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Class 12 - Bistechnology - Unit I/

Recombinant DNA g
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CBSE Biotechnology (045) syllabus 2026-27 - board 2021 - Unit V Protein and Gene

anipul.a’rion = 40 marks of 10

| Chapter map

Tools Making rDNA
enzymes, vectors, hosts sticky ends, Ligation

rDNA technology

Into host, selection PCR, sequencing
markers, blue-white Sanger, RFLP

What is inside

1. Concept notes with labelled diagrams

2. Important fextbook questions, fully solved

3. Every CBSE board question of 2024, 2025, 2026 from this chapter, solved to the marking scheme

4. Practice, 20 MCQs, 6 A-R, answers, summary

red = key term green = definition

purple = sub-heading black = explanation

=high-frequency board topic

This chapter in the board paper

1 | year | | mark 2-§ marks

_ 1| 2024 | M13 rDNA steps (2); PCR (3); markers (3); Sanger (5)

;12025 | Tuligase; PCR; M13 | vectors / blue-white (3); Sanger (4); rDNA / RFLP (5)

' 12026 | restriction; M13 BAC / EcoRlI (2); selection (3); transfer / blue-white (3); PCR / RFLP (5)

s 2
X Don't do this: The most important chapter of the paper: 13-16 marks every year. PCR, Sanger sequencing

and blue-white selection come almost every year.
— \. 4

Based on the CBSE Biotechnology syllabus 2026-2% and the CBSE textbook. All answers written by us.
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Recombinant DNA (rDNA) technology is the joining of DNA from fwo different sources, generally a gene of inferest and

1. isolation of the DNA fragment with the gene of inferest (the insert)

Z-insertion thto a vector (e-g- ptasmid) o make TDNA

4_selection of host cells carrying the rDNA

5. multiplication of recombinant cells, which multiplies the rDNA (cLoning)

e e \ ‘
gene of cut with ligate info [ rDNA
interest same RE vector molecule
4 \ 4 N
selectand | _| transform
multiply ) E. coli

1.2 Restriction enzgmes Kk *kk

Restriction endonucleases (RE) are "molecular scissors" that cut DNA at speciﬁc recogni’rion sequences. In bacteria

they are a natural defence: they destroy invading viral (phage) DNA, while the bacterium's own DNA is protected by

mefhyl.aﬂon (restriction-modification sys’rem).

e recognition sites are usually palindromes of 4-8 bp (read the same 5—3 on both strands)

® Type ITKEs cut within The siTe; used in cloning

H [ [»]] [ L A R0 [ L. 2 [»1V2
hd numlng. CLORT = CoCICTICIimU COLL, STTUNTRT

(Smal: CCC"GGG)

A2
19, TS

——! EcoRl cut (2026 Q11b)

— 5' ACTAG"AATTCGCCA 3'
— 3" TGATCTTAA"GCGGT 5'

— Fragmen’rs:S' ACTAG 3' / 3' TGATCTTAA 5'and5' AATTCGCCA 3' / 3' GCGGT 5", each

with a 4-base AATT sticky end.

1.3 Other enz2ymes %%k

— DNA ligase

—— DNA polymerase
— alkaline phosphatase
—— polynucleotide

— | kinase

—— reverse

| franscriptase

joins DNA fragments by forming phosphodiester bonds; the one commonly used is from T4
bacteriophage

synthesises DNA; Taq pol.ymerase (Thermus oqua’ricus) is heat-stable, used in PCR
removes 5 phosphate; prevents self-ligation of vector

adds phosphate to 5 end (queu.ing)

makes cDNA from mRNA

Free sample - Class 12 Legal Studies (CBSE 074, 2026-27) - notesbazar.in



FREE SAMPLE | Buy the complete pack at notesbazar.in | page 3 of 10

VHBagay
terminal adds nucleotides to 3' ends (homopoLymer tails)
| fransferase
DNase | creates nicks (used in nick translation)

1.G Vectors kX

A vector is a DNA molecule that carries the insert info a host and replicates there. Features: origin of replication

(ori), a selectable marker, unique restriction sites (multiple cloning site, MCS), small. size.

plasmids extrachromosomal circular DNA; pBR322 (ampR, tet®), pUC series (LacZ, high copy)
bacteriophage | larger inserts (up to ~20 kb)
lambda
HM13 filamentous phage with single-stranded circular genome; infects E. coli with F plasmid (piLi);
replicates by rolling circle via a double-stranded replicative form (about 100 copies); gives
ssDNA for sequencing
cosmids plasmid + cos sites of lambda; ori, marker, RE sites; large inserts (~45 kb)
BAC based on the F (fer1'il.i1'y) plasmid of E. coli; replication and maintenance genes, selectable
marker, cloning sites; inserts up to 300 kb
| YAC, YEp yeast vectors; YAC for very large inserts
shuttle vectors | fwo ori and two markers: one set for E. coli, one for eukaryotic cells
expression carry transcription and translation signals (promoter, RBS) to express the foreign protein
— | vectors
| Tiplasmid Agrobacterium fumefaciens, for plants

1S Making the rDNA molecule Sk

2. mix: sticky ends base-pair (anneal)

3. DNA ligase seals the nicks (phosphodiester bonds): rDNA formed

Blunt ends can be joined by ligase less efficiently, or by adding linkers/adaptors or homopolymer tails (terminal

transferase). cDNA made from mRNA by reverse transcriptase is used to clone eukaryotic genes without introns (for

expression in bacteria).

V4 Intraducing tDNA inte hast colle i

transformation bacterial cells made competent with cold CaCL,, then heat shock (42 °C) so DNA enters

transfection DNA mixed with a charged substance (calcium phosphate, cationic liposomes, DEAE-dextran)

and overlaid on recipient animal cells
electroporation an electric pulse creates fransient microscopic pores in the membrane for DNA fo enter

biolistics (gene gold or tungsten microparticles coated with DNA are shot into cells (pLan’rs)
qun)

microinjection DNA injected directly into the nucleus (animal eqgs)

Agrobacterium natural plant transformation by Ti plasmid

| viral transduction | phages / viruses deliver DNA
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1.7 ldentification of recombinants Jk*

Selection is based on expression or non-expression of fraifs:

e antibiotic resistance (ampicillin, tetracycline, kanamycin)

. o / Il Le AY
— % enzymes tike beto=gutactosidase {cotour reaction)

oceont

o— Hunr +oin. CED
v uuTeSLeITTproTen.any

o nutritional dpppndpnrp ar indpppndpnrp (e g Leu2 gene for leucine c.\,m'i'hpcic. in \,/pnqﬂ

—— selectable marker gene trait / protein

— quR (bla) ampicillin resistance (beta-lactamase)
T fetf tetracycline resistance

| erp green fluorescence

| lacz beta-galactosidase (blue colour with X-gal)
 Lew2 enzyme for leucine synthesis

Inserting a gene inside a marker gene inactivates it. In pBR322, an insert in tet® makes recombinants ampicillin-

resistant but TeTracyche-sensmve (repuca pl.a’rlng).

— Btue-white setection (pUCT):

1. the vector carries ampR and the lacZ gene (MCS inside lacZ)

2-tacZ makes beta-gutactosidase, whichcteaves cotourtess X=gutinto o btue product

trox 4 : Hon F_coliis plated on mediulhith ampicillin + )(-gnl (+ IPTG inducer)

5. blue colonies: transformed (amp-resistant) but no insert

6. white colonies: amp-resistant with the insert (recombinants); untransformed cells do not grow

O\

O blue = vector only (lacZ active)

o
O O white = recombinant (lacZ broken)
o ©

plate: ampicillin + X-qal

N

9 Applications of rDNA 3

Kecombinant PY'OTEIHS (msuLm, gYOWTh hormone, vaccines), Transgemc crops and animals, gene Therapy (TIY'ST Tor ADA

——— H H - . L
—de'ﬁcuenty-/—setbrﬂ%é,—dmgmsmrbm-ﬁngu prinTig:

7. Y [y
110-Polymerase chainreaction (PER) ik *k

PCR is an in vitro method to make millions of copies of a specific DNA segment. Invented by Kary Mullis (1985). Needs:

femplate DNA, two primers, four dNTPs, Taq DNA polymerase, buffer with H92+, a thermal cycler.

| 1. denaturation ~94-95 °C: double-stranded DNA separates into single-stranded templates
2 anneal.ing ~50-60 °C: two primers bind to the 3" ends of the compLemenhry 1'emptq+e strands

| 3. extension ~%2°C: Taq polymerase extends each primer in the 53 direction using dNTPs
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Each cycle doubles the DNA: after n cycles, copies = N x 2". One cycle turns 2 molecules info 4; 3 molecules after 10

cycles give 3 x 210 = 30%2. Uses: diagnosis, forensics, cloning, sequencing, mutation detection.

dsDNA 94 °C denature 55 °C primers anneal

then 32 °C: Taq extends 5 t0 3 cycle repeats

1] o !
I-H-DNA sequencingSanger s wethod Sk

Chain-termination method (Frederick Sanger, 19%7). Principle: ddNTPs (2',3'-dideoxynucLeo’rides) lack the 3'-OH

group, so once added, the next nucleotide s 5 phosphate cannot form a phosphodiester bond and the chain terminates.

1. DNA to be sequenced is cloned in single-stranded form (M13 vector)

Z.Four fubes, each with ssDNA femplate, primer (radiolabelled), Tour dNTPs and DNA polymerase

move faster towards the anode

6. autoradiography; the gel is read from bottom fo top fo give the sequence 53" of the newly synthesised strand

(complementary to the template)

Primers are needed because DNA polymerase can only extend an existing 3'-OH; it cannot start a new chain.

Reading a sequencing gel

A & G T
A top()

L]

L]

I
L]
L]
A bottom (4)

Read bottom to top: 5 AT G C A G 3' (new strand). Template is the complement: 3' TACGTC 5.

Why bottom to fop? The shortest fragment (nearest the primer, the 5 end) runs fastest to the bottom; DNA is

Automated (single-tube) sequencing

Each ddNTP is tagged with a different fluorescent dye; one reaction tube and one gel Lane (capillary); a laser scans and

a computer reads the colour; safer (no radioisotopes), faster, results stored digi’rall,y.

112 RFLP k%

restriction enzyme in different individuals of a qppripc (due_to differences in RE sites)

1. isolate test DNA sampLes

2. digest each with the same restriction enzyme

3. separate fragments by agarose gel electrophoresis (Southern blot with probe)

4. analyse and compare band patterns

Free sample - Class 12 Legal Studies (CBSE 074, 2026-27) - notesbazar.in 5



FREE SAMPLE | Buy the complete pack at notesbazar.in | page 6 of 10
VHBagay

Uses: forensics (identify criminals), relate individuals (paternity fests), DNA fingerprinting, gene mapping, disease
diagnosis.

_ CBSE 2024 - 045 _The vector that infects E. coli with F-plasmid and has a single-stranded circular genome:
(A) A. tumefaciens (B) YEp (C) pBR322 (D) M13 n

Ans. (D) M13

_ c¢BsE 2025 - 045 _DNA ligase commonly used o make rDNA is isolated from: (A) T2 () T4 bacteriophage
(C) lambda (D) M13 07

Ans. (B) T4 bacteriophage

— (CBSE 2028 - 048
(D) two

Ans. (C) Four (each cycle doubles).

CBSE 2026 - 045 —The naturat defence mechanismof bacteria{restriction enzymes) isfor: 4

—Ans—C)Destructionof invading virat DNA:

CBSE 2026 - 045 A: M13 uses rolLing circle repLica’rion. R: A double-stranded repLica‘rive form is made,

I

which repl.lca’res to about a hundred copies per cell. tti

—Ans. (A) Both frue; Rexplains A.

CBSE 2024 - 045 Iustrate the s’reps in the construction of a recombinant DNA molecule. [2]

Ans. Draw as in 1.1/1.5: (1) the gene of inferest and the plasmid vector are cut with the same

restriction enzyme, producing complementary sticky ends; (2) the fragments are mixed, ends anneal,

and DNA ligase joins them, giving the rDNA molecule. [2]

¢BSE 2026 - 045 (A) On which pl.qsmid are BAC vectors based? List the important sequences. OR (B) Which

enzyme cleaves 5 ACTAGAATTCGCCA 3' (double-stranded)? Show the fragments. =

Ans. (A) The fertility (F) plasmid of E. coli. [1] Sequences: replication and maintenance genes,

selectable markers, cloning sites (any two). [% + ]

(B) EcoRl (site GAATTC). [1] Fragments as drawn in the box on page 2: SACTAG3 /3TGATCTTAAS and

5AATTCGCCA3 /3GCGGTS. 1% + %]

CBSE 2024 - 045 Exptain the s’reps involved in PCR ampLiﬁca’rion. 3]

Ans. Step 1, denaturation: at high temperature (~94°C) dsDNA separates info single-stranded

templates. Step 2, annealing: at 50-60 °C the two primers bind to the 3 ends of the femplates. Step 3,

extension: at ~¥2 "C each primer is extended by Taq DNA polymerase in the 5—3 direction using

dNTPs. The cycle Ts repeated; The DNA doubles each cycle. [Tx 3]
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CBSE 2024 - 045 Name three genes used as selectable markers in rDNA +echnology and the trait/ profein

. (3]
+he_y_sper|f\’1

—— CBSE 2026 - 04S
any three such traits (3]

Ans. (1) Antibiotic resistance: (2) beta—aalactosidase activitv: (3) a pratein such as GEP: (&)

_dependence or independence of a nutritional requirement, e g leucine (any three) [1x 3]

————————— (BSE 2025 - 045 —(A)Featuresincorporatedin-(i)-cosmids{ii)-shuttle-vectors(ii)-expression-veetors- OR—————
—(B)Explainblue-white selection. 3]

the insert to express the foreign pro‘rein. [1x3]

(B) Based on insertional inactivation of lacZ, which makes beta-qalactosidase that cleaves colourless X-

qal into a blue product. An insert in lacZ stops enzyme expression. Transformed E. coli are plated on

ampicillin + X-qal: blue colonies are transformed but have no insert; white colonies carry the

recombinant DNA. [3]

cBste 2026 - 045 (A) Explain (i) transfection (ii) electroporation (iii) biclistics. OR (B) Describe blue-
white selection. [3]

Ans. (A) (i) Transfection: foreign DNA is mixed with a charged substance (calcium phosphate, cationic

liposomes, DEAE-dextran) and overlaid on recipient cells. (i) Electroporation: an electric current

creates transient microscopic pores in the host cell membrane Jrh\rough which rDNA enters. (iii)

Biolistics: a gene qun bombards cells with microscopic gol.d or +ungs+en particles coated with DNA. [1x

3]

(B) Insertional inactivation of lacZ (beta-galactosidase) in pUC19; plating of transformed E. coli on

solid medium with ampicillin and X-gal.; blue = non-recombinant, white = recombinant. [1 x 3]

¢BSE 2025 - 045 Case (Sanger's method). (i) Why are primers required? (i) Difference between dNTPs and

ddNTPs; function of ddNTPs. (iii) Advantage of fluorescent ddNTPs in aufomated sequencing. OR (iii)

I1,9 )

)
I:nzyme used. 2+ .,

—Ans. () Onty primers can be extended by DNA potymerase using the single-stranded femplate as a

quide. {71 (i) dNTPs have a 3 -OH; ddNTPs tack the 3-OH. {1] ddNTPs terminate the growing chain where
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¢BSE 2024 - 045 (A) (i) dANTPs cause growing chains fo ferminate prematurely. Explain how. (ii) Write
the steps of Sanqger's method. OR (B) (i) Why is the autoradiogram read from bottom to top? (i) Why is

single-tube sequencing better and safer? (iii) Which vector for single-stranded cloning? [s3

Ans. (A) (i) dINTPs lack the 3'-hydroxyl, so no phosphodiester bond can form between their 3' end and

the 5 phosphate of the next nucleotide; the chain cannot extend and ferminates. [2] (ii) Four tubes, each

with ssDNA template, dNTPs, primer and DNA polymerase; a small amount of one ddNTP (ddATP, ddTTP,

ddGTP, ddCTP) added to each; prematurely terminated strands separated on special gels that resolve

one-nucleotide differences; shorter fragmen+s move faster towards the anode; radioactive primers allow

au’roradiography; the 9el, is read from bottom to Jrop to ge’r the 5—3 sequence. [3]

(B) (i) The fastest-moving, shortest fragment is at the 5 end (towards the anode); since DNA is

synthesised 553, reading from the bottom gives the sequence 5 3. [2] (i) Safer: fuorescent dyes

instead of radlmso"ropes. Betfer: automated, faster, smg'Le—'Lane 9e'L, resutts dlspi.ayed' ona compu"rer and

—stored T+ 1) +13=based vector- {11
— CBSE 2025 - 045~ (A) Describe the basic steps of rDNA fechnology. OR (B) Describe RFLP. Why is it used in
,

tvJ

forensics?

AMs. (R) ( |) Isotation of The DNA lragmeni withthe gene of inferest (mserl). (2) Generation of TDNA

by inserting it into a vector (ptasmid) that setf-replicates in the host. (3) Transfer of TDNA iAto E. coli

i}-Peseribe-the-steps—o —it arting-with-three-asBNA-motecutes-how-many
after 10-cycles? OR(8) Full form of RFLP; its principle; two-applications [51
aft . ; +4wo-applications.
4 4 H alany a ll a N angl 2 a a - L annea l! a B ° ..' ‘.l a

frqgmen’rs on el.ec’rrophoresis. [1] AppLicaﬁons (qny two): forensics (idenﬁfy criminals): reLa’ring

individuals; paternity testing; DNA fingerprinting. [1+ 1]

1. Why are restriction enzymes called molecular scissors? Why do 1'hey not cut the bacterium’s own DNA?

Ans. They cut DNA at specific recognition sequences, like scissors. The host's own DNA is me‘l’hyl,a‘l'ed at

those sites by a me+hquse, which blocks cutting (restriction-modification sys*em).

2. Distinquish sticky ends and blunt ends.

Ans. Sticky ends: staqqered cuts leave short single-stranded overhangs that pair with complementary

ends (EcoRl): efficient Liga’rion. Blunt ends: cut at the same _poin’r on both strands, no overhang (Smal);

ligation less efficient.
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3. State the features of a 9ood cLoning vector.

Ans. An origin of replication; selectable marker(s); unique restriction sites (MCS) preferably within a

marker; small size; high copy number; easy isolation.

4 Howare bacterial cells made competent?

_beq:l'_shock_qﬂZiC_heLps_DNA_gniu;_‘then cells gre returned to ice
20-MEQs
1. The first rDNA molecule was made by: 1. Gene qun uses particles of:
(A) Sanger (B) Kary Mullis (C) Paul Berg (D) (A) silver only (B) iron (C) gold or tungsten (D)
Watson glass
2. Restriction enzymes recognise: 12. Electroporation uses:
(A) palindromic sequences (B) introns (C) (A) electric pulses (B) heat (C) viruses (D)
promoters only (D) RNA liposomes
3. EcoRl recognition sife: 13. In blue-white selection, recombinant colonies are:
(A) CCCGGG (B) GGATCC (C) AAGCTT (D) (A) blue (B) white (C) green (D) red
SIE 14. X-gal is cleaved by:
4. Host DNA is protected from its own RE by: (A) ligase (B) beta-lactamase (C) beta-
(A) ligation (B) methylation (C) phosphorylation  galactosidase (D) kinase
() acetylation 15. PCR extension temperature:
5. DNA ligase forms: (A) about 4 °C (B) about 94 °C (C) about 3% °C (D)
(A) hydrogen bonds (B) phosphodiester bonds (C)  about 32 °C
peptide bonds (D) glycosidic bonds 16_Tao polvmerase comes from:

AR I it A
6cDNA is made by: (A) Thermus aquaticus (B)F coli (C) TY phage

_ (A)Taq polymerase (B) ligase (C) DNase | (D) (D) yeast

reverse *ranscrip’rqse

A3 Coanipe afdor B ~u-loc framm 4 malo il o
LIS \aUIJIDD uricl J \—Y\r\:DD TTUNT T 1TIVLCCULe
| 3 aaCPFors are based on the: (A) 32.(8) 10(C) 25.(b) 6

—%MMMMMQW—W ; stack:

Q r A ot
O. CUSITIUS CUTTTUITT.

19. The sequencing geL is read:

'''' right{D)anyway
9.-Shuttte vectors have: PORRERICIGE et o
(AN 7 Lo () /)
N/ Ul“-y U l." UITNUICT \D/7 TTUTHUracT (C/7 11U Orr v/ (A) PCR (B) mqklng |nSULIn (C) forensic
+un arinine af renlicatinn " " PIRN
TWVU UT ljlll-’ A~A ) |V'J|!|Uu||vll IdenTI“chlon (D) CLonIng onLy

10 Competent cells are made with:

- aTaA /o) on
— (A NaCtHB) CaCt {E) EDTALD)SDS

\ 2N a4 5 /xY ., 7 LTS WY WY
lLb/'éLH/‘)Ll)/“‘iLB)'S(B}‘$<b5‘7(#)‘s(Ci‘q(D)'10(3/‘”(0/‘/&(”/‘/5

@) 14 (c) 1S (D) 16 (A) 12 (A) 12 (D) 19 (B) .20 (C)
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Assertion—Reason (6)

(A) Both frue, R explains A. (B) Both true, R does not explain A. (C) A true, R false. (D) A false, R true.

1. A: ddNTPs terminate DNA synthesis. R: ddNTPs Lack the 3-OH group.

2. A: White colonies on X-gal plates carry recombinant plasmids. R: An insert in lacZ inactivates beta-galactosidase.

4, A: PCR uses ordinary E. coli DNA polymerase. R: PCR cycles go up fo about 34 °C.

5. A: M13 is used for Sanger sequencing. R: M13 gives single-stranded DNA.

6. A: Taq poLymemse is heat-stable. R: EcoRl produces s’ricky ends.

Key: 1 (A) -2 (A) -3(D) -4 () S 6(B)

P

nctlce rco.
W Wl W [ =2

VORDY SN |
Xam—styre

1. Why is alkaline phosphatase used on vectors? (2)

N

. How many DNA molecules from Z molecules aiter 6 PCK cycl.es.’ (’I)

Summary

° Sfeps: isolate insert, Ligqfe into vector, transform, select, muL’ripLy.

— e Enzymes: RE (pqLindromes, sﬁcky/ blunt; defence vs phqge; mefhytqﬁon), TY Ligase, Taq, reverse

I +rqnscrip+ase, alkaline phospha’rqse.

e Vectors: pBR322, pUC, Lambda, M13 (ssDNA, F pili, rolling circle), cosmid (cos), BAC (F plasmid), YAC, shuttle
(2 ori), expression (signals).

e Transfer: CaCl, + heat shock, transfection, electroporation, biolistics, microinjection.

o Selection: antibiotic resistance, beta-qal (blue-white), GFP, Leu2.

e PCR:94/55/%2°C; N x 2". Sanger: ddNTP, 4 tubes, read bottom to top; automated: dyes, laser. RFLP: forensics,
paternity.
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