
Basic Concepts to Cytogenomics: The Secret Life
of Your "Colored Bodies"
Tuan Tran, MD, PhD. Unit of Genetic & Genomic Medicine, Family Hospital, Da Nang

Welcome to the world of clinical cytogenomics. Think of this as the "interior design"
department of your cells, where we study the massive structures that house your genetic blueprints.

1. What’s in a Name? (Hint: It’s Greek to me)

Back in the late 19th century, scientists noticed some brightly staining objects in the cell nucleus.
Heinrich Wilhelm Gottfried von Waldeyer-Hartz—a man with a name almost as long as a DNA
strand—coined the term chromosome. It literally translates from Greek as "colored body"
(chrom = colored, soma = body).

For a long time, everyone thought humans had 48 of these bodies. It wasn't until 1956 that Joe Hin
Tjio and Albert Levan used a clever trick—swelling cells with a hypotonic solution (HS) to give
them some "elbow room"—to prove that the real magic number is 46.

2. The "Wonderful Year" of 1959

1959 was basically the "Wonderful Year" for geneticists. Within that one year, researchers
identified the chromosomal basis for several major conditions:

 Down syndrome

 Klinefelter syndrome

 Turner syndrome

This explosion of knowledge turned genetic counseling into a real medical practice; geneticists
finally had a specific "organ" to study. (Fig 1.1.; Fig 1.2.)
3. Chromosome Anatomy: p's, q's, and "Colored Scaffolding"

Chromosomes aren't just blobs; they have a very specific "look" during mitosis (M phase), which
is the only time they stop being shy and become visible under a microscope. (Fig 1.3.)
The Basics of Build:

 The Arms: Each chromosome has two arms joined at a "waist" called the centromere.

o p arm: The short arm (named petit because the early nomenclature had a French
flair).

o q arm: The long arm (simply because 'q' follows 'p' in the alphabet, or perhaps a typo
of grand).



 The Replication: Most of the time, a chromosome is a single DNAmolecule called a
chromatid. Before a cell divides, it replicates into two sister chromatids—identical twins
joined at the hip, ready to be pulled apart so each daughter cell gets a full set of instructions.

The Centromere Neighborhoods:

We classify chromosomes based on where that centromere "waist" is located:

 Metacentric: Right in the middle.

 Submetacentric: Slightly off-center.

 Acrocentric: Practically at the very tip.

4. Meet the Family: The Genome

Your genome is the full collection of 46 chromosomes, which come in 23 matching pairs (Fig
1.4.).

 The Autosomes: Pairs 1 through 22. They look the same whether you are male or female.

 The Sex Chromosomes (Gonosomes): The 23rd pair. Females usually have an XX pair,
while males have an XY pair.

 Haploid (n) vs. Diploid (2n): Your "soma" (body cells) are diploid, meaning they have the
full 46. Only your gametocytes (sperm and eggs) are haploid, carrying a slimmed-down
set of 23 so that when they meet, they add up to a perfect 46.

5. The Molecular "Packaging" Problem

How do you fit centimeters of DNA into a space measured in microns?

 The Scaffolding: DNAwraps around proteins called histones. These proteins are so important that
they are almost identical in humans and sweet peas!

 Euchromatin vs. Heterochromatin: Euchromatin is loose and contains the active, "coding" genes.
Heterochromatin is tightly packed and "noncoding".

 Telomeres: These are the "plastic tips on shoelaces" at the ends of the arms. They consist of repeated
TTAGGG sequences that stop the chromosome from fraying or sticking to its neighbors.

6. How We See Them Today

We usually use blood lymphocytes for testing because they are easy to grab and easy to "poke"
into mitosis. We then arrange them into a karyotype (or karyogram) : a formal "class photo"
where chromosomes are paired up and ordered by size from 1 to 22.

While old-school black-and-white photos work, modern microarray analysis and kaleidoscopic
karyotyping (using computer-generated colors) allow us to see chromosomal details with more
precision than ever before.



M-FISH analysis with twenty-four color karyotyping:

CASE 1: While HUES-10 (passage 37) and iPS-DF19-9-11T.H (passage 29) presented a
normal karyotype, M-FISH analysis on HUES-2 at passage 40 revealed, as well as chromosome
12 partial trisomy, a couple of structural abnormalities to include a translocation involving an extra
copy of chromosome 1q and chromosome 18, and an unbalanced translocation involving
chromosomes 17 and 22.
Fig 1.5.



CASE 2: (Fig 1.6.) Fetal
chromosome analysis of a
chorionic villus sampling by
standard GTG banding revealed a
male karyotype with additional
chromosome material of unknown
origin attached to the short arm of
a chromosome 9 (panel A).
Multiplex fluorescence in-situ
hybridization (M-FISH)
distinguishes all 24 human
chromosomes in different colors
with chromosome-specific paint
probes. M-FISH showed that the
additional material came from
chromosome 2 (panel B).
Rx-FISH (cross-species color
banding) delineates specific
regions of certain chromosomes in
different colors. Rx-FISH showed
more precisely that the additional
material was from the distal short
arm of chromosome 2 (2p) (panel
C).
CONCLUSION: Together with G
banding, this testing led to the
chromosomal diagnosis of partial
trisomy 2p and deletion 9p.
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Fig 1.1. Banded chromosomes viewed through the microscope

Fig 1.2. Chromosome Replication & Separation during the Mitotic Cycle

Fig 1.3. Increasing resolution of banding (chromosome 11).



Fig 1.4. Chromosomes arranged in a formal karyotype.


