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Genetic Diversity,
Segregation, and Independent Assortment
Comprehensive study sheet based on the lecture slides

Use this sheet as a quick-review guide for chromosome structure, mitosis, meiosis, crossing over,
segregation, and independent assortment.

Slide coverage map

Every slide in the deck is covered below, so nothing gets skipped.

| Slides & Topic______________________|

1 History of cytogenetics and the first true chromosome count.

- DNA packaging: double helix, histones, nucleosomes, fiber, looped domains,
metaphase chromosome.

4 Cell-cycle interphase overview (G1, S, G2) and mitotic entry.

- Chron'msome painting / fluorescent cytogenetic visualization and karyotype
mapping.

2.9 Chromosome nomenclature, chromosome shape, and human chromosome
sets.

10 Mitosis vs meiosis overview.

11 Interphase details and the 18-24 hour timing.

12 Unreplicated versus replicated chromosomes and sister chromatids.

13 Mitosis summary: identical daughter cells and the phase sequence.

14-15 Detailed mitosis staging from prophase to interphase.

16-19 Meiosis overview, homolog pairing, and the reduction-equation sequence.

20-23 Meiosis | phase sequence and homolog separation.

24-27 Meiosis Il phase sequence and sister chromatid separation.

28 Homologous chromosomes, chiasma, and crossing over.

29 Prophase | sub-stages: leptotene to diakinesis.

30 Homologous pairing and the split between meiosis | and II.

a1 Genetic consequences of meiosis: reduction, assortment, recombination,
diversity.

32 Independent assortment and chromosome-combination counts.

Built from the provided lecture PDF.
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1. Chromosomes, chromatin, and cytogenetics

¢ The lecture opens with the history of cytogenetics and the landmark recognition of the true human
chromosome number in 1956.

¢ DNA is packaged in levels: double helix -> histones and nucleosomes -> 30-nm fiber -> looped
domains/scaffold -> replicated chromosome -> metaphase chromosome.

e Chromosome painting and karyotype-style fluorescence images show how different chromosomes can be
distinguished visually in cytogenetics.
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“ From their vantage through the microscope,
the cytogeneticists’view of the genome is still

unrivalled in its scope, detail and color.”
Barbara J. Trask, 2002

Slide 1: History of cytogenetics and the true chromosome number.
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Slide 2: DNA to nucleosomes Slide 3: Higher-order packing

2. Chromosome shape and nomenclature

e _A metaEhase chromosome has two sister chromatids joined at the centromere.
e The short arm is called p and the long arm is called q.
¢ Chromosome shape depends on centromere position: metacentric, submetacentric, acrocentric, and
telocentric are the classic categories.
¢ Human chromosomes are named and organized by centromere position and arm length.
P—— @I{' Il be explained in few Siides

+ Interphase chromosome - loose, not visible
+ Metaphase chromosome > condensed, duplicated, visible (@ peak clarity)

- Anaphase chromosome - chromatids separate and move apart

® One-line summary:

A metaphase chromosome is a fully condensed, duplicated chromosome (two sister
chromatids joined at a centromere) aligned in the middle of the cell during metaphase.




Chromosome Shape

Metacentric- centromere is located in the middle of chromosome
Submetacentric- centromere is displaced from the center
Acrocentric — centromere is placed near the end
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Slide 8: Centromere position and chromosome shape.

What to remember

Metacentric Centromere in the middle; arms are similar in length.

Submetacentric Centromere is displaced from the center; arms are unequal.
Acrocentric Centromere lies near one end; a very short p arm is seen.

Telocentric Centromere at the end; shown in the slide as a general shape category.

3. Human chromosomes, interphase, and replication

*  Human somatic cells are diploid: 22 pairs of autosomes plus one pair of sex chromosomes (XX in females, XY
in males), for a total of 46 chromosomes.

e Germ cells are haploid and contain 22 autosomes plus one sex chromosome (X or Y).

¢ Interphase lasts about 18-24 hours and includes G1, S, and G2.

e During S phase, DNA is replicated and each chromosome becomes two sister chromatids joined at the
centromere.

e G1is growth and biosynthesis; G2 is more growth, mitochondrial division, and spindle precursor formation.

Interphase
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Slide 11: Interphase (G1, S, G2) Slide 12: Replicated vs unreplicated chromosome



4. Mitosis

*  Mitosis produces two genetically identical daughter cells that keep the diploid chromosome number (46 in
humans).
* |tis a continuous process, but for study purposes it is divided into prophase, metaphase, anaphase, and
telophase.
e The process must be highly accurate so each daughter cell receives a complete chromosome setam) -Fu0£+fonf well
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Slide 10: Mitosis versus meiosis at a glance.
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Slide 14: Prophase to metaphase Slide 15: Metaphase to interphase

Mitosis phase logic

e  Prophase: chromosomes condense, nuclear envelope starts breaking down, and centrioles move to opposite
poles.

® Metaphase: chromosomes align at the spindle equator.

¢ Anaphase: sister chromatids separate and move to opposite poles.

¢ Telophase: nuclei reform and the cell prepares to complete division.



5. Meiosis overview

¢ Meiosis follows one round of DNA replication with two nuclear divisions.

Meiosis | is the reductional division: homologous chromosomes pair and separate, producing two haploid
cells with replicated chromosomes.

* Meiosis Il is the equational division: sister chromatids separate, producing four haploid daughter cells with
unreplicated chromosomes.

Figure 13.7-3
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Slide 19: Overall flow of meiosis from duplicated homologs to four haploid cells.

6. Meiosis | and Meiosis Il stage-by-stage

¢ In meiosis |, homologous chromosomes separate while sister chromatids stay together.
* There is no DNA replication between meiosis | and meiosis Il.

¢ |n meiosis Il, sister chromatids separate, just like a mitosis-like division of the haploid cells.
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Meiosis |
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Slide 23: Meiosis | from prophase | to telophase |.
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Slide 27: Meiosis Il from prophase Il to telophase II.

Meiosis checkpoints to memorize

¢ Metaphase I: homologous pairs line up at the spindle equator.
* Anaphase I: homologous chromosomes separate.

e Metaphase Il: chromosomes line up again, one per spindle axis.
¢ Anaphase Il: sister chromatids separate.



7. Prophase | and recombination

e Prophase | has five named substages: leptotene, zygotene, pachytene, diplotene, and diakinesis.

1-Leptotene (lepto=thin) 2-Zygotene (zygo=pairing) _‘_ {)
- Chromosomes start condensing - appear as @ = C
thin threads

- Synapsis begins - homologous chromosomes

pair up My,de/j ﬁ'&od

- Formation of synaptonemal complex (protein
structure that holds homologs together)

- Each chromosome already consists of 2 sister
chromatids (but not clearly visible yet)

+ Homologous chromosomes are not paired yet - Paired chromosomes = bivalent (or tetrad) - 4

chromatids total
® Think: "Chromosomes just showing up”

® Key: "Matching chromosomes find each other”

3-Pachytene (pachy=thick) “MOST IMPORTANT”  4-Diplotene (diplo=double)

« Chromosomes become thicker - Synaptonemal complex dissolves
- CROSSING OVER happens here § - Homologous chromosomes start separating

- Non-sister chromatids exchange DNA segments - BUT remain attached at chiasmata (sites of
crossing over)
@ This is genetic recombination
® Think: "They separate but stay connected

@ This stage = the whole point of meiosis where DNA was exchanged”

5-Diakinesis (dia=apart)
- Chromosomes fully condensed
- Chiasmata move toward ends (terminalization)
- Nuclear envelope breaks down

- Spindle starts forming

® Ready for metaphase |

e Synapsis is the pairing of homologous chromosomes along their entire length, and the synaptonemal d@ -);O
complex forms during zygotene. ‘)Q

e A paired homologous set is a tetrad (or bivalent) because it contains four chromatids. mema/)'z.@

® Crossing over occurs during pachytene at chiasmata and creates recombinant chromatids.

¢ Diplotene: homologs begin to separate but remain attached at chiasmata; these sites are often visible. 5{&)

e Diakinesis: chromosomes condense further and tetrads become clearly visible. __?"I'-
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Slide 28: Homologous chromosomes, chiasma, and crossing over.

Prophase | substage memory aid

Leptotene Replicated chromosomes begin to condense.

Zygotene Homologs pair; synaptonemal complex forms.

Pachytene Synapsis is complete; crossing over occurs.

Diplotene Homologs partially separate but remain joined at chiasmata.
Diakinesis Further condensation makes tetrads clearly visible.
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8. Genetic consequences of meiosis

Meiosis reduces chromosome number from diploid to haploid, which is essential for gamete formation.
Maternal and paternal chromosomes assort randomly, so different chromosome pairs are distributed

independently.

In humans, the number of possible chromosomal combinations from independent assortment is 2423 =

8,388,608.

Crossing over adds even more variation by creating new allele combinations.
Segregation of alleles follows from the separation of homologs and chromatids.
Recombination is important for genetic diversity and normal chromosome disjunction.

Chromosome combinations: independent assortment
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Slide 32: Independent assortment creates many chromosome combinations.

9. High-yield quick reference

Homologous chromosomes

Sister chromatids
Tetrad / bivalent
Chiasma

Segregation

Independent assortment

Thanks for using

One maternal and one paternal chromosome carrying the same genes.

Identical copies of a replicated chromosome joined at the centromere.

A paired homologous set in prophase I; four chromatids total.

Visible site where crossing over occurred.

Separation of alleles when homologs or chromatids separate.

this sheet.

If you found it helpful, please share it

Random distribution of maternal and paternal homologs into gametes.
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