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Chromosomes are structures composed of DNA and proteins that carry genetic
information. They are found in the nucleus of eukaryotic cells and in the cytoplasm of
prokaryotic cells. Each chromosome contains many genes that determine hereditary
traits. Chromosomes are visible during cell division when they condense and become
distinguishable under a microscope. Their structure and function are vital to the
understanding of genetics and cellular processes. This article is on Chromosomes
Questions and Answers. You can download the PDF of this article from the link given
below the post.
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1. What is the structure of a chromosome?

Chromosomes are composed of DNA tightly coiled around histone proteins. This
combination forms a structure called chromatin, which can further condense during cell
division. Chromosomes have a centromere that divides them into two arms: a short arm
(p arm) and a long arm (q arm). At each end of the chromosome, there are telomeres,
which protect the chromosome ends from degradation. The centromere is essential for
the proper segregation of chromosomes during mitosis and meiosis. The chromatin
structure allows for efficient packaging of DNA within the nucleus. Each chromosome is
a single, continuous DNA molecule containing numerous genes.

2. How do chromosomes differ between prokaryotic and eukaryotic organisms?

Prokaryotic chromosomes are typically circular and found in the cytoplasm,
lacking a membrane-bound nucleus. They often exist as a single chromosome that is
compacted into a nucleoid region. Eukaryotic chromosomes are linear and located within
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a membrane-bound nucleus. They are usually more numerous, with each species having
a characteristic number of chromosomes. Eukaryotic chromosomes are associated with
histone proteins, forming a more complex chromatin structure. Prokaryotic
chromosomes do not usually associate with histones in the same way. These differences
reflect variations in genomic organization and complexity between these two groups of
organisms.

3. What role do telomeres play in chromosome stability?

Telomeres are repetitive nucleotide sequences located at the ends of linear
chromosomes. They protect chromosomes from degradation and prevent them from
being recognized as DNA breaks. During cell division, telomeres shorten due to the end-
replication problem. Telomerase, an enzyme, helps to extend telomeres in certain cell
types, such as stem cells and germ cells. Shortened telomeres are associated with cellular
aging and senescence. Without sufficient telomere length, chromosomes become
unstable and may undergo fusion events. Telomeres thus play a crucial role in
maintaining genomic integrity.
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4. How do chromosomal abnormalities occur, and what are their potential effects?

Chromosomal abnormalities occur when there is a change in the number or
structure of chromosomes. These changes can result from errors during cell division,
such as nondisjunction, leading to aneuploidy. Structural abnormalities include deletions,
duplications, inversions, and translocations. Such alterations can disrupt gene function
or lead to imbalanced gene dosage. Chromosomal abnormalities are associated with
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various genetic disorders, such as Down syndrome, Turner syndrome, and certain
cancers. They can affect development, fertility, and overall health. The severity of their
effects depends on the specific genes involved and the nature of the abnormality.

5. What is the significance of the centromere in chromosome behavior during cell
division?

The centromere is a region of the chromosome where the kinetochore assembles
during cell division. It is crucial for the attachment of spindle fibers, which pull
chromosomes apart during mitosis and meiosis. The centromere ensures accurate
segregation of sister chromatids or homologous chromosomes into daughter cells. Its
position defines the p and q arms of a chromosome, influencing the shape of the
chromosome. A malfunctioning centromere can lead to aneuploidy, as chromosomes may
not segregate properly. Centromere identity is epigenetically determined and is not
solely based on DNA sequence. Proper centromere function is therefore critical for
genetic stability.

6. How do homologous chromosomes behave during meiosis?

During meiosis, homologous chromosomes pair up and undergo recombination.
In prophase I, homologs align closely in a process called synapsis, forming structures
known as tetrads. This pairing allows for crossing over, where segments of DNA are
exchanged between homologous chromosomes. Recombination increases genetic
diversity in gametes. Homologs are then separated during anaphase I, reducing the
chromosome number by half in each daughter cell. In meiosis II, sister chromatids of each
chromosome are separated, similar to mitosis. The behavior of homologous
chromosomes during meiosis is key to sexual reproduction and genetic variation.

7. What is chromosomal crossover, and why is it important?

Chromosomal crossover is the exchange of genetic material between homologous
chromosomes during prophase I of meiosis. It occurs at points called chiasmata, where
homologous chromosomes break and rejoin. This process results in the recombination of
alleles, producing new combinations of genetic traits in offspring. Crossover contributes
to genetic diversity within a population by shuffling alleles between homologous
chromosomes. It also helps ensure proper chromosome alignment and separation during
meiosis 1. Errors in crossover can lead to chromosomal rearrangements or aneuploidy.
Chromosomal crossover is thus vital for evolution and adaptation.

8. What is the role of histones in chromosome organization?

Histones are proteins that help package DNA into a compact, organized structure
called chromatin. DNA wraps around histone octamers, forming nucleosomes, which are
the basic units of chromatin. This arrangement allows the long DNA molecules to fit
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within the limited space of the cell nucleus. Histones also play a role in regulating gene
expression by controlling access to DNA. Modifications to histones, such as methylation
or acetylation, can alter chromatin structure and influence transcriptional activity.
Histones help maintain the stability of chromosomes during cell division. They are
essential for both structural and functional organization of chromosomes.
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9. How do chromosomes undergo condensation during mitosis?

During mitosis, chromosomes condense to become highly compact structures,
making them visible under a microscope. This process is facilitated by condensin
complexes and ATP-driven supercoiling of chromatin. Chromosome condensation
ensures that the DNA is not damaged or entangled during segregation. It allows the
chromosomes to be easily aligned and separated by the spindle apparatus. Condensation
begins in prophase and reaches its peak during metaphase, where chromosomes are most
compact. Proper condensation is crucial for accurate chromosome distribution to
daughter cells. Errors in this process can lead to chromosome missegregation and
aneuploidy.

10. What s the role of chromosomal rearrangements in evolution?

Chromosomal rearrangements, such as inversions, translocations, and
duplications, contribute to genetic variation. These rearrangements can alter gene
expression by changing the position of genes or regulatory elements. They can lead to the
creation of new gene functions or gene families through duplication events.
Rearrangements can also drive reproductive isolation between populations, facilitating
speciation. Some rearrangements may confer adaptive advantages in certain
environments. However, they can also result in genetic disorders or reduced fertility.
Chromosomal rearrangements are thus a double-edged sword, playing a role in both
evolutionary innovation and genetic risk.
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