WHAT IS COMPLETE DOMINANCE IN BIOLOGY

WHAT IS COMPLETE DOMINANCE IN BIOLOGY IS A FUNDAMENTAL CONCEPT IN GENETICS THAT DESCRIBES THE RELATIONSHIP
BETWEEN ALLELES OF A GENE AND HOW THEY EXPRESS TRAITS IN AN ORGANISM. IN COMPLETE DOMINANCE, ONE ALLELE
COMPLETELY MASKS THE EFFECT OF ANOTHER ALLELE AT THE SAME LOCUS WHEN BOTH ARE PRESENT IN A HETEROZYGOUS
INDIVIDUAL. THIS CONCEPT IS ESSENTIAL FOR UNDERSTANDING INHERITANCE PATTERNS, GENETIC VARIATION, AND THE PRINCIPLES
OF MENDELIAN GENETICS. THIS ARTICLE WILL DELVE INTO THE DEFINITION OF COMPLETE DOMINANCE, ITS MECHANISMS, EXAMPLES
AND ITS SIGNIFICANCE IN BIOLOGICAL STUDIES.

’

IN THE FOLLOWING SECTIONS, WE WILL EXPLORE THE FOLLOWING TOPICS:

o UNDERSTANDING COMPLETE DOMINANCE

MecHANISM oF COMPLETE DOMINANCE

e ExXAMPLES OF COMPLETE DOMINANCE IN NATURE

e COMPARISON WITH INCOMPLETE DOMINANCE AND CODOMINANCE
® SIGNIFICANCE OF COMPLETE DOMINANCE IN GENETICS

o CONCLUSION

UNDERSTANDING COMPLETE DOMINANCE

COMPLETE DOMINANCE OCCURS WHEN THE PHENOTYPE OF A HETEROZYGOTE IS INDISTINGUISHABLE FROM THAT OF A
HOMOZYGOUS DOMINANT INDIVIDUAL. THIS SITUATION ARISES WHEN ONE ALLELE IS DOMINANT OVER THE OTHER, MEANING THAT
IT CAN EXPRESS ITS TRAIT FULLY, WHILE THE RECESSIVE ALLELE DOES NOT CONTRIBUTE TO THE PHENOTYPE. THE DOMINANT
ALLELE CAN PRODUCE A FUNCTIONAL PROTEIN, WHICH LEADS TO THE OBSERVABLE TRAITS, WHILE THE RECESSIVE ALLELE MAY
EITHER PRODUCE A NON-FUNCTIONAL PROTEIN OR NONE AT ALL.

THE CONCEPT OF COMPLETE DOMINANCE IS ROOTED IN THE WORK OF GREGOR MENDEL, WHO IS OFTEN REFERRED TO AS THE
FATHER OF MODERN GENETICS. THROUGH HIS EXPERIMENTS WITH PEA PLANTS, MENDEL DEMONSTRATED HOW TRAITS ARE PASSED
FROM PARENTS TO OFFSPRING AND HOW CERTAIN TRAITS ARE DOMINANT OVER OTHERS. HIS FINDINGS LAID THE GROUNDWORK
FOR OUR UNDERSTANDING OF INHERITANCE PATTERNS, INCLUDING COMPLETE DOMINANCE.

MecHANISM oF COMPLETE DOMINANCE

THE MECHANISM OF COMPLETE DOMINANCE IS BASED ON THE INTERACTION OF ALLELES AT A SPECIFIC GENE LOCUS. EACH GENE
CAN HAVE MULTIPLE FORMS, KNOWN AS ALLELES. IN DIPLOID ORGANISMS, SUCH AS HUMANS AND PLANTS, INDIVIDUALS CARRY
TWO ALLELES FOR EACH GENE, ONE INHERITED FROM EACH PARENT. THE INTERACTION OF THESE ALLELES CAN DETERMINE THE
PHENOTYPE.

ALLELE INTERACTION

IN COMPLETE DOMINANCE, THE DOMINANT ALLELE CAN COMPLETELY MASK THE EXPRESSION OF THE RECESSIVE ALLELE. For
INSTANCE, CONSIDER A GENE THAT AFFECTS FLOWER COLOR IN PLANTS. IF THE DOMINANT ALLELE (A) RESULTS IN RED FLOWERS
AND THE RECESSIVE ALLELE (A) RESULTS IN WHITE FLOWERS, THE GENOTYPES AA AND AA WILL BOTH PRODUCE RED FLOWERS,
WHILE ONLY THE GENOTYPE AA WILL PRODUCE WHITE FLOWERS. THIS MEANS THAT THE DOMINANT ALLELE (A) IS EXPRESSED IN
BOTH HOMOZYGOUS AND HETEROZYGOUS INDIVIDUALS, WHILE THE RECESSIVE ALLELE (A) IS ONLY EXPRESSED WHEN IT IS



HOMOZYGOUS.

GENOTYPIC AND PHENOTYPIC RATIOS

W/HEN STUDYING COMPLETE DOMINANCE, IT IS IMPORTANT TO UNDERSTAND HOW TO PREDICT THE GENOTYPIC AND PHENOTYPIC
RATIOS OF OFFSPRING. USING A PUNNETT SQUARE, WHICH IS A SIMPLE DIAGRAM USED TO PREDICT THE OUTCOME OF A GENETIC
CROSS, ONE CAN VISUALIZE THE COMBINATIONS OF ALLELES THAT OFFSPRING MAY INHERIT. For EXAMPLE, CROSSING TWO
HETEROZYGOUS INDIVIDUALS (AA) WOULD YIELD THE FOLLOWING RATIOS!

o GENOTYPICRATIO: 1 AA:2 AAa: 1 AA

e PHENOTYPIC RATIO: 3 RED FLOWERS : 1 WHITE FLOWER

ExAMPLES oF COMPLETE DOMINANCE IN NATURE

COMPLETE DOMINANCE CAN BE OBSERVED IN VARIOUS TRAITS ACROSS DIFFERENT ORGANISMS. ONE NOTABLE EXAMPLE IS THE
INHERITANCE OF FLOWER COLOR IN PEA PLANTS, AS STUDIED BY MENDEL. IN THIS CASE, THE ALLELE FOR PURPLE FLOWERS IS
DOMINANT OVER THE ALLELE FOR WHITE FLOWERS. THEREFORE/ BOTH HOMOZYGOUS DOMINANT (PP) AND HETEROZYGOUS (PP)
PLANTS WILL DISPLAY PURPLE FLOWERS, WHILE ONLY HOMOZYGOUS RECESSIVE (PP) PLANTS WILL HAVE WHITE FLOWERS.

HuMAN TRAITS

IN HUMANS, CERTAIN TRAITS EXHIBIT COMPLETE DOMINANCE AS WELL. For INSTANCE, THE ALLELE FOR BROWN EYES (B) IS
DOMINANT OVER THE ALLELE FOR BLUE EYES (B) THEREFORE, INDIVIDUALS WITH GENOTYPES BB AND BB WILL HAVE BROWN
EYES, WHILE ONLY THOSE WITH THE GENOTYPE BB WILL HAVE BLUE EYES. THIS CLEAR DISTINCTION BETWEEN DOMINANT AND
RECESSIVE TRAITS ILLUSTRATES THE PRINCIPLES OF COMPLETE DOMINANCE IN A REAL-WORLD CONTEXT.

CoMPARISON WITH INCOMPLETE DOMINANCE AND CODOMINANCE

TO FULLY UNDERSTAND COMPLETE DOMINANCE, IT IS ESSENTIAL TO COMPARE IT WITH OTHER FORMS OF DOMINANCE, SUCH AS
INCOMPLETE DOMINANCE AND CODOMINANCE. INCOMPLETE DOMINANCE OCCURS WHEN THE PHENOTYPE OF A HETEROZYGOTE IS AN
INTERMEDIATE BLEND OF THE TWO ALLELES. FOR EXAMPLE, IN CERTAIN FLOWER SPECIES, CROSSING RED-FLOWERED PLANTS WITH
WHITE-FLOWERED PLANTS MAY YIELD PINK FLOWERS IN THE OFFSPRING.

CODOMINANCE, ON THE OTHER HAND, OCCURS WHEN BOTH ALLELES EXPRESS THEIR TRAITS SIMULTANEOUSLY IN A
HETEROZYGOTE. A CLASSIC EXAMPLE IS THE ABO BLOOD GROUP SYSTEM IN HUMANS, WHERE INDIVIDUALS WITH GENOTYPE |AIB
EXPRESS BOTH A AND B ANTIGENS ON THEIR RED BLOOD CELLS.

SUMMARY ofF DoMINANCE T YPES

e CoMPLETE DOMINANCE: ONE ALLELE FULLY MASKS THE OTHER (E.G., BROWN VS. BLUE EYES).
® |NCOMPLETE DOMINANCE: A BLEND OF BOTH TRAITS IS EXPRESSED (E.G., RED AND WHITE FLOWERS PRODUCING PINK).

o CODOMINANCE: BOTH TRAITS ARE FULLY EXPRESSED (E.G., AB BLOOD TYPE).



SIGNIFICANCE OF CoMPLETE DOMINANCE IN GENETICS

THE UNDERSTANDING OF COMPLETE DOMINANCE IS CRUCIAL FOR VARIOUS FIELDS WITHIN BIOLOGY AND MEDICINE. |T ALLOWS
SCIENTISTS TO PREDICT INHERITANCE PATTERNS AND UNDERSTAND GENETIC DISORDERS BETTER. FOR EXAMPLE, MANY GENETIC
CONDITIONS ARE INHERITED IN A DOMINANT MANNER, MEANING ONLY ONE COPY OF THE MUTATED GENE IS NEEDED FOR THE
CONDITION TO MANIFEST. THIS UNDERSTANDING HELPS IN GENETIC COUNSELING AND RISK ASSESSMENT FOR INDIVIDUALS WITH A
FAMILY HISTORY OF SPECIFIC GENETIC DISORDERS.

MOREOVER, COMPLETE DOMINANCE IS A FOUNDATIONAL CONCEPT IN PLANT AND ANIMAL BREEDING, WHERE BREEDERS UTILIZE THIS
KNOWLEDGE TO DEVELOP DESIRED TRAITS IN CROPS AND LIVESTOCK. BY SELECTING FOR DOMINANT TRAITS, BREEDERS CAN
ENHANCE PRODUCTIVITY, DISEASE RESISTANCE, AND OTHER FAVORABLE CHARACTERISTICS IN AGRICULTURAL SPECIES.

CONCLUSION

IN SUMMARY , COMPLETE DOMINANCE IN BIOLOGY IS A VITAL CONCEPT THAT ILLUSTRATES HOW CERTAIN ALLELES CAN
COMPLETELY MASK THE EXPRESSION OF OTHERS. THIS PHENOMENON UNDERLIES MANY GENETIC TRAITS IN NATURE AND HAS
SIGNIFICANT IMPLICATIONS FOR GENETICS, BREEDING, AND THE UNDERSTANDING OF HEREDITARY DISEASES. BY STUDYING COMPLETE
DOMINANCE, RESEARCHERS AND PRACTITIONERS CAN MAKE INFORMED DECISIONS REGARDING GENETICS AND ITS APPLICATIONS IN
VARIOUS FIELDS.

Q: WHAT IS COMPLETE DOMINANCE IN BIOLOGY?

A: COMPLETE DOMINANCE IN BIOLOGY REFERS TO A GENETIC SCENARIO WHERE ONE ALLELE COMPLETELY MASKS THE EFFECT OF
ANOTHER ALLELE AT THE SAME LOCUS, RESULTING IN A PHENOTYPE THAT REFLECTS ONLY THE DOMINANT ALLELE'S TRAITS.

QI How DOES COMPLETE DOMINANCE DIFFER FROM INCOMPLETE DOMINANCE?

A: COMPLETE DOMINANCE OCCURS WHEN THE DOMINANT ALLELE COMPLETELY MASKS THE RECESSIVE ALLELE, WHILE INCOMPLETE
DOMINANCE RESULTS IN A BLENDING OF TRAITS, PRODUCING A PHENOTYPE THAT IS INTERMEDIATE BETWEEN THE TWO ALLELES.

Q: CAN YOU PROVIDE AN EXAMPLE OF COMPLETE DOMINANCE?

A: AN EXAMPLE OF COMPLETE DOMINANCE IS THE INHERITANCE OF FLOWER COLOR IN PEA PLANTS, WHERE THE ALLELE FOR PURPLE
FLOWERS (A) IS DOMINANT OVER THE ALLELE FOR WHITE FLOWERS (A), RESULTING IN PURPLE FLOWERS FOR BOTH AA AND AA
GENOTYPES.

QZ \WHAT ROLE DOES COMPLETE DOMINANCE PLAY IN GENETIC DISORDERS?

A: COMPLETE DOMINANCE PLAYS A CRUCIAL ROLE IN GENETIC DISORDERS THAT ARE INHERITED IN A DOMINANT MANNER, \WHERE
ONLY ONE COPY OF A MUTATED GENE IS SUFFICIENT TO CAUSE THE DISORDER, IMPACTING GENETIC COUNSELING AND RISK
ASSESSMENT.

QI How CAN COMPLETE DOMINANCE BE OBSERVED IN HUMAN TRAITS?

A: COMPLETE DOMINANCE CAN BE OBSERVED IN HUMAN TRAITS SUCH AS EYE COLOR, WHERE THE ALLELE FOR BROWN EYES (B) IS
DOMINANT OVER THE ALLELE FOR BLUE EYES (B), RESULTING IN BROWN-EYED INDIVIDUALS WITH GENOTYPES BB AND Bs.



Q: WHAT IS THE SIGNIFICANCE OF UNDERSTANDING COMPLETE DOMINANCE IN
AGRICULTURE?

A: UNDERSTANDING COMPLETE DOMINANCE IS SIGNIFICANT IN AGRICULTURE AS IT ALLOWS BREEDERS TO SELECT FOR DESIRED
TRAITS IN CROPS AND LIVESTOCK, ENHANCING PRODUCTIVITY AND DISEASE RESISTANCE THROUGH SELECTIVE BREEDING
PRACTICES.

Q: WHAT IS THE GENOTYPIC RATIO IN A CROSS BETWEEN TWO HETEROZYGOUS
INDIVIDUALS?

A: THE GENOTYPIC RATIO IN A CROSS BETWEEN TWO HETEROZYGOUS INDIVIDUALS (AA X Aa)1s 1 AA: 2 Aa: 1 Aa.

QZ \WHY IS MENDEL'S WORK IMPORTANT IN THE STUDY OF COMPLETE DOMINANCE?

A: MENDEL'S WORK IS IMPORTANT BECAUSE IT ESTABLISHED THE FOUNDATIONAL PRINCIPLES OF INHERITANCE, INCLUDING THE
CONCEPT OF COMPLETE DOMINANCE, WHICH HELPS EXPLAIN HOW TRAITS ARE PASSED FROM ONE GENERATION TO THE NEXT.

QI \WHAT HAPPENS AT THE MOLECULAR LEVEL DURING COMPLETE DOMINANCE?

A: AT THE MOLECULAR LEVEL DURING COMPLETE DOMINANCE, THE DOMINANT ALLELE TYPICALLY PRODUCES A FUNCTIONAL
PROTEIN THAT INFLUENCES THE PHENOTYPE, WHILE THE RECESSIVE ALLELE MAY PRODUCE A NON-FUNCTIONAL PROTEIN OR NONE
AT ALL, LEADING TO THE MASKING EFFECT OF THE DOMINANT ALLELE.
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