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Chromosomal Theory

Bridging Mendel’'s Abstract Math with Cellular Reality
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From Abstract Factors to Physical Chromosomes TopAl
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Mendel’s Era (1865) The Breakthrough (1902)
* Proposed inheritance is driven by e Walter Sutton and Theodore Boveri
discrete, invisible “factors”. tracked physical cell division.

e Discovered that chromosomes
precisely double and divide during
meiosis.

e Observed perfect mathematical
patterns (segregation,
assortment).

e The actual physical nature and
cellular location of these factors

remained a complete mystery. Conclusion: Mend_el's mathematical
“factors” are physically located on
chromosomes.
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The Parallel Behavior Matrix

Sutton and Boveri noted that the physical behavior of chromosomes perfectly mirrors
the statistical behavior of genes.

Trait

Genes

Chromosomes

Occurrence

Occur in pairs

Occur in pairs

Segregation

Segregate at gamete
formation; only one of each
pair is transmitted

Segregate at gamete
formation; only one of each
pair is transmitted

Assortment

Independent pairs segregate
independently of each other

One pair segregates
independently of another pair
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Analytical Check: Because their cellular behaviors
are identical, chromosomal movement provides the
physical proof for Mendel's abstract laws.



Visualizing Segregation: Meiosis Vo
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Tracking how physical chromosomes segregate to form haploid germ cells.

Meiosis | &Il
m m (Anaphase) sl

Cell contains 4 Chromosomes Homologous pairs Four distinct haploid
chromosomes (2 pairs). duplicate into distinct separate, followed by cells formed.
Bivalent/homologous. sister chromatids. sister chromatids Chromosomes have

separating. physically segregated.



Independent Assortment of Chromosomes A
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During Anaphase | of meiosis, chromosome pairs align at the metaphase
plate completely independently of one another.

Possibility | Possibility I
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Result: Orange/Green gametes Result: Orange/Red gametes
& Yellow/Red gametes. & Yellow/Green gametes.




The Chromosomal Theory Synthesized 2
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Sutton successfully united the visual knowledge of chromosomal segregation
with Mendelian statistical principles. Because genes are physically located on
homologous chromosomes, the movement of the chromosomes during
meiosis directly dictates the inheritance of the genes.

Common Misconception R
Genes don't float independently

through the cell; they ride on Gene seg regation

chromosomes. Genetic linkage
occurs when two genes share the

follows chromosome
exact same chromosome vehicle. Seg I‘egation.
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