Genetics
Lec # 5(13/3/2012)
Dr. Mohammed Al-Khateeb


In the pervious lecture, the doctor discussed cell division, the faults associated with it, the disorders of autosomal chromosomes (22 somatic), sexual differentiation & chromosomal breakage syndrome.
In this lecture, sex chromosomes  & mendelian inheritance will be discussed.

Just to refresh your memory, let's go through the structure of chromosome ( slide 3)
The chromosome has:

1. long & tall arms
2. telomers( they have specific nucleotide sequences)
3. centromere.  

X & Y chromosomes:


· Y chromosome is the smallest chromosome in the body 

· X chromosome contains a lot of genes & has various characteristics.

· Any disease which is caused by the inheritance of a gene found on the X-chromosome is known as X-linked type of disease. A particular disease caused by its corresponding faulty X-linked gene usually shows different manifestations between genders. As you can imagine, the male is hemizygote i.e. has only X where as the female is XX, so the probability of a male getting a sex-linked disease is much higher than females. Therefore any faulty X-linked gene has a better possibility for manifesting the disease in males more than in females, as females, could inherit the faulty allele (of a specific gene) in one X only where as the corresponding allele of that same gene in the other X is normal( a carrier)
Note: a gene is composed of two alleles; one comes from the mother & one from the father. 
a male is never a carrier in X-linked type of disease, but affected.
· Theoretically, certain diseases associated with the genes of Y-chromosome can only be found in males, not in females.

· Since the male has only one X, theoretically any protein controlled by a gene in X-chromosome should be half the amount in males relative to females.
For example, if we take G6PD protein which is X-linked. Theoretically, the concentration of this protein in females should be double than that in males, but this is not the case practically, which will be discussed later on in the lecture.


The disjunction of the sex chromosomes in females (slide 5), i.e. their separation during meiosis cell division. 
note: non-disjunction(failure to separate) of autosomal chromosomes during meiosis would result in extra chromosomes giving rise to diseases associated with abnormal no. of chromosomes such as Down's Syndrome(47 chromosomes rather than 46).

In the X-chromosome, we could have two non-disjunctions; one might happen during the first meiosis & the other during the second meiosis.
If we have a non-disjunction in the first meiosis, we would have ova with 2 X chromosomes & ova with no sex chromosomes as illustrated below in the diagram.
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 Notice in the diagram, the outcome of fertilization by a normal sperm, we could either end up with a trizomy or monozomy i.e. 3 sex chromosomes( XXY or XXX) or only one sex chromosome (X or X ) respectively.
If non-disjunction occurred in the second meiosis, there's a possibility that after fertilization, the zygote would have normal no. sex chromosomes. As illustrated by the diagram, we could end up with a normal zygote or trizomy or monozomy.
Such abnormalities are mostly compatible with life i.e. a woman bearing such a zygote usually completes her pregnancy & has a normal child birth. But children born with such abnormalities have certain characteristics & could suffer from mental & physical problems. 

The non-disjunction of chromosomes could also take place in males leading to production of sperms with abnormal number of chromosomes. Ex: a sperm with one X & one Y or with no sex chromosomes at all.








Now let's examine all the outcomes of fertilization under different combinations of sperms & ova (slide 7.)
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Now let's look at the prevalence of such diseases in the population
XXY Kinefelter is 1 in 1000 males 
XYY Jacobs is 1 in 1000 males.
XXX Triple X is 1 in 1500 females.
X0 Turner is 1 in 1500 females.
notice the similarity between the prevalence of the mentioned diseases.

Turner's Syndrome :

The female is born with a missing X-chromosome.(classical type)
· Generally infertile

· Short stature, small hands & small feet relative to normal females.

· Very wide neck

· The distance between the 2 nipples of the breasts is wide.

· Abnormality in the cardiovascular system

· Pigmentation all over the body



If we do karyotyping (examining the chromosomes) of females suffering from Turner, the results would show variations of chromosomal analysis. The most common being 45X, the results could also show 46i(Xq)

Note: "i" stands for iso-chromosome which means a chromosome that has lost one of its arms and replaced it with an exact copy of the other arm, such that we end up with a chromosome composed of two short arms(2ps) & an another one with two long arms(2qs) rather than a chromosome with one p & one q.

We could also have partial deletion i.e. the "p" of the X chromosome is missing or the "q". 



Kinefelter Syndrome:

Extra X chromosome in male.
note: Another method of chromosomal analysis is looking for the bar bodies. When 2 Xs a, one X is deactivated & becomes a bar body which means in normal male, no bar body is found. So in Kinefelter Syndrome, a bar body is found for XXY, two bar bodies are found for XXXY.
Note: the no. of bar bodies = no. of X – 1.

The characteristics of Kinefelter are:

· Tall.

· Mentally retarded

· Gynecomastia ( abnormal development of mammary glands in males),

· Production of prolactin
·  Bar body

· Testicular atrophy

· FSH & LH levels are elevated.
· Mental retardation increases with increase in the no. of extra chromosomes.

Jacob's Syndrome

· XYY 47

· Hyperactive.

· Impulsiveness.

· Difficulty in attention.

· Shares many characteristics with Kinefelter syndrome such as infertility.

In the past, they used to think an extra chromosome is associated with aggression but this is not true, as such individuals show no obvious behavioral problems.
Examination of chromosomes:

Examination is done either by counting or FISH (fluorescence in situ hybridization) technique if we want to obtain the results fast.

In pregnancy, if the mother is above the age of 35, the possibility of her child born with a trisomal abnormality is much higher than if she were in her 20's.

Sometimes, if the fetus is suspected to be having a chromosomal abnormality, a sample of the amniotic fluid or the villus is taken & 5 chromosomes are looked into which are X, Y, 18, 13 & 21, since these are the most important chromosomes where faults in disjunction are most likely to happen.

We can use different colors to label these five chromosomes, so if a particular color appears more or less than it should be, then there is an abnormality in the chromosome to which that color corresponds to.
The results can be obtained within few hours.

Chromosomal analysis is indicated for 

· children who are showing signs of mental retardation, etc

· in cases of infertility.

· Females with short stature & amenorrhea.

· Patient with ambiguous genitalia, if a child is born & his/her sex can't be determined.
· In cases of "Pre-natal Screening Programs", such programs require by law that any pregnant lady above the age of 35 should do chromosomal analysis.

· In cases if one of the would-be parents shows balanced translocation, which is inherited to their children.
· In cases of unexplained first trimester abortions.

· A patient with hematological disorder such as in cancers.

By this, we're done with the topic of chromosomes.
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Mendelian Inheritance:
 

It's a single gene disorder.

We have 3 types of diseases associated with mendelian inheritance:

· Autosomal dominant

· Autosomal recessive

· X-linked, this could be recessive or dominant.

              Autosomal recessive being the most common one, then autosomal dominant.

To know the inheritance patterns of a certain disease, the first thing to do is to look into the family history, i.e. which could be exhibited in the form of a pedigree *family tree*, then we look for the representive i.e. from which generation the faulty gene was introduced. The family tree also includes symbols to represent different genders & their relationships with one another.
Hence, to draw a family pedigree, there are certain symbols that have to be used, which are illustrated below in the diagram.
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 SHAPE  \* MERGEFORMAT 
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Consanguineous marriage means a marriage where the male & female are related to one another by blood. Ex: cousins.

An arrow pointed out on a certain male or female means that this individual was the first one to be diagnosed with the disease we have in mind. Also called proband or index case, from which we draw the pedigree tree, we go up & down the tree if that index case started a family of his/her own.

note: you must memorize those symbols & what each one of them signifies. 
Autosomal Dominant:
It means that only one defective copy of the gene (one allele) is enough to obtain the clinical picture of the disease.
For example: A male suffering from a disease exhibiting autosomal dominant manner has children with a normal female, the possibility of their children obtaining that  disease is 50%. Note here the disease has equal chances of affecting males & females.
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The diseases of autosomal dominant(AD) manner,
· are of low frequency in the population, since such diseases are severe so abortion may happen or the affected individual dies at a very young age.
· When a pedigree is done, an affected individual will be found on each generation i.e. no skipping of generation. This is the main characteristic of AD diseases.

Sometimes, we are faced with some complications to find out about an an autosomal dominant disease from a pedigree such as…
· Some diseases aren't very sever, so the clinical picture is mild making it hard to diagnose it, unless we do a genetic analysis.

· Difference in penetrance of the disease between generations i.e., the clinical picture of the disease in one generation is much milder than the previous one, so there is a possibility that we falsely skip generations.
incomplete penetrance: is when we take, for example 100 individuals have the same affected gene, we could possibly find out that 20% of them showing the clinical picture of the disease where as 80% are not showing it.
Penetrance by definition means is the proportion of individuals carrying a particular variant of a gene (allele or genotype) that also express an associated trait (phenotype).

· Variable expressivity: sometimes individuals affected with the same faulty gene show different symptoms of the disease as if they're affected with different disease. 

· Mutation: we did the pedigree but the disease was only found in one child, but nothing in the generations above. Sometimes,a new mutation arises giving rise to a new autosomal dominant disease.

· Mosacism : within the individual himself, not all cells in the ovary or the testis are affected but some are due to mutations, which could be passed to the children.
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Note : an individual affected with an autosomal dominant trait, that means at least one of his/her parents will be exhibiting that same trait.

There are MANY diseases exhibiting autosomal dominant pattern but there are conditions which are considered normal that also exhibit AD such traits include freckles, V-shaped hair line, free ear lobes, having a bended thumb, ability to roll your tongue from the sides, the presence of a white streak in the hair, etc.

Autosomal Recessive :

The two alleles of a particular gene have to be defected in order to get the disease i.e., both parents have to be carrier of the defective allele in order for their child to have the chance of obtaining the disease. 
There is no differentiation between male or female. The affected individuals are homozygous recessive while the carriers are heterzygous.

The possibility of obtaining the disease if both parents are carriers is 25%, the possibility to be completely normal is 25%, and the possibility to be normal but carrier of the disease is 50%.

In the family pedigree of autosomal recessive, the disease isn't found in each generation.

The complications associated with diagnosing an autosomal recessive disease are much more relative to autosomal dominant ones…
…such complications include:

· Mis-assigned paternity: if you are faced with a case where only one of the parents is a carrier & the other is normal but the born child is affected, this could be due to new mutations but in most cases what's known as the child father or mother isn't his/her biological parent. This raises an ethical question, what would you do? Would you tell the father that the child he's raising isn't actually his (biologically speaking)? The doctor prefers not to tell because at the end of the day, the child will be the biggest victim of such complicated situation, as the consequences of the father knowing will lead to breaking up the family, the child shouldn't pay for the mistakes of his/her parents. Always look into ways that favor the child's best interest rather than the parents'.


· Uni-parental disomy: failure for the chromosomal pair to separate & so during duplication of chromatids we would have two copies of the defective recessive alleles. Ya3ni, the two recessive alleles come from only one parent.
· Mutation de novo i.e. new mutations.

Sometimes to be a carrier of a certain genetic disease could be a beneficial characteristic!!!
For instance, if a person is carrier to the Thalassaemia allele, he/she will be resistant to falciparum malaria, as the conc. of oxygen in the blood allows the person to carry out his normal functions but isn't enough to a permit the survival of the malaria. Sickle cell & G6-PD carriers also exhibit similar resistance to malaria.
Some conditions can't be explained by mendellian type of inheritance such as:

· AB blood group: blood groups exhibit autosomal recessive pattern but blood group AB exhibit co-dominance between the alleles coding for blood group A & that coding for group B. 
· Epistasis: means that one trait or characteristic, in order to be expressed depends on another one. For example in order for the person to have green eyes, he must have a certain characteristic that is compatible with those green eyes. 
Blood group shows epistatsis, there is an antigen on the RBC surface called H antigen, through which certain enzymes convert it to an A antigen( group A) or convert to a B antigen( group B) or to both (AB) or remain unchanged as seen in group O. This H antigen contains the following compounds, ceremide which is anchored to the cell membrane then comes above; galactose, N-acetylglucosamine (GlcNAc) & fructose respectively. In order for the H antigen to be converted to A or B antigens, it has to be attached to the cell surface membrane , if it isn't; no conversion will happen even if all the necessary genes coding for the proteins important for such conversion are perfectly functional. Therefore, ABO blood group system depends not only on their genes but also on the attachment of the H gene to surface of RBCs via ceremide. Bombay blood group (a rare disorder) has absolutely no surface antigens, since no ceremide is there (don't confuse it with O blood group which has the H-antigen on its surface.)  & hence can't be identified or considered to be part of the ABO blood group system.
· Pleiotropy: several phenotypes are expressed by a single gene!
Example: if gene A becomes faulty in the liver, will give rise to different disease than if that same gene were to be defective in the muscle. i.e. a single gene in different locations gives rise to different diseases with different severities & clinical pictures. Ex: marphan disease. An autosomal dominant that could be exhibited in the sclera of the eyes, CVS or the skeleton.
Cystic fibrosis is another example, autosomal recessive that's manifested in the lungs or sweat glands or pancreas.
Albinism: in optic fibers or in skin pigmentation.
osteogensis imperfecta : in bones, teeth & sclera.

· Genetic heterogeneity : different genes give rise to the same disease!

· Variable expression: same gene abnormality gives rise to different clinical pictures in different individuals. Example: the fur color of a dog, shown on slide 58.
· Delayed age of onset; clinical picture is observed at an older age but the defective gene has been there all along. Such as Huntington Disease, Familial Alzheimer Disease, Familial Breast Cancer, Hemochromatosis.


I've written everything the doctor said… & more for the sake of understanding, but it's important to read the slides. But don't worry; studying the slides won't take much of your time if you studied the sheet (
 
This sheet is dedicated to every single body who has ever been there for me, especially recently. Thank you ( 

By:
Hadeel Tarek Khraishi 
Polydactyly:�an autosomal dominant disease where the affected individual has extra fingers.
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