AN lLLusTRATION OF How A PArTICULAR DNA MUTATION
WiLL MosT LikeLy AFFeCT THE PoLYPEPTIDE PRODUCED
SHOWN.

AN lLLusTRATION OF How A PARTICULAR DNA MuTATION WiLL MosT LIKELY AFFecT THE PoLYPEPTIDE PRODUCED
SHOWN. UNDERSTANDING THE RELATIONSHIP BETWEEN DNA MUTATIONS AND THEIR IMPACT ON PROTEIN SYNTHESIS IS
FUNDAMENTAL IN GENETICS AND MOLECULAR BIOLOGY. W/HEN A MUTATION OCCURS WITHIN A GENE’S DNA SEQUENCE, IT CAN
ALTER THE RESULTING POLYPEPTIDE’S STRUCTURE AND FUNCTION, LEADING TO A RANGE OF BIOLOGICAL CONSEQUENCES. THIS
ARTICLE AIMS TO PROVIDE A COMPREHENSIVE ANALYSIS OF HOW A SPECIFIC DNA MUTATION INFLUENCES THE POLYPEPTIDE
PRODUCED, INCLUDING THE MECHANISMS INVOLVED, TYPES OF MUTATIONS, AND THEIR POTENTIAL EFFECTS ON HEALTH AND
DISEASE. BY EXPLORING THESE CONCEPTS, READERS CAN GAIN INSIGHT INTO GENETIC VARIATION, MUTATION CONSEQUENCES, AND
THE IMPORTANCE OF GENETIC INTEGRITY IN LIVING ORGANISMS.

WHAT Is A DNA MUTATION?

DeriniTION AND TYPES oF DNA MUTATIONS

A DNA MUTATION IS A PERMANENT ALTERATION IN THE NUCLEOTIDE SEQUENCE OF THE GENOME. T HESE CHANGES CAN OCCUR
NATURALLY THROUGH ERRORS DURING DNA REPLICATION OR BE INDUCED BY ENVIRONMENTAL FACTORS SUCH AS RADIATION AND
CHEMICALS. MUTATIONS ARE CLASSIFIED BASED ON THEIR NATURE AND IMPACT ON THE DNA SEQUENCE:

POINT MUTATIONS: CHANGES IN A SINGLE NUCLEOTIDE BASE.

INSERTIONS: ADDITION OF ONE OR MORE NUCLEOTIDES INTO THE DNA SEQUENCE.
* DELETIONS: REMOVAL OF ONE OR MORE NUCLEOTIDES.
® FRAMESHIFT MUTATIONS: INSERTIONS OR DELETIONS THAT DISRUPT THE TRIPLET READING FRAME.

¢ CHROMOSOMAL MUTATIONS: L ARGER STRUCTURAL CHANGES INVOLVING WHOLE SECTIONS OR CHROMOSOMES.

(UNDERSTANDING THESE MUTATION TYPES IS CRUCIAL BECAUSE THEIR EFFECTS ON THE RESULTING POLYPEPTIDE CAN VARY
SIGNIFICANTLY DEPENDING ON THEIR NATURE AND LOCATION WITHIN A GENE.

THe PRoCESS OF PROTEIN SYNTHESIS AND ITS VULNERABILITY TO
MUTATIONS

FroM DNA To ProTEIN: THE CENTRAL DoGMA

PROTEIN SYNTHESIS INVOLVES TWO MAIN PROCESSES: TRANSCRIPTION AND TRANSLATION. DURING TRANSCRIPTION, A SEGMENT
oF DNA Is copIep INTO MESSENGER RNA (MRNA). THIS MRNA THEN SERVES AS A TEMPLATE FOR TRANSLATION, WHERE
RIBOSOMES READ THE SEQUENCE IN SETS OF THREE NUCLEOTIDES CALLED CODONS, EACH CODING FOR A SPECIFIC AMINO ACID.

ANY CHANGE IN THE DNA SEQUENCE—SUCH AS A MUTATION—CAN INFLUENCE THIS PROCESS IN SEVERAL WAYS:

1. ALTERED CODONS: MUTATIONS CAN CHANGE THE CODON SEQUENCE, LEADING TO DIFFERENT AMINO ACIDS BEING



INCORPORATED.
2. PREMATURE STOP SIGNALS: SOME MUTATIONS INTRODUCE STOP CODONS, TRUNCATING THE PROTEIN.

3. FRAMESHIFTS: INSERTIONS OR DELETIONS THAT SHIFT THE READING FRAME, ALTERING DOWNSTREAM AMINO ACID
SEQUENCES.

THE TYPE AND POSITION OF THE MUTATION DETERMINE HOW DRASTICALLY THE POLYPEPTIDE IS AFFECTED.

SpeciFic DNA MUTATION AND ITS IMPACT ON THE POLYPEPTIDE

CAsE STupY: POINT MUTATION IN A GENE

LET’S CONSIDER A SPECIFIC EXAMPLE: A POINT MUTATION IN THE CODING SEQUENCE OF A GENE THAT ENCODES AN ENZYME.
SUPPOSE THE ORIGINAL DNA SEQUENCE IS:

5-ATG GCT TTA GGA TCC-3’

TrANSCRIBED MRNA wWOULD BE:

5’-AUG GCU UUA GGA UCC-3’

THIS SEQUENCE TRANSLATES INTO A POLYPEPTIDE:
METHIONINE - ALANINE - LEUCINE - GLYCINE - SERINE

1

NOW, IMAGINE A POINT MUTATION OCCURS WHERE THE SECOND NUCLEOTIDE ‘G’ IN THE SECOND CoboN ‘GCT’ cHANGES To ‘A’
THE MUTATED DNA SEQUENCE BECOMES:

5-ATG GAT TTA GGA TCC-8'

CORRESPONDING MRNA:

5'-AUG GAU UUA GGA UCC-3’

THE NEW AMINO ACID SEQUENCE:

METHIONINE - ASPARTIC ACID - LEUCINE - GLYCINE - SERINE

THIS SINGLE NUCLEOTIDE CHANGE RESULTS IN AN AMINO ACID SUBSTITUTION FROM ALANINE TO ASPARTIC ACID AT POSITION 2

OF THE POLYPEPTIDE, WHICH COULD INFLUENCE THE ENZYME'S ACTIVITY OR STABILITY DEPENDING ON THE ROLE OF THAT AMINO
ACID IN THE PROTEIN’S STRUCTURE.

Tvypres oF EFFecTs CAUSED BY DNA MUTATIONS ON POLYPEPTIDES

DNA MUTATIONS CAN HAVE VARIOUS EFFECTS ON THE STRUCTURE AND FUNCTION OF THE RESULTING POLYPEPTIDE. | HESE
EFFECTS ARE CLASSIFIED AS FOLLOWS!

1. SILENT MUTATIONS: CHANGES IN THE DNA THAT DO NOT ALTER THE AMINO ACID SEQUENCE DUE TO THE REDUNDANCY OF
THE GENETIC CODE.

2. MISSENSE MUTATIONS: SUBSTITUTIONS THAT RESULT IN A DIFFERENT AMINO ACID, POTENTIALLY AFFECTING PROTEIN
FUNCTION.



3. NONSENSE MUTATIONS: MUTATIONS THAT INTRODUCE A PREMATURE STOP CODON, LEADING TO TRUNCATED PROTEINS.

4. FRAMESHIFT MUTATIONS: INSERTIONS OR DELETIONS THAT SHIFT THE READING FRAME, OFTEN PRODUCING ENTIRELY
DIFFERENT AND USUALLY NONFUNCTIONAL PROTEINS.

THE SEVERITY OF THE MUTATION’S IMPACT DEPENDS LARGELY ON THESE CATEGORIES AND THE LOCATION WITHIN THE GENE.

IMPLICATIONS OF DNA MUTATIONS IN HEALTH AND DISEASE

GeNeTIC DisorDeErs CAUSED BY MUTATIONS

MUTATIONS AFFECTING POLYPEPTIDES CAN LEAD TO A VARIETY OF GENETIC DISORDERS. FOR EXAMPLE:

o SickLE CELL ANEMIA: A POINT MUTATION IN THE HEMOGLORBIN GENE CAUSES A MISSENSE MUTATION, PRODUCING
ABNORMAL HEMOGLOBIN THAT DISTORTS RED BLOOD CELLS.

o CysTic FiIBrOSIS: DELETION OF THREE NUCLEOTIDES RESULTS IN THE LOSS OF A PHENYLALANINE RESIDUE, IMPAIRING
CHLORIDE CHANNEL FUNCTION.

o CANCER: MUTATIONS IN TUMOR SUPPRESSOR GENES OR ONCOGENES CAN LEAD TO UNCONTROLLED CELL GROWTH.

UNDERST ANDING HOW SPECIFIC MUTATIONS AFFECT PROTEIN STRUCTURE HELPS IN DIAGNOSING AND DEVELOPING TREATMENTS
FOR THESE CONDITIONS.

POTENTIAL FOR GENETIC THERAPIES

ADVANCES IN GENE EDITING TECHNOLOGIES, SUCH AS CRISPR-CAS9, AIM TO CORRECT DELETERIOUS MUTATIONS AT THE DNA
LEVEL. BY PRECISELY TARGETING AND REPAIRING MUTATIONS, SCIENTISTS HOPE TO RESTORE NORMAL PROTEIN FUNCTION AND
TREAT GENETIC DISEASES EFFECTIVELY.

CoNcLusIoN: THE SIGNIFICANCE oF MUTATION EFFECTS ON POLYPEPTIDES

IN SUMMARY, A PARTICULAR DNA MUTATION CAN HAVE A RANGE OF EFFECTS ON THE POLYPEPTIDE PRODUCED, FROM NO CHANGE
AT ALL TO COMPLETE LOSS OF FUNCTION. THE EXACT IMPACT DEPENDS ON THE MUTATION TYPE, ITS LOCATION WITHIN THE
GENE, AND THE ROLE OF THE AFFECTED AMINO ACID IN THE PROTEIN'S STRUCTURE AND FUNCTION. RECOGNIZING HOW MUTATIONS
INFLUENCE PROTEIN SYNTHESIS IS ESSENTIAL FOR UNDERSTANDING GENETIC DISEASES, EVOLUTIONARY PROCESSES, AND
DEVELOPING THERAPEUTIC INTERVENTIONS. CONTINUED RESEARCH IN THIS FIELD PROMISES TO ENHANCE OUR ABILITY TO
DIAGNOSE, PREVENT, AND TREAT CONDITIONS CAUSED BY GENETIC MUTATIONS, ULTIMATELY IMPROVING HEALTH OUTCOMES AND
ADV ANCING PERSONALIZED MEDICINE.

Key TAKEAWAYS

1. DNA MUTATIONS CAN BE POINT MUTATIONS, INSERTIONS, DELETIONS, OR LARGER CHROMOSOMAL CHANGES.

2. MUTATIONS IMPACT THE POLYPEPTIDE BY ALTERING AMINO ACID SEQUENCES, POTENTIALLY AFFECTING STRUCTURE AND
FUNCTION.



3. SILENT, MISSENSE, NONSENSE, AND FRAMESHIFT MUTATIONS DIFFER IN THEIR EFFECTS ON PROTEINS.
4. MUTATIONS ARE LINKED TO VARIOUS GENETIC DISORDERS AND DISEASES.

5. GENE EDITING OFFERS PROMISING AVENUES FOR CORRECTING HARMFUL MUTATIONS.

BY UNDERSTANDING THE DETAILED MECHANISMS THROUGH WHICH DNA MUTATIONS INFLUENCE POLYPEPTIDE SYNTHESIS,
SCIENTISTS AND MEDICAL PROFESSIONALS CAN BETTER COMPREHEND THE GENETIC BASIS OF HEALTH AND DISEASE, PAVING THE
WAY FOR INNOVATIVE TREATMENTS AND THERAPIES.

FREQUENTLY AskeD QUESTIONS

How DOES A POINT MUTATION IN THE DNA SEQUENCE TYPICALLY AFFECT THE
RESULTING POLYPEPTIDE?

A POINT MUTATION CAN LEAD TO A CHANGE IN A SINGLE AMINO ACID IF IT RESULTS IN A DIFFERENT CODON, POTENTIALLY
ALTERING THE PROTEIN'S FUNCTION OR STRUCTURE, OR IT MAY HAVE NO EFFECT IF IT IS A SILENT MUTATION.

\W/HAT IS THE LIKELY IMPACT OF A FRAMESHIFT MUTATION ON THE POLYPEPTIDE
PRODUCED?

A FRAMESHIFT MUTATION SHIFTS THE READING FRAME OF THE GENETIC CODE, OFTEN RESULTING IN A COMPLETELY DIFFERENT AND
NONFUNCTIONAL AMINO ACID SEQUENCE, WHICH CAN SEVERELY DISRUPT THE PROTEIN'S FUNCTION.

IF A MUTATION INTRODUCES A PREMATURE STOP CODON, HOW WILL THIS AFFECT THE
POLYPEPTIDE?

THE INTRODUCTION OF A PREMATURE STOP CODON WILL LEAD TO TRUNCATED PROTEINS THAT ARE USUALLY NONFUNCTIONAL
OR UNSTABLE, SIGNIFICANTLY IMPAIRING THE PROTEIN'S ROLE.

How CAN A MISSENSE MUTATION IN THE DNA INFLUENCE THE STRUCTURE OF THE
RESULTING POLYPEPTIDE?

A MISSENSE MUTATION RESULTS IN A DIFFERENT AMINO ACID BEING INCORPORATED INTO THE POLYPEPTIDE, WHICH MAY ALTER
THE PROTEIN'S STABILITY, FOLDING, OR ACTIVITY DEPENDING ON THE PROPERTIES OF THE NEW AMINO ACID.

\WHAT IS THE EFFECT OF A SILENT MUTATION ON THE POLYPEPTIDE CHAIN?

A SILENT MUTATION DOES NOT CHANGE THE AMINO ACID SEQUENCE DUE TO THE REDUNDANCY OF THE GENETIC CODE, SO THE
POLYPEPTIDE REMAINS UNAFFECTED.

IN WHAT WAY MIGHT A MUTATION IN A REGULATORY DNA REGION AFFECT THE
POLYPEPTIDE PRODUCED?

MUTATIONS IN REGULATORY REGIONS CAN AFFECT GENE EXPRESSION LEVELS, POTENTIALLY REDUCING OR INCREASING THE
AMOUNT OF PROTEIN PRODUCED, BUT THEY DO NOT DIRECTLY CHANGE THE AMINO ACID SEQUENCE OF THE POLYPEPTIDE.



W/HY ARE SOME MUTATIONS MORE HARMFUL TO THE POLYPEPTIDE'S FUNCTION THAN
OTHERS?

MUTATIONS THAT CAUSE SIGNIFICANT CHANGES IN AMINO ACID PROPERTIES, INTRODUCE EARLY STOP CODONS, OR DISRUPT
CRITICAL REGIONS OF THE GENE TEND TO BE MORE HARMFUL, WHILE SILENT MUTATIONS OR THOSE IN NON-ESSENTIAL REGIONS ARE
OFTEN LESS IMPACTFUL.

ADDITIONAL RESOURCES

AN ILLUSTRATION OF How A PARTICULAR DNA MuTATION WiLL MosT LikeLY AFFECT THE PoLYPEPTIDE PRODUCED

INTRODUCTION

GENETIC MUTATIONS ARE ALTERATIONS IN THE DNA SEQUENCE THAT CAN HAVE A PROFOUND IMPACT ON CELLULAR FUNCTIONS
AND ORGANISMAL TRAITS. UNDERSTANDING HOW SPECIFIC MUTATIONS INFLUENCE THE STRUCTURE AND FUNCTION OF RESULTANT
PROTEINS—POLYPEPTIDES—IS FUNDAMENTAL FOR FIELDS RANGING FROM MOLECULAR BIOLOGY TO MEDICINE. THIS ARTICLE
DELVES INTO A DETAILED ANALYSIS OF HOW A PARTICULAR DNA MUTATION AFFECTS THE POLYPEPTIDE PRODUCED,
ILLUSTRATING THE UNDERLYING MECHANISMS AND POTENTIAL IMPLICATIONS.

THe Basics oF DNA To POLYPEPTIDE TRANSLATION

BEFORE EXAMINING THE MUTATION'S EFFECTS, IT IS ESSENTIAL TO OUTLINE THE CENTRAL DOGMA OF MOLECULAR BIOLOGY: DNA
IS TRANSCRIBED INTO MESSENGER RNA (MRNA), WHICH IS THEN TRANSLATED INTO A POLYPEPTIDE CHAIN. THE SEQUENCE OF
NUCLEOTIDES IN DNA DETERMINES THE SEQUENCE OF AMINO ACIDS IN THE RESULTING PROTEIN, WITH THE GENETIC CODE MAPPING
CODONS (TRIPLETS OF NUCLEOTIDES) TO SPECIFIC AMINO ACIDS.

KEY POINTS:

- CoDON: A TRIPLET OF NUCLEOTIDES ENCODING A SINGLE AMINO ACID.

- READING FRAME: THE CORRECT GROUPING OF NUCLEOTIDES INTO CODONS; MUTATIONS CAN DISRUPT THIS FRAME.

- TyPES OF MUTATIONS: INCLUDES SUBSTITUTIONS, INSERTIONS, DELETIONS, AND FRAMESHIFTS, EACH WITH DISTINCT
CONSEQUENCES.

THE SPeCIFIC MUTATION UNDER INVESTIGATION

LET'S CONSIDER A HYPOTHETICAL MUTATION WITHIN THE CODING SEQUENCE OF A GENE. FOR CLARITY, ASSUME THE ORIGINAL
DNA SeQUENCE (CODING STRAND) IS:

AR

5-ATG GCT AAG TTA CGC-3’

ARNY

THIS SEQUENCE ENCODES A POLYPEPTIDE WITH THE AMINO ACIDS:

| Copon | SEQUENCE | ENcopep AMINo Acip | PosiTioN |
A rommme e S |
| 1] ATG | MeTHioniNe (START) | 1|

| 2| GCT | ALaniNe | 2 |

| 3] AAG|Lysine| 3|

| 4| TTA | Leucine | 4 |

| 5| CGC | AraGiniNE | 5 |



SUPPOSE A POINT MUTATION OCCURS AT THE THIRD CODON, CHANGING THE NUCLEOTIDE FROM AToT:

ORIGINAL coDON 3: AAG
MUTATED copoN 3: TAG

NATURE OF THE MUTATION: SUBSTITUTION AND ITS CLASSIFICATION

THIS MUTATION IS A SINGLE NUCLEOTIDE SUBSTITUTION—A CHANGE FROM ADENINE (A) TO THYMINE (T) AT THE THIRD CODON
POSITION. | TS CLASSIFICATION DEPENDS ON HOW IT AFFECTS THE AMINO ACID:

- SILENT MUTATION: NO CHANGE IN AMINO ACID
- MisseNSeE MUTATION: CHANGES ONE AMINO ACID

- NoNSeENSE MUTATION: CREATES A PREMATURE STOP CODON

IN THIS CASE, AAG ENCODES LYSINE, WHILE TAGIs A sTOP CODON, WHICH TERMINATES TRANSLATION PREMATURELY.
THEREFORE, THIS MUTATION RESULTS IN A NONSENSE MUTATION.

MoLecULAR CONSEQUENCES OF THE MUTATION
EFFeCT oN THE MRNA
THE DNA MUTATION TRANSLATES INTO AN MRNA CHANGE:

- ORIGINAL MRNA copon: AAG (LYSINE)
- MuTATED MRNA copon: UAG (sTop)

THIS PREMATURE STOP CODON INTRODUCES A TRUNCATED MESSAGE, LIKELY LEADING TO AN INCOMPLETE, NONFUNCTIONAL
PROTEIN.

EFFECT ON THE POLYPEPTIDE

THE TRANSLATION PROCESS TERMINATES EARLY AT THE POINT OF THE STOP CODON, RESULTING IN A POLYPEPTIDE THAT IS
SHORTER THAN THE ORIGINAL. SPECIFICALLY:

- THE ORIGINAL POLYPEPTIDE SEQUENCE: METHIONINE- ALANINE-L YSINE-LEUCINE- ARGININE
- THe MUTATED, TRUNCATED POLYPEPTIDE: METHIONINE- ALANINE

THE CHAIN TERMINATES PREMATURELY AFTER THE SECOND AMINO ACID, MISSING THE REMAINING RESIDUES.

STRUCTURAL AND FUNCTIONAL IMPLICATIONS

Loss oF FUNCTIONAL DoMAINS

PROTEINS OFTEN DEPEND ON SPECIFIC DOMAINS FOR ACTIVITY. TRUNCATION CAN ELIMINATE:
- ACTIVE SITES

- BINDING REGIONS

- STRUCTURAL MOTIFS

IN oUR EXAMPLE, THE MISSING RESIDUES (POSITIONS 3‘5) COULD INCLUDE CRITICAL FUNCTIONAL REGIONS. THE RESULT IS A
NONFUNCTIONAL OR DELETERIOUSLY ALTERED PROTEIN.

PROTEIN STABILITY AND DEGRADATION



TRUNCATED PROTEINS ARE OFTEN UNSTABLE. CELLS MAY RECOGNIZE SUCH ABERRANT PROTEINS AND TARGET THEM FOR
DEGRADATION VIA THE PROTEASOME PATHWAY , REDUCING FUNCTIONAL PROTEIN LEVELS.

BrROADER BioLoGICAL IMPACT
THE CONSEQUENCES OF SUCH A MUTATION DEPEND ON THE GENE’S ROLE:

- LOSS-OF-FUNCTION MUTATIONS CAN LEAD TO DISEASE IF THE GENE IS ESSENTIAL.
- DOMINANT-NEGATIVE EFFECTS MAY OCCUR IF THE TRUNCATED PROTEIN INTERFERES WITH NORMAL PROTEINS.
- HAPLOINSUFFICIENCY ARISES IF ONE FUNCTIONAL COPY OF THE GENE ISN'T ENOUGH FOR NORMAL FUNCTION.

IN OUR HYPOTHETICAL SCENARIO, A PREMATURE STOP CODON COULD CAUSE, FOR EXAMPLE, A DEFICIENCY IN AN ENZYME,
LEADING TO METABOLIC DISORDERS.

PoTeNTIAL OUTCOMES IN DIFFERENT CONTEXTS

| ConTEXT | LikeLY ResULT |

| HoMozYGOUS MUTATION | BOTH ALLELES PRODUCE TRUNCATED, NONFUNCTIONAL PROTEINS; SEVERE PHENOTYPE OR
LETHALITY. |

| HETEROZYGOUS MUTATION | ONE ALLELE PRODUCES NORMAL PROTEIN; POSSIBLE MILD PHENOTYPE DEPENDING ON GENE DOSAGE. |
| CELLULAR COMPENSATION | UPREGULATION OF HOMOLOGOUS GENES OR ALTERNATIVE PATHWAYS MAY MITIGATE EFFECTS. |

EXPERIMENTAL APPROACHES TO ASSESS MUTATION IMPACT
TO UNDERSTAND AND CONFIRM THE MUTATION'S EFFECT, SCIENTISTS EMPLOY VARIOUS TECHNIQUES:

1. DNA SEQUENCING: CONFIRM THE MUTATION'S PRESENCE AND EXACT LOCATION.

2. MRNA AnaLYsIs (RT-PCR): DETECT PREMATURE TERMINATION SIGNALS OR ABERRANT TRANSCRIPTS.
3. PrOTEIN ANALYSIS (\WESTERN BLOT): OBSERVE TRUNCATED OR ABSENT PROTEINS.

4. FUNCTIONAL ASSAYS: MEASURE ENZYMATIC ACTIVITY OR OTHER FUNCTIONAL READOUTS.

5. STRUCTURAL MODELING: PREDICT HOW TRUNCATION AFFECTS PROTEIN FOLDING.

IMPLICATIONS FOR GENETIC COUNSELING AND DISEASE MANAGEMENT
IDENTIFYING SUCH MUTATIONS IS VITAL FOR:

- DIAGNOSING GENETIC DISORDERS

- DEVELOPING TARGETED THERAPIES

- PROVIDING ACCURATE GENETIC COUNSELING

For EXAMPLE, IF THE MUTATION IS ASSOCIATED WITH A HEREDITARY DISEASE, CARRIERS CAN BE IDENTIFIED, AND INTERVENTIONS
CAN BE PLANNED.

CONCLUSION

THIS DETAILED ANALYSIS DEMONSTRATES HOW A SINGLE NUCLEOTIDE SUBSTITUTION RESULTING IN A NONSENSE MUTATION CAN
SIGNIFICANTLY IMPACT THE STRUCTURE AND FUNCTION OF A POLYPEPTIDE. THE PREMATURE TERMINATION OF TRANSLATION
TRUNCATES THE PROTEIN, OFTEN LEADING TO LOSS OF FUNCTION, WHICH CAN HAVE CASCADING EFFECTS ON CELLULAR



PHYSIOLOGY AND ORGANISMAL HEALTH. UNDERSTANDING THESE MOLECULAR MECHANISMS IS CRUCIAL FOR ADVANCING
DIAGNOSTICS, THERAPEUTICS, AND GENETIC RESEARCH.
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