Cell Division: Mitosis and Meiosis
Biology · Reference sheet
How the cell cycle, mitosis, and meiosis work: diploid vs haploid chromosome numbers, the PMAT phases of mitosis, meiosis I vs meiosis II, and why meiosis produces genetic variation.
The cell cycle: why cells divide
Every cell comes from an existing cell dividing. The cell cycle is the repeating series of stages a cell goes through between one division and the next. Cells divide for a few clear reasons: an organism needs to grow by adding new cells, damaged or worn-out tissue needs to be repaired, and in sexually reproducing organisms, special cells divide to make gametes (sperm and egg) for reproduction.

There are two kinds of cell division covered here. Mitosis produces two new cells that are genetically identical to the parent cell, used for growth and repair. Meiosis produces reproductive cells with half the usual chromosome number, used only to make gametes. Both start from the same kind of cell and both begin with the cell copying its DNA, but they end very differently.
	SOMATIC CELLS VS SEX CELLS
Most of the cells in your body are somatic cells (skin, muscle, liver, and so on). These divide by mitosis. Only cells in the ovaries and testes go through meiosis, and only to produce eggs and sperm.



Chromosomes and diploid number
A chromosome is a single, tightly coiled strand of DNA. Most body cells are diploid, meaning they carry two full sets of chromosomes, written 2n, one set inherited from each parent. A human somatic cell is diploid with 2n = 46 chromosomes, arranged as 23 matching pairs. Each pair is a set of homologous chromosomes, two chromosomes that carry genes for the same traits in the same order, one from the mother and one from the father.

A cell with only one set of chromosomes, half the usual number, is haploid, written n. In humans, n = 23. Only gametes (eggs and sperm) are haploid.
	Organism
	Diploid number (2n)
	Haploid number (n)

	Human
	46
	23

	Fruit fly
	8
	4

	Dog
	78
	39

	Rice plant
	24
	12


	2N AND N ARE COUNTS, NOT FORMULAS
2n just means "the full, paired chromosome number for this species." It is not 2 times something you calculate. For humans, 2n always equals 46, and n always equals 23.



Interphase: copying the DNA before division
Before any division, a cell spends most of its life in interphase, which has three parts. In G1 (first gap), the cell grows and carries out its normal functions. In S phase (synthesis), the cell copies every chromosome, so each one now consists of two identical halves called sister chromatids, joined at a point called the centromere. In G2 (second gap), the cell grows further and makes the proteins needed for division.

Copying the DNA in S phase does NOT change the chromosome number. A cell with 2n = 46 chromosomes still has 46 chromosomes after S phase. Each of those 46 chromosomes is simply doubled, now made of two sister chromatids instead of one strand.
	CHROMOSOME VS SISTER CHROMATID
Don't confuse the two. A chromosome is counted as one unit even when it is doubled into two sister chromatids, as long as those chromatids are still joined at the centromere. A cell only gains MORE chromosomes once the sister chromatids are pulled apart and each becomes its own separate chromosome.



Mitosis: four phases, PMAT
Mitosis is the division of the nucleus into two identical nuclei. It happens in four phases, easy to remember with the letters PMAT.
	Phase
	What happens

	Prophase
	Chromosomes condense and become visible. The nuclear envelope breaks down. Spindle fibers begin forming.

	Metaphase
	Chromosomes line up single file along the middle of the cell (the metaphase plate).

	Anaphase
	Sister chromatids are pulled apart at the centromere and move to opposite ends of the cell. Each chromatid is now its own chromosome.

	Telophase
	Chromosomes arrive at opposite ends and uncoil. A new nuclear envelope forms around each set.


After telophase, cytokinesis splits the cytoplasm into two separate cells. In animal cells the membrane pinches inward, a cleavage furrow. In plant cells, which have a rigid cell wall, a cell plate forms down the middle and grows outward into a new wall.

Example: A skin cell with 2n = 46 enters mitosis. Because DNA was already copied in interphase, each chromosome is doubled going into prophase. When anaphase separates the sister chromatids, 46 chromatids move to each pole. Each resulting daughter cell ends up with 46 single chromosomes, so both daughter cells are 2n = 46, identical to the parent.
Meiosis: making haploid gametes
Meiosis happens only in the ovaries and testes, and it produces gametes. If gametes were diploid like every other cell, fertilization would double the chromosome number every generation. Meiosis solves this by cutting the chromosome number in half, from diploid (2n) to haploid (n), so that when a haploid sperm fertilizes a haploid egg, the resulting cell is diploid again.

Meiosis starts the same way mitosis does, a diploid cell copies its DNA once in interphase. But instead of one division, meiosis carries out two divisions in a row, called meiosis I and meiosis II, without copying the DNA again in between. One diploid cell going through meiosis ends with four haploid cells, and none of the four are genetically identical to each other.
	ONE DNA COPY, TWO DIVISIONS
The DNA is copied only ONCE, before meiosis I. Meiosis I and meiosis II are two separate rounds of splitting that follow that single copying event. This is why the final cell count is four, and why each final cell has only half the chromosomes.



Meiosis I and meiosis II compared
Meiosis I is called the reductional division because it is the step that actually cuts the chromosome number in half. In prophase I, homologous chromosomes pair up and can swap segments in a process called crossing over. In metaphase I, homologous PAIRS (not single chromosomes) line up at the middle of the cell, and which pair faces which pole is random, called independent assortment. In anaphase I, whole homologous chromosomes separate from their partner and move to opposite poles, sister chromatids stay joined. The result is two cells, each haploid (n), but each chromosome is still doubled into two sister chromatids.

Meiosis II looks just like mitosis, but starting from a haploid cell instead of a diploid one. In each of the two cells from meiosis I, the sister chromatids line up, separate in anaphase II, and are pulled to opposite poles. The end result of meiosis II is four haploid cells total, each with single, unduplicated chromosomes.
	Step
	What separates
	Chromosome number after

	Meiosis I
	Homologous chromosomes separate from their partner
	n (each chromosome still doubled)

	Meiosis II
	Sister chromatids separate from each other
	n (single chromosomes)


	HOMOLOGOUS PAIRS VS SISTER CHROMATIDS
Meiosis I separates a chromosome from its HOMOLOGOUS PARTNER (the maternal copy from the paternal copy). Meiosis II separates SISTER CHROMATIDS (two identical copies of the same chromosome). Mixing these up is the most common meiosis mistake.



Why meiosis creates genetic variation
Mitosis produces genetically identical cells on purpose, a body needs its new skin or muscle cells to match. Meiosis does the opposite: it is built to shuffle genetic material so that every gamete is unique. Three things happen during meiosis that create this variation.

Crossing over, in prophase I, homologous chromosomes exchange small segments of DNA, mixing maternal and paternal genes onto the same chromosome.

Independent assortment, in metaphase I, each homologous pair lines up at random with respect to the other pairs, so which maternal and paternal chromosomes end up together in a gamete is random.

Random fertilization, at the end, which sperm fertilizes which egg is also random, multiplying the variation further. Together, these three sources of shuffling are why full siblings (other than identical twins) are never genetically identical, even though they share the same two parents.
	WHY VARIATION MATTERS
Genetic variation gives a population a range of traits to work with. If the environment changes, a population with more variation is more likely to include individuals who happen to survive and reproduce, so the population as a whole is better able to persist.



Mitosis vs meiosis, side by side
	Feature
	Mitosis
	Meiosis

	Starting cell
	Diploid (2n)
	Diploid (2n)

	Number of divisions
	1
	2 (meiosis I and II)

	Daughter cells produced
	2
	4

	Chromosome number in daughter cells
	Diploid (2n), same as parent
	Haploid (n), half the parent

	Genetically identical to parent?
	Yes
	No

	Crossing over?
	No
	Yes, in prophase I

	Where it happens
	Throughout the body
	Ovaries and testes only

	Purpose
	Growth, repair, asexual reproduction
	Making gametes for sexual reproduction


Example: Starting from one diploid human cell (2n = 46), mitosis produces 2 daughter cells, each 2n = 46, identical to the parent. Starting from the same cell, meiosis produces 4 daughter cells, each n = 23, and each one genetically distinct from the others because of crossing over and independent assortment.
Try it yourself
	DOWNLOAD ONION-ROOT-TIP-CELL-COUNTS.CSV
Cell counts by mitotic phase from 5 fields of view of a stained onion (Allium cepa) root tip slide.
https://restedteacher.com/practice-files/biology/onion-root-tip-cell-counts.csv



	OPEN IT AS A SPREADSHEET
Open the downloaded file in Google Sheets or Excel. Add up each phase's column across all 5 fields to get a total cell count for that phase, then divide by the grand total of all cells counted. Assume the onion root tip cell cycle takes 1440 minutes (24 hours) in total, and that the percent of cells caught in a phase equals the percent of the cell cycle's time spent in that phase.



Using onion-root-tip-cell-counts.csv:

1. How many total cells were counted across all 5 fields?

2. What percent of the total cells were in interphase? Round to the nearest tenth of a percent.

3. What percent of cells were in prophase, and about how many minutes of the 1440-minute cell cycle does that percent represent?

4. Which phase has the fewest cells counted? What percent of the cycle, and how many minutes, does that phase represent?

5. Compare metaphase and anaphase: how many minutes of the cycle does each represent, and which one is longer?
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