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\UNDERSTANDING THE INHERITANCE PATTERN OF SICKLE CELL DISEASE (SCD) CAN BE COMPLEX, ESPECIALLY WHEN A PERSON
DIAGNOSED WITH THE CONDITION COMES FROM A FAMILY WITH NO KNOWN HISTORY OF IT. THIS SCENARIO OFTEN LEADS TO
QUESTIONS ABOUT HOW THE DISEASE IS INHERITED, THE POSSIBILITY OF HIDDEN CARRIERS, AND OTHER GENETIC FACTORS AT

PLAY. IN THIS ARTICLE, WE WILL EXPLORE THESE ASPECTS THOROUGHLY , PROVIDING CLARITY ON HOW SICKLE CELL DISEASE CAN
MANIFEST EVEN WHEN NO IMMEDIATE FAMILY MEMBERS HAVE IT.

WHAT Is SickLe CeLL DISeaSE?

BEFORE DELVING INTO INHERITANCE PATTERNS, IT’S ESSENTIAL TO UNDERSTAND WHAT SICKLE CELL DISEASE IS.

DerFINITION AND OVERVIEW

SICKLE CELL DISEASE IS A GROUP OF INHERITED RED BLOOD CELL DISORDERS CHARACTERIZED BY THE PRODUCTION OF ABNORMAL
HEMOGLOBIN, CALLED HEMOGLOBIN S. THIS ABNORMAL HEMOGLOBIN CAUSES RED BLOOD CELLS TO BECOME RIGID AND SHAPED
LIKE CRESCENTS OR SICKLES, WHICH CAN LEAD TO BLOCKAGES IN BLOOD FLOW AND A RANGE OF HEALTH COMPLICATIONS.

SyMPTOMS AND COMPLICATIONS

COMMON SYMPTOMS INCLUDE:

- CHRONIC ANEMIA

- ErisoDES oF PAIN (CALLED SICKLE CELL CRISES)
- SWELLING IN HANDS AND FEET

- FREQUENT INFECTIONS

- DELAYED GROWTH AND PUBERTY

- VISION PROBLEMS

COMPLICATIONS CAN BE SEVERE AND INCLUDE STROKE, ORGAN DAMAGE, AND INCREASED RISK OF INFECTION.

UNDERSTANDING THE GENETIC BASIS oF SickLE CeLL DISEASE

INHERITANCE PATTERN

SICKLE CELL DISEASE FOLLOWS AN AUTOSOMAL RECESSIVE INHERITANCE PATTERN. THIS MEANS:

- AN INDIVIDUAL MUST INHERIT TWO COPIES OF THE SICKLE CELL GENE (ONE FROM EACH PARENT) TO HAVE THE DISEASE.
- |IF AN INDIVIDUAL INHERITS ONLY ONE COPY OF THE SICKLE CELL GENE, THEY ARE CONSIDERED A CARRIER (ALSO CALLED SICKLE
CELL TRAIT), TYPICALLY ASYMPTOMATIC BUT CAPABLE OF PASSING THE GENE TO OFFSPRING.



GENETICS SIMPLIFIED

- NORMAL HEMOGLOBIN GENE: AA GENOTYPE
- CARRIER (SICKLE CELL TRAIT): AS GENOTYPE
- SICKLE CELL DISEASE: SS GENOTYPE

AN INDIVIDUAL WITH GENOTYPE AS IS HEALTHY BUT CARRIES THE SICKLE CELL GENE.

\WHY MIGHT No ONEe ELsE IN THE FAMILY HAVE IT?

THIS QUESTION IS COMMON AND CAN BE EXPLAINED THROUGH SEVERAL GENETIC AND FAMILIAL FACTORS.

1. CARRIER PARENTS WITHOUT SYMPTOMS

[T’S POSSIBLE THAT BOTH PARENTS ARE CARRIERS (AS), BUT NEITHER HAS THE DISEASE BECAUSE!:

- THEY INHERITED ONLY ONE SICKLE CELL GENE EACH.
- THEIR CHILDREN, HOWEVER, HAVE A CHANCE OF INHERITING TWo CoPIes (SS).

2. HiobeN CARRIERS AND ASYMPTOMATIC INDIVIDUALS

IN SOME CASES, FAMILY MEMBERS MAY CARRY THE SICKLE CELL GENE BUT ARE ASYMPTOMATIC OR HAVE MILD SYMPTOMS THAT
GO UNNOTICED, ESPECIALLY IF THEY DO NOT HAVE A SEVERE FORM OF SICKLE CELL DISEASE.

3. New MUTATIONS

THOUGH RARE, SPONTANEOUS MUTATIONS CAN OCCUR. THESE ARE GENETIC CHANGES THAT HAPPEN DE NOVO (NE\X/LY) IN THE
INDIVIDUAL’S DNA, RESULTING IN SICKLE CELL DISEASE WITHOUT A FAMILY HISTORY.

4. INCOMPLETE FAMILY HISTORY OR LACK OF DOCUMENTATION

SOMETIMES, FAMILY HISTORIES ARE INCOMPLETE OR UNKNOWN, ESPECIALLY IN CASES OF ADOPTION, BLENDED FAMILIES, OR
UNDOCUMENTED RELATIVES, LEADING TO APPARENT ABSENCE OF THE DISEASE IN IMMEDIATE FAMILY MEMBERS.

GENETIC TESTING AND SCREENING

IMPORTANCE OF TESTING

GENETIC TESTING CAN IDENTIFY WHETHER SOMEONE IS A CARRIER OF SICKLE CELL TRAIT, EVEN IF THEY HAVE NO SYMPTOMS. THis
IS ESPECIALLY IMPORTANT FOR PROSPECTIVE PARENTS TO ASSESS THE RISK OF PASSING THE DISEASE TO CHILDREN.



TypPes oF TESTS

- HEMOGLOBIN ELECTROPHORESIS
- DNA ANALYSIS
- CompLETE BLOOD COUNT (CBC) To ASSESS ANEMIA

SCREENING RECOMMENDATIONS

- UNIVERSAL NEWBORN SCREENING PROGRAMS
- CARRIER SCREENING FOR AT-RISK POPULATIONS
- PRENATAL TESTING FOR COUPLES PLANNING PREGNANCY

PoPULATION Risk AND ETHNIC BACKGROUND

HiGHER PREVALENCE IN CERTAIN POPULATIONS

SICKLE CELL DISEASE IS MORE COMMON IN INDIVIDUALS OF AFRICAN, MEDITERRANEAN, MIDDLE EASTERN, INDIAN, AND LATIN
AMERICAN ANCESTRY. UNDERSTANDING ETHNICITY CAN HELP ASSESS RISK LEVELS.

IMPLICATIONS FOR FAMILIES

FAMILIES FROM HIGH-RISK POPULATIONS SHOULD CONSIDER SCREENING, EVEN IF THERE IS NO KNOWN FAMILY HISTORY, DUE TO THE
POSSIBILITY OF SILENT CARRIERS.

How DoEes SickLe CeLL Disease ApPEAR WITHOUT FAMILY HiISTORY?

1. DE Novo MUTATIONS

As MENTIONED, NEW MUTATIONS CAN LEAD TO SICKLE CELL DISEASE IN A PERSON WITHOUT ANY PRIOR FAMILY HISTORY.

2. INCOMPLETE oR UNKNOWN FAMILY PEDIGREE

SOMETIMES, FAMILY MEMBERS MAY HAVE BEEN CARRIERS OR AFFECTED BUT WERE NEVER DIAGNOSED OR AWARE OF THEIR STATUS.

3. CONSANGUINITY AND GENETIC RECESSIVE TRAITS

IN POPULATIONS WITH HIGHER RATES OF CONSANGUINITY <MARRIAGE BETWEEN RELATIVES), RECESSIVE TRAITS LIKE SICKLE CELL
CAN BECOME MORE PREVALENT, EVEN IF FAMILY HISTORY SEEMS ABSENT.



4. GENeTIC DRIFT AND PoPULATION DYNAMICS

GENETIC VARIATIONS CAN SPREAD THROUGH POPULATIONS OVER GENERATIONS, MAKING THE DISEASE APPEAR SPORADICALLY IN
FAMILIES WITHOUT PRIOR KNOWN CASES.

IMPLICATIONS FOR FAMILY PLANNING AND COUNSELING

GENETIC COUNSELING

COUPLES WITH NO FAMILY HISTORY BUT BELONGING TO HIGH-RISK ETHNIC GROUPS SHOULD CONSIDER GENETIC COUNSELING TO
UNDERSTAND THEIR RISKS AND OPTIONS.

RePRoODUCTIVE OPTIONS

- PRENATAL TESTING

- PREIMPLANTATION GENETIC DIAGNOSIS (PGD)
- LUSE OF DONOR SPERM OR EGGS

- ADOPTION

IMPORTANCE OF EARLY DIAGNOSIS

EARLY DETECTION ALLOWS FOR BETTER MANAGEMENT AND REDUCES COMPLICATIONS ASSOCIATED WITH SICKLE CELL DISEASE.

ConcrusioN: WHerRe Do You THINK?

IN SUMMARY, EVEN IF NO ONE ELSE IN THE IMMEDIATE FAMILY HAS SICKLE CELL DISEASE, IT’S STILL POSSIBLE FOR AN INDIVIDUAL
TO HAVE INHERITED THE DISEASE OR BE A CARRIER DUE TO VARIOUS GENETIC FACTORS, INCLUDING CARRIER STATUS OF PARENTS,
DE NOVO MUTATIONS, OR INCOMPLETE FAMILY HISTORIES. (UNDERSTANDING INHERITANCE PATTERNS, UNDERGOING PROPER
SCREENING, AND CONSULTING WITH HEALTHCARE PROFESSIONALS ARE VITAL STEPS IN ASSESSING RISK AND MAKING INFORMED
REPRODUCTIVE DECISIONS.

Key TAKEAWAYS:

- SICKLE CELL DISEASE IS INHERITED IN AN AUTOSOMAL RECESSIVE MANNER.

- CARRIERS (SICKLE CELL TRAIT) OFTEN HAVE NO SYMPTOMS BUT CAN PASS THE GENE.

- NO FAMILY HISTORY DOES NOT ELIMINATE THE POSSIBILITY OF INHERITANCE DUE TO SILENT CARRIERS OR NEW MUTATIONS.
- ETHNICITY AND POPULATION BACKGROUND INFLUENCE RISK.

- GENETIC TESTING AND COUNSELING ARE ESSENTIAL TOOLS FOR ACCURATE ASSESSMENT.

- EARLY DIAGNOSIS AND MANAGEMENT IMPROVE HEALTH OUTCOMES.

BY UNDERSTANDING THESE FACTORS, INDIVIDUALS AND FAMILIES CAN BETTER NAVIGATE THE COMPLEXITIES OF SICKLE CELL
DISEASE AND MAKE INFORMED CHOICES FOR THEIR HEALTH AND FUTURE GENERATIONS.



FREQUENTLY ASkeD QUESTIONS

How CAN SOMEONE INHERIT SICKLE CELL DISEASE IF NO OTHER IMMEDIATE FAMILY
MEMBERS HAVE IT?

SICKLE CELL DISEASE IS INHERITED IN AN AUTOSOMAL RECESSIVE PATTERN, MEANING A PERSON MUST INHERIT TWO COPIES OF THE
SICKLE CELL GENE—ONE FROM EACH PARENT. |T'S POSSIBLE FOR PARENTS TO BE CARRIERS WITHOUT SHOWING SYMPTOMS, AND
THE DISEASE CAN STILL APPEAR IN THEIR CHILD IF BOTH ARE CARRIERS.

COULD A PERSON WITH NO FAMILY HISTORY OF SICKLE CELL DISEASE STILL DEVELOP IT?

YES, IF BOTH PARENTS ARE CARRIERS OF THE SICKLE CELL TRAIT, THERE'S A CHANCE THEIR CHILD MAY INHERIT THE DISEASE EVEN
IF NO OTHER FAMILY MEMBERS ARE AFFECTED. CARRIER STATUS CAN BE ASYMPTOMATIC AND GO UNNOTICED.

\W/HAT IS THE LIKELIHOOD OF INHERITING SICKLE CELL DISEASE IF NO IMMEDIATE FAMILY
MEMBERS HAVE IT?

THE CHANCE DEPENDS ON WHETHER THE PARENTS ARE CARRIERS. |F BOTH ARE CARRIERS, THERE'S A 250/0 CHANCE WITH EACH
PREGNANCY TO HAVE A CHILD WITH SICKLE CELL DISEASE. |F NEITHER PARENT IS A CARRIER, THE RISK IS VERY LOW.

CAN NEW MUTATIONS CAUSE SICKLE CELL DISEASE IN FAMILIES WITH NO PRIOR HISTORY?

SICKLE CELL DISEASE IS CAUSED BY INHERITED MUTATIONS, WHICH ARE TYPICALLY PRESENT IN THE FAMILY HISTORY. NEwW
MUTATIONS ARE EXTREMELY RARE, SO MOST CASES STEM FROM INHERITED CARRIER STATUS RATHER THAN NEW MUTATIONS.

SHOULD SOMEONE WITH NO FAMILY HISTORY CONSIDER GENETIC TESTING FOR SICKLE
CELL TRAIT?

YES, ESPECIALLY IF THEY BELONG TO A POPULATION WITH A HIGHER PREVALENCE OF SICKLE CELL TRAIT, SUCH AS INDIVIDUALS
OF AFRICAN/ MEDITERRANEAN, MIDDLE EASTERN, OR INDIAN ANCESTRY. TESTING CAN INFORM REPRODUCTIVE DECISIONS AND
HEALTH MANAGEMENT.

WHAT STEPS SHOULD SOMEONE TAKE IF THEY SUSPECT THEY MIGHT CARRY THE SICKLE
CELL GENE BUT HAVE NO FAMILY HISTORY?

THEY SHOULD CONSULT A HEALTHCARE PROFESSIONAL FOR GENETIC COUNSELING AND CONSIDER BLOOD TESTS TO DETERMINE IF
THEY ARE CARRIERS OF THE SICKLE CELL TRAIT. THIS INFORMATION CAN HELP IN FAMILY PLANNING AND UNDERSTANDING
POTENTIAL HEALTH RISKS.

ADDITIONAL RESOURCES

IF SickLe CeLL Is AN INHERITED Disease AND No ONe ELsE IN His IMMEDIATE FAMILY HAs | T, WHERE Do You THINK THIS
CONDITION MIGHT ORIGINATE FROM? SICKLE CELL DISEASE (SCD) IS OFTEN UNDERSTOOD AS A HEREDITARY BLOOD DISORDER
PASSED DOWN THROUGH GENERATIONS. HOWEVER, WHEN A PERSON IS DIAGNOSED WITH IT DESPITE NO APPARENT FAMILY
HISTORY, IT RAISES IMPORTANT QUESTIONS ABOUT GENETICS, INHERITANCE PATTERNS, AND OTHER CONTRIBUTING FACTORS.
THIS ARTICLE EXPLORES THE COMPLEXITIES BEHIND SUCH CASES, UNRAVELING THE GENETICS OF SICKLE CELL DISEASE, POSSIBLE
EXPLANATIONS FOR UNEXPECTED DIAGNOSES, AND IMPLICATIONS FOR PATIENTS AND THEIR FAMILIES.



UNDERSTANDING SickLE CeLL Disease: AN OVERVIEW

BEFORE DELVING INTO SPECIFIC SCENARIOS WHERE NO FAMILY HISTORY EXISTS, IT’S CRUCIAL TO UNDERSTAND WHAT SICKLE
CELL DISEASE IS, ITS GENETIC BASIS, AND HOW IT IS TYPICALLY INHERITED.

WHAT Is SickLe CeLL DISEASE?

SICKLE CELL DISEASE IS A GROUP OF INHERITED RED BLOOD CELL DISORDERS CHARACTERIZED BY THE PRODUCTION OF ABNORMAL
HEMOGLOBIN, CALLED HEMOGLOBIN S. THIS ABNORMAL HEMOGLOBIN CAUSES RED BLOOD CELLS TO ASSUME A SICKLE OR
CRESCENT SHAPE, LEADING TO VARIOUS HEALTH COMPLICATIONS SUCH AS BLOCKAGES IN BLOOD FLOW, PAIN EPISODES, ANEMIA,
AND ORGAN DAMAGE.

GeNeTICS oF SickLE CeLL DISeEASE

- INHERITANCE PATTERN: AUTOSOMAL RECESSIVE

- GENE INvoLVED: HBB GENE ON CHROMOSOME 11

- CARRIER STATE: SICKLE CELL TRAIT (HETEROZYGOUS), WHERE AN INDIVIDUAL CARRIES ONE NORMAL HEMOGLOBIN GENE AND
ONE SICKLE CELL GENE

IN TYPICAL INHERIT ANCE:

- Two CARRIERS (HETEROZYGOUS): 25% CHANCE OF HAVING A CHILD WITH SICKLE CELL DISEASE
- CARRIER AND NON-CARRIER: 509, CHANCE OF BEING A CARRIER

- TWO NON-CARRIERS: 25% CHANCE OF NOT INHERITING THE DISEASE OR TRAIT

MOST CASES OCCUR WHEN BOTH PARENTS ARE CARRIERS, BUT FAMILIAL PATTERNS CAN SOMETIMES BE LESS OBVIOUS.

CAses WHere No ONE ELSe HAS |T: EXPLORING THE PARADOX

W/HEN A PERSON IS DIAGNOSED WITH SICKLE CELL DISEASE WITHOUT ANY FAMILY MEMBERS AFFECTED, IT CAN SEEM PERPLEXING.
SEVERAL EXPLANATIONS EXIST FOR SUCH SCENARIOS, RANGING FROM GENETIC PHENOMENA TO MISUNDERSTANDINGS ABOUT
FAMILY HISTORY.

1. De Novo MuTATIONS: New GENETIC CHANGES

- DEFINITION: A SPONTANEOUS MUTATION OCCURS IN THE HBB GENE OF AN INDIVIDUAL, LEADING TO SICKLE CELL DISEASE
WITHOUT INHERITANCE FROM PARENTS.

- PREVALENCE: RARE, BUT DOCUMENTED IN GENETIC DISORDERS.

- IMPLICATION: THE MUTATION ARISES ANEW IN THE GERMLINE CELLS (SPERM OR EGG) OR EARLY EMBRYONIC DEVELOPMENT.

Pros:
- EXPLAINS ISOLATED CASES WITHOUT FAMILY HISTORY.
- HIGHLIGHTS THE ROLE OF GENETIC VARIABILITY.

Cons:
- RARE; MOST CASES ARE INHERITED.

2. HippeN or UNRECOGNIZED FAMILY CARRIERS

- INCOMPLETE FAMILY HISTORY: FAMILY MEMBERS MIGHT CARRY THE SICKLE CELL TRAIT BUT ARE ASYMPTOMATIC OR UNAW ARE.



- CARRIER STATUS IN EXTENDED FAMILY: POSSIBLE THAT ONLY DISTANT RELATIVES CARRY THE TRAIT, AND THE IMMEDIATE
FAMILY APPEARS UNAFFECTED.

- PATERNITY UNCERTAINTY: CASES WHERE BIOLOGICAL RELATIONSHIPS DIFFER FROM KNOWN ONES CAN AFFECT INHERITANCE
PATTERNS.

Pros:
- EMPHASIZES THE IMPORTANCE OF COMPREHENSIVE FAMILY TESTING.
- RECOGNIZES THE POTENTIAL FOR UNRECOGNIZED CARRIERS.

Cons:
- FAMILY TESTING MIGHT NOT HAVE BEEN CONDUCTED OR AVAILABLE.

3. GeNeTIC MosaAlcisM or CHIMERISM
- MOSAICISMZ A MUTATION OCCURS IN SOME CELLS OF THE BODY BUT NOT OTHEES; IN GERMLINE CELLS, IT CAN BE PASSED ON.

- CHIMERISM: FUSION OF TWO FERTILIZED EGGS LEADING TO A PERSON WITH TWO GENETIC LINEAGES.

IMPLICATION:
- A PERSON WITH MOSAICISM MIGHT DEVELOP SICKLE CELL DISEASE EVEN IF PARENTS ARE UNAFFECTED.

Pros:
- PROVIDES AN EXPLANATION FOR UNEXPECTED CASES.

Cons:
- DIFFICULT TO DETECT WITHOUT SPECIALIZED TESTING.

4. PATERNAL OR MATERNAL LINEAGE MUTATIONS

- MUTATIONS CAN SOMETIMES OCCUR IN THE GERMLINE OF ONE PARENT, PASSING ON THE DISEASE DESPITE NO APPARENT FAMILY
HISTORY.
- ALSO, MUTATIONS MIGHT HAVE BEEN INHERITED FROM ANCESTORS BEYOND THE IMMEDIATE FAMILY.

IMPLICATION:
- THE DISEASE CAN SKIP GENERATIONS OR APPEAR UNEXPECTEDLY.

GENETIC TESTING AND DIAGNOSIS

UNDERSTANDING THE GENETIC MAKEUP IS CRUCIAL FOR DIAGNOSING AND UNDERSTANDING SICKLE CELL DISEASE, ESPECIALLY IN
ATYPICAL CASES.

Types oF TesTS

- HEMOGLOBIN ELECTROPHORESIS: IDENTIFIES ABNORMAL HEMOGLOBIN TYPES.

- DNA ANALYSIS: DETECTS MUTATIONS IN THE HBB GENE.

- CoMpLETE BLoob CounT (CBC): ASSESSES ANEMIA AND CELL MORPHOLOGY.
- PRENATAL TESTING: FOR AT-RISK PREGNANCIES.

WHY TESTING MATTERS

- CLARIFIES WHETHER THE PATIENT HAS SICKLE CELL DISEASE OR TRAIT.



- DETERMINES CARRIER STATUS IN FAMILY MEMBERS.
- GUIDES FAMILY PLANNING AND MANAGEMENT.

IMPLICATIONS FOR PATIENTS AND FAMILIES

(UNDERSTANDING THE ORIGIN OF SICKLE CELL DISEASE IN UNEXPECTED CASES HAS SIGNIFICANT IMPLICATIONS.

GENETIC COUNSELING

- ESSENTIAL FOR FAMILIES WITH NO KNOWN HISTORY BUT AFFECTED MEMBERS.
- HELPS ASSESS RISKS FOR FUTURE OFFSPRING.
- PROVIDES EDUCATION ABOUT INHERITANCE PATTERNS AND TESTING OPTIONS.

PsycHoLoGICAL IMPACT

- UNEXPECTED DIAGNOSIS CAN CAUSE CONFUSION OR DISTRESS.
- COUNSELING CAN ASSIST IN COPING AND UNDERSTANDING.

PusLIC HEALTH PERSPECTIVE

- EMPHASIZES THE NEED FOR \WIDESPREAD SCREENING, ESPECIALLY IN HIGH-PREV ALENCE REGIONS.
- PROMOTES AWARENESS THAT SICKLE CELL DISEASE CAN SOMETIMES OCCUR WITHOUT OBVIOUS FAMILY HISTORY.

Pros AND CoNs oF GENETIC EXPLANATIONS FOR No FAMILY HISTORY

Pros

- EXPLAINS ISOLATED CASES THROUGH MUTATIONS OR MOSAICISM.

- HIGHLIGHTS IMPORTANCE OF GENETIC TESTING BEYOND FAMILY HISTORY.
- AIDS IN TAILORED TREATMENT AND MANAGEMENT STRATEGIES.

- ENCOURAGES COMPREHENSIVE FAMILY SCREENING.

Cons

- RARE OCCURRENCE; MOST CASES ARE INHERITED.

- GENETIC TESTING CAN BE COSTLY OR INACCESSIBLE.
- MAY CAUSE ANXIETY OR STIGMA.

- CAN COMPLICATE FAMILY PLANNING DECISIONS.

CONCLUSION

\W/HILE SICKLE CELL DISEASE IS TRADITIONALLY VIEWED AS AN INHERITED CONDITION, CASES WHERE NO OTHER FAMILY MEMBERS
ARE AFFECTED UNDERSCORE THE COMPLEXITY OF HUMAN GENETICS. SPONTANEOUS MUTATIONS, UNDETECTED CARRIERS,
MOSAICISM, AND OTHER GENETIC PHENOMENA CAN ALL CONTRIBUTE TO SUCH ATYPICAL PRESENTATIONS. RECOGNIZING THESE
POSSIBILITIES IS VITAL FOR ACCURATE DIAGNOSIS, EFFECTIVE COUNSELING, AND INFORMED DECISION-MAKING. AS GENETIC



TESTING BECOMES MORE ACCESSIBLE AND ADVANCED, OUR UNDERSTANDING OF THESE RARE CASES WILL DEEPEN, ULTIMATELY
IMPROVING PATIENT CARE AND FAMILY SUPPORT.

IN SUMMARY, IF SOMEONE WITH SICKLE CELL DISEASE HAS NO APPARENT FAMILY HISTORY, IT’S ESSENTIAL TO CONSIDER A RANGE
OF GENETIC EXPLANATIONS AND TO PURSUE APPROPRIATE TESTING. THIS APPROACH NOT ONLY CLARIFIES INDIVIDUAL CASES
BUT ALSO ENHANCES OUR BROADER UNDERSTANDING OF HEREDITARY DISEASES, PAVING THE WAY FOR BETTER PREVENTION,
DIAGNOSIS, AND MANAGEMENT STRATEGIES IN DIVERSE POPULATIONS.
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