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Slide coverage map

• 1-2: Why human chromosomes maCer and the clinical burden of chromosomal abnormaliEes.

• 3-4: Research uses of cytogeneEc evaluaEon and common Essue sources.

• 5-9: Karyogram, karyotype, ideogram, metaphase chromosomes, and clinical chromosome analysis.

• 10-13: Banding methods, with a focus on G-banding and R-banding.

• 14: Core culture, harvest, and slide-preparaEon workPow.

• 15-18: Chromosome shape, human chromosome ideogram, chromosome-region examples, and acrocentric 

structure.

• 19-20: High-resoluEon banding and how increasing resoluEon reveals sub-bands.

• 21-26: Chromosome components, centromere, telomere, subtelomere, and sequence homology between 

subtelomeres.

بسم ا( الرحمن الرحيم

اللهم آتنا في الدنيا حسنة، وفي ا8خرة حسنة، وقنا عذاب النار



1. Why human chromosomes ma0er (Slides 1-2)

• Chromosomes are central to both clinical medicine and research because chromosome abnormali3es are 

common in humans.

• The lecture states that about 0.6-1% of all liveborns have a chromosomal abnormality.

• Chromosomal aberra3ons are especially relevant in sex reversal or pubertal anomalies, spontaneous 

miscarriages, repeated miscarriages, and leukemia/solid tumor samples.

• Slide 2 highlights the major disease burden: early embryonic loss, recognized embryonic and fetal death, 

infant and childhood deaths, birth defects, congenital heart defects, sex reversal/pubertal anomalies, 

mul3ple miscarriages, and neoplasms.

Slides 1-2: clinical relevance of chromosomal abnormali6es

2. Cytogene<c evalua<on: why it is done and where it is done (Slides 3-4)

• Research uses of cytogene3c evalua3on include localiza3on of DNA on chromosomes, determina3on of 

the genomic complement, characteriza3on of gene3c changes, and recogni3on of chromosomal changes 

aMer treatment or in vitro culture.

• Common 3ssues for chromosome studies include peripheral blood lymphocytes, bone marrow, chorionic 

villi biopsy, amnio3c Ouid cells, and skin or organ biopsy.

اللهم رب0 ارحمهما كما ربياني صغيراً



Slides 3-4: research uses and 2ssue sources

3. Core chromosome terminology (Slides 5-9)

• A karyogram is a photograph or diagram showing chromosomes arranged in standard order, generally by 

length.

• In a karyogram, chromosomes are arranged as homologous pairs; each pair contains one maternally 

inherited and one paternally inherited chromosome.

• The normal human diploid chromosome number is 46.

• A karyotype refers to the number and appearance of chromosomes in the nucleus.

• Normal female complement: 46,XX. Normal male complement: 46,XY.

• For clinical chromosome analysis, cells must be able to proliferate in culture; the most accessible such 

cells are white blood cells, especially T lymphocytes.

• An ideogram is the diagrammaEc representaEon of a karyotype.

• Metaphase chromosomes are the condensed chromosomes visualized during metaphase for analysis.

(1 is longest, 22 is shortest)

Ideogram Metaphase chromosomes

,once a computer image of the chromosomes from a dividing cell is obtained.



Slides 6-9: karyogram, ideogram, and metaphase chromosomes

4. Banding systems used in cytogene2cs (Slides 10-13)

• The lecture lists the main banding methods: G-banding, R-banding, C-banding, Q-banding, T-banding, and 

silver staining.

• G-banding and R-banding are emphasized as the most important rou?ne complementary paAerns for 

chromosome iden?Cca?on and abnormality detec?on.

• Banding paAerns help dis?nguish chromosomes, iden?fy structural changes, and compare homologous 

regions.

Slide 11: banding pa;ern comparison



5. G-banding versus R-banding (Slides 12-13)

• G-banding (GTG) produces dark bands in heterochroma9c, AT-rich, rela9vely gene-poor regions, while 

light bands correspond to euchroma9c, GC-rich, more transcrip9onally ac9ve regions.

• Conven9onal G-banding typically yields about 300-400 bands among the 23 pairs of human 

chromosomes.

• A G-band represents several million to about 10 million base pairs, which is large enough to contain 

hundreds of genes.

• Before Giemsa staining, metaphase chromosomes are brieIy treated with trypsin, which digests proteins 

and allows beJer dye access to DNA.

• R-banding is the reverse of G-banding: dark regions are GC-rich euchroma9c regions, and bright regions 

are AT-rich heterochroma9c regions.

• R-banding is especially useful for gene-rich regions near telomeres and is oOen used with G-banding to 

help detect dele9ons.

• R-banding uses heat treatment before Giemsa staining, which preferen9ally melts AT-rich DNA and 

leaves GC-rich regions to stain.

Slides 12-13: G-banding and R-banding principles

6. Culture establishment and harvest workAow (Slide 14)

• Primary steps: add mitogen when needed, perform hypotonic swelling, Qx the cells, then analyze the 

chromosomes.

• For blood specimens, the mitogen used is phytohemagglu9nin (PHA).

• The workIow shown in the slide includes culture, mito9c inhibi9on, enzyma9c dispersion, hypotonic 

treatment, Qxa9on, slide prepara9on, staining, and microscopic analysis.

by relaxing the chromatin structure.



Slide 14: core chromosome culture and harvest work7ow

7. Chromosome shape and chromosome maps (Slides 15-18)

• Metacentric chromosomes have the centromere in the middle.

• Submetacentric chromosomes have the centromere displaced from the center.

• Acrocentric chromosomes have the centromere near the end.

• The human chromosome ideogram is a diagramma;c representa;on of a karyotype, showing banding 

pa@erns and chromosome landmarks.

• Slide 17 gives examples of region counts: chromosome 3 has p: 2 regions and q: 2 regions; chromosome 

7 has p: 2 regions and q: 3 regions; chromosome 14 has p: 1 region and q: 2 regions.

• Slide 18 illustrates an acrocentric chromosome (21) with a stalk and satellite and shows the organiza;on 

of telomere, satellite DNA, rRNA genes, and band-rich p/q landmarks.



Slides 15-18: chromosome shape and regional organiza7on

8. High-resolu/on banding and band subdivision (Slides 19-20)

• High-resolu.on banding stains chromosomes during prophase or prometaphase, before maximal 

condensa.on.

• Because these chromosomes are more extended than metaphase chromosomes, the number of visible 

bands increases from about 300 to 450 and can reach as many as 800 per haploid set.

• This higher resolu.on helps detect less obvious abnormali.es that may not be seen with conven.onal 

banding.

• The banding-resolu.on Egure on slide 20 shows how chromosome 4 bands can be resolved into bands, 

sub-bands, and sub-sub-bands as resolu.on increases.
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Slides 19-20: high-resolu3on banding

9. Chromosome components: centromere, telomere, and subtelomere (Slides 

21-26)

• The main components highlighted in the lecture are the centromere and the telomeric/subtelomeric 

regions.

• The centromere is the gene7c locus required for chromosome segrega7on; it contains DNA and proteins 

that form the kinetochore.

• Telomeres are specialized structures at the ends of eukaryo7c chromosomes; they maintain 

chromosomal integrity by preven7ng end-to-end fusion. Their sequence is (TTAGGG)n.

• Subtelomeric regions are highly polymorphic and are implicated as hotspots for structural chromosomal 

abnormali7es.

• Human subtelomeric regions contain telomere-associated repeats, unique subtelomere DNA probes, 

unique DNA, and degenerate TTAGGG repeats.

• The Inal slide notes that there is some sequence homology between subtelomeres.

Slides 22-26: chromosome-end architecture and subtelomeric structure

High-yield revision points

• Karyogram = ordered chromosome picture; karyotype = number and appearance of chromosomes.

• 46,XX is the normal female complement; 46,XY is the normal male complement.

• G-bands are dark in AT-rich, gene-poor regions; R-bands are the reverse and are useful near telomeres.

• High-resolu7on banding reveals more bands because chromosomes are less condensed in 

prophase/prometaphase.

• Centromere = segrega7on site; telomere = chromosome-end protector; subtelomere = variability-rich 

region near the end.

• Acrocentric chromosomes have the centromere near the end, oSen with stalk/satellite structures.


