plasmid of A. tumefaciens has now been modified into a cloning
vector, which is no more pathogenic to the plants but still deliver the gene of interest, that gets
incorporated into genome of plant.



57. Explain the importance of

(i) ori (ii) amp® and (iii) rop in the E.coli vector shown below.

[All India 2008]

Ans.(i) Ori is the sequence of DNA from where replication starts and any piece of DNA, when
linked to this sequence can be made to replicate within the host cells.

It is also responsible for controlling the copy number of linked DNA.

(ii) amp" is an antibiotic resistance gene in which ligation of alien DNA is carried out at a
restriction site.

(iii) rop codes for the proteins involved in the replication of the plasmid.

58. A vector is engineered with three features, which facilitate its cloning within the host
cell. List the three features and explain each of them.

[Foreign 2008]

Ans. Features which facilitate cloning of vector are:

(i) Origin of replication (Ori)

e This is the sequence of DNA from where replication starts.

e Any piece of alien/foreign DNA linked to it is made to replicate within host cell. It also
decides the copy number of the linked[ DNA.
(ii) Selectable marker is a marker gene, which helps in selecting the host cells, which are
transformants/recombinants from the non-recombinant ones.
For example, ampicillin and tetracycline resistant genes in, £. coli.
(iii) Cloning site is a unique recognition site in a vector to link the foreign DNA. The
presence of a particular cloning/recognition site helps the partjcular restriction enzyme to
cut the vector DNA. Single recognition site is commonly preferred.
(iv) Small size of the vector The small size facilitates the introduction of the DNA into
the host easily.

59. Why a cell must be made competent to take up DNA?Explain the steps by which a
bacterial cells made competent to take up plasmid/rDNA. [Delhi 2008C]

Ans. DNA being a hydrophilic molecule cannot pass through cell membrane. Hence, the
bacterial cell is made competent to accept the DNA molecule. Thus, competency is the ability of
a cell to take up foreign DNA.

Following methods are used to make a bacterial cell competent:

the bacteria should be made competent to accept the DNA molecules,

(i) Competency is the ability of a cell to take up foreign DNA.

(if) Methods to make a cell competent are as follow.

(a2) Chemical method In this method, the cell is treated with a specific concentration of a
divalent cation such as calcium to increase pore size in cell wall.

e The cells are then incubated with recombinant DNA on ice, followed by placing



o them briefly at 42°C and then putting it back on ice. This is called heat shock treatment.
* This enables the bacteria to take up the recombinant DNA.
(b) Physical methods In this method, a recombinant DNA is directly injected into
the nucleus of an animal cell by microinjection method.
* In plants, cells are bombarded with high velocity microparticles of gold or
tungsten coated with DNA called as biolistics or gene gun method.
(c) Disarmed pathogen vectors when allowed to infect the cell, transfer the
recombinant DNA into the host.

60. Read the following base sequence of a certain DNA strand and answer the questions
that follow:

AIAIGIAJA|T|T|CIAA

...... em-madecsnnrfevwnmrdmccccvhssscvaPprsnasbonvaa --..-J----—q------)-.--.-...--. -y

TITIC|T{T{A|AIG|T|T

e What is called a palindromic sequence in a DNA?

e Write the palindromic nucleotide sequence shown in the DNA strand given and
mention the enzyme that will recognise such a sequence.

« State the significance of enzymes that identify palindromic nucleotide
sequences. [All India 2008C]

Ans. (i) Palindromic sequence in a DNA are base sequences that reads same, both in forward and
backward direction.

(i1) Palindromic sequence in DNA 5'- GAATTC- 3’

3-CTTAAG- 5’

The sequence reads the same on the two strands in 5’-> 3’ direction. This is also same if read in
the 3'->5" direction. Restriction endonuclease recognises such sequence.

DNA being a hydrophilic molecule cannot pass through cell membrane. Hence, the bacterial cell
is made competent to accept the DNA molecule. Thus, competency is the ability of a cell to take
up foreign DNA.

Following methods are used to make a bacterial cell competent:

the bacteria should be made competent to accept the DNA molecules,

(i) Competency is the ability of a cell to take up foreign DNA.

(if) Methods to make a cell competent are as follow.

(a) Chemical method In this method, the cell is treated with a specific concentration of a
divalent cation such as calcium to increase pore size in cell wall.

e The cells are then incubated with recombinant DNA on ice, followed by placing

them briefly at 42°C and then putting it back on ice. This is called heat shock treatment.
* This enables the bacteria to take up the recombinant DNA.
(b) Physical methods In this method, a recombinant DNA is directly injected into the nucleus of



an animal cell by microinjection method.

* In plants, cells are bombarded with high velocity microparticles of gold or

tungsten coated with DNA called as biolistics or gene gun method.

(c) Disarmed pathogen vectors when allowed to infect the cell, transfer the recombinant DNA
into the host.

Significance of restriction endonucleases They are used in genetic engineering to form
recombinant molecules of DNA,

which are composed of DNA from different sources/genomes and allow isolating the desired
gene fragment and joining it with host on vector DNA due to sticky ends generated.

5 Marks Questions

61. (i) Describe the characteristics a cloning vector must possess.

(i) Why DNA cannot pass through the cell membrane? Explain. How is a bacterial cell
made competent to take up recombinant DNA from the medium? [All India 2011]
Ans.(I) The following features are required tofacilitate cloning into a vector

Features which facilitate cloning of vector are:

(i) Origin of replication (Ori)

e This is the sequence of DNA from where replication starts.
e Any piece of alien/foreign DNA linked to it is made to replicate within host cell. It also
decides the copy number of the linked[ DNA.

(i1) Selectable marker is a marker gene, which helps in selecting the host cells, which are
transformants/recombinants from the non-recombinant ones.

For example, ampicillin and tetracycline resistant genes in, £. coli.

(iii) Cloning site is a unique recognition site in a vector to link the foreign DNA. The presence of
a particular cloning/recognition site helps the particular restriction enzyme to cut the vector
DNA. Single recognition site is commonly preferred.

(iv) Small size of the vector The small size facilitates the introduction of the DNA into the host
easily.

(11) DNA being a hydrophilic molecule cannot pass through cell membrane. Hence, the bacterial
cell is made competent to accept the DNA molecule. Thus, competency is the ability of a cell to
take up foreign DNA.

Following methods are used to make a bacterial cell competent:

the bacteria should be made competent to accept the DNA molecules,

(i) Competency is the ability of a cell to take up foreign DNA.

(if) Methods to make a cell competent are as follow.

(a) Chemical method In this method, the cell is treated with a specific concentration of a
divalent cation such as calcium to increase pore size in cell wall.

e The cells are then incubated with recombinant DNA on ice, followed by placing

them briefly at 42°C and then putting it back on ice. This is called heat shock treatment.
* This enables the bacteria to take up the recombinant DNA.
(b) Physical methods In this method, a recombinant DNA is directly injected into the nucleus of



an animal cell by microinjection method.

* In plants, cells are bombarded with high velocity microparticles of gold or

tungsten coated with DNA called as biolistic or gene gun method.

(c) Disarmed pathogen vectors when allowed to infect the cell, transfer the recombinant DNA
into the host.62. (i) With the help of diagrams show the different steps in the formation of
recombinant DNA by action of restriction endonuclease enzyme Eco RI.

(i) Name the technique that is used for separating the fragments of DNA cut by restriction
endonucleases. [All India 2011]

Ans. (i) Formation of recombinant DNA by the action of restriction endonuclease enzyme Eco
RI.

The restriction enzyme cuts both DNA strands at the same site, producing sticky ends.

The enzyme cuts both DNA Cod bl (e e BN efien Jante
- G and A only when the sequence
strands at the same site GAATTC is present in the DNA
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DNA fragments join at sticky ends
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Recombinant DNA
Steps in formation of recombinant DNA by the action of restriction

endonuclease enzYme—Eco RI (a) Restriction enzymes
cut the strand of DNA a little away from the centre of the palindrome sites, but between the same
two bases on the opposite strands.
(b) This leaves single stranded portions at the ends.
(c) There are overhanging stretches called sticky ends on each strands as given in above figure.
These are named so, because they form hydrogen bonds with their complementary cut
counterparts.
(d) The stickiness of the ends facilitates the action of the enzyme DNA ligase.
(e) Restriction endonucleases are used in genetic engineering to form recombinant molecules of
DNA, which are composed of DNA from different sources/genomes.
() These sticky ends are complementary to each other when cut by same restriction enzyme,
therefore can be joined together (end-to-end) using DNA ligases.
(i) Gel electrophoresis.




63. (i) Why are engineered vectors preferred by biotechnologists for transferring the
desired genes into another organism?(ii) Explain, how do ori, selectable marker and
cloning sites facilitate cloning into a vector? [Foreign 2009]

Ans. (1) Engineered vectors are preferred by biotechnologists because they help in easy linking
of foreign DNA and selection of recombinants from non-recombinants.

(1) Features which facilitate cloning of vector are:

(1) Origin of replication (Ori)

e This is the sequence of DNA from where replication starts.
« Any piece of alien/foreign DNA linked to it is made to replicate within host cell. It also
decides the copy number of the linked[ DNA.

(i) Selectable marker is a marker gene, which helps in selecting the host cells, which are
transformants/recombinants from the non-recombinant ones.

For example, ampicillin and tetracycline resistant genes in, £. coli.

(iii) Cloning site is a unique recognition site in a vector to link the foreign DNA. The presence of
a particular cloning/recognition site helps the particular restriction enzyme to cut the vector
DNA. Single recognition site is commonly preferred.

(iv) Small size of the vector The small size facilitates the introduction of the DNA into the host
easily.






