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 What is gene manipulation?
Answer:
Gene manipulation is also known as genetic engineering. It refers to the deliberate alteration of 
the genetic material of an organism by manually adding new DNA. This process allows scientists 
to introduce novel traits that do not naturally occur in the organism.

 Why is gene manipulation performed?
Gene manipulation is performed to introduce new characteristics into organisms, to study genes 
and their functions, and to produce useful products. It enables controlled changes in genetic 
material for research and applied purposes.

Which types of organisms can be genetically engineered?
Microorganisms, plants, and animals can all be genetically engineered. Gene manipulation 
techniques are applicable across different biological systems.

 Describe the basic techniques used in genetic engineering.
The basic techniques include isolation of specific genes, cutting DNA at specific sites, joining 
DNA fragments, and introducing the recombinant DNA into a host organism. These steps allow 
controlled manipulation of genetic material.

 What is meant by transformation?
Transformation is the process of introducing foreign DNA into a host organism so that the host 
can express new genetic traits.

 Mention major applications of genetic engineering.
Major applications include production of useful biological products, improvement of organisms, 
and treatment of genetic diseases.

Define genetic engineering.
Genetic engineering is the manual addition of new DNA into an organism to create new 
combinations of genetic material and introduce new traits.

Why are multiple terms used for genetic engineering?
Different terms such as gene manipulation, gene cloning, recombinant DNA technology, and 
genetic modification are used because all describe different aspects of the same process of 
altering genetic material.
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Why is a legal definition of genetic engineering necessary?
A legal definition is necessary because genetic engineering involves deliberate changes to 
heritable material, which must be regulated to ensure controlled and safe use.

 State the legal definition of genetic engineering.
Genetic engineering is the formation of new combinations of heritable material by inserting 
nucleic acid molecules produced outside the cell into a vector system, allowing their 
incorporation and propagation in a host organism.

 What is the role of genetic engineering in basic research?
In basic research, genetic engineering is used to study gene replication, gene expression, and 
gene regulation in prokaryotes, eukaryotes, and viruses.

Explain the applied uses of genetic engineering.
Applied uses include the production of valuable metabolic products, development of transgenic 
organisms, environmental biotechnology applications, and gene therapy.

What is a genome?
A genome is the complete set of DNA present in an organism. It contains all the genetic 
information required for the growth, development, and functioning of the organism.

 What type of information does the genome contain?
The genome contains information needed for cellular processes, development, and inheritance. It 
serves as the biological blueprint of an organism.

 Define a gene.
A gene is a sequence of nucleic acids that is required for the synthesis of a functional polypeptide 
or a functional RNA molecule.

 Describe the structure of DNA bases.
DNA contains two types of nitrogenous bases:

• Purines: Adenine (A) and Guanine (G)

• Pyrimidines: Cytosine (C) and Thymine (T)

What are the known functions of DNA?
The primary functions of DNA are storage and transmission of biological information from one 
generation to the next.

How are genes related to genome function?
Genes are functional units within the genome. The combined action of all genes enables the 
genome to control growth, development, and cellular activities.
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 What is the central dogma of molecular biology?
The central dogma explains how genetic information flows inside a biological system. According 
to this concept, genetic information is first stored in DNA. This information is then transferred to 
RNA through transcription. Finally, RNA is translated into protein. Proteins carry out most 
cellular functions. Thus, information flows from DNA to RNA to protein.

Why is DNA replication necessary?
DNA replication is necessary because genetic information must be copied before a cell divides. 
During cell division, each daughter cell must receive the same genetic material. Replication 
ensures accurate duplication of DNA. Without replication, genetic information would be lost. 
Therefore, replication maintains genetic continuity.

 What is meant by genetic code?
The genetic code is the set of rules by which nucleotide sequences are converted into amino 
acids. It consists of triplet base sequences present in DNA and RNA. Each triplet specifies a 
particular amino acid. This code determines the structure of proteins. Hence, the genetic code 
links genes to proteins.

Define a codon.
A codon is a sequence of three nucleotide bases present on mRNA. Each codon corresponds to a 
specific amino acid. Codons are read during protein synthesis. They ensure correct placement of 
amino acids. Thus, codons play a key role in translation.

Explain the role of tRNA.

tRNA acts as an adaptor molecule during protein synthesis. It recognizes specific codons on 
mRNA. Each tRNA carries a particular amino acid. It brings the amino acid to the ribosome. In 
this way, tRNA helps convert genetic information into protein.

 Where does protein synthesis occur?
Protein synthesis occurs on ribosomes. Ribosomes read the mRNA sequence. They coordinate the 
binding of tRNA molecules. Amino acids are joined to form a polypeptide chain. Thus, ribosomes 
are the site of translation.

 What is molecular cloning?
Molecular cloning is the process of transferring a specific gene from a complex genome into a 
simpler genome. This allows the gene to be replicated easily. The cloned gene can be studied in 
detail. It also enables production of large quantities of DNA. Therefore, molecular cloning is 
essential in genetic engineering.
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 Explain in vitro recombination.
In vitro recombination refers to the cutting and joining of DNA outside the living cell. DNA 
molecules are broken using restriction enzymes. Desired fragments are then joined together. This 
process creates recombinant DNA. It is a fundamental step in gene manipulation.

Which enzymes are used in molecular cloning?
Restriction enzymes are used to cut DNA at specific sites. DNA ligase is used to join DNA 
fragments together. These enzymes allow precise manipulation of DNA. Without them, cloning 
would not be possible. They form the core tools of molecular cloning.

What is a cloning vector?
A cloning vector is a small DNA molecule that can replicate independently inside a host cell. It 
carries foreign DNA into the host. Vectors contain an origin of replication. This ensures 
multiplication of inserted DNA. Hence, vectors are essential for cloning.

 What are sticky ends?
Sticky ends are short single-stranded DNA overhangs produced by restriction enzymes. They can 
base-pair with complementary sequences. This makes joining of DNA fragments easier. Sticky 
ends increase ligation efficiency. Therefore, they are important in recombinant DNA formation.

 Define gene library.
A gene library is a collection of cloned DNA fragments. Each clone contains a different piece of 
DNA from the source organism. Together, these fragments represent the entire genome. Gene 
libraries are used to identify and study genes. They are an important genetic resource.

 What developments led to gene manipulation techniques?
Gene manipulation developed due to advances in genetic transformation. Techniques for cutting 
and joining DNA were discovered. Methods to monitor DNA reactions were also developed. 
These advances made controlled DNA manipulation possible. Together, they formed the 
foundation of genetic engineering.

 Why were early transformation experiments unsuccessful?
Early experiments failed because foreign genes were poorly expressed. The introduced DNA 
could not replicate efficiently. As a result, foreign DNA was not maintained. This limited stable 
transformation. These problems delayed early success in gene manipulation.
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 What happens if foreign DNA does not replicate?
If foreign DNA does not replicate, it becomes diluted during cell division. Eventually, it is lost 
from the cell population. Stable inheritance cannot occur without replication. Therefore, 
replication is essential for maintaining foreign DNA.

What is a replicon?
A replicon is a DNA molecule that contains an origin of replication. This origin allows the DNA 
to replicate independently. Replicons ensure stable maintenance of DNA in host cells. Vectors 
must contain a replicon. Without it, cloning fails.

 Why is integration of foreign DNA important?
Integration into the host genome allows foreign DNA to be inherited during cell division. 
Integrated DNA becomes stable. It replicates along with host DNA. This ensures long-term 
maintenance. Hence, integration is important for stable gene expression.

 Why was monitoring foreign DNA difficult initially?
Initially, there were no efficient techniques to detect foreign DNA. Scientists could not easily 
trace DNA inside cells. This made analysis difficult. Later, improved methods solved this 
problem. Early limitations slowed genetic engineering progress.

 What are fractals?
Fractals are structures that show self-similar patterns at different levels of scale. This means that 
a small part of a fractal resembles the whole structure. Fractals are used to describe complex 
natural shapes. They are not smooth or regular like classical geometric shapes. Fractals help in 
understanding irregular biological patterns. They are important in modeling natural systems.

 What is self-similarity?
Self-similarity is a key property of fractals. It means that parts of a structure look similar to the 
entire structure. This similarity occurs at different scales. Even when magnified, the same pattern 
appears again. Self-similarity is commonly observed in natural systems. It helps explain complex 
biological forms.
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 Define simulation.
Simulation is the process of imitating real-world biological systems using models. It allows 
observation of system behavior without real experimentation. Simulations are based on 
mathematical or computational models. They help analyze complex processes. Simulation 
reduces cost and risk. It is widely used in biological studies.

Why are fractals important in biology?
Fractals help describe complex and irregular biological structures. Many natural systems show 
fractal behavior. They allow better modeling of biological forms. Fractals explain patterns that 
traditional geometry cannot. They help in understanding growth and structure. Thus, fractals are 
useful in biological modeling.

What is the relationship between simulation and fractals?
Simulations are often used to model fractal structures. Fractal behavior can be reproduced using 
simulation techniques. This helps study complex natural patterns. Simulations allow testing of 
fractal models. They help visualize self-similarity. Together, they improve system understanding.

 What is DNA computing?
DNA computing is a form of computation that uses DNA molecules. It exploits the natural 
properties of DNA. DNA strands are used to store and process information. This type of 
computing performs many operations in parallel. DNA computing is inspired by biological 
systems. It offers an alternative to silicon-based computing.

What was Leonard Adleman’s contribution?
Leonard Adleman demonstrated the potential of DNA computing. He showed that DNA could 
solve computational problems. His experiment proved biological molecules can compute. This 
work introduced DNA as a computing medium. It opened a new research area. His contribution 
is foundational in DNA computing.

What are advantages of DNA computing?
DNA computing provides massive parallelism. It has very high data storage capacity. Many 
operations can occur simultaneously. It uses natural biological molecules. DNA computing is 
energy efficient. These advantages make it powerful for complex problems.
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 What is quantum computing?
Quantum computing uses principles of quantum mechanics. It processes information using 
quantum states. Quantum bits differ from classical bits. This computing method handles complex 
calculations. It is faster for certain problems. Quantum computing represents advanced 
computation.

 Why are natural materials important in computing?
Natural materials offer new computational possibilities. They go beyond traditional electronic 
systems. Biological materials process information efficiently. They inspire novel computing 
methods. Natural materials support parallel processing. Hence, they expand computing 
capabilities.

 What is a model?
A model is a simplified representation of a real system. It helps explain complex processes. 
Models focus on essential features. They make analysis easier. Models can be mathematical or 
conceptual. They are widely used in biology.

Why are models used in biological systems?
Biological systems are complex and difficult to study directly. Models simplify this complexity. 
They help understand system behavior. Models allow prediction of outcomes. They reduce 
experimental cost. Thus, models are essential tools.

What is a metaphor in modeling?
A metaphor is a conceptual comparison used in modeling. It explains complex systems using 
familiar ideas. Metaphors improve understanding. They make abstract concepts easier. 
Metaphors guide model development. They help communicate scientific ideas.

 What is feature selection?
Feature selection is choosing relevant variables for a model. It removes unnecessary 
information. This improves model performance. Feature selection reduces complexity. It 
increases accuracy. It is important in modeling systems.
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 Why is feature selection needed?
Too many features increase model complexity. Irrelevant features reduce accuracy. Feature 
selection simplifies models. It improves efficiency. It focuses on key variables. Thus, it enhances 
model quality.

 What is system modeling?
System modeling represents biological systems using models. It captures system behavior and 
interactions. Modeling simplifies complex systems. It allows analysis and prediction. Models can 
be tested repeatedly. System modeling supports understanding of biology.

What is abstraction in modeling?
Abstraction removes unnecessary details from a system. It focuses on important components. 
Abstraction simplifies models. It improves clarity and understanding. It reduces complexity. This 
makes modeling effective.

 What is simulation in modeling?
Simulation is running a model over time. It shows how a system behaves. Simulation tests model 
behavior. It allows prediction of outcomes. Simulations avoid real experiments. They are cost-
effective tools.

 Why are models preferred over real experiments?
Models reduce cost and time. They avoid ethical issues. Models allow repeated testing. They 
simplify complex systems. Changes are easy to apply. Therefore, models are preferred.

 What is a biological system?
A biological system is a group of interacting components. These components work together. The 
system performs specific functions. Interactions determine behavior. Systems can be simple or 
complex. Modeling helps understand them.

What is Determinism?
Determinism is the belief that events are caused by prior conditions. Given fixed laws, only one 
outcome is possible. Every event has a cause. Nothing happens randomly. Determinism assumes 
predictability. It is important in system modeling.
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 What is universal causation?
Universal causation means every event has a cause. No event occurs without reason. Causes 
determine outcomes. This supports deterministic thinking. It assumes order in nature. Universal 
causation underlies scientific models.

Who are fatalists?
Fatalists believe outcomes cannot be changed. They think actions have no effect. Events are 
predetermined. Human effort is meaningless. This differs from scientific determinism. Fatalism 
denies control over outcomes.

 How do determinists differ from fatalists?
Determinists believe outcomes follow laws. They accept cause and effect. Human actions matter 
within laws. Fatalists believe nothing can be changed. Determinism allows prediction. Fatalism 
rejects influence.

 Why is determinism important in modeling?
Determinism allows prediction of system behavior. Models rely on cause-effect relationships. 
Deterministic rules simplify analysis. They help simulate systems. Determinism supports 
repeatability. It strengthens scientific models.

 What is chaos theory?
Chaos theory studies systems sensitive to initial conditions. Small changes lead to large effects. 
Systems appear random but follow rules. Chaos is deterministic but unpredictable. It explains 
complex behavior. Chaos theory is important in modeling.

 What is sensitivity to initial conditions?
It means small changes produce large outcomes. Tiny differences grow over time. This makes 
prediction difficult. It is a key feature of chaos. Systems become unpredictable. Sensitivity limits 
long-term forecasts.

 Is chaos random?
Chaos is not random. It follows deterministic laws. Outcomes are rule-based. However, 
prediction is difficult. Complexity causes unpredictability. Thus, chaos is ordered complexity.
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 Why is chaos important in biological systems?
Biological systems show complex behavior. Chaos explains irregular patterns. It helps 
understand system dynamics. Chaos shows limits of prediction. It models real behavior. Thus, it 
is biologically relevant.

How does chaos differ from determinism?
Chaos is deterministic but unpredictable. Determinism assumes predictability. Chaos shows 
sensitivity to conditions. Both follow laws. Chaos limits long-term prediction. This distinction is 
important in modeling.

What is feedback?
Feedback is a process in which the output of a system is returned to its input. It influences future 
behavior of the system. Feedback helps regulate system performance. It is essential for control 
and stability. Biological systems widely use feedback. It allows systems to respond to changes.

 What is positive feedback?
Positive feedback amplifies changes in a system. The output increases the effect of the input. It 
leads to rapid growth or decline. Positive feedback drives systems away from equilibrium. It is 
useful in specific biological processes. However, it can cause instability.

What is negative feedback?
Negative feedback counteracts changes in a system. The output reduces the effect of the input. It 
helps maintain stability. Negative feedback keeps systems near equilibrium. It is common in 
biological regulation. This type of feedback promotes control.

Why is feedback important in biological systems?
Feedback allows systems to self-regulate. It maintains balance and stability. Feedback helps 
adapt to environmental changes. It controls system output. Without feedback, systems become 
unstable. Therefore, feedback is essential for life.

 Give an example of feedback in modeling.
In modeling, feedback is used to adjust system variables. Output is monitored and compared with 
desired behavior. Corrections are applied automatically. This improves model accuracy. 
Feedback enhances prediction. It is a core modeling concept.
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 What is a control system?
A control system is a system that manages and regulates behavior. It uses feedback to achieve 
desired output. Control systems monitor performance. They correct deviations automatically. 
Biological systems function as control systems. Control ensures stability.

 What is the purpose of control in systems?
Control maintains system stability. It ensures desired behavior. Control reduces error. It manages 
disturbances. Control helps systems adapt. Thus, control improves system performance.

 What is an open-loop system?
An open-loop system has no feedback. Output does not affect input. There is no correction 
mechanism. Such systems are simple. They cannot adjust to changes. Open-loop systems are less 
reliable.

 What is a closed-loop system?
A closed-loop system uses feedback. Output is compared with desired input. Errors are corrected 
automatically. Closed-loop systems are adaptive. They maintain stability. Most biological 
systems are closed-loop.

 Why are closed-loop systems preferred?
Answer:
They correct errors automatically. They adapt to changes. Stability is maintained. Performance 
is improved. Reliability is higher. Hence, closed-loop systems are preferred.

 What is homeostasis?
Answer:
Homeostasis is the maintenance of stable internal conditions. It keeps biological variables within 
limits. Feedback mechanisms regulate homeostasis. It is essential for survival. Homeostasis 
maintains balance. Biological systems depend on it.

 How is homeostasis achieved?
Answer:
Homeostasis is achieved through feedback control. Sensors detect changes. Control systems 
respond. Effectors restore balance. Negative feedback is commonly used. This keeps conditions 
stable.
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 Why is homeostasis important?
Answer:
It ensures proper cellular function. It prevents damage. It maintains internal balance. Without 
homeostasis, systems fail. It supports life processes. Thus, it is vital.

 What role does feedback play in homeostasis?
Answer:
Feedback detects deviations. It triggers corrective actions. Negative feedback restores balance. It 
prevents extreme changes. Feedback ensures stability. It is central to homeostasis.

Is homeostasis static or dynamic?
Answer:
Homeostasis is dynamic. Conditions fluctuate within limits. Adjustments are continuous. It 
responds to changes. Stability is maintained actively. It is not fixed.

What is adaptation?
Answer:
Adaptation is the ability of a system to adjust to changes. It allows survival in varying 
conditions. Adaptation improves system performance. Biological systems adapt continuously. It 
involves learning and adjustment. Adaptation enhances resilience.

Why is adaptation important in systems?
Answer:
Environments change constantly. Adaptation allows response to change. It prevents system 
failure. Adaptation improves efficiency. It supports long-term survival. Thus, adaptation is 
crucial.

 How is adaptation related to feedback?
Answer:
Feedback provides information about performance. Systems use this information to adapt. 
Adjustments are made over time. Feedback guides learning. Adaptation depends on feedback. 
They work together.

 Is adaptation instantaneous?
Answer:
No, adaptation occurs over time. Systems learn gradually. Repeated feedback is needed. 
Changes accumulate slowly. Adaptation is a process. It is not immediate.

 Why is adaptation important in modeling?
Answer:
Models must adjust to real data. Adaptation improves accuracy. It allows learning from errors. 
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Adaptive models are more realistic. They handle uncertainty better. Hence, adaptation is 
valuable.

 What is a learning system?
Answer:
A learning system improves performance over time. It uses experience and feedback. Errors 
guide improvement. Learning systems adapt behavior. They become more accurate. Learning 
enhances intelligence.

 How do learning systems use feedback?
Answer:
Feedback indicates performance quality. Errors are identified. Corrections are applied. Learning 
occurs gradually. Feedback drives improvement. It is essential for learning.

Why is learning important in natural computing?
Answer:
Natural systems learn from environment. Learning increases adaptability. It improves decision 
making. Learning handles uncertainty. It mimics biological intelligence. Thus, it is important.

 What is error correction in learning?
Answer:
Error correction reduces difference between desired and actual output. Errors guide 
adjustments. Learning minimizes error over time. Correction improves accuracy. It strengthens 
system performance.

 Give the role of learning in modeling.
Answer:
Learning refines models. It updates parameters. Performance improves with data. Learning 
models adapt. They become realistic. This enhances predictions.

 What is evolution in natural systems?
Answer:
Evolution is gradual change over time. Systems improve through variation. Selection favors 
better solutions. Evolution is adaptive. It operates without central control. Natural systems 
evolve continuously.

What role does variation play in evolution?
Answer:
Variation introduces differences. It provides multiple possibilities. Selection chooses best options. 
Without variation, evolution stops. Variation fuels evolution. It enables improvement.
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What is selection?
Answer:
Selection favors effective solutions. Poor solutions are eliminated. Selection improves 
performance. It guides evolution. Selection ensures adaptation. It is a key evolutionary process.

 Why is evolution important in modeling?
Answer:
Evolutionary models solve complex problems. They explore many solutions. They adapt over 
time. Evolution avoids fixed solutions. It improves optimization. Thus, evolution is useful.

How is evolution related to learning?
Answer:
Both improve performance over time. Learning acts within lifetime. Evolution acts across 
generations. Both use feedback. Both support adaptation. They complement each other.

 What is a genetic algorithm?
Answer:
A genetic algorithm is a computational method inspired by natural evolution. It searches for 
optimal solutions using selection, crossover, and mutation. Solutions are encoded as 
chromosomes. Populations evolve over generations. GAs handle complex problems efficiently. 
They are widely used in optimization and modeling.

 What are the main components of GA?
Answer:
Main components include population, selection, crossover, and mutation. The population 
contains potential solutions. Selection chooses the fittest solutions. Crossover mixes solutions to 
produce offspring. Mutation introduces random changes. These components simulate natural 
evolution.

 How does selection work in GA?
Answer:
Selection chooses the best solutions for reproduction. Fitter solutions have higher chances of 
selection. It ensures improvement over generations. Poor solutions are discarded. Selection 
guides the population toward optimal results. This mimics natural survival of the fittest.

What is crossover in GA?
Answer:
Crossover combines two parent solutions. Parts of chromosomes are exchanged. Offspring 
inherit traits from both parents. This introduces new combinations. Crossover explores the 
solution space. It increases diversity in the population.
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What is mutation in GA?
Answer:
Mutation introduces random changes in solutions. It prevents premature convergence. Mutation 
explores unexplored regions. It maintains diversity. Mutation ensures better global optimization. 
It mimics natural genetic variation.

What is a neural network?
Answer:
A neural network is a computing system inspired by the human brain. It consists of layers of 
interconnected nodes called neurons. Each neuron processes input and passes output to the next 
layer. Neural networks learn from data. They recognize patterns and make predictions. 
Applications include AI and modeling.

 How do neurons work in neural networks?
Answer:
Neurons receive inputs, process them, and generate outputs. Each input is multiplied by a weight. 
Summed input passes through an activation function. Output is transmitted to the next layer. 
Learning adjusts weights. Neurons collectively solve complex problems.

What is supervised learning in neural networks?
Answer:
Supervised learning uses labeled data. The network compares predictions with actual outputs. 
Errors are calculated. Weights are updated to minimize error. The process repeats until accuracy 
improves. Supervised learning is widely used in prediction tasks.

 What is backpropagation?
Answer:
Backpropagation is an error-correction method. Errors are propagated backward from output to 
input. Weights are adjusted at each neuron. This reduces error gradually. It enables learning in 
multi-layer networks. Backpropagation is central to training neural networks.

What are applications of neural networks?
Answer:
Neural networks are used in image recognition, speech processing, and bioinformatics. They 
model complex systems. They predict trends and patterns. Neural networks simulate biological 
intelligence. They improve decision-making. They are key tools in natural computing.

 What is a cellular automaton (CA)?
Answer:
A cellular automaton is a discrete computational system. It consists of a grid of cells. Each cell 
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has a finite state. Cells evolve according to local rules. CA can model complex behavior from 
simple rules. They are used in simulation and modeling.

 How do cells update in CA?
Answer:
Cells update their state based on neighbors. Rules determine the next state. Updates can be 
synchronous or asynchronous. Local interactions produce global patterns. Repeated iterations 
reveal system behavior. This illustrates emergent phenomena.

 What are the applications of CA?
CA is used in biological modeling, traffic simulation, and cryptography. It models growth, 
diffusion, and pattern formation. CA represents complex systems simply. It is computationally 
efficient. CA provides insights into dynamic behavior. It is widely applied in natural computing.

What is emergent behavior in CA?
Emergent behavior arises from local interactions of cells. Simple rules produce complex 
patterns. Behavior cannot be predicted from single cell alone. Emergence shows self-
organization. It is important in modeling natural systems. CA demonstrates this principle 
effectively.

How does CA relate to natural computing?
CA mimics decentralized biological processes. Local rules resemble natural interactions. 
Patterns emerge without central control. CA models adaptive and dynamic systems. It highlights 
complexity from simplicity. CA is a core tool in natural computing.

 What is swarm intelligence?
Swarm intelligence is collective behavior of decentralized agents. Simple individuals follow local 
rules. Global patterns emerge without central control. Swarms solve complex problems 
efficiently. Examples include ants, bees, and bird flocks. It inspires optimization algorithms in 
computing.

 How do agents in swarm communicate?
Agents communicate locally, directly or indirectly. Pheromones in ants are an example. 
Information guides individual actions. Collective decisions emerge from local interactions. 
Communication is simple but effective. This principle is applied in optimization algorithms.
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 What are applications of swarm intelligence?
Swarm intelligence is used in routing, optimization, and robotics. It solves NP-hard problems. It 
models biological behavior. Swarm-based algorithms include ACO and PSO. It improves system 
efficiency. Swarm intelligence mimics nature for computation.

 What is ant colony optimization (ACO)?
ACO is inspired by ant foraging behavior. Ants deposit pheromones to mark paths. Shorter paths 
attract more ants. Paths evolve toward optimal solutions. ACO solves routing and scheduling 
problems. It is a key swarm intelligence algorithm.

 What is particle swarm optimization (PSO)?
PSO simulates bird flocking or fish schooling. Particles adjust position based on own experience 
and neighbors. Velocity updates guide particles toward optimum. PSO finds global solutions 
efficiently. It is used in optimization and modeling. PSO is a powerful natural computing 
technique.

What is fuzzy logic?
Fuzzy logic allows reasoning with uncertainty. It uses degrees of truth instead of binary 
true/false. It models real-world vagueness. Fuzzy sets represent imprecise data. Rules describe 
relationships. Fuzzy logic is applied in control and decision-making.

 How are fuzzy sets different from classical sets?
Classical sets are binary, membership is 0 or 1. Fuzzy sets allow partial membership. Values 
range from 0 to 1. This represents uncertainty in real data. Fuzzy sets handle ambiguity. They are 
key to fuzzy systems.

 What are applications of fuzzy logic?
Fuzzy logic is used in control systems, robotics, and AI. It manages uncertain or imprecise data. 
Examples include temperature control and washing machines. Fuzzy logic mimics human 
reasoning. It improves system flexibility. Applications span engineering and modeling.

 How does fuzzy reasoning work?
Fuzzy reasoning uses if–then rules. Inputs are converted into fuzzy sets. Rules are applied to 
determine outputs. Defuzzification produces crisp output. It allows approximate reasoning. Fuzzy 
reasoning handles uncertainty efficiently.
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Why is fuzzy logic important in natural computing?
Natural systems are often uncertain. Fuzzy logic models vagueness realistically. It allows 
adaptive decision-making. It bridges computation and human reasoning. Fuzzy logic 
complements other natural computing methods. It is essential for modeling complex systems.

 What is artificial life?
Artificial life is the study of life-like behaviors in computers or simulations. It explores self-
organization, adaptation, and evolution. ALife mimics biological processes. It includes software, 
hardware, and robotic models. ALife helps understand natural life principles.

What are goals of artificial life?
Goals include understanding life processes, creating life-like models, and studying evolution. It 
simulates adaptation, learning, and self-replication. ALife explores emergent behavior. It 
provides insights into natural and artificial systems. Goals are both scientific and practical.

 What is self-organization in ALife?
Self-organization is pattern formation without central control. Local interactions lead to global 
order. Systems adapt dynamically. Examples include flocking and ant colonies. Self-organization 
illustrates emergent behavior. It is central to artificial life studies.

 How does ALife relate to natural computing?
ALife mimics biological intelligence and adaptation. Principles like evolution, learning, and self-
organization are used. Algorithms inspired by ALife solve complex problems. It bridges biology 
and computing. ALife contributes to modeling, optimization, and robotics.

 Give an application of ALife.
ALife is applied in simulations of ecosystems, artificial agents, and robotics. It studies 
adaptation, evolution, and emergent behavior. It tests hypotheses about natural systems. ALife 
improves understanding of complex systems. It supports bio-inspired algorithm development.

 What are DNA modifying enzymes?
DNA modifying enzymes alter DNA through degradation, synthesis, or modification. Examples 
include nucleases, polymerases, and ligases used in genetic engineering.
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 What is the role of DNA ligase?
DNA ligase seals breaks in DNA by forming phosphodiester bonds, joining DNA fragments to 
create recombinant molecules, essential in cloning.

What are the main methods for joining DNA fragments in vitro?
Methods include joining cohesive ends with DNA ligase, blunt-end ligation using T4 DNA ligase, 
and homopolymer tailing with terminal transferase.

What is homopolymer tailing?
Homopolymer tailing adds complementary single-stranded sequences to DNA ends, allowing 
annealing and ligation of different DNA fragments.

How does DNA ligase create recombinant DNA?
DNA ligase repairs nicks between DNA fragments with 5′ phosphate and 3′ OH groups, forming 
continuous duplex DNA in recombinant molecules.

 What is the optimum temperature for ligation?
Optimal ligation occurs at 4–15°C, balancing enzyme activity and stability of sticky-end 
hydrogen bonding during recombinant DNA formation.

 What is the role of alkaline phosphatase in cloning?
Alkaline phosphatase removes 5′ phosphate groups from linearized plasmid DNA, preventing 
vector recircularization and favoring insertion of foreign DNA.

 How does it increase recombinant formation?
By preventing self-ligation of vectors, it ensures that ligation primarily occurs between vector 
and foreign DNA, improving recombinant efficiency.

 What are linker molecules in DNA cloning?
Linkers are short synthetic DNA with restriction sites that convert blunt-ended DNA fragments 
into cohesive ends, facilitating ligation into vectors.
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 How are linkers used in cloning?
Linkers are attached to DNA ends, cut with restriction enzymes, and then ligated into vectors 
with compatible sticky ends, enabling cloning of blunt DNA fragments.

 What are adaptors in DNA cloning?
Adaptors are short DNA molecules with preformed cohesive ends, used to insert blunt-ended 
foreign DNA into vector sites efficiently.

How do adaptors differ from linkers?
Adaptors have cohesive ends, while linkers typically have blunt ends both allow joining of DNA 
fragments but are chosen based on cloning requirements.

 What are plasmids?
Plasmids are small, circular, double-stranded DNA molecules found in bacteria. They replicate 
independently of the host chromosome. Plasmids usually carry non-essential genes. These genes 
often provide selective advantages. Plasmids are widely used as cloning vectors.

Why are plasmids important in biotechnology?
Plasmids can carry foreign DNA into host cells. They replicate autonomously, increasing gene 
copies. Selectable markers help identify transformants. Plasmids are easy to isolate and 
manipulate. Hence, they are ideal tools in genetic engineering.

 What are different forms of plasmid DNA?
Plasmid DNA occurs as supercoiled (CCC), open circular (OC), and linear forms. CCC DNA 
has intact strands and supercoiling. OC DNA has a single-strand nick. Linear DNA has double-
strand breaks. These forms migrate differently in gels.

 How does interconversion of plasmid forms occur?
Interconversion occurs due to physical or chemical damage. Single-strand breaks convert CCC 
to OC DNA. Double-strand breaks produce linear DNA. Enzymes and mechanical stress cause 
these changes. This affects plasmid stability and analysis.

What is DNA supercoiling?

DNA supercoiling is the over- or under-winding of DNA helix. It is common in circular DNA. 
Negative supercoiling is most frequent in bacteria. It compacts DNA. It facilitates replication 
and transcription.
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 Why is supercoiled DNA important?
Supercoiled DNA occupies less space in cells. It migrates faster in gel electrophoresis. It is more 
stable than relaxed DNA. Supercoiling affects gene expression. It is regulated by topoisomerases.

What phenotypic traits are encoded by plasmids?
Plasmids encode antibiotic resistance genes. They may carry heavy-metal resistance genes. Some 
encode toxins or virulence factors. Others enable degradation of complex compounds. These 
traits help host survival.

What are cryptic plasmids?
Cryptic plasmids are plasmids with no known phenotype. They replicate normally in host cells. 
Their function is unknown. They may encode regulatory roles. Many natural plasmids are 
cryptic.

 What are conjugative plasmids?
Conjugative plasmids carry tra genes. These genes enable plasmid transfer by conjugation. 
Transfer occurs via sex pilus. They are usually large plasmids. Example includes F-plasmid.

 What are non-conjugative plasmids?
Non-conjugative plasmids lack tra genes. They cannot transfer independently. They may be 
mobilized by helper plasmids. These plasmids still replicate autonomously. They are common 
cloning vectors.

What is plasmid host range?
Host range refers to the number of species a plasmid can replicate in. Narrow host-range 
plasmids replicate in few species. Broad host-range plasmids replicate in many species. Origin 
of replication determines host range. RP4 is a broad host-range plasmid.

Why is host range important?
Host range determines vector usability. Broad host-range vectors are versatile. They are useful 
in different bacteria. Narrow host-range plasmids are host-specific. This affects cloning strategy.

 What is plasmid partitioning?
Partitioning ensures equal plasmid distribution during cell division. It prevents plasmid loss. 
Specific proteins assist partitioning. Proper partitioning increases stability. It is essential for 
low-copy plasmids.

What is segregative instability?

Segregative instability is plasmid loss from daughter cells. It occurs due to faulty partitioning. 
Cells lose plasmids without selection pressure. This reduces cloning efficiency. Stability systems 
prevent this loss.
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 What is plasmid incompatibility?
Plasmid incompatibility is inability of two plasmids to coexist stably. It occurs when plasmids 
share replication controls. One plasmid is lost during division. Incompatibility groups classify 
plasmids. Important in vector selection.

Why does incompatibility occur?
Plasmids compete for replication machinery. Similar control systems cause imbalance. Copy 
number regulation fails. One plasmid dominates. Hence coexistence becomes unstable.

What is alkaline lysis method?
Alkaline lysis is used to isolate plasmid DNA. NaOH denatures DNA. SDS lyses cells. 
Chromosomal DNA precipitates. Plasmid DNA remains soluble.

Why is alkaline lysis preferred?
It is rapid and efficient. It yields pure plasmid DNA. It selectively removes chromosomal DNA. It 
is suitable for small plasmids. Commonly used in labs.

What are ideal features of cloning vectors?
Vectors should be small in size. They must replicate independently. They need selectable 
markers. Unique restriction sites are required. High copy number is preferred.

Why are selectable markers important?
Selectable markers identify transformed cells. Antibiotic resistance is commonly used. Only 
transformed cells survive. This simplifies screening. It increases cloning efficiency.

Why are natural plasmids used as vectors?
They already replicate efficiently in hosts. Their structure is well studied. They carry selectable 
markers. They are stable inside cells. They are easily modified.

 Give an example of a natural plasmid vector.
ColE1 is a natural plasmid. It encodes colicin E1. It has a well-defined origin. Many modern 
vectors are derived from it. It forms basis of pBR vectors.

 What are artificial plasmids?
Artificial plasmids are engineered vectors. Derived from natural plasmids. Unnecessary genes 
are removed. Useful features are added. They improve cloning efficiency.

Why are artificial plasmids preferred?
They are smaller and stable. They have multiple cloning sites. Screening is easier. Copy number 
is optimized. Example includes pBR322.
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What are features of pBR322?
pBR322 is a cloning vector for E. coli. It has ampicillin and tetracycline resistance genes. It has 
unique restriction sites. It contains ColE1 origin. Used widely in cloning.

What is insertional inactivation?
Insertional inactivation disrupts marker genes. Foreign DNA insertion inactivates resistance 
gene. Recombinants lose resistance. This helps identify clones. Used in pBR322.

What are pUC vectors?
pUC vectors are small plasmids. They have high copy number. Derived from pBR322. Contain 
lacZ gene. Used for blue-white screening.

 Why are pUC vectors popular?
They yield high DNA amounts. Screening is easy. They have multiple cloning sites. Smaller size 
improves transformation. Widely used in labs.

Why is λ phage used as a vector?
λ phage carries large DNA inserts. It infects E. coli efficiently. DNA packaging is size-specific. 
Used in genomic libraries. High cloning efficiency.

What are λ insertion vectors?
Insertion vectors allow small DNA insertion. Foreign DNA is inserted without deleting phage 
DNA. Insert size is limited. Simple structure. Used for smaller fragments.

 What are cosmids?
Cosmids are hybrid vectors. They contain plasmid origin and λ cos sites. They replicate as 
plasmids. Can carry large inserts. Used in genomic libraries.

What is the advantage of cosmids?
They clone large DNA fragments. Stable in host cells. Easy to manipulate. Combine plasmid and 
phage advantages. Useful for genome mapping.

 What are phagemids?
Phagemids are plasmids with phage origins. They can produce single-stranded DNA. Require 
helper phage. Used in sequencing. Useful in mutagenesis.

Why are phagemids useful?
They allow plasmid and phage functions. Easy manipulation. Efficient sequencing. Flexible 
cloning. Widely used in molecular biology.
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 What are shuttle vectors?
Shuttle vectors replicate in two hosts. They contain two origins of replication. Selectable markers 
for both hosts exist. Used for gene expression. Common in yeast studies.

 Why are shuttle vectors important?
They allow gene transfer between species. Easy cloning in bacteria. Expression in eukaryotes. 
Save time and effort. Widely used in research.

What are YACs?
YACs are artificial chromosomes that function in yeast cells. They contain telomeres, a 
centromere, and an autonomously replicating sequence (ARS). YACs can carry very large DNA 
inserts. They behave like real chromosomes. Used in early genome mapping.

Why are YACs useful in cloning?
They allow cloning of very large DNA fragments. Suitable for eukaryotic DNA. They maintain 
genetic stability. Helpful in physical mapping of genomes. Used in Human Genome Project.

 What are BACs?
BACs are cloning vectors derived from F-plasmids. They carry large DNA fragments. BACs 
replicate at low copy number. They are highly stable. Widely used in genome sequencing.

 Why are BACs preferred over YACs?
BACs show greater stability. They have fewer rearrangements. Easy to manipulate in bacteria. 
Lower chances of chimerism. Preferred in modern genomics.

What is a cDNA library?
A cDNA library is a collection of cloned cDNA fragments. It represents expressed genes only. 
Synthesized from mRNA using reverse transcriptase. Introns are absent. Expression is tissue-
specific.

What are applications of cDNA libraries?
Used to study gene expression. Useful in protein production. Helps identify expressed genes. 
Used in functional genomics. Suitable for prokaryotic expression.

What is a genomic library?
A genomic library contains DNA fragments of the entire genome. Includes coding and non-
coding regions. DNA is fragmented and cloned into vectors. Independent of gene expression. 
Represents complete genome.

How is a genomic library different from cDNA library?
Genomic library contains introns. cDNA library lacks introns. Genomic library represents whole 
genome. cDNA represents expressed genes only. Applications differ accordingly.
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What is reverse transcriptase?
Reverse transcriptase synthesizes DNA from RNA templates. It requires a primer. Found in 
retroviruses. Used in cDNA synthesis. Essential in molecular cloning.

Why is reverse transcriptase important?
It enables cloning of eukaryotic genes. Helps study gene expression. Used in RT-PCR. Allows 
conversion of mRNA to DNA. Key tool in biotechnology.

 What are restriction enzymes?
Restriction enzymes cut DNA at specific sequences. They originate from bacteria. Protect 
bacteria from phages. Produce sticky or blunt ends. Essential for DNA cloning.

What are sticky and blunt ends?
Sticky ends have overhanging bases. They easily anneal with complementary ends. Blunt ends 
have no overhangs. Blunt-end ligation is less efficient. Both are used in cloning.

 What is the function of DNA ligase?
DNA ligase joins DNA fragments. It forms phosphodiester bonds. Seals nicks in DNA backbone. 
Requires ATP. Essential for recombinant DNA formation.

Why is ligase important in cloning?
It joins insert DNA to vector DNA. Ensures stable recombinant molecules. Without ligase, 
cloning fails. Sticky ends ligate efficiently. Used in all cloning protocols.

 What is bacterial transformation?
Transformation is uptake of naked DNA by bacteria. It can be natural or induced. Calcium 
chloride treatment increases permeability. Heat shock allows DNA entry. Used to introduce 
plasmids.

 Why is transformation important?
It introduces recombinant DNA into host cells. Enables cloning and expression. Allows selection 
of transformants. Fundamental technique in genetics. Used widely in labs.

 What is electroporation?
Electroporation uses electric pulses to introduce DNA. It creates temporary pores in membranes. 
Highly efficient method. Applicable to many cell types. Used for difficult cells.

 What are advantages of electroporation?
High transformation efficiency. Works with large plasmids. Applicable to bacteria and 
eukaryotes. Rapid method. Minimal chemical damage.
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What is selection in cloning?
Selection allows only transformed cells to grow. Usually uses antibiotic resistance. Non-
transformants die. Simplifies identification. Essential first step.

 What is screening in cloning?
Screening identifies recombinant clones. Uses color or marker changes. Blue-white screening is 
common. All cells grow but differ phenotypically. Used after selection.

What is blue-white screening?
It is a screening method using lacZ gene. X-gal substrate is used. Blue colonies are non-
recombinant. White colonies are recombinant. Easy visual identification.

Why is blue-white screening useful?
It saves time. No complex testing required. Visual distinction is clear. Widely used with pUC 
vectors. Efficient recombinant detection.

 What are reporter genes?
Reporter genes produce detectable signals. Indicate gene expression. Examples include lacZ and 
GFP. Used to study promoters. Common in expression analysis.

 Why are reporter genes important?
They help monitor gene activity. Easy detection of expression. Used in regulation studies. 
Quantitative and qualitative analysis. Essential research tools.

What are expression vectors?
Expression vectors produce proteins. They contain strong promoters. Ribosome binding sites 
present. Used in recombinant protein production. Example: pET vectors.

What features are needed in expression vectors?
Strong promoter. Correct reading frame. Terminator sequences. Selectable marker. Host-specific 
elements.

 What is a promoter?
A promoter is a DNA sequence initiating transcription. Binds RNA polymerase. Determines 
transcription strength. Located upstream of gene. Essential for expression.

Why are promoters important in cloning?
They control gene expression. Strong promoters increase protein yield. Inducible promoters 
allow control. Host-specific promoters are required. Affect expression efficiency.
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 What are inducible systems?
Inducible systems allow controlled gene expression. Expression occurs only after induction. 
Chemical inducers are used. Lac and T7 systems are common. Prevent toxicity.

Why are inducible systems preferred?
They prevent harmful protein accumulation. Allow timing control. Improve cell survival. Increase 
yield. Widely used in industry.

What are fusion proteins?
Fusion proteins combine two genes. One part is a tag. Aids purification or detection. Produced 
as single polypeptide. Common in biotechnology.

Why are fusion proteins useful?
They improve solubility. Simplify purification. Aid detection. Enhance stability. Used in 
recombinant protein production.

 What are affinity tags?
Affinity tags are short peptide sequences. Attached to proteins. Bind specific ligands. Enable 
purification. Examples include His-tag.

Give examples of common tags.
His-tag binds nickel columns. GST binds glutathione. FLAG tag used for detection. Tags can be 
removed. Simplify purification.

 What is PCR?
PCR amplifies specific DNA sequences. Uses primers and DNA polymerase. Includes 
denaturation, annealing, extension. Produces millions of copies. Essential molecular tool.

Why is PCR important?
Requires small DNA amount. Fast and sensitive. Used in cloning and diagnostics. High 
specificity. Widely used technique.

. What are applications of PCR?
Used in disease diagnosis. Forensic identification. Gene cloning. Pathogen detection. Research 
and medicine.

Why is PCR preferred in diagnostics?
High sensitivity. Detects low DNA levels. Rapid results. Specific amplification. Reliable method.

What is RT-PCR?
RT-PCR converts RNA to cDNA. Reverse transcriptase is used. Followed by PCR amplification. 
Measures gene expression. Used in virology.
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 Why is RT-PCR important?
Detects RNA viruses. Measures mRNA levels. Highly sensitive. Widely used in research. Accurate 
gene analysis.

 What is real-time PCR?
It monitors DNA amplification in real time. Uses fluorescent dyes or probes. Quantitative 
technique. Highly sensitive. Used in diagnostics.

 How is real-time PCR advantageous?
No post-PCR processing. Quantitative results. Rapid analysis. High accuracy. Clinical 
applications.

 What is DNA sequencing?
DNA sequencing determines nucleotide order. Sanger method uses chain terminators. Reveals 
genetic information. Used in genomics. Essential technique.

Why is sequencing important?
Identifies mutations. Studies genes. Enables genome projects. Diagnostic applications. Basis of 
genomics.

What is NGS?
NGS allows massive parallel sequencing. Generates large data quickly. Cost-effective. High 
throughput. Revolutionized genomics.

Q2. What are applications of NGS?
Whole genome sequencing. Cancer genomics. Transcriptomics. Metagenomics. Precision 
medicine.

What is bioinformatics?
Bioinformatics applies computation to biology. Analyzes biological data. Used in genomics. 
Handles large datasets. Essential modern tool.

Why is bioinformatics important?
Manages sequencing data. Predicts gene function. Analyzes protein structure. Saves time and 
cost. Supports research.

 What is gene annotation?
Gene annotation identifies genes in DNA sequences. Assigns functions. Uses databases. Follows 
sequencing. Essential for genome analysis.
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Why is gene annotation necessary?
Raw sequences lack meaning. Annotation gives biological context. Helps identify coding regions. 
Supports functional studies. Critical step.

 What are DNA microarrays?
Microarrays measure gene expression. Thousands of probes on chip. Hybridization-based 
detection. High throughput. Used in disease studies.

 Why are microarrays useful?
Analyze many genes simultaneously. Compare expression levels. Identify disease markers. Fast 
analysis. Useful in genomics.

What is RNA interference?
RNAi silences gene expression. Small RNAs degrade mRNA. Post-transcriptional regulation. 
Natural cellular mechanism. Used in research.

Why is RNAi important?
Studies gene function. Potential therapy. Highly specific. Efficient silencing. Powerful tool.

 What is CRISPR-Cas?
CRISPR-Cas is genome editing technology. Uses guide RNA and Cas enzyme. Creates precise 
DNA cuts. Enables gene editing. Widely used.

Why is CRISPR revolutionary?
High precision. Simple design. Cost-effective. Wide applications. Fast genome editing.

What is gene therapy?
Gene therapy treats diseases by gene delivery. Replaces defective genes. Uses viral vectors. 
Targets genetic disorders. Experimental therapy.

What are challenges of gene therapy?
Delivery efficiency. Immune responses. Ethical concerns. Long-term safety. Regulatory issues.

What ethical issues arise in biotechnology?
Genetic privacy concerns. Gene editing misuse. Environmental risks. Human cloning issues. 
Need strict regulation.

 Why are ethical guidelines important?
Prevent misuse of technology. Protect human rights. Ensure safety. Maintain public trust. Guide 
research responsibly.

 What are medical applications of recombinant DNA?
Production of insulin. Growth hormones. Vaccines. Diagnostic kits. Treatment of diseases.
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What are industrial and agricultural applications?
Improved crops. Pest resistance. Enzyme production. Biofuels. Environmental cleanup.

What is functional complementation?
 Functional complementation is when a DNA sequence restores a missing function in a mutant 
cell, allowing the wild-type phenotype to reappear. This is useful for selecting clones that express 
the desired gene.

 Give an example of functional complementation in cloning.
 Ratzkin and Carbon inserted yeast DNA into E. coli hisB mutants. Only bacteria receiving the 
yeast his gene could grow on minimal medium, allowing the isolation of clones carrying the 
expressed gene.

 What elements are essential for transcription in E. coli?
 Transcription requires a promoter recognized by E. coli RNA polymerase. Ideally, a 
transcription terminator at the 3′ end ensures proper termination. Without these elements, the 
gene may not be expressed.

 What factors affect translation efficiency?
 Translation requires a ribosome-binding site on the mRNA. Efficient translation also depends on 
correct mRNA structure and stability. Errors in any step can prevent functional protein synthesis.

 How do proteins enter the periplasm in E. coli?
 Proteins destined for secretion are synthesized with an N-terminal signal sequence. The general 
export pathway (GEP), involving Sec gene products, transports these proteins across the inner 
membrane into the periplasm.

What happens to the signal sequence during protein secretion?
 The N-terminal signal sequence is cleaved by signal peptidase during transport. This allows the 
protein to fold and function correctly in the periplasm or outer membrane.

 How are integral membrane proteins targeted in bacteria?
 Integral membrane proteins have a hydrophobic N-terminal signal sequence that anchors them 
to the membrane. This sequence mediates binding and maintains solubility for proper insertion.

 How are periplasmic or outer membrane proteins exported?
 Proteins with cleavable signal sequences are exported via seven general export pathways. Each 
system handles specific protein sets, ensuring transport through hydrophobic membrane 
barriers.
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 How can protein degradation in E. coli be prevented?
 Fusion proteins can stabilize foreign proteins. For example, somatostatin fused to β-
galactosidase avoids degradation and can later be cleaved chemically.

 How can mutant strains help protein stability?
Certain E. coli mutants lack proteases like Lon, reducing intracellular degradation and 
increasing stability of foreign proteins.

What is the consensus sequence for a strong E. coli promoter?
The consensus sequence includes a -35 region (5’-TTGACA) and a -10 Pribnow box (5’-
TATAAT), with transcription starting at +1.

Why is promoter control important?
Strong promoters can overexpress proteins, stressing the cell and causing mutations. 
Controllable promoters like trp or lac allow induction only under specific conditions.

What is the Shine-Dalgarno (S-D) sequence?
 The S-D sequence is a ribosome-binding site. Its complementarity to 16S rRNA affects 
translation efficiency; perfect match 5’-GGAGG-3’ maximizes protein synthesis.

What other sequence influences translation?
 The triplet immediately before the AUG start codon affects translation efficiency, with certain 
sequences promoting better initiation.

How does mRNA stability affect protein synthesis?
 Higher steady-state mRNA levels increase protein synthesis. Stability depends on the balance 
between mRNA synthesis and degradation.

How does codon choice influence expression?
 Codon usage correlates with tRNA abundance. Using preferred codons enhances translation 
efficiency and protein yield.

How does gene copy number affect expression?
Higher copy number increases mRNA levels, enhancing protein synthesis. Cloning a gene on a 
high-copy plasmid like pBR322 increases expression.

 Besides copy number, what affects transcription rate?
 Promoter strength is crucial. Strong promoters combined with multiple gene copies maximize 
protein production.

 What is segregative instability?
 Loss of plasmids due to defective partitioning during cell division is called segregative 
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instability. It leads to faster-growing cells without the recombinant plasmid dominating the 
culture.

How are plasmids naturally maintained?
Plasmids have partitioning functions (par genes) ensuring accurate segregation to daughter 
cells, maintaining stability over generations.

What causes structural plasmid instability?
 Structural instability arises from deletions, insertions, or rearrangements, often due to 
homologous recombination between short direct repeats.

In which plasmids is structural instability common?
 Early chimeric plasmids replicating in multiple hosts, as well as many viral and chromosomal 
DNAs, show spontaneous deletions and rearrangements.

 How can host physiology affect protein expression?
 Nutrient choice, growth conditions, temperature, and oxygen levels influence gene expression. 
Variations can enhance or reduce foreign protein synthesis.

 Has the effect of growth conditions been systematically studied?
 No systematic studies exist yet on how different conditions affect foreign protein expression in E. 
coli.

 Why is DNA sequencing important in modern biology?
 DNA sequencing provides the exact nucleotide order of DNA, essential for studying inherited 
disorders, gene manipulation, and creating restriction maps for precise DNA modifications.

 How is sequencing information applied in research?
 It allows identification of genes, planning genetic engineering, analyzing mutations, and 
designing probes or primers for further molecular experiments.

 What is the principle of the Maxam-Gilbert sequencing method?
It uses chemical reagents to cleave DNA at specific bases. End-labelled DNA fragments of 
different lengths are generated, which are separated on a gel to determine the sequence.

Why is this method less commonly used today?
It is labor-intensive, involves hazardous chemicals, and has largely been replaced by enzymatic 
chain-termination methods which are faster and safer.

 How does the Sanger method terminate DNA synthesis?
 It uses dideoxynucleotides (ddNTPs) that lack a 3′ hydroxyl group, stopping chain elongation 
when incorporated, producing fragments of varying lengths for sequencing.
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 What is required for initiating Sanger sequencing?
 A primer complementary to the target sequence, DNA polymerase, dNTPs, and low 
concentrations of ddNTPs to generate terminated fragments.

 How can autoradiography sensitivity be improved?
 By using lower-energy isotopes like 33P or 35S, or non-radioactive detection methods like 
chemiluminescence, chromogenic, or fluorogenic tags.

 How do modified DNA polymerases improve sequencing?
 Enzymes like T7 polymerase or Taq polymerase are more processive and incorporate ddNTPs 
evenly, producing uniform, readable sequencing ladders.

How does automated DNA sequencing detect fragments?
 Fluorescent dyes attached to ddNTPs or primers allow real-time detection of DNA fragments as 
they pass a detector during electrophoresis, enabling high-throughput sequencing.

 What is the advantage of using multiple fluorophores?
Different dyes allow all four chain-termination reactions to run in a single lane, simplifying 
detection and reducing manual handling. 

 What factors affect sequencing errors?
 Errors arise from ambiguous readings, secondary structures in the template, and long 
homopolymeric runs; longer sequences (>400 bp) have slightly higher error rates.

 How is high accuracy ensured despite errors?
By sequencing both strands and using multiple redundancy (e.g., 5–6 fold), overall error 
frequency is reduced to below 0.1%.

 Which major databases store DNA sequence information?
 NCBI (USA), DNA Data Bank of Japan, and the European Bioinformatics Institute (UK) 
exchange worldwide sequence data daily.

 Are there specialized genome databases?
Yes, including bacterial genome databases for E. coli, B. subtilis, and others managed by 
research institutes for complete genome sequencing.

What is the purpose of site-directed mutagenesis?
 It allows precise changes in a gene to study protein function or engineer proteins with improved 
properties.
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 How does it differ from random mutagenesis?
Only the target gene or specific region is altered, whereas random mutagenesis changes DNA 
unpredictably across the genome.

 What is cassette mutagenesis?
 A synthetic DNA fragment with desired mutations replaces the corresponding wild-type 
sequence in the gene, producing targeted variants.

What are the limitations of cassette mutagenesis?
 It requires unique restriction sites flanking the region and has practical limits on the number of 
oligonucleotide replacements.

How does the single-primer method work?
A synthetic oligonucleotide with a base mismatch primes DNA synthesis on a single-stranded 
template, creating heteroduplex DNA containing the mutation.

 How are mutants detected?
 By hybridization with a labelled probe that only binds the mutated sequence under stringent 
conditions.

 How does PCR enable mutagenesis?
 Primers with mismatched bases are incorporated during amplification, producing DNA 
fragments with the desired mutation.

What is an advantage of PCR-based mutagenesis?
 It can introduce mutations anywhere along a gene and achieves near 100% efficiency.

 What is PCR used for?
 PCR amplifies a target DNA sequence exponentially, producing millions of copies from minimal 
starting material.

What are the key components of PCR?
 DNA template, primers, DNA polymerase, dNTPs, buffer, and divalent cations (Mg²  or Mn² ).⁺ ⁺

 What are the main steps of a PCR cycle?
Denaturation (strand separation), annealing (primer binding), and extension (DNA synthesis by 
polymerase).

 What is the role of Taq polymerase in PCR?
A2: It is heat-stable, allowing DNA synthesis at high temperatures without replenishing the 
enzyme each cycle.
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Why was Taq polymerase significant for PCR?
 Its thermostability allows repeated denaturation cycles without adding new enzyme, enabling 
automation.

 What is a limitation of Taq polymerase?
 It lacks 3’-5’ proofreading, leading to potential incorporation errors during DNA amplification.

 What features make an effective PCR primer?
 17–30 bp length, ~50% GC content, minimal secondary structure, no long nucleotide repeats, 
and no complementarity between primers.

 Why is primer design crucial?
It determines PCR specificity and efficiency, affecting accurate amplification of the target 
sequence.

What are degenerate primers?
 A mixture of similar primers with variations at certain positions, used when the exact DNA 
sequence is uncertain.

 When are degenerate primers used?
 To deduce DNA from amino acid sequences or to find novel members of a gene family.

 What is multiplex PCR?
 Amplification of multiple DNA targets in a single reaction using multiple primer sets.

What is RT-PCR?
 Reverse transcriptase PCR converts RNA to cDNA, then amplifies it, useful for studying gene 
expression.

How does competitor RT-PCR quantify mRNA?
 By adding a known amount of competitor RNA and comparing band intensities of amplified 
products on a gel.

What is the role of reverse transcriptase?
 It converts mRNA into cDNA, which then serves as the template for PCR amplification.

 How does qPCR quantify DNA?
 Fluorescent probes emit signals during amplification; the intensity correlates with the amount of 
target DNA.

 How do probes improve specificity?
Fluorescent probes bind specific sequences and emit signal only when cleaved during primer 
extension, reducing background from non-specific products.
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 What is the principle of nested PCR?
 Two rounds of amplification using internal primers in the second round increase sensitivity and 
specificity of detecting low-abundance targets.

 What is a drawback of nested PCR?
 Risk of contamination during transfer between the first and second PCR reactions.

What problem does inverse PCR solve?
 It amplifies unknown sequences flanking a known DNA region by circularizing the fragment and 
designing primers facing outward.

 How are primers oriented in IPCR?
 Primers are designed to face away from each other in the known region, so after circularization, 
they enable amplification of flanking sequences.

What is South-Western blotting and how does it work?
South-Western blotting detects DNA-binding proteins without using antibodies. A plaque lift of 
the library is transferred to a nitrocellulose membrane and incubated with a radiolabelled DNA 
probe containing the recognition sequence. Proteins that bind the DNA are identified, allowing 
isolation of clones expressing specific transcription factors.

What is North-Western blotting and how is it different from South-Western?
North-Western blotting identifies RNA-binding proteins. The protein library is transferred to a 
membrane and incubated with a labelled RNA probe. Unlike South-Western, which detects DNA-
binding proteins, North-Western specifically isolates proteins interacting with RNA sequences.

 What are the applications of these blotting techniques?
 South-Western blotting is used to isolate cDNA clones of transcription factors, while North-
Western blotting helps identify RNA-binding proteins involved in post-transcriptional regulation. 
Both allow detection of proteins based on nucleic acid interaction rather than antibodies.

Good Luck 
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	What is gene manipulation?
	Why is gene manipulation performed? Gene manipulation is performed to introduce new characteristics into organisms, to study genes and their functions, and to produce useful products. It enables controlled changes in genetic material for research and applied purposes.
	Which types of organisms can be genetically engineered? Microorganisms, plants, and animals can all be genetically engineered. Gene manipulation techniques are applicable across different biological systems.
	Describe the basic techniques used in genetic engineering. The basic techniques include isolation of specific genes, cutting DNA at specific sites, joining DNA fragments, and introducing the recombinant DNA into a host organism. These steps allow controlled manipulation of genetic material.
	What is meant by transformation?
	Mention major applications of genetic engineering.
	Define genetic engineering.
	Why are multiple terms used for genetic engineering?
	Why is a legal definition of genetic engineering necessary?
	State the legal definition of genetic engineering.
	What is the role of genetic engineering in basic research?
	Explain the applied uses of genetic engineering.
	What is a genome?
	What type of information does the genome contain?
	Define a gene.
	Describe the structure of DNA bases.
	What are the known functions of DNA?
	How are genes related to genome function?
	What is the central dogma of molecular biology?
	Why is DNA replication necessary?
	What is meant by genetic code?
	Define a codon.
	Where does protein synthesis occur?
	What is molecular cloning?
	Explain in vitro recombination.
	Which enzymes are used in molecular cloning?
	What is a cloning vector?
	What are sticky ends?
	Define gene library.
	What developments led to gene manipulation techniques?
	Why were early transformation experiments unsuccessful? Early experiments failed because foreign genes were poorly expressed. The introduced DNA could not replicate efficiently. As a result, foreign DNA was not maintained. This limited stable transformation. These problems delayed early success in gene manipulation.
	What happens if foreign DNA does not replicate? If foreign DNA does not replicate, it becomes diluted during cell division. Eventually, it is lost from the cell population. Stable inheritance cannot occur without replication. Therefore, replication is essential for maintaining foreign DNA.
	What is a replicon? A replicon is a DNA molecule that contains an origin of replication. This origin allows the DNA to replicate independently. Replicons ensure stable maintenance of DNA in host cells. Vectors must contain a replicon. Without it, cloning fails.
	Why is integration of foreign DNA important? Integration into the host genome allows foreign DNA to be inherited during cell division. Integrated DNA becomes stable. It replicates along with host DNA. This ensures long-term maintenance. Hence, integration is important for stable gene expression.
	Why was monitoring foreign DNA difficult initially? Initially, there were no efficient techniques to detect foreign DNA. Scientists could not easily trace DNA inside cells. This made analysis difficult. Later, improved methods solved this problem. Early limitations slowed genetic engineering progress.
	What are fractals? Fractals are structures that show self-similar patterns at different levels of scale. This means that a small part of a fractal resembles the whole structure. Fractals are used to describe complex natural shapes. They are not smooth or regular like classical geometric shapes. Fractals help in understanding irregular biological patterns. They are important in modeling natural systems.
	What is self-similarity? Self-similarity is a key property of fractals. It means that parts of a structure look similar to the entire structure. This similarity occurs at different scales. Even when magnified, the same pattern appears again. Self-similarity is commonly observed in natural systems. It helps explain complex biological forms.
	Define simulation. Simulation is the process of imitating real-world biological systems using models. It allows observation of system behavior without real experimentation. Simulations are based on mathematical or computational models. They help analyze complex processes. Simulation reduces cost and risk. It is widely used in biological studies.
	Why are fractals important in biology? Fractals help describe complex and irregular biological structures. Many natural systems show fractal behavior. They allow better modeling of biological forms. Fractals explain patterns that traditional geometry cannot. They help in understanding growth and structure. Thus, fractals are useful in biological modeling.
	What is the relationship between simulation and fractals? Simulations are often used to model fractal structures. Fractal behavior can be reproduced using simulation techniques. This helps study complex natural patterns. Simulations allow testing of fractal models. They help visualize self-similarity. Together, they improve system understanding.
	What is DNA computing? DNA computing is a form of computation that uses DNA molecules. It exploits the natural properties of DNA. DNA strands are used to store and process information. This type of computing performs many operations in parallel. DNA computing is inspired by biological systems. It offers an alternative to silicon-based computing.
	What was Leonard Adleman’s contribution? Leonard Adleman demonstrated the potential of DNA computing. He showed that DNA could solve computational problems. His experiment proved biological molecules can compute. This work introduced DNA as a computing medium. It opened a new research area. His contribution is foundational in DNA computing.
	What are advantages of DNA computing? DNA computing provides massive parallelism. It has very high data storage capacity. Many operations can occur simultaneously. It uses natural biological molecules. DNA computing is energy efficient. These advantages make it powerful for complex problems.
	What is quantum computing? Quantum computing uses principles of quantum mechanics. It processes information using quantum states. Quantum bits differ from classical bits. This computing method handles complex calculations. It is faster for certain problems. Quantum computing represents advanced computation.
	Why are natural materials important in computing? Natural materials offer new computational possibilities. They go beyond traditional electronic systems. Biological materials process information efficiently. They inspire novel computing methods. Natural materials support parallel processing. Hence, they expand computing capabilities.
	What is a model? A model is a simplified representation of a real system. It helps explain complex processes. Models focus on essential features. They make analysis easier. Models can be mathematical or conceptual. They are widely used in biology.
	Why are models used in biological systems? Biological systems are complex and difficult to study directly. Models simplify this complexity. They help understand system behavior. Models allow prediction of outcomes. They reduce experimental cost. Thus, models are essential tools.
	What is a metaphor in modeling? A metaphor is a conceptual comparison used in modeling. It explains complex systems using familiar ideas. Metaphors improve understanding. They make abstract concepts easier. Metaphors guide model development. They help communicate scientific ideas.
	What is feature selection? Feature selection is choosing relevant variables for a model. It removes unnecessary information. This improves model performance. Feature selection reduces complexity. It increases accuracy. It is important in modeling systems.
	Why is feature selection needed? Too many features increase model complexity. Irrelevant features reduce accuracy. Feature selection simplifies models. It improves efficiency. It focuses on key variables. Thus, it enhances model quality.
	What is system modeling? System modeling represents biological systems using models. It captures system behavior and interactions. Modeling simplifies complex systems. It allows analysis and prediction. Models can be tested repeatedly. System modeling supports understanding of biology.
	What is abstraction in modeling? Abstraction removes unnecessary details from a system. It focuses on important components. Abstraction simplifies models. It improves clarity and understanding. It reduces complexity. This makes modeling effective.
	What is simulation in modeling? Simulation is running a model over time. It shows how a system behaves. Simulation tests model behavior. It allows prediction of outcomes. Simulations avoid real experiments. They are cost-effective tools.
	Why are models preferred over real experiments? Models reduce cost and time. They avoid ethical issues. Models allow repeated testing. They simplify complex systems. Changes are easy to apply. Therefore, models are preferred.
	What is a biological system? A biological system is a group of interacting components. These components work together. The system performs specific functions. Interactions determine behavior. Systems can be simple or complex. Modeling helps understand them.
	What is universal causation? Universal causation means every event has a cause. No event occurs without reason. Causes determine outcomes. This supports deterministic thinking. It assumes order in nature. Universal causation underlies scientific models.
	Who are fatalists? Fatalists believe outcomes cannot be changed. They think actions have no effect. Events are predetermined. Human effort is meaningless. This differs from scientific determinism. Fatalism denies control over outcomes.
	How do determinists differ from fatalists? Determinists believe outcomes follow laws. They accept cause and effect. Human actions matter within laws. Fatalists believe nothing can be changed. Determinism allows prediction. Fatalism rejects influence.
	Why is determinism important in modeling? Determinism allows prediction of system behavior. Models rely on cause-effect relationships. Deterministic rules simplify analysis. They help simulate systems. Determinism supports repeatability. It strengthens scientific models.
	What is chaos theory? Chaos theory studies systems sensitive to initial conditions. Small changes lead to large effects. Systems appear random but follow rules. Chaos is deterministic but unpredictable. It explains complex behavior. Chaos theory is important in modeling.
	What is sensitivity to initial conditions? It means small changes produce large outcomes. Tiny differences grow over time. This makes prediction difficult. It is a key feature of chaos. Systems become unpredictable. Sensitivity limits long-term forecasts.
	Is chaos random? Chaos is not random. It follows deterministic laws. Outcomes are rule-based. However, prediction is difficult. Complexity causes unpredictability. Thus, chaos is ordered complexity.
	Why is chaos important in biological systems? Biological systems show complex behavior. Chaos explains irregular patterns. It helps understand system dynamics. Chaos shows limits of prediction. It models real behavior. Thus, it is biologically relevant.
	How does chaos differ from determinism? Chaos is deterministic but unpredictable. Determinism assumes predictability. Chaos shows sensitivity to conditions. Both follow laws. Chaos limits long-term prediction. This distinction is important in modeling.
	What is feedback? Feedback is a process in which the output of a system is returned to its input. It influences future behavior of the system. Feedback helps regulate system performance. It is essential for control and stability. Biological systems widely use feedback. It allows systems to respond to changes.
	What is positive feedback? Positive feedback amplifies changes in a system. The output increases the effect of the input. It leads to rapid growth or decline. Positive feedback drives systems away from equilibrium. It is useful in specific biological processes. However, it can cause instability.
	What is negative feedback? Negative feedback counteracts changes in a system. The output reduces the effect of the input. It helps maintain stability. Negative feedback keeps systems near equilibrium. It is common in biological regulation. This type of feedback promotes control.
	Why is feedback important in biological systems? Feedback allows systems to self-regulate. It maintains balance and stability. Feedback helps adapt to environmental changes. It controls system output. Without feedback, systems become unstable. Therefore, feedback is essential for life.
	Give an example of feedback in modeling. In modeling, feedback is used to adjust system variables. Output is monitored and compared with desired behavior. Corrections are applied automatically. This improves model accuracy. Feedback enhances prediction. It is a core modeling concept.
	What is a control system? A control system is a system that manages and regulates behavior. It uses feedback to achieve desired output. Control systems monitor performance. They correct deviations automatically. Biological systems function as control systems. Control ensures stability.
	What is the purpose of control in systems? Control maintains system stability. It ensures desired behavior. Control reduces error. It manages disturbances. Control helps systems adapt. Thus, control improves system performance.
	What is an open-loop system? An open-loop system has no feedback. Output does not affect input. There is no correction mechanism. Such systems are simple. They cannot adjust to changes. Open-loop systems are less reliable.
	What is a closed-loop system? A closed-loop system uses feedback. Output is compared with desired input. Errors are corrected automatically. Closed-loop systems are adaptive. They maintain stability. Most biological systems are closed-loop.
	Why are closed-loop systems preferred?
	What is homeostasis?
	How is homeostasis achieved?
	Why is homeostasis important?
	What role does feedback play in homeostasis?
	Is homeostasis static or dynamic?
	What is adaptation?
	Why is adaptation important in systems?
	How is adaptation related to feedback?
	Is adaptation instantaneous?
	Why is adaptation important in modeling?
	What is a learning system?
	How do learning systems use feedback?
	Why is learning important in natural computing?
	What is error correction in learning?
	Give the role of learning in modeling.
	What is evolution in natural systems?
	What role does variation play in evolution?
	What is selection?
	Why is evolution important in modeling?
	How is evolution related to learning?
	What is a genetic algorithm?
	What are the main components of GA?
	How does selection work in GA?
	What is crossover in GA?
	What is mutation in GA?
	What is a neural network?
	How do neurons work in neural networks?
	What is supervised learning in neural networks?
	What is backpropagation?
	What are applications of neural networks?
	What is a cellular automaton (CA)?
	How do cells update in CA?
	What are the applications of CA? CA is used in biological modeling, traffic simulation, and cryptography. It models growth, diffusion, and pattern formation. CA represents complex systems simply. It is computationally efficient. CA provides insights into dynamic behavior. It is widely applied in natural computing.
	What is emergent behavior in CA? Emergent behavior arises from local interactions of cells. Simple rules produce complex patterns. Behavior cannot be predicted from single cell alone. Emergence shows self-organization. It is important in modeling natural systems. CA demonstrates this principle effectively.
	How does CA relate to natural computing? CA mimics decentralized biological processes. Local rules resemble natural interactions. Patterns emerge without central control. CA models adaptive and dynamic systems. It highlights complexity from simplicity. CA is a core tool in natural computing.
	What is swarm intelligence? Swarm intelligence is collective behavior of decentralized agents. Simple individuals follow local rules. Global patterns emerge without central control. Swarms solve complex problems efficiently. Examples include ants, bees, and bird flocks. It inspires optimization algorithms in computing.
	How do agents in swarm communicate? Agents communicate locally, directly or indirectly. Pheromones in ants are an example. Information guides individual actions. Collective decisions emerge from local interactions. Communication is simple but effective. This principle is applied in optimization algorithms.
	What are applications of swarm intelligence? Swarm intelligence is used in routing, optimization, and robotics. It solves NP-hard problems. It models biological behavior. Swarm-based algorithms include ACO and PSO. It improves system efficiency. Swarm intelligence mimics nature for computation.
	What is ant colony optimization (ACO)? ACO is inspired by ant foraging behavior. Ants deposit pheromones to mark paths. Shorter paths attract more ants. Paths evolve toward optimal solutions. ACO solves routing and scheduling problems. It is a key swarm intelligence algorithm.
	What is particle swarm optimization (PSO)? PSO simulates bird flocking or fish schooling. Particles adjust position based on own experience and neighbors. Velocity updates guide particles toward optimum. PSO finds global solutions efficiently. It is used in optimization and modeling. PSO is a powerful natural computing technique.
	What is fuzzy logic? Fuzzy logic allows reasoning with uncertainty. It uses degrees of truth instead of binary true/false. It models real-world vagueness. Fuzzy sets represent imprecise data. Rules describe relationships. Fuzzy logic is applied in control and decision-making.
	How are fuzzy sets different from classical sets? Classical sets are binary, membership is 0 or 1. Fuzzy sets allow partial membership. Values range from 0 to 1. This represents uncertainty in real data. Fuzzy sets handle ambiguity. They are key to fuzzy systems.
	What are applications of fuzzy logic? Fuzzy logic is used in control systems, robotics, and AI. It manages uncertain or imprecise data. Examples include temperature control and washing machines. Fuzzy logic mimics human reasoning. It improves system flexibility. Applications span engineering and modeling.
	How does fuzzy reasoning work? Fuzzy reasoning uses if–then rules. Inputs are converted into fuzzy sets. Rules are applied to determine outputs. Defuzzification produces crisp output. It allows approximate reasoning. Fuzzy reasoning handles uncertainty efficiently.
	Why is fuzzy logic important in natural computing? Natural systems are often uncertain. Fuzzy logic models vagueness realistically. It allows adaptive decision-making. It bridges computation and human reasoning. Fuzzy logic complements other natural computing methods. It is essential for modeling complex systems.
	What is artificial life? Artificial life is the study of life-like behaviors in computers or simulations. It explores self-organization, adaptation, and evolution. ALife mimics biological processes. It includes software, hardware, and robotic models. ALife helps understand natural life principles.
	What are goals of artificial life? Goals include understanding life processes, creating life-like models, and studying evolution. It simulates adaptation, learning, and self-replication. ALife explores emergent behavior. It provides insights into natural and artificial systems. Goals are both scientific and practical.
	What is self-organization in ALife? Self-organization is pattern formation without central control. Local interactions lead to global order. Systems adapt dynamically. Examples include flocking and ant colonies. Self-organization illustrates emergent behavior. It is central to artificial life studies.
	How does ALife relate to natural computing? ALife mimics biological intelligence and adaptation. Principles like evolution, learning, and self-organization are used. Algorithms inspired by ALife solve complex problems. It bridges biology and computing. ALife contributes to modeling, optimization, and robotics.
	Give an application of ALife. ALife is applied in simulations of ecosystems, artificial agents, and robotics. It studies adaptation, evolution, and emergent behavior. It tests hypotheses about natural systems. ALife improves understanding of complex systems. It supports bio-inspired algorithm development.
	What are DNA modifying enzymes? DNA modifying enzymes alter DNA through degradation, synthesis, or modification. Examples include nucleases, polymerases, and ligases used in genetic engineering.
	What is the role of DNA ligase? DNA ligase seals breaks in DNA by forming phosphodiester bonds, joining DNA fragments to create recombinant molecules, essential in cloning.
	What are the main methods for joining DNA fragments in vitro? Methods include joining cohesive ends with DNA ligase, blunt-end ligation using T4 DNA ligase, and homopolymer tailing with terminal transferase.
	What is homopolymer tailing? Homopolymer tailing adds complementary single-stranded sequences to DNA ends, allowing annealing and ligation of different DNA fragments.
	How does DNA ligase create recombinant DNA? DNA ligase repairs nicks between DNA fragments with 5′ phosphate and 3′ OH groups, forming continuous duplex DNA in recombinant molecules.
	What is the optimum temperature for ligation? Optimal ligation occurs at 4–15°C, balancing enzyme activity and stability of sticky-end hydrogen bonding during recombinant DNA formation.
	What is the role of alkaline phosphatase in cloning? Alkaline phosphatase removes 5′ phosphate groups from linearized plasmid DNA, preventing vector recircularization and favoring insertion of foreign DNA.
	How does it increase recombinant formation? By preventing self-ligation of vectors, it ensures that ligation primarily occurs between vector and foreign DNA, improving recombinant efficiency.
	What are linker molecules in DNA cloning? Linkers are short synthetic DNA with restriction sites that convert blunt-ended DNA fragments into cohesive ends, facilitating ligation into vectors.
	How are linkers used in cloning? Linkers are attached to DNA ends, cut with restriction enzymes, and then ligated into vectors with compatible sticky ends, enabling cloning of blunt DNA fragments.
	What are adaptors in DNA cloning? Adaptors are short DNA molecules with preformed cohesive ends, used to insert blunt-ended foreign DNA into vector sites efficiently.

