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MASTERING MOLECULAR BioLoay: A Deep Dive INTo CAaMPBELL BioLogy CHAPTER 30

CAMPBELL BIOLOGY CHAPTER 30 MOLECULAR BIOLOGY US DELVES INTO THE INTRICATE WORLD OF MOLECULAR BIOLOGY, A
CORNERSTONE OF MODERN BIOLOGICAL UNDERSTANDING. THIS CHAPTER IS ESSENTIAL FOR STUDENTS IN THE UNITED STATES
SEEKING A COMPREHENSIVE GRASP OF HOW LIFE'S FUNDAMENTAL PROCESSES OPERATE AT THE MOLECULAR LEVEL. WE WILL
EXPLORE THE REPLICATION OF DNA, THE CENTRAL DOGMA OF MOLECULAR BIOLOGY, TRANSCRIPTION AND TRANSLATION, GENE
REGULATION, AND THE SIGNIFICANT ADVANCEMENTS THAT HAVE REVOLUTIONIZED OUR UNDERSTANDING OF GENETIC INFORMATION.
THIS ARTICLE AIMS TO PROVIDE A DETAILED, ACCESSIBLE, AND SEO-oPTIMIZED OVERVIEW, EQUIPPING READERS WITH THE
KNOWLEDGE TO NAVIGATE COMPLEX MOLECULAR MECHANISMS. FROM THE DOUBLE HELIX TO PROTEIN SYNTHESIS, EACH CONCEPT
IS BROKEN DOWN TO FOSTER A DEEP AND LASTING COMPREHENSION OF THIS VITAL FIELD.

® [NTRODUCTION TO MOLECULAR BioLoGY AND DNA STRUCTURE
* DNA RepLICATION: THE BLUEPRINT OF LIFE

e THe CENTRAL DoGMA: FrRoM DNA To PrROTEIN

o TRANSCRIPTION: CoPYING THE GENETIC CODE

® TRANSLATION: SYNTHESIZING PROTEINS

o GENE REGULATION: CONTROLLING GENE EXPRESSION

® BIOTECHNOLOGY AND MOLECULAR BIOLOGY APPLICATIONS

THe FOUNDATION: DNA STRUCTURE AND FUNCTION

UNDERSTANDING THE DouBLE HELIX

CAMPBELL BioLoGY CHAPTER 30 BEGINS BY LAYING THE GROUNDWORK FOR UNDERSTANDING MOLECULAR BIOLOGY: THE
STRUCTURE OF DEOXYRIBONUCLEIC ACID (DNA) THIS REMARKABLE MOLECULE, THE CARRIER OF GENETIC INFORMATION IN
VIRTUALLY ALL LIVING ORGANISMS, IS FAMOUSLY DEPICTED AS A DOUBLE HELIX. THIS ICONIC STRUCTURE, ELUCIDATED BY
W/ ATSON AND CRICK, CONSISTS OF TWO COMPLEMENTARY STRANDS THAT COIL AROUND EACH OTHER. EACH STRAND IS A
POLYMER OF NUCLEOTIDES, AND THE ARRANGEMENT OF THESE NUCLEOTIDES DICTATES THE GENETIC CODE.

THE FOUR NUCLEOTIDE BASES FOUND IN DNA ARe ADENINE (A), GUANINE (G), cyTosINE (C), AND THYMINE (T). THESE BASES
PAIR SPECIFICALLY: ADENINE ALWAYS PAIRS WITH THYMINE (A-T) VIA TWO HYDROGEN BONDS, AND GUANINE ALWAYS PAIRS
WITH CYTOSINE (G-C) VIA THREE HYDROGEN BONDS. THIS COMPLEMENTARY BASE PAIRING IS FUNDAMENTAL TO DNA'S ABILITY
TO REPLICATE ACCURATELY AND TO TRANSCRIBE ITS GENETIC INFORMATION INTO RNA. THE SUGAR-PHOSPHATE BACKBONE
PROVIDES STRUCTURAL INTEGRITY, WITH DEOXYRIBOSE SUGARS LINKED BY PHOSPHODIESTER BONDS.

THe GeneTic CobDe

THE SEQUENCE OF THESE NUCLEOTIDE BASES ALONG A DNA STRAND FORMS THE GENETIC CODE. THIS CODE IS READ IN TRIPLETS

OF BASES CALLED CODONS. EACH CODON SPECIFIES A PARTICULAR AMINO ACID, THE BUILDING BLOCKS OF PROTEINS, OR SIGNALS
THE START OR STOP OF PROTEIN SYNTHESIS. THE UNIVERSALITY OF THE GENETIC CODE, WITH MINOR EXCEPTIONS, HIGHLIGHTS A
SHARED EVOLUTIONARY HISTORY AMONG ALL LIFE FORMS. UNDERSTANDING THE STRUCTURE OF DNA IS THEREFORE PARAMOUNT
TO COMPREHENDING ALL SUBSEQUENT MOLECULAR PROCESSES.



DNA RepLICATION: A Precise CoPYING MECHANISM

THe SEMI-CONSERVATIVE MODEL

ONE OF THE MOST CRUCIAL PROCESSES IN MOLECULAR BIOLOGY IS DNA REPLICATION, THE MECHANISM BY WHICH A CELL
DUPLICATES ITS DNA BEFORE CELL DIVISION. CAMPBELL BloLoGY CHAPTER 30 THOROUGHLY EXPLAINS THE SEMI-
CONSERVATIVE MODEL OF REPLICATION. THIS MODEL POSITS THAT WHEN A DNA MOLECULE REPLICATES, EACH OF THE TWO
DAUGHTER MOLECULES CONSISTS OF ONE ORIGINAL (PARENTAL) STRAND AND ONE NEWLY SYNTHESIZED STRAND. THIS ENSURES
THAT GENETIC INFORMATION IS FAITHFULLY PASSED FROM ONE GENERATION OF CELLS TO THE NEXT.

Key ENzYMES AND STEPS IN REPLICATION

THE REPLICATION PROCESS IS A COMPLEX DANCE ORCHESTRATED BY NUMEROUS ENZYMES. |T BEGINS AT SPECIFIC SITES ON THE
DNA CALLED ORIGINS OF REPLICATION. HELICASES UNWIND THE DNA DOUBLE HELIX, CREATING REPLICATION FORKS. SINGLE-
STRAND BINDING PROTEINS STABILIZE THE UNWOUND STRANDS, PREVENTING THEM FROM RE~-ANNEALING. DNA POLYMERASE IS THE
PRIMARY ENZYME RESPONSIBLE FOR SYNTHESIZING NEW DNA STRANDS BY ADDING NUCLEOTIDES COMPLEMENTARY TO THE
TEMPLATE STRAND. HO\X/EVER, DNA POLYMERASE CANNOT INITIATE SYNTHESIS; IT REQUIRES A SHORT RNA PRIMER SYNTHESIZED
BY AN ENZYME CALLED PRIMASE.

REPLICATION PROCEEDS BIDIRECTIONALLY FROM THE ORIGIN OF REPLICATION. ONE NEW STRAND, THE LEADING STRAND, IS
SYNTHESIZED CONTINUOUSLY IN THE 5 To 3’ DIRECTION. THE OTHER NEW STRAND, THE LAGGING STRAND, IS SYNTHESIZED
DISCONTINUOUSLY IN SHORT FRAGMENTS CALLED OKAZAKI FRAGMENTS, ALSO IN THE 5’ To 3’ DIRECTION. DNA LIGASE THEN
SEALS THE NICKS BETWEEN THESE OKAZAKI FRAGMENTS, FORMING A CONTINUOUS STRAND. PROOFREADING MECHANISMS CARRIED
ouT BY DNA POLYMERASE ITSELF ENSURE A REMARKABLY LOW ERROR RATE IN DNA REPLICATION.

THe CenTRAL DoGMA: THE FLow oF GENETIC INFORMATION

DNA 10 RNA TO PROTEIN

THE CENTRAL DOGMA OF MOLECULAR BIOLOGY, A CONCEPT CENTRAL TO CAMPBELL BioLoGy CHAPTER 30, DESCRIBES THE
FUNDAMENTAL FLOW OF GENETIC INFORMATION WITHIN A BIOLOGICAL SYSTEM. THIS DOGMA STATES THAT GENETIC
INFORMATION FLOWS FROM DNA To RNA AND THEN TO PROTEIN. DNA SERVES AS THE PERMANENT REPOSITORY OF GENETIC
INSTRUCTIONS, RNA ACTS AS A TRANSIENT MESSENGER MOLECULE, AND PROTEINS CARRY OUT MOST OF THE FUNCTIONAL
TASKS WITHIN A CELL.

TRANSCRIPTION AND TRANSLATION: THE Two KEYy PROCESSES

THIS UNIDIRECTIONAL FLOW IS PRIMARILY ACHIEVED THROUGH TWO MAJOR PROCESSES: TRANSCRIPTION AND TRANSLATION.
TRANSCRIPTION IS THE PROCESS BY WHICH THE GENETIC INFORMATION ENCODED IN DNA IS COPIED INTO A COMPLEMENTARY
MOLECULE OF MESSENGER RNA (MRNA). TRANSLATION IS THE PROCESS BY WHICH THE INFORMATION CARRIED BY MRNA IS USED
TO SYNTHESIZE A SPECIFIC SEQUENCE OF AMINO ACIDS, FORMING A POLYPEPTIDE CHAIN THAT FOLDS INTO A FUNCTIONAL
PROTEIN.

TRANSCRIPTION: SYNTHESIZING RNA FrRoM DNA



INITIATION, ELONGATION, AND TERMINATION

TRANSCRIPTION IS THE FIRST STEP IN GENE EXPRESSION, WHERE A SPECIFIC SEGMENT OF DNA Is copPieD INTO AN RNA MOLECULE.
THIS PROCESS OCCURS IN THE NUCLEUS OF EUKARYOTIC CELLS AND IN THE CYTOPLASM OF PROKARYOTIC CELLS. IT IS
CATALYZED BY AN ENZYME CALLED RNA poLYMERASE. Like DNA REPLICATION, TRANSCRIPTION CAN BE DIVIDED INTO THREE MAIN
STAGES: INITIATION, ELONGATION, AND TERMINATION.

INITIATION INVOLVES THE BINDING OF RNA POLYMERASE TO A SPECIFIC REGION OF DNA CALLED THE PROMOTER, LOCATED
UPSTREAM OF THE GENE TO BE TRANSCRIBED. IN EUKARYOTES, TRANSCRIPTION FACTORS ASSIST IN THIS BINDING. ELONGATION IS
THE PROCESS WHERE RNA POLYMERASE MOVES ALONG THE DNA TEMPLATE STRAND, SYNTHESIZING A COMPLEMENTARY RNA
MOLECULE BY ADDING NUCLEOTIDES. THIS RNA MOLECULE IS SYNTHESIZED IN THE 5’ To 3’ DIRECTION. TERMINATION OCCURS
WHEN RNA POLYMERASE ENCOUNTERS A TERMINATOR SEQUENCE IN THE DNA, SIGNALING THE END OF TRANSCRIPTION. THE
NEWLY SYNTHESIZED RNA MOLECULE THEN DETACHES FROM THE DNA TEMPLATE.

RNA PROCESSING IN EUKARYOTES

IN EUKARYOTIC CELLS, THE INITIAL RNA TRANSCRIPT, CALLED PRE‘MRNA, UNDERGOES SIGNIFICANT MODIFICATIONS BEFORE IT
CAN BE TRANSLATED. THESE MODIFICATIONS INCLUDE THE ADDITION OF A 5 CAP, A MODIFIED GUANINE NUCLEOTIDE, TO THE
BEGINNING OF THE MOLECULE AND A POLY-A TAIL, A STRING OF ADENINE NUCLEOTIDES, TO THE END. THESE MODIFICATIONS
PROTECT THE MRNA FROM DEGRADATION, FACILITATE ITS EXPORT FROM THE NUCLEUS, AND HELP IN RIBOSOME BINDING DURING
TRANSLATION. ADDITIONALLY, NON-CODING REGIONS CALLED INTRONS ARE REMOVED, AND THE CODING REGIONS CALLED EXONS
ARE SPLICED TOGETHER, A PROCESS KNOWN AS RNA SPLICING.

TRANSLATION: BUILDING PROTEINS FROM THE GENETIC CODE

THE RoLE oF RiBosoMEs AND TRNA

TRANSLATION IS THE INTRICATE PROCESS OF PROTEIN SYNTHESIS, WHERE THE GENETIC INFORMATION ENCODED IN MRNA Is
DECODED TO ASSEMBLE A SPECIFIC SEQUENCE OF AMINO ACIDS. THIS PROCESS TAKES PLACE IN THE CYTOPLASM ON STRUCTURES
CALLED RIBOSOMES. RIBOSOMES ARE COMPLEX MOLECULAR MACHINES COMPOSED OF RIBOSOMAL RNA (RRNA) AND PROTEINS,
AND THEY SERVE AS THE SITES WHERE MRNA CODONS ARE READ AND AMINO ACIDS ARE LINKED TOGETHER.

TransFER RNA (TRNA) MOLECULES PLAY A CRUCIAL ROLE IN TRANSLATION. EACH TRNA MOLECULE IS DESIGNED TO CARRY A
SPECIFIC AMINO ACID AND POSSESSES AN ANTICODON, A SEQUENCE OF THREE NUCLEOTIDES THAT IS COMPLEMENTARY TO A
sPECIFIC MRNA CODON. DURING TRANSLATION, THE ANTICODON OF A TRNA MOLECULE BINDS TO ITS CORRESPONDING CODON
ON THE MRNA STRAND, ENSURING THAT THE CORRECT AMINO ACID IS DELIVERED TO THE GROWING POLYPEPTIDE CHAIN. THIS
ENSURES THE FIDELITY OF PROTEIN SYNTHESIS.

THE STAGES OF TRANSLATION

TRANSLATION ALSO PROCEEDS IN THREE DISTINCT STAGES: INITIATION, ELONGATION, AND TERMINATION. INITIATION INVOLVES
THE ASSEMBLY OF THE RIBOSOME ON THE MRNA | THE BINDING OF THE INITIATOR TRNA CARRYING THE FIRST AMINO ACID, AND
THE ESTABLISHMENT OF THE READING FRAME. ELONGATION IS THE REPEATED CYCLE OF CODON RECOGNITION, PEPTIDE BOND
FORMATION BETWEEN THE INCOMING AMINO ACID AND THE GROWING POLYPEPTIDE CHAIN, AND TRANSLOCATION OF THE RIBOSOME
ALONG THE MRNA. TERMINATION OCCURS WHEN THE RIBOSOME ENCOUNTERS A STOP CODON ON THE MRNA | SIGNALING THE END
OF TRANSLATION. A RELEASE FACTOR BINDS TO THE STOP CODON, LEADING TO THE DISSOCIATION OF THE RIBOSOME, MRNA
AND THE NEWLY SYNTHESIZED POLYPEPTIDE CHAIN.

GeNE REGULATION: CONTROLLING WHICH GENES ARE EXPRESSED



THE IMPORTANCE OF GENE REGULATION

W/HILE ALL CELLS IN AN ORGANISM GENERALLY CONTAIN THE SAME SET OF GENES, THEY DIFFERENTIATE AND PERFORM SPECIALIZED
FUNCTIONS. THIS SPECIALIZATION IS ACHIEVED THROUGH GENE REGULATION, THE PROCESS BY WHICH CELLS CONTROL WHICH
GENES ARE TURNED ON OR OFF, AND TO WHAT EXTENT. CAMPBELL BioLoGY CHAPTER 30 HIGHLIGHTS THE IMMENSE IMPORTANCE
OF GENE REGULATION IN DEVELOPMENT, CELLULAR DIFFERENTIATION, AND RESPONSE TO ENVIRONMENTAL CHANGES.

MEecHANISMS OF GENE REGULATION

(GENE REGULATION CAN OCCUR AT MULTIPLE LEVELS, FROM DNA ACCESSIBILITY TO PROTEIN ACTIVITY. IN PROKARYOTES,
OPERONS, CLUSTERS OF GENES WITH RELATED FUNCTIONS THAT ARE TRANSCRIBED TOGETHER, ARE A KEY MECHANISM OF
REGULATION. THE LAC OPERON AND TRP OPERON ARE CLASSIC EXAMPLES ILLUSTRATING HOW GENE EXPRESSION CAN BE INDUCED
OR REPRESSED IN RESPONSE TO SPECIFIC MOLECULES.

IN EUKARYOTES, GENE REGULATION IS FAR MORE COMPLEX AND INVOLVES A WIDER ARRAY OF MECHANISMS. THESE INCLUDE:

® CHROMATIN MODIFICATION: ALTERING THE STRUCTURE OF CHROMATIN (DNA AND ASSOCIATED PROTEINS) TO MAKE
GENES MORE OR LESS ACCESSIBLE FOR TRANSCRIPTION.

® TRANSCRIPTIONAL CONTROL: REGULATING THE INITIATION OF TRANSCRIPTION THROUGH TRANSCRIPTION FACTORS AND
ENHANCERS.

® POST-TRANSCRIPTIONAL CONTROL: MODIFYING RNA AFTER TRANSCRIPTION, SUCH AS THROUGH ALTERNATIVE SPLICING
OR REGULATING MRNA STABILITY.

® TRANSLATIONAL CONTROL: REGULATING THE RATE AT WHICH MRNA IS TRANSLATED INTO PROTEIN.

® POST-TRANSLATIONAL CONTROL: MODIFYING PROTEINS AFTER THEY HAVE BEEN SYNTHESIZED TO ALTER THEIR ACTIVITY
OR STABILITY.

THESE REGULATORY MECHANISMS ENSURE THAT GENES ARE EXPRESSED ONLY WHEN AND WHERE THEY ARE NEEDED, MAINTAINING
CELLULAR EFFICIENCY AND ORGANISMAL HOMEOSTASIS.

BIOTECHNOLOGY AND MOLECULAR BloLOGY APPLICATIONS

REVOLUTIONIZING MEDICINE AND AGRICULTURE

THE PRINCIPLES OF MOLECULAR BIOLOGY HAVE LED TO REVOLUTIONARY ADVANCEMENTS IN VARIOUS FIELDS, PARTICULARLY IN
BIOTECHNOLOGY. CAMPBELL BioLoGY CHAPTER 30 OFTEN TOUCHES UPON THESE PRACTICAL APPLICATIONS, SHOWCASING THE
POWER OF UNDERST ANDING MOLECUL AR MECHANISMS. TECHNIQUES SUCH AS RECOMBINANT DNA TECHNOLOGY, POLYMERASE
cHAIN REACTION (PCR), AND GENE EDITING (LIKE CRISPR-CAS9) HAVE TRANSFORMED MEDICINE, AGRICULTURE, AND FORENSIC
SCIENCE.

EXAMPLES OF APPLICATIONS

IN MEDICINE, MOLECULAR BIOLOGY HAS ENABLED THE DEVELOPMENT OF DIAGNOSTIC TOOLS FOR GENETIC DISEASES, THE
PRODUCTION OF THERAPEUTIC PROTEINS LIKE INSULIN, AND THE CREATION OF NOVEL GENE THERAPIES. IN AGRICULTURE, IT HAS
LED TO THE DEVELOPMENT OF GENETICALLY MODIFIED CROPS WITH ENHANCED YIELDS, NUTRITIONAL VALUE, AND PEST
RESISTANCE. FORENSIC SCIENCE UTILIZES DNA FINGERPRINTING FOR IDENTIFYING INDIVIDUALS. THE CONTINUOUS RESEARCH AND
INNOVATION IN MOLECULAR BIOLOGY PROMISE EVEN MORE GROUNDBREAKING DISCOVERIES AND APPLICATIONS IN THE FUTURE,
UNDERSCORING ITS SIGNIFICANCE IN CONTEMPORARY SCIENCE.



FREQUENTLY Askep QuesTions (FAQ)

Q: WHAT IS THE PRIMARY FOCUS OF CAMPBELL BioLoGY CHAPTER 30 IN THE US
CURRICULUM?

A: CaMpPBELL BioLoGY CHAPTER 30 IN THE US CURRICULUM PRIMARILY FOCUSES ON THE FUNDAMENTAL PRINCIPLES OF
MOLECULAR BIOLOGY, INCLUDING DNA STRUCTURE, DNA REPLICATION, TRANSCRIPTION, TRANSLATION, GENE REGULATION, AND
THE PRACTICAL APPLICATIONS OF MOLECULAR BIOLOGY IN BIOTECHNOLOGY.

Q: How poes DNA REPLICATION ENSURE ACCURATE TRANSMISSION OF GENETIC
INFORMATION?

A: DNA REPLICATION ENSURES ACCURATE TRANSMISSION THROUGH ITS SEMI-CONSERVATIVE NATURE, WHERE EACH NEW DNA
MOLECULE CONSISTS OF ONE PARENTAL STRAND AND ONE NEWLY SYNTHESIZED STRAND. PROOFREADING MECHANISMS EMPLOYED
BY DNA POLYMERASE FURTHER MINIMIZE ERRORS DURING REPLICATION.

Q: WHAT IS THE CENTRAL DOGMA OF MOLECULAR BIOLOGY, AND WHAT ARE ITS KEY
COMPONENTS?

A: THE CENTRAL DOGMA DESCRIBES THE FLOW OF GENETIC INFORMATION FROM DNA To RNA To PROTEIN. THE KEY
COMPONENTS ARE DNA  WHICH STORES THE GENETIC CODE; RNA, WHICH ACTS AS A MESSENGER; AND PROTEIN, WHICH CARRIES
OUT CELLULAR FUNCTIONS.

QI CAN YOU EXPLAIN THE DIFFERENCE BETWEEN TRANSCRIPTION AND TRANSLATION?

A: TRANSCRIPTION IS THE PROCESS OF SYNTHESIZING RNA FRoM A DNA TEMPLATE, WHILE TRANSLATION IS THE PROCESS OF
SYNTHESIZING PROTEIN FROM AN MRNA TEMPLATE. TRANSCRIPTION OCCURS IN THE NUCLEUS (IN EUKARYOTES)I AND
TRANSLATION OCCURS IN THE CYTOPLASM ON RIBOSOMES.

Q: WHAT ARe OKAZAKI FRAGMENTS AND WHY ARE THEY FORMED DURING DNA
REPLICATION?

A: OKAZAKI FRAGMENTS ARE SHORT, NEWLY SYNTHESIZED DNA FRAGMENTS THAT ARE FORMED ON THE LAGGING STRAND DURING
DNA REPLICATION. THEY ARE FORMED BECAUSE DNA POLYMERASE CAN ONLY SYNTHESIZE DNA IN THE 5' TO 3’ DIRECTION, AND
THE LAGGING STRAND IS SYNTHESIZED IN A DISCONTINUOUS MANNER AS THE REPLICATION FORK OPENS.

QI How DOES GENE REGULATION DIFFER BETWEEN PROKARYOTES AND EUKARYOTES?

A: GENE REGULATION IN PROKARYOTES OFTEN INVOLVES OPERONS, WHERE GENES WITH RELATED FUNCTIONS ARE REGULATED
TOGETHER. EUKARYOTIC GENE REGULATION IS MORE COMPLEX, INVOLVING CHROMATIN MODIFICATION, TRANSCRIPTION FACTORS,
AND POST-TRANSCRIPTIONAL, TRANSLATIONAL, AND POST-TRANSLATIONAL CONTROLS.

Q: WHAT I1s THE ROLE OF TRNA IN THE PROCESS OF TRANSLATION?

A: TrANSFER RNA (TRNA) MOLECULES ARE ADAPTERS THAT BRING SPECIFIC AMINO ACIDS TO THE RIBOSOME DURING
TRANSLATION. EACH TRNA HAS AN ANTICODON THAT PAIRS WITH A COMPLEMENTARY CODON ON THE MRNA | ENSURING THE
CORRECT AMINO ACID IS INCORPORATED INTO THE GROWING POLYPEPTIDE CHAIN.



Q: WHAT ARE SOME SIGNIFICANT APPLICATIONS OF MOLECULAR BIOLOGY IN MODERN
SOCIETY?

A: SIGNIFICANT APPLICATIONS INCLUDE THE DEVELOPMENT OF DIAGNOSTIC TESTS FOR GENETIC DISEASES, THE PRODUCTION OF
THERAPEUTIC PROTEINS (LIKE INSULIN), GENE THERAPIES, GENETICALLY MODIFIED CROPS FOR AGRICULTURE, AND DNA
FINGERPRINTING FOR FORENSIC SCIENCE.

Q: WHAT 1S RNA SPLICING AND WHY IS IT IMPORTANT IN EUKARYOTIC GENE
EXPRESSIONP

A: RNA SPLICING IS THE PROCESS IN EUKARYOTES WHERE INTRONS (NON‘CODING EEGIONS) ARE REMOVED FROM PRE‘MRNA, AND
EXONS (CODING REGIONS) ARE JOINED TOGETHER. THIS IS CRUCIAL FOR PRODUCING FUNCTIONAL MRNA THAT CAN BE
TRANSLATED INTO PROTEINS AND ALLOWS FOR ALTERNATIVE SPLICING, GENERATING MULTIPLE PROTEIN VARIANTS FROM A
SINGLE GENE.
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