Part 4: Cytogenetics
4.1. Types of Chromosomes in Eukaryotes
Based on Centromere Position
1. Metacentric → centromere in the middle, arms equal.
1. Submetacentric → centromere slightly off-center, one arm longer.
1. Acrocentric → centromere very close to one end, one very short arm.
1. Telocentric → centromere at the terminal position, only one arm.
Based on Function
1. Autosomes → non-sex chromosomes, carry most of the genetic information.
1. Sex Chromosomes → determine sex (e.g., XX/XY system in humans, ZZ/ZW in birds).
Karyotype Studies
1. Important for identifying species, detecting abnormalities, and studying evolution.
4-1 EUPLOIDY IN EUKARYOTES EXTENDED DETAILS
Euploidy refers to numerical changes involving complete sets of chromosomes, not single chromosomes.
If the basic set of chromosomes is x, then:
1. Diploid = 2x
1. Triploid = 3x
1. Tetraploid = 4x
1. Hexaploid = 6x, etc.
Euploidy contrasts with aneuploidy, which affects only one chromosome (e.g., +21).
Where does euploidy occur most commonly?
1. Very common in plants
1. Rare in animals (because polyploid embryos are usually lethal)
How euploidy arises (mechanisms):
1. Failure of meiotic division → formation of unreduced gametes (2n gametes)
1. Nondisjunction in mitosis → doubling of chromosome sets
1. Somatic doubling due to spindle failure
1. Chemical induction (e.g., colchicine)
1. Hybridization followed by chromosome doubling
4-2 TYPES OF EUPLOIDY — DEEP DETAILS
 1. Monoploidy (n)
A monoploid has one copy of each chromosome.
Stability:
1. Usually unstable because: – No homologous chromosomes for pairing
– Exposes recessive deleterious alleles
Uses in plant breeding:
1. Production of double haploids (DH)
1. Extremely useful because: – They produce fully homozygous lines in one generation
– Faster breeding cycles
2. Diploidy (2n)
The standard chromosomal condition in most eukaryotes.
Diploids maintain:
1. Buffering of mutations (dominant alleles can mask recessive ones)
1. Stable meiosis due to homologous pairing
 3. Polyploidy (>2 sets)
Polyploids have multiple chromosome sets and can be:
· Triploid (3n)
Almost always sterile because they form unbalanced gametes.
Used for seedless fruits (banana, watermelon).
· Tetraploid (4n)
Very common in crops.
Produce larger organs due to increased cell size.
· Hexaploid (6n)
Wheat is the most famous example.
Highly advantageous because it combines genomes from different ancestors.
3-4 AUTOPOLYPLOIDY – DETAILED
Autopolyploidy involves duplication of the same genome.
A genotype AAAA comes from repeated copies of species A.
Mechanisms
1. Mitotic nondisjunction
1. Meiotic nondisjunction → unreduced gametes
1. Colchicine treatment (prevents spindle formation)
Cytological behavior
1. Autotetraploids often form multivalents during meiosis
→ leads to reduced fertility
Phenotypic effects
1. Larger cells
1. Larger leaves, fruits, and flowers
1. Thicker stems
1. Delayed flowering
1. Sometimes more vigor
Examples
· Autotetraploid potato
· Autotriploid banana
· Autopolyploid alfalfa
 ALLOPOLYPLOIDY – DETAILED
Allopolyploidy arises from hybridization between different species, followed by chromosome doubling.
Example: species A (n=7) × species B (n=7) produces hybrid AB (sterile).
Doubling → AABB (fertile allopolyploid).
Why doubling restores fertility?
Because each chromosome now has a homologous partner for pairing.
Allopolyploids show:
1. Regular meiosis
1. High fertility
1. Fixed heterozygosity
1. Increased stress tolerance
1. Broader ecological adaptability
Famous examples
 Bread wheat (hexaploid; 6n)
Genome composition = AABBDD
Result of two hybridization events.
Advantages:
1. Cold tolerance
1. Disease resistance
1. Big grains
1. High yield
 Cotton (tetraploid; 4n)
1. Brings together two ancestral species → longer fibers + better quality.
 Tragopogon (goatsbeard plants)
1. A modern example where new allopolyploid species formed within the last century.
 SIGNIFICANCE OF POLYPLOIDY — ADVANCED DETAILS
 1. Evolution
Polyploidy is one of the fastest ways for new species to arise.
A polyploid can become a new species instantly because it is reproductively isolated.
 2. Increased genetic diversity
Polyploids have:
1. Multiple copies of genes
1. Redundancy that allows new mutations to evolve safely
1. Higher adaptability to environmental change
 3. Agriculture
Polyploid crops:
1. Have larger organs (fruits, roots, leaves)
1. Higher biomass
1. Better resistance to diseases and stress
1. Improved nutrient content
1. Seedlessness
Examples:
1. Seedless bananas (3n)
1. Tetraploid grapes (larger berries)
1. Polyploid sugarcane (high sugar content)
 4.3. PSEUDOPOLYPLOIDY — EXTENDED EXPLANATION
Pseudopolyploidy occurs when:
1. The chromosome number looks increased
1. But the increase comes from structural abnormalities, not extra whole sets.
Meaning:
1. It is not true euploidy
Structural changes causing pseudopolyploidy
1. Duplications
1. Inversions
1. Translocations
1. Large insertions or deletions
Why does it matter?
1. It can confuse cytogenetic analysis
1. Organism may look polyploid but behaves genetically like a diploid
1. Creates evolutionary novelty
1. May cause infertility or new traits
1. Often seen in cancer cells (human context)
4.4. DIPLOIDIZATION OF POLYPLOIDS — DETAILED
Diploidization is a long-term evolutionary process where polyploids gradually behave like diploids again.
Mechanisms of diploidization
1. Gene silencing
– Duplicate gene copies become inactive
– Prevents imbalance in gene expression
1. Chromosome loss
– Redundant chromosomes can be lost without harming the organism
1. Chromosomal rearrangements
– Translocations
– Fusions
– Fissions
1. Subfunctionalization
– Duplicate genes divide their functions
1. Neofunctionalization
– Duplicate genes evolve new roles
Example: wheat
1. Although it is genetically a hexaploid (6n),
1. Its chromosomes pair in meiosis like a diploid because of a gene called Ph1 locus
1. This ensures stable and regular meiosis
Why diploidization is important?
1. It stabilizes the genome
1. Prevents meiotic chaos
1. Allows long-term survival of polyploids
1. Creates new gene functions (evolutionary innovation)
4.4. Natural and Artificial Diploidization of Polyploids
Natural Diploidization
1. Over evolutionary time, polyploids tend to behave like diploids.
1. Through mutations, chromosome rearrangements, and gene silencing, redundant chromosomes lose activity.
1. Example: Modern bread wheat (hexaploid) behaves cytologically like a diploid.
Artificial Diploidization
1. Achieved by colchicine treatment (inhibits spindle formation, doubling chromosome number).
1. Used to stabilize hybrids by restoring pairing between homologous chromosomes.
1. Essential in creating fertile polyploid crop species.
4.5. Aneuploidy and Its Role in Evolution
Definition: Abnormal chromosome number due to loss or gain of one or more chromosomes, but not entire sets.
Types
1. Monosomy (2n–1) → loss of one chromosome.
1. Trisomy (2n+1) → gain of one chromosome.
1. Tetrasomy (2n+2) → gain of a homologous pair.
Causes
1. Errors in meiosis (nondisjunction).
Consequences
1. Often harmful in animals (e.g., Down syndrome = human trisomy 21).
1. In plants, can sometimes be tolerated and even exploited in breeding.
Role in Evolution
1. Source of genetic variation.
1. Helps in locating genes on specific chromosomes (monosomic/trisomic analysis).
1. Contributes to speciation by creating reproductive barriers.

