
Gene$c Diversity,

Segrega$on, 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, 

segrega$on, and independent assortment.

بسم ا( الرحمن الرحيم



1. Chromosomes, chroma.n, and cytogene.cs

 The lecture opens with the history of cytogene3cs and the landmark recogni3on of the true human 

chromosome number in 1956.

 DNA is packaged in levels: double helix -> histones and nucleosomes -> 30-nm Hber -> looped 

domains/scaJold -> replicated chromosome -> metaphase chromosome.

 Chromosome pain3ng and karyotype-style Luorescence images show how diJerent chromosomes can be 

dis3nguished visually in cytogene3cs.

Slide 1: History of cytogene3cs and the true chromosome number.

Slide 2: DNA to nucleosomes Slide 3: Higher-order packing

2. Chromosome shape and nomenclature

 A metaphase chromosome has two sister chroma3ds joined at the centromere.

 The short arm is called p and the long arm is called q.

 Chromosome shape depends on centromere posi3on: metacentric, submetacentric, acrocentric, and 

telocentric are the classic categories.

 Human chromosomes are named and organized by centromere posi3on and arm length.

اللهم رب0 ارحمهما كما ربياني صغيراً



Slide 8: Centromere posi1on and chromosome shape.

Term 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 replica8on

 Human soma@c 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.

 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.

 During S phase, DNA is replicated and each chromosome becomes two sister chroma@ds joined at the 

centromere.

 G1 is growth and biosynthesis; G2 is more growth, mitochondrial division, and spindle precursor forma@on.

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



4. Mitosis

 Mitosis produces two gene0cally iden0cal daughter cells that keep the diploid chromosome number (46 in 

humans).

 It is a con0nuous process, but for study purposes it is divided into prophase, metaphase, anaphase, and 

telophase.

 The process must be highly accurate so each daughter cell receives a complete chromosome set.

Slide 10: Mitosis versus meiosis at a glance.

Slide 14: Prophase to metaphase Slide 15: Metaphase to interphase

Mitosis phase logic

 Prophase: chromosomes condense, nuclear envelope starts breaking down, and centrioles move to opposite 

poles.

 Metaphase: chromosomes align at the spindle equator.

 Anaphase: sister chroma0ds 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 replica4on with two nuclear divisions.

 Meiosis I is the reduc4onal division: homologous chromosomes pair and separate, producing two haploid 

cells with replicated chromosomes.

 Meiosis II is the equa4onal division: sister chroma4ds separate, producing four haploid daughter cells with 

unreplicated chromosomes.

Slide 19: Overall .ow of meiosis from duplicated homologs to four haploid cells.

6. Meiosis I and Meiosis II stage-by-stage

 In meiosis I, homologous chromosomes separate while sister chroma4ds stay together.

 There is no DNA replica4on between meiosis I and meiosis II.

 In meiosis II, sister chroma4ds separate, just like a mitosis-like division of the haploid cells.

كيف يظلم لي ليل و أنت قمري يا فيراّن





1-Leptotene (lepto=thin) 2-Zygotene (zygo=pairing)

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

5-Diakinesis (dia=apart)



First time was nice, so we’re doin’ it twice



اللهم رب6 لك الحمد حتى ترضى ولك الحمد إذا رضيت ولك الحمد بعد الرضا

Thanks for using this sheet.
If you found it helpful, please share it


