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UNRAVELING THE CENTRAL DoGMA: A Deep Dive INTo CAMPBELL BioLoGY PrROTEIN SYNTHESIS CHAPTER 50

CAMPBELL BIOLOGY PROTEIN SYNTHESIS CHAPTER 50 SERVES AS A CORNERSTONE IN UNDERSTANDING THE INTRICATE MOLECULAR
MACHINERY OF LIFE, METICULOUSLY DETAILING THE PROCESSES THAT TRANSLATE GENETIC INFORMATION INTO FUNCTIONAL
PROTEINS. THIS PIVOTAL CHAPTER IN CAMPBELL BIOLOGY METICULOUSLY DISSECTS TRANSCRIPTION AND TRANSLATION, THE
TWO FUNDAMENTAL STAGES OF GENE EXPRESSION. WE WILL EMBARK ON A COMPREHENSIVE EXPLORATION, TRACING THE JOURNEY
OF GENETIC CODE FROM DNA To RNA AND ULTIMATELY TO THE DIVERSE ARRAY OF PROTEINS THAT CARRY OUT VIRTUALLY
EVERY TASK WITHIN A CELL. KEY CONCEPTS SUCH AS GENE REGULATION, THE ROLES OF DIFFERENT RNA MOLECULES, AND THE
PRECISE MECHANICS OF RIBOSOME FUNCTION WILL BE THOROUGHLY EXAMINED, PROVIDING A ROBUST UNDERSTANDING OF THIS
ESSENTIAL BIOLOGICAL PROCESS. FURTHERMORE, WE WILL TOUCH UPON THE IMPLICATIONS OF ERRORS IN PROTEIN SYNTHESIS
AND HOW CELLULAR MECHANISMS ENSURE FIDELITY.
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THE CeNTRAL DoGMA: FrRoM DNA To PROTEIN

THE FUNDAMENTAL FLOW OF GENETIC INFORMATION WITHIN BIOLOGICAL SYSTEMS IS ELEGANTLY SUMMARIZED BY THE CENTRAL
DOGMA OF MOLECULAR BIOLOGY, A CONCEPT EXTENSIVELY EXPLORED IN CAMPBELL BIOLOGY'S CHAPTER ON PROTEIN
SYNTHESIS. THIS DOGMA POSITS THAT GENETIC INFORMATION FLOWS FROM DNA To RNA To PROTEIN. DNA, THE REPOSITORY
OF OUR GENETIC BLUEPRINT, CONTAINS THE INSTRUCTIONS FOR BUILDING AND OPERATING AN ORGANISM. HOWEVER, DNA ITSELF
CANNOT DIRECTLY SYNTHESIZE PROTEINS. INSTEAD, IT SERVES AS A TEMPLATE FOR THE CREATION OF MESSENGER RNA (MRNA),
A TRANSIENT MOLECULE THAT CARRIES THE GENETIC CODE OUT OF THE NUCLEUS AND INTO THE CYTOPLASM, WHERE PROTEIN
SYNTHESIS OCCURS. THIS TWO-STEP PROCESS ENSURES THAT THE GENETIC INFORMATION IS ACCURATELY TRANSCRIBED AND
THEN FAITHFULLY TRANSLATED INTO THE LANGUAGE OF PROTEINS.

PROTEINS ARE THE WORKHORSES OF THE CELL, PERFORMING A VAST ARRAY OF FUNCTIONS, FROM CATALYZING BIOCHEMICAL
REACTIONS AS ENZYMES TO PROVIDING STRUCTURAL SUPPORT AND TRANSPORTING MOLECULES. THE SEQUENCE OF NUCLEOTIDES
IN DNA DICTATES THE SEQUENCE OF AMINO ACIDS IN A PROTEIN, AND IT IS THIS SPECIFIC AMINO ACID SEQUENCE THAT
DETERMINES THE PROTEIN'S THREE-DIMENSIONAL STRUCTURE AND, CONSEQUENTLY, ITS FUNCTION. CAMPBELL BioLoGY's
CHAPTER 50 DELVES DEEPLY INTO THE MOLECULAR MECHANISMS THAT ORCHESTRATE THIS REMARKABLE TRANSFORMATION,
HIGHLIGHTING THE PRECISION AND COMPLEXITY INVOLVED IN MAINTAINING LIFE'S ESSENTIAL PROCESSES.

TRANSCRIPTION: COPYING THE GENETIC BLUEPRINT

TRANSCRIPTION IS THE INITIAL STEP IN GENE EXPRESSION, WHERE A SEGMENT OF DNA IS COPIED INTO A COMPLEMENTARY STRAND
OF RNA, SPECIFICALLY MRNA. THIS PROCESS OCCURS IN THE NUCLEUS OF EUKARYOTIC CELLS AND THE CYTOPLASM OF
PROKARYOTIC CELLS. THE ENZYME RESPONSIBLE FOR CATALYZING TRANSCRIPTION IS RNA POLYMERASE, WHICH READS THE DNA
SEQUENCE AND SYNTHESIZES A NEW RNA MOLECULE. UUNDERSTANDING THE INTRICATE DETAILS OF TRANSCRIPTION IS CRUCIAL



FOR GRASPING HOW GENETIC INFORMATION IS ACCESSED AND PREPARED FOR PROTEIN SYNTHESIS.

INITIATION OF TRANSCRIPTION

THE INITIATION OF TRANSCRIPTION IS A HIGHLY REGULATED PROCESS THAT BEGINS WITH THE BINDING OF RNA POLYMERASE TO
A SPECIFIC REGION ON THE DNA MOLECULE CALLED THE PROMOTER. IN EUKARYOTES, THIS BINDING OFTEN INVOLVES A COMPLEX
ASSEMBLY OF PROTEINS KNOWN AS TRANSCRIPTION FACTORS, WHICH HELP TO POSITION RNA POLYMERASE CORRECTLY AT THE
START OF A GENE. ONCE BOUND, RNA POLYMERASE UNWINDS THE DNA DOUBLE HELIX, EXPOSING THE NUCLEOTIDE BASES ON
EACH STRAND. ONE OF THESE STRANDS, THE TEMPLATE STRAND, WILL BE USED AS A GUIDE FOR SYNTHESIZING THE MRNA
MOLECULE.

THE TATA BOX IS A COMMON DNA SEQUENCE FOUND IN MANY PROMOTERS THAT PLAYS A CRITICAL ROLE IN INITIATING
TRANSCRIPTION BY SERVING AS A BINDING SITE FOR TRANSCRIPTION FACTORS. THE PRECISE RECOGNITION OF PROMOTERS BY
TRANSCRIPTION FACTORS AND RNA POLYMERASE ENSURES THAT ONLY THE APPROPRIATE GENES ARE TRANSCRIBED AT THE RIGHT
TIME AND IN THE CORRECT AMOUNT, A CRUCIAL ASPECT OF CELLULAR CONTROL AND DEVELOPMENT. THIS PRECISE INITIATION
PREVENTS THE CELL FROM WASTING RESOURCES TRANSCRIBING UNNECESSARY OR HARMFUL GENETIC INFORMATION.

ELONGATION AND TERMINATION

FoLLOWING INITIATION, RNA POLYMERASE BEGINS TO MOVE ALONG THE TEMPLATE DNA STRAND, SYNTHESIZING A
COMPLEMENTARY MRNA MOLECULE. THIS PROCESS IS CALLED ELONGATION. AS RNA POLYMERASE TRAVERSES THE DNA | IT
ADDS RIBONUCLEOTIDES ONE BY ONE, FOLLOWING THE BASE-PAIRING RULES (A wiTH U, AND G wiTH C). THE NEWLY
SYNTHESIZED RNA STRAND GROWS IN THE 5 To 3’ DIRECTION, WHILE THE DNA TEMPLATE STRAND IS READ IN THE 3' To 5’
DIRECTION. THIS CONTINUOUS SYNTHESIS ALLOWS FOR THE CREATION OF A FULL-LENGTH RNA TRANSCRIPT OF THE GENE.

TRANSCRIPTION TERMINATION OCCURS WHEN RNA POLYMERASE ENCOUNTERS A SPECIFIC DNA SEQUENCE CALLED A
TERMINATOR. THIS SEQUENCE SIGNALS THE END OF THE GENE, PROMPTING RNA POLYMERASE TO DETACH FROM THE DNA AND
RELEASE THE NEWLY SYNTHESIZED MRNA MOLECULE. IN PROKARYOTES, TERMINATION CAN OCCUR THROUGH EITHER A RHo-
DEPENDENT OR RHO-INDEPENDENT MECHANISM. [N EUKARYOTES, TERMINATION IS MORE COMPLEX AND OFTEN INVOLVES THE
CLEAVAGE OF THE RNA TRANSCRIPT AND SUBSEQUENT PROCESSING STEPS.

RNA PROCESSING IN EUKARYOTES

IN EUKARYOTIC CELLS, THE PRIMARY RNA TRANSCRIPT, KNOWN AS PRE‘MRNA, UNDERGOES SIGNIFICANT PROCESSING BEFORE IT
CAN BE TRANSLATED INTO PROTEIN. THIS PROCESSING OCCURS IN THE NUCLEUS AND INVOLVES SEVERAL KEY MODIFICATIONS.
ONE OF THE MOST CRITICAL STEPS IS RNA SPLICING, WHERE NON-CODING REGIONS CALLED INTRONS ARE REMOVED, AND THE
CODING REGIONS, CALLED EXONS, ARE JOINED TOGETHER. THIS SPLICING IS CARRIED OUT BY A COMPLEX MOLECULAR MACHINE
CALLED THE SPLICEOSOME.

TwoO ADDITIONAL MODIFICATIONS ARE CRUCIAL FOR THE STABILITY AND FUNCTION OF THE MRNA MOLECULE: THE ADDITION OF
A 5" cAP AND A 3’ POLY-A TAIL. THE 5’ CAP IS A MODIFIED GUANINE NUCLEOTIDE ADDED TO THE BEGINNING OF THE MRNA,
WHICH HELPS PROTECT IT FROM DEGRADATION AND FACILITATES ITS BINDING TO RIBOSOMES. THE 3” POLY-A TAIL, A STRING OF
ADENINE NUCLEOTIDES ADDED TO THE END, ALSO ENHANCES STABILITY AND AIDS IN THE EXPORT OF MRNA FROM THE NUCLEUS
TO THE CYTOPLASM. THESE PROCESSING STEPS ENSURE THAT THE MRNA IS MATURE AND READY FOR THE NEXT STAGE OF
PROTEIN SYNTHESIS: TRANSLATION.



TRANSLATION: DECODING THE RNA MESSAGE

TRANSLATION IS THE SECOND MAJOR STAGE OF GENE EXPRESSION, WHERE THE GENETIC INFORMATION ENCODED IN MRNA IS USED
TO SYNTHESIZE A SPECIFIC SEQUENCE OF AMINO ACIDS, FORMING A POLYPEPTIDE CHAIN THAT WILL FOLD INTO A FUNCTIONAL
PROTEIN. THIS PROCESS TAKES PLACE IN THE CYTOPLASM ON STRUCTURES CALLED RIBOSOMES. TRANSLATION IS A COMPLEX
CHOREOGRAPHY INVOLVING MRNA | RIBOSOMES, AND TRANSFER RNA (TRNA) MOLECULES, EACH PLAYING A VITAL ROLE IN
ACCURATELY TRANSLATING THE NUCLEOTIDE SEQUENCE INTO AN AMINO ACID SEQUENCE.

THe RoLE oF RiIBosoMEs

RIBOSOMES ARE THE MOLECULAR MACHINES RESPONSIBLE FOR PROTEIN SYNTHESIS. THEY ARE COMPOSED OF RIBOSOMAL RNA
(RRNA) AND A VARIETY OF PROTEINS. EACH RIBOSOME CONSISTS OF TWO SUBUNITS, A LARGE SUBUNIT AND A SMALL SUBUNIT,
WHICH COME TOGETHER DURING TRANSLATION. THE RIBOSOME HAS BINDING SITES FOR MRNA AND TRNA, AND IT CATALYZES
THE FORMATION OF PEPTIDE BONDS BETWEEN ADJACENT AMINO ACIDS. THE PRECISE STRUCTURE AND FUNCTION OF RIBOSOMES
ARE ESSENTIAL FOR THE ACCURATE AND EFFICIENT SYNTHESIS OF PROTEINS.

RIBOSOMES MOVE ALONG THE MRNA MOLECULE, READING THE CODONS (THREE‘NUCLEOTIDE SEQUENCES) AND RECRUITING THE
APPROPRIATE AMINO ACIDS TO BUILD THE POLYPEPTIDE CHAIN. THE SMALL SUBUNIT TYPICALLY BINDS TO THE MRNA FIRST, AND
THEN THE LARGE SUBUNIT JOINS, FORMING A FUNCTIONAL RIBOSOME READY TO BEGIN TRANSLATION. THE CATALYTIC ACTIVITY
OF THE RIBOSOME, SPECIFICALLY WITHIN THE LARGE SUBUNIT, IS RESPONSIBLE FOR FORMING THE PEPTIDE BONDS THAT LINK THE
AMINO ACIDS TOGETHER IN THE CORRECT ORDER.

TrANSFER RNA (TRNA) Anp THE GeneTic Cope

TrANSFER RNA (TRNA) MOLECULES ARE THE ADAPTORS THAT BRIDGE THE GAP BETWEEN THE NUCLEOTIDE SEQUENCE OF MRNA
AND THE AMINO ACID SEQUENCE OF PROTEINS. EACH TRNA MOLECULE HAS TWO CRUCIAL SITES: AN ANTICODON LOOP THAT
RECOGNIZES AND BINDS TO A SPECIFIC CODON ON THE MRNA  AND AN AMINO ACID ATTACHMENT SITE WHERE A SPECIFIC AMINO
ACID IS CARRIED. THERE ARE TYPICALLY 20 DIFFERENT TYPES OF AMINO ACIDS, AND A CORRESPONDING SET OF TRNAS, EACH
CHARGED WITH ITS SPECIFIC AMINO ACID BY ENZYMES CALLED AMINOACYL-TRNA SYNTHETASES.

THE GENETIC CODE IS A SET OF RULES BY WHICH INFORMATION ENCODED WITHIN GENETIC MATERIAL (DNA or RNA SEQUENCES)
IS TRANSLATED INTO PROTEINS (AMINO ACID SEQUENCES) BY LIVING CELLS. |T IS READ IN TRIPLETS OF NUCLEOTIDES CALLED
CODONS. For EXAMPLE, THE CODON AUG oON MRNA SIGNALS THE START OF TRANSLATION AND ALSO CODES FOR THE AMINO
ACID METHIONINE. MOST CODONS SPECIFY ONE OF THE 20 AMINO ACIDS, WHILE THREE copons (UAA, UAG, anp UGA) AcT
AS STOP CODONS, SIGNALING THE TERMINATION OF TRANSLATION. THE GENETIC CODE IS NEARLY UNIVERSAL ACROSS ALL
ORGANISMS, A TESTAMENT TO THE SHARED EVOLUTIONARY HISTORY OF LIFE.

INITIATION, ELONGATION, AND TERMINATION OF TRANSLATION

THE PROCESS OF TRANSLATION CAN BE DIVIDED INTO THREE MAIN STAGES: INITIATION, ELONGATION, AND TERMINATION.
INITIATION BEGINS WHEN THE SMALL RIBOSOMAL SUBUNIT BINDS TO THE MRNA AND AN INITIATOR TRNA CARRYING METHIONINE
BINDS TO THE START CODON (AUG) THE LARGE RIBOSOMAL SUBUNIT THEN JOINS, FORMING A COMPLETE INITIATION COMPLEX.
THIS SETS THE STAGE FOR THE POLYPEPTIDE CHAIN TO BEGIN GROWING.

ELONGATION IS THE STAGE WHERE THE POLYPEPTIDE CHAIN IS ASSEMBLED. A TRNA CARRYING THE NEXT AMINO ACID IN THE
SEQUENCE BINDS TO THE A SITE (AMINOACYL SITE) OF THE RIBOSOME. T HE RIBOSOME THEN CATALYZES THE FORMATION OF A
PEPTIDE BOND BETWEEN THE AMINO ACID ON THE INCOMING TRNA AND THE GROWING POLYPEPTIDE CHAIN. THE RIBOSOME THEN
TRANSLOCATES, MOVING ONE CODON DOWN THE MRNA, SHIFTING THE TRNA WITH THE POLYPEPTIDE TO THE P SITE (PEPTIDYL
SITE) AND THE EMPTY TRNA To THE E SITE (EXIT SITE), PREPARING FOR THE NEXT AMINO ACID TO BE ADDED. THIS CYCLE



REPEATS AS THE POLYPEPTIDE CHAIN ELONGATES.

TERMINATION OF TRANSLATION OCCURS WHEN THE RIBOSOME ENCOUNTERS A STOP copoN (UAA, UAG, or UGA) ON THE
MRNA. RELEASE FACTORS, PROTEINS THAT BIND TO THE STOP CODON, ARE RECRUITED TO THE RIBOSOME. | HESE RELEASE
FACTORS TRIGGER THE HYDROLYSIS OF THE BOND BETWEEN THE POLYPEPTIDE CHAIN AND THE LAST TRNA  RELEASING THE
COMPLETED POLYPEPTIDE. THE RIBOSOMAL SUBUNITS THEN DISSOCIATE FROM THE MRNA AND ARE FREE TO BEGIN ANOTHER
ROUND OF TRANSLATION.

MUTATIONS AND THEIR IMPACT ON PROTEIN SYNTHESIS

ErRrRORS IN DNA REPLICATION OR DAMAGE TO DNA CAN LEAD TO MUTATIONS, WHICH ARE PERMANENT CHANGES IN THE
NUCLEOTIDE SEQUENCE. THESE MUTATIONS CAN HAVE A PROFOUND IMPACT ON PROTEIN SYNTHESIS. DEPENDING ON THE TYPE AND
LOCATION OF THE MUTATION, IT CAN RESULT IN A CHANGE IN THE AMINO ACID SEQUENCE OF THE PROTEIN, LEADING TO ALTERED
OR NON-FUNCTIONAL PROTEINS. POINT MUTATIONS, WHICH INVOLVE A CHANGE IN A SINGLE NUCLEOTIDE BASE, CAN LEAD TO
SILENT MUTATIONS (NO CHANGE IN AMINO ACID), MISSENSE MUTATIONS (CHANGE IN ONE AMINO ACID), OR NONSENSE MUTATIONS
(INTRODUCTION OF A PREMATURE STOP CODON)).

FRAMESHIFT MUTATIONS, CAUSED BY THE INSERTION OR DELETION OF NUCLEOTIDES NOT IN MULTIPLES OF THREE, CAN
DRASTICALLY ALTER THE READING FRAME OF THE MRNA, LEADING TO A COMPLETELY DIFFERENT AMINO ACID SEQUENCE
DOWNSTREAM OF THE MUTATION AND OFTEN A NON-FUNCTIONAL PROTEIN. THE CELL POSSESSES SOPHISTICATED DNA REPAIR
MECHANISMS TO CORRECT MANY OF THESE ERRORS, BUT SOME MUTATIONS CAN ESCAPE DETECTION AND BE PASSED ON,
POTENTIALLY AFFECTING PROTEIN FUNCTION AND LEADING TO DISEASE.

REGULATION OF GENE EXPRESSION IN PROTEIN SYNTHESIS

THE ABILITY OF CELLS TO CONTROL WHICH PROTEINS ARE SYNTHESIZED, WHEN, AND IN WHAT AMOUNTS IS FUNDAMENTAL TO
CELLULAR FUNCTION AND ORGANISMAL DEVELOPMENT. THIS REGULATION OF GENE EXPRESSION OCCURS AT MULTIPLE LEVELS,
WITH SIGNIFICANT CONTROL POINTS DURING TRANSCRIPTION AND TRANSLATION. IN PROKARYOTES, OPERONS — CLUSTERS OF
FUNCTIONALLY RELATED GENES — ARE REGULATED BY REPRESSOR AND ACTIVATOR PROTEINS THAT BIND TO OPERATOR REGIONS
OF THE DNA, EITHER BLOCKING OR ENHANCING RNA POLYMERASE ACCESS.

IN EUKARYOTES, GENE REGULATION IS FAR MORE COMPLEX. | T INVOLVES TRANSCRIPTION FACTORS THAT BIND TO ENHANCERS
AND SILENCERS, CHROMATIN REMODELING TO MAKE DNA ACCESSIBLE OR INACCESSIBLE TO TRANSCRIPTION MACHINERY, AND
POST-TRANSCRIPTIONAL MODIFICATIONS OF RNA, SUCH AS ALTERNATIVE SPLICING AND MICRORNAS (MIRNAS) THAT CAN
DEGRADE MRNA OR BLOCK TRANSLATION. TRANSLATIONAL CONTROL ALSO PLAYS A ROLE, WITH MECHANISMS THAT CAN
SELECTIVELY INHIBIT OR PROMOTE THE TRANSLATION OF SPECIFIC MRNAS. THIS INTRICATE REGULATORY NETWORK ENSURES
THAT CELLULAR RESOURCES ARE USED EFFICIENTLY AND THAT CELLS CAN RESPOND APPROPRIATELY TO INTERNAL AND EXTERNAL
SIGNALS.












Q: WHAT ARE THE TWO MAIN STAGES OF PROTEIN SYNTHESIS DISCUSSED IN CAMPBELL
BioLoGgYy CHAPTER 50?

A: THE TWO MAIN STAGES OF PROTEIN SYNTHESIS DISCUSSED IN CAMPBELL BloLoGY CHAPTER 50 ARE TRANSCRIPTION AND
TRANSLATION.

Q: WHAT Is THE ROLE OF RNA POLYMERASE IN TRANSCRIPTION?

A: RNA POLYMERASE IS THE ENZYME RESPONSIBLE FOR TRANSCRIBING THE GENETIC INFORMATION FROM DNA INTO A
COMPLEMENTARY RNA MOLECULE, TYPICALLY MESSENGER RNA (MRNA).

QI \WHAT IS THE SIGNIFICANCE OF THE PROMOTER REGION IN TRANSCRIPTION?

A: THE PROMOTER REGION IS A SPECIFIC DNA SEQUENCE LOCATED UPSTREAM OF A GENE THAT SERVES AS THE BINDING SITE FOR
RNA POLYMERASE AND TRANSCRIPTION FACTORS, INITIATING THE PROCESS OF TRANSCRIPTION.

Q: WHAT ARE INTRONS AND EXONS, AND HOW ARE THEY INVOLVED IN RNA SPLICING?

A: INTRONS ARE NON-CODING SEQUENCES WITHIN A EUKARYOTIC GENE THAT ARE REMOVED DURING RNA SPLICING, WHILE EXONS
ARE THE CODING SEQUENCES THAT ARE JOINED TOGETHER TO FORM MATURE MRNA.

QI \WHAT IS THE FUNCTION OF RIBOSOMES IN TRANSLATION?

A: RIBOSOMES ARE MOLECULAR MACHINES COMPOSED OF RRNA AND PROTEINS THAT ARE RESPONSIBLE FOR READING THE MRNA
SEQUENCE AND CATALYZING THE FORMATION OF PEPTIDE BONDS BETWEEN AMINO ACIDS TO SYNTHESIZE A POLYPEPTIDE CHAIN.

Q: How poes TRNA CONTRIBUTE TO THE PROCESS OF TRANSLATION?

A: TrANSFER RNA (TRNA) MOLECULES ACT AS ADAPTORS, CARRYING SPECIFIC AMINO ACIDS TO THE RIBOSOME AND
RECOGNIZING CORRESPONDING CODONS ON THE MRNA THROUGH THEIR ANTICODON LOOPS.

QI \WHAT ARE THE THREE STAGES OF TRANSLATION?

A: THE THREE STAGES OF TRANSLATION ARE INITIATION, ELONGATION, AND TERMINATION.

QI \WHAT ARE STOP CODONS , AND WHAT IS THEIR ROLE IN TRANSLATION?

A: STop copons (UAA, UAG, AnD UGA) ARE SPECIFIC SEQUENCES ON MRNA THAT SIGNAL THE TERMINATION OF
TRANSLATION, CAUSING THE RELEASE OF THE NEWLY SYNTHESIZED POLYPEPTIDE CHAIN.

Q: How CAN MUTATIONS AFFECT PROTEIN SYNTHESIS?

A: MUTATIONS, WHICH ARE CHANGES IN DNA SEQUENCE, CAN ALTER THE MRNA SEQUENCE AND, CONSEQUENTLY, LEAD TO
CHANGES IN THE AMINO ACID SEQUENCE OF A PROTEIN, POTENTIALLY RESULTING IN A NON-FUNCTIONAL PROTEIN OR A MODIFIED
FUNCTION.

QI WHAT IS THE CENTRAL DOGMA OF MOLECULAR BIOLOGY AS EXPLAINED IN THE



CHAPTER?

A: THE CENTRAL DOGMA OF MOLECULAR BIOLOGY DESCRIBES THE FLOW OF GENETIC INFORMATION FROM DNA To RNA ToO
PROTEIN.
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