The Chromosomal Basis of
Inheritance
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A chromosome is a single DNA molecule forming a
complex with histone proteins

DNA is highly compacted: DNA + histone proteins =
chromatin

Nucleosome structure

55 A

Nucleosome

- Core DNA
[ 1.8 turns

DNA
F

Linker

110 A

Figure 1. Nucleosomal structure.
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Chromosome landmarks: Via light microscopy, with
appropriate preparation, certain regions of the
chromosome, are visible. These regions have
Important functions.
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Chromosome visualization and interpretation: Via
microscopy, with appropriate preparation, certain
regions of the chromosome, are visible. These regions
have important functions.

e a & c DAPI Staining

* b probe with total
genomic rye DNA

 d rDNA probes




Chromosome landmarks: Via light microscopy, with
appropriate preparation, certain regions of the
chromosome, are visible. These regions have
Important functions.

Telomere

Source: conciergemedicinela.com

Source: jyi.org



e "F-

Heterochromatin and euchromatin: terms used to
describe the degree of compactness of DNA as
visualized by chromosome staining, with implications
for degree of gene expression
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Heterochromatin and euchromatin
Heterochromatin: highly compact, inaccessible for
transcription, and less likely to contain highly
expressed genes

o Constitutive:
 ~ Always compact

* Facultative:

e varying degrees of compactness
depending on individual, developmental
stage

« Implications for epigenetics

Euchromatin: relaxed, accessible, and more likely
to contain expressed genes



Chromosome visualization and interpretation: Via
microscopy, with appropriate preparation, certain
regions of the chromosome, are visible. These regions
have important functions.
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Mitosis and Melosis

e Mitosis: 2n 2N
e Melosis 2n N

* Mitosis: 2 identical daughter cells
« Meiosis: 4 daughter cells, which may be genetically
different
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e Mitosis: zygote until death
* Melosis: specialized cells
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The mitotic cell cycle
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Stages of the cell cycle
M = mitosis

S = DNA synthesis

G =gap



The mitotic cell cycle

G1: RNA and protein synthesis, but no DNA replication.

S: DNA synthesis. The total DNA content goes from 2n to
4n

G2: After DNA synthesis and before mitosis. At this point a
diploid cell contains two complete diploid sets of
chromosomes.

M: Mitosis



Mitosis

) Early mitotic
prophase

(e) Mitotic anaphase

A

(c) Late mitotic
prophase

Pole
(d) Mitotic metaphase



Mitosis: Example: Maize; 2n=2x=20

Prophase: Chromatin contracts. May be able to visualize that
each chromosome consists of two sister chromatids. One is
"original" chromosome, other is copy made during S phase.
Chromatids held together at centromere. At late Prophase,
attachment of spindle fibers to centromeric region and
dissolution of nuclear membrane. Continued contraction of
paired chromatids. 20 sets of 2 sister chromatids = 40

chromatids. (@
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S

Metaphase: Orientation of paired chromatids on Metaphase
"plate". Stage of choice for chromosome counts. 20 sets of
sister chromatids aligned on plate = 40 chromatids.



Mitosis: Example: Maize; 2n=2x=20

Anaphase: Sister chromatids migrate to opposite poles.
Appears as though centromeres are being pulled to
opposite poles. This separation of sister chromatids
accomplishes the equal distribution of chromosomal
material. 20 chromatids migrate to each pole.
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Telophase: Single chromatids, or at this point,
chromosomes, return to the relaxed Interphase state.
Cytokinesis divides original cell into two daughter cells.
Two cells, each with 10 pairs of chromosomes = 20
chromosomes per cell. Maize : 2n=2x=20



Telomere shortening during mitosis

Chromosomes are capped at the ends with repetitive DNA
sequences - the telomeres. Due to considerations in DNA
replication, each time the cell divides, the telomere is
shortened. Eventually, the chromosomes become "so
frayed that the cell senesces". In some cells- eggs, sperm,
and cancer cells - an enzyme known as telomerase allows
for "reconstruction” of the telomere, thus prolonging cell

life. What We Lose With Age

As cells divide
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. telomeres shorten, and eventually cell division stops.
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*Archesporial cell differentiation

e Pre-meiotic S phase: 99.7% of DNA replicated
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- Meilosis Prophase 1 (5 stages)

Leptonema: Longitudinal duality of chromosomes not
discernible.

Zygonema: Pairing of homologous chromosomes.
Formation of synaptonemal complex and zygotene
DNA synthesis.

Pachynema: Pairing persists: synaptonemal complex +
crossovers. Bivalent =2 homologous chromosomes =
2 sets of 2 chromatids. Crossing over occurs
(chiasma; chiasmata).

Diplonema: Synaptonemal complex dissolves; visualize
longitudinal duality.

Diakinesis: Continued bivalent contraction.


http://barleyworld.org/sites/default/files/fig4-23.ppt

Key Stages in Prophase

Leptotene Zygotene Pachytene Diplotene
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Chromosome Synapsis
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Melosis 1

Metaphase I:

= _Bivalents appear on the Metaphase plate.

%% The random alignment of non-homologous chromosomes is
' the basis of independent assortment.

Anaphase |:
\ The physical separation of homologous chromosomes is the
7™ basis of segregation.

Telophase .

_ Each pole receives one-half of the original chromosome
number of the meiocyte, I.e. one set of chromosomes in the
" case of diploidy.
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Melosis 1

Development of the male gametophyte

Pollen mother cell (PMC) undergoes meiosis



Melosis 2

Prophase Il. Chromatin condensation

Metaphase |I. Chromosomes align on
Metaphase plate

Anaphase Il. Sister chromatids go to
opposite poles

Telophase II. Cytokinesis: Tetrad



Pollen mother cell (PMC)

Meiosis 1 Meiosis 2
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Key differences between mitosis and meiosis

Meiosis: Homologous chromosomes pair and separate at
Anaphase I; sister chromatids separate at Anaphase Il
Mitosis: No pairing of homologous chromosomes

Meiosis: Crossing over may generate new configurations
at alleles at linked loci
Mitosis: A special case

Meiosis: 4 daughter cells, which may be genetically
different
Mitosis: 2 identical daughter cells

Melosis 2n to n
Mitosis IS 2n to 2n



Key differences between mitosis and meiosis

* Meisois: occurs in specialized cells
(megaspore mother cell (MMC); pollen
mother cell (PMC)

e Mitosis: occurs from the zygote stage
onward through the life of the organism



