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Genetics Lec.4

Chromosomal Disorders

Cytogenetic 

Just to remind you, last time we talked about chromosomal analysis and chromosomal abnormalities and what kind of abnormality we can see, these abnormalities is divided into two groups: one is numerical that the number of chromosome is not true and the other is structural that the structure of the chromosome is not true.

· Structural which we divide it into translocation whether it’s local translocation or Rpoertsonian. Also we talked about deletion, insertion, inversion whether Paracentric or Pericentric and ring formation.
Now you have to see slide number 4.

Translocation: exchange between two chromosomes ends with a new arrangement.

 Rpoertsonian translocation: chromosomes which don’t have p arm, they are acrocentric, translocation between the acrocentric we call it Rpoertsonian, you can see that the p arm is not there and chromosomes are bound to each other, in this case when you count the chromosomes you will find the number is 45 but actually they are 46 because of this translocation (there is a small lost piece).

Isochromosomes: we know the chromosomes divide longitudinally, but in this case the cut will be transverse, the short arms will make one chromatide and the long arms will make another chromatide and when these are replicated you will get deficiencies.

Deletions: segment of one chromosome will be deleted and we will have apart of the chromosome which is not there.

Inversion: change the location of the chromosomal segment; it could be paracentric which means in the same arm or pericentric between two arms p and q.

Ring chromosome: you remember the telomeres where there is deletion and the end will be sticky then they will bind to each other to form a ring chromosome.

D: G translocation (D) means group D and (G) means group G.

Numerical: the number is not right, either we have missing chromosome or we have two chromosomes in that one like trisomy 21 we have 3, monosomy x we have one x (unpaired).
Polyploidy: the whole number is increased. 46 ( 69 or 92.
Today we will take about how these abnormalities can happen, one of them is during cell division.

Let us look in a brief about cell division.

In mitosis the daughter cells will have the all chromosomes (the whole genome).

In meiosis we have two divisions, one which looks like mitosis (meiosis one) the chromosomes will be duplicated here and after that they will divide to produce half number of the chromosomes (meiosis two), so at the end of meiosis we will have 23 chromosomes in ovum and sperm.
If any abnormality happened here where no segregation happened, we will have the number increased, for example: if the ovum has 46 and then it is fertilized, the end number of chromosomes will be 69.

There is no abnormality in the number which happened after birth except in tumors, so any abnormality happened after birth will end up with a tumor not in a genetic disease.

Different between meiosis and mitosis (see slide 11).
Recombination: it is a normal process which happened in germ cells between chromosomes.
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Nondisjunction: may happen in meiosis one or meiosis two.

 The first one is normal, the segregation happened in two steps of meiosis.
The second one is abnormal and no segregation happened in the first step of meiosis so we ended up with two empty cells.

The third one is abnormal and no segregation in the second step of meiosis so we have 2 cells normal and 2 cells abnormal.

If fertilization happened between (xx) and (O) this will make a problem because this (xx) come from one parent.

In meiosis there is a cross over during meiosis two in germ cells but if this happened to somatic we will find some abnormality. 
Slide 17: chromosome 7 (one maternal and one paternal) when these duplicate, producing two sister chromatids 2 from the maternal and 2 from the paternal then they will be segregated into the daughter cells, but during this period cross over might happen that means there will be exchange between maternal and paternal chromosomes and you will end up with a new recombinant kind of chromosome, non exactly like the maternal and not exactly like the paternal. (dearrangement of the chromosomes).
Read slides 18, 19 and 20.

Clinically important abnormality: diseases which can be seen in the clinic due to these chromosomal abnormalities.
We can divide them into polyploidy or trisomy.

Trisomy: 21, 18, 13, 8,  22, 9, most of these are not compatible with life which means they will die either at the early pregnancy or at birth or they might survive for one or two years except trisomy 21 which can survive until 40 -45 years.

Partial trisomy: not the whole chromosome just segment of that chromosome will be tripled.
Monosomy: 21, 22.

Partial monosomy: one segment of that chromosome is missed.

Chromosomal breakage: we talked about them last time.

Trisomy 13: means we have three copies of chromosome 13 (Patau syndrome).
Trisomy 13 type
47,XX,+13 (female with extra chromosome 13)       most common 80%

Translocation 
46,XX,der(Dq;13q),+13 (female with translocation in segment of chromosome 13 with second chromosome 13 between q arms).

Mosaic type
47,XX,+13/46,XX. (Not all cells in the body have extra chromosome, some of the cells will have extra chromosome and the other cells are normal.)

Clinically what you can see in these patients double cleft palate, low set abnormal ears, closed hands, extra fingers in hands and feet, sever mental retardation, microcephaly, clubbed feet, head and face abnormalities, kidney malformation, heart defects and early survive for one year.
Trisomy 18: like the previous one, here we have extra chromosome 18 (Edwards Syndrome)
Trisomy 18 type
     47,XX,+18    90%

Translocation type    46,XX,der(Dq;18q),+18      (segment of chromosome 18 is translocated to the second chromosome 18.)

Mosaic type
     47,XX,+18/46,XX.. 

Clinically we have 2,3 or 4 fingers attached to each other, they are not separated, low set ears and early survive for one year.

See the other clinical features in slide 25.

 Trisomy 21: most common of all trisomies (Down syndrome), they can survive for long period.

The characteristics are typical in all patients, they have a very typical face features, low ears, their eyes are very typical (opaque pupil) and always we see a protruded tongue.
95% have extra chromosome     47,XX,+21  or                                                                                                  translocation          46,XX,der(14;21)(q10;q10),+21,              
46,XX,+21,der(21;22)(q10;q10)
Mosaic type
47,XX,+21/46,XX

Clinical features of 
Down syndrome:

Down slanting palpebral fissures and a slightly protruding tongue, Low muscle tone, Head and facial malformations, Abnormalities of the extremities, Mental retardation, Heart malformations, increased risk of infectious disease, early death.
In the region which is responsible for trisomy 21, you can seek also in certain Alzheimer disease where they might have some abnormalities similar to what we see trisomy 21? , this is related to mental retardation or mental problems we can see.
Slide 28:

Here chromosome 21 abnormalities will increase with the age of the female, you remember that the ovum is developed at birth, when a female born all the ova are already there, when she reaches puberty, many of them will die and some will survive, so at pregnancy the age of that ovum will be the age of the mother, if the mother is 20 the age of the ovum is 20, so during this age many things might happened in the ovum, so the risk of trisomy will increase with the age, from 15 to 30 is almost normal, after 30 or 35 there is a lot of increase of possibility having trisomy pregnancy, that why it is advisable to do prenatal diagnosis if the mother age is more than 35 years old.
See slide 29:

This disease is not inherited disease because it happened during meiosis that the nondisjunction happen but the translocation type is inherited because if the mother or the father has a balanced translocation there will be no problem but in there offspring there will be some problems, so the translocated trisomy 21 there will be certain problems.
(The sentences below are exactly what the doctor said)

If the chromosome is unbalanced, you have one, two, three, four, one of them is translocated and the others are normal, if these are segregated, here, one will happen normal that we have two chromosomes, the other is balanced that the 2 chromosomes are existed but they are translocated (21 and 14 for example)

If you look here (to the slide 29), you have two 21 and one 14, this is unbalanced, or you might have only one 41 or only one 21or two 14 and one 21, these are unbalanced.
So this is the possibility of what might happen if the mother or the father is carrying this type of translocation.

Read slide 31.

AUTOSOMAL CHROMOSOMAL DELETIONS

In deletions there is large segment of chromosome which can be deleted or there is a microsegment of chromosome which might be deleted.
For example here chromosome 5p a large segment can be deleted, this is called Cri du Chat (Cat-cry) Syndrome, p5 deletion, its called cri du chat because the sound of the child زي القط المولود جديد.

Also they have hypertolerism, epicanthus (A fold of skin of the upper eyelid that partially covers the inner corner of the eye) and Retrognathia (A condition of facial disharmony in which one or both jaws are posterior to their normal positions.)
Wolf-Hirschorn Syndrome (- 4p)

Deletion in 4p segment.
· Clinical features:
Distinctive “greek helmet” facies , Cardiac defects in 50%, Mental retardation, Microcephaly , Most are stillborn or die in infancy, Frequent seizures, 85-90% de novo deletions, abnormal facies. Cardiac, renal, and genital abnormalities. 
· The Incidence: 1/50,000 live births
In FISH technique, the normal chromosome will have 2 dots and the abnormal chromosome will have 1 dot.

The space between eyes is wider than normal.

DiGeorge Syndrome (DGS)

Sever immune T cell deficiencies and the abnormality happen in the chromosome 22

They have congenital heart disease, palatal abnormalities, Characteristic facial features, learning difficulties.
They have double or single palate cleft and mental retardation.

Again here by FISH technique we can detect the deletion.

Microdeletion 

Prader-Willi Syndrome (PWS): it is a micro deletion; you remember when we talked about normal banding to chromosomes and high resolution banding.

In normal banding we can see macro deletion but in these diseases of micro deletion we can not see deletion here, so we have to do high resolution banding or FISH because here it is very small.

Here we have imprinting type of disease which means if the abnormality happened in the mother we will get a disease and if the same abnormality happened in the father we will get a different disease, so it depends on it is maternally or paternally.
 In PWS there is a deletion in chromosome 15, the abnormality should be in the father.

The patient is very obese, very small feet and hands, very small ears, sever mental retardation and flaccid muscles.

Now if the disease comes from the mother then the disease called Angelman Syndrome (AS) which is completely clinically differs from the PWS, their posture or step, dysphormic face and sever mental retardation.

· Incidence: 1/10,000 - 1/25,000 live births  
Del (15) (q11q13)

See slides 42 and 43. You can use FISH technique for detection.

The doctor skipped slides 44 to 49.

Some of the mutations which we can see them depend on the gene repair

    Sometimes the chromosomes are unstable which can break and reunion again and result in many types of mutations, we call this chromosomal instability.

Chromosomal breakage result from of any mean will reunion again and when you look to chromosome sequence, it is completely abnormal.

How we can detect it in the lab? Normally we do karyotyping by taking WBCs and prepare the chromosomes and we examine them, to see the changed chromosomal sequence we will add to the culture labeled nucleotides from outside so that the cell will not differentiate, it will use all of them, if the chromosome is normal it will segregate chromatids and each chromatid will copy itself, so the whole sequence will be normal, if there is a breakage and reunion, because we have in the pool labeled nucleotides they will enter in the synthesis, so the newly synthesized DNA has a normal not labeled part and a labeled part, this will tell us that there was a breakage and reunion. In the strand there is black and white, black and white not all the strand is white or black and this is the indication for breakage and reunion.

Bloom syndrome

Autosomal recessive, Gene locus on chromosome 15, Hypo- and hyper-pigmented skin areas, very sensitive to sunlight, neurological defect which may end with lymphomas and leukemia, chromosomal instability and mental and growth retardation, always they will have abnormality in their skin.
Fanconi Anemia (FA)

Growth retardation skeletal defects (e.g., radius and thumb), Bone marrow failure , Skeletal and kidney malformation Localized pigment changes, Autosomal recessive, Several gene loci. 
Ataxia Telangiectasia

(vascularization of sclera)

Several gene loci, Cerebellar ataxia, Immune defects, Telangiectases of the conjunctivae, Predisposition to tumors (lymphoma, leukemia), Extreme radiation sensitivity, Autosomal recessive.

So these are the chromosomal abnormalities which we can see them in autosomal chromosomes in the 44  autosome chromosomes.

Slide 58:

In the x chromosome, it is exactly the same, if we look how they are segregated, at the end a normal or triploidy or single chromosome, the same might happen in the y chromosome, we can get xx yy, we will talk about this later.
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