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Karyotype:

The chromosome constitution of a cell is referred to as its karyotype.
Karyotypes are reported in a standard format giving the
total number of chromosomes first, followed by the sex chromosome.

Additional or missing chromosomes are indicated by  (+)or (-).

Reporting of karyotype: 
Total number of chromosomes given first followed by sex chromosome
46,XX Normal female

47,XXY Male with Klinefelter syndrome

47,XXX Female with triple X syndrome

Additional or lost chromosomes indicated by +or -
47,XY,21 Male with trisomy 21 (Down syndrome)

Structural rearrangements are described, identifying p and q arms and location of abnormality

46,XY,del11(p13) Deletion of short arm of chromosome 11 at band 13

Genes 
The basic structural and functional units of genetics. 
Are sequences of nucleotides in DNA.
Are arranged linearly within the DNA along the chromosomes.
Each gene has a specific location (locus) or position on the chromosomes.

Control cells by directing protein synthesis.
Sequence of nucleotides determines how the protein is produced from the gene.

Alleles 
The specific nucleotide sequence of the genes that occupy the two homologous loci along the two chromosomes of a pair. The two alleles(the one inherited from the mother and the one inherited from the father) may have slightly different nucleotide sequences or may be the same. 
Homozygote
A person with a pair of identical alleles for a particular gene.

Heterozygote 

A person with a pair of dissimilar alleles.
Cytogenetic disorders: chromosomal aberrations.
Karyotype is a paragraphic representation of a stained metaphase spread in which the chromosomes are arranged in order of decreasing length.

Giemsa stain used, each chromosome have alternating light &dark bands of variable width.

1:200 newborn infants has some form of chromosomal abnormalities, 50% of trimester abortion is due to chromosomal abnormalities.

Chromosomal abnormalities either in:

 Number or structure &may affect:

Autosomes or sex chromosome
Numerical abnormalities

Normal chromosome count is 46 i.e 2n =46, any exact multiple of the haploid number is called euploid, chromosomal number such as 3n & 4n called polypoid usually result in spontaneous abortion.
Any number which is not an exact multiple of n called aneuploid .

The chief cause of aneuploidy is non disjunction of a homologous pair of chromosome at first meiotic division or failure of sister chromatides to separate during the second meiosis.

When non disjunction occurs at time of meiosis, the gametes formed have either extrachromosome (n+1) or1 less chromosome (n-1), then fertilization lead to either trisomy (2n+1) or monosomy (2n-1).

Autosomy involving an autosome is incompatible with life, while monosomy involving sex chromosomes is compatible with life.

* Mosaicism: term used to describe the presence of 2 or more populations of cells in the same individual, mosaicism affecting sex chromosomes is common while autosomal is not.

Structural abnormalities:
Involve breakage of the chromosome &then rearrangement, patterns of rearrangement as follows:

1- Translocation: transfer of a part of one chromosome to another chromosome, the process usually reciprocal ( i.e fragment exchanged between chromosome)

A special pattern is called centric fusion type or Robertsonian translocation involving 2 acrocentric chromosomes, typically the breaks occur close to the centromere, transfer of the segment lead to one very large chromosome &one small, the short segments are lost &the carrier has 45 chromosome, such loss is compatible with life, but difficulties arise during gametogenesis---formation of unbalanced gametes---abnormal offspring.
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2- Isochromosomes: result when the centromere divides horizontally rather than vertically, one of the 2 chr. Is then lost.

3- Deletion: involve loss of a portion of a chromosome, single break may delete a terminal segment.

2 interstitial breaks with reunion pf the proximal &distal segment may result in loss of intermediate segment, the isolated fragment almost never survive.
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4- Inversion: occur when there are 2 interstitial breaks in a chromosome &the segment reunites after a complete turnaround.
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5- Ring chromosome: is a variant of deletion, after loss of segments from each end of the chromosome, the arms uniting to form ring. [image: image5.emf]
Notes:

* Chromosomal disorders may be associated with absence (deletion or monosomy), excess (trisomy), or abnormal rearrangement (translocation).

* In general loss of chromosomal material produces more severe defects than does gain of chromosomal material.

* Imbalances of sex chromosome (excess or loss) are tolerated much better than are similar imbalance of autosomes, & often produce subtle manifestation, sometimes not detected at birth, usually it is infertility that detected at adolescence. Cytogenic disorders involving autosomes:

Trisomy mainly (21, 18, 13).

Trisomy 21 (Down syndrome):

Is the most common, chromosomal count is 47, the most common cause is meiotic non disjunction in the ovum, the parents are normal but maternal age is important, in women more than 45---1:25 birth.

In 4%, the extrachromosomal material is translocation of long arm of chromosome 21 to 22 or 14.

1% is mosaicism with mixture of 46 &47 chromosome.

Clinical features:

1- Mental retardation.

2- Epicanthic folds &flat facial profile.

3- Abundant neck skin.

4- Simian creases.

5- Congenital heart defects &is the principle cause of death in addition to serious infection.

6- Umbilical hernia.

7- Intestinal stenosis.

8- Hypotonia.

9- Gap between first &second toe.

10- Predisposition to leukemia.
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Trisomy 13 (Patau syndrome):
1- Microcephaly &mental retardation.

2- Microphthalmia.

3- Cleft lips &palate.

4- Cardiac defects.

5- Umbilical hernia.

6- Renal defects.

7- Polydactyly.

8- Rocker-bottom feet.
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disorders involving sex chromosomes
Are compatible with life due to:
1- Lyonization of X chromosome.

2- Scant amount of genetic information carried by Y chromosome.

One of the X chromosome is inactivated early in fetal life &called Bar body.

Extra Y chromosome readily tolerated because the only information carried by it is related to male differentiation.

3 disorders:
1- Klinefilter syndrome:
 Male hypogonadism develop when there are at least 2 X chromosome &one or more Y chromosome.
Karyotype: most patients are 47,XXY in 80% and mosaic in 20%.
Causes:

* Advanced maternal age.

* History of irradiation of either parent.

Clinical features:
Hypogonadism, 

Marked testicular atrophy

Gynecomastia,

Reduced facial &body hair (failure of male secondary sexual characteristics development)
Increase length between the soles &the pubic bones (elongated body), 

Serum testosterone decrease, 

Some with mental retardation

The principle clinical effect is sterility, only rare patient are fertile.

Histologically: 

Hyalinization of tubules which appear as ghost like in contrast lydig cells are prominent.
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2- XYY males: 

Due to non disjunction at the second meiotic division, most are phenotypically normal, but taller than usual also with antisocial behavior.
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3- Turner syndrome
Characterized by hypogonadism in phenotypic female result from partial or complete monosomy of X chromosome.

Karyotype: 45 XO .

Clinical features:

* Short stature.

* Low posterior hair line.

* Cubitus vulgus (increase in carrying angle of the arms).

* Shield like chest with widely spaced nipples

* High arched palate.

* Lymphoedema of the hands &feet.

* Variaty of congenital malformation e.g horseshoe kidney, coarctation of aorta.

* Failure of development of secondary sexual characteristics.

* Genitalia remain infantile (little pubic hair, primary amenorrhea.

* Ovaries fibrosed which is devoid of follicles.

* Ovarian estrogen decrease with no feed back inhibition so increase pituitary gonadotrophins.
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Single gene disorders with atypical patterns of inheritance:

Three groups of diseases resulting from mutation affecting single genes do not follow the mendelian rules of inheritance:

1- Diseases caused by triplet repeat mutation: (Fragile X syndrome):

The mutation is characterized by long repeating sequence of three nucleotide, so disrupt the function of that gene (FMR-1) .

It is characterized by mental retardation &an abnormality of X chromosome.

It is one of the most common causes of familial mental retardation in males, the only distinctive physical abnormality in 80% of postpubertal males is macroorchidism.

This disease is X-linked but unlike other X-linked diseases, 20% of males with the diseases are clinically &cytogenically normal (carrier males).

Presence of mental retardation in 50% of the carrier females .

These unusual features have been related to the number of triplet repeat, in normal population, the number of repeat is small about 29 whereas affected individuals have 250-4000 repeat so called full mutation &the carrier male &females are premutation.

Diagnosis: by cytogenetic demonstration of the fragile site or by DNA probe analysis. [image: image11.emf]
