Genetics lec.no.6 

Mon, 19-3-201

By the name of Allah 

1.Complications related to autosomal diseases 

last time we talked about Autosomal dominant & Autosomal recessive diseases and also we started talking about the other diseases where these simple Mendelian inheritance ,autosomal Mendelian inheritance , can't explain them with their complications . 
Now we'll talk about other type of inheritance. Last time when we talked about complications we mentioned many, one of them is the delayed onset diseases. Remember we said last time most of the genetic diseases are childhood diseases appear early in age or causing abortion of the affected infants , but some other genetic diseases, the clinical picture of them starts to be seen at elderly age not in the childhood age so that we can't clinically diagnose them at birth. This is one of the related complications. 
For example:

-Huntington disease,which is autosomal dominant (AD), we can see it in the age 30-35 years.

- Hemochromatosis - 40 s year of age.
- Alzheimer – over 60 or 70 years.
Those all are genetic diseases but because of this characteristic feature which is delayed onset we can't diagnose them clinically at birth.
Other thing we talked about is the penetrance…

Recall, Penetrance: means that the clinical picture is varied from one person to other; one person with clear clinical picture that's so severe while in other person it's not the same degree but much milder with the same disease and even with no symptoms.
So penetrance can be a source of complication! 
For ex. Retinoblastoma (tumor of retina in the eye) if it's genetic we see it at earlyage while if sporadic we see it at later age. And as written in the slide 4 10% of gene carriers don't show the disease, they're obligate carriers.
Another disease we call it anticipation which means,

in one generation you can't see any clinical pictures of the disease… in a second generation you see a very mild type of the disease … in third generation you find a very severe type of the disease. 

An ex. is myotonic dystrophy, where there's a muscle waste and muscle paralysis to the face (look at slide no. 6),here in the picture the grandmother looks completely normal , her daughter has certain waste in her face while the child get the disease clearly.
 And this mainly depends on the type of the disease gene, because in normal population there should be certain no. of gene, if it increase we'll have clinical picture of disease, if increases more we'll have the complete picture of the disease. 

 Return to slide no.6 and see the no. of CTG repeats (responsible for myotonic dystrophy), if they are around 5 they are completely normal.If between 19 and 30 this is premutation, this condition can be completely normal and we can't see clinical picture for it like what we saw in the grandmother. If it's between 50 and 100 this means the person is mildly affected. If it exceeds 2000 then you will see a severe type of the disease , and this explain the idea of anticipation and again we can't diagnose them easily at early age.
Another thing is mosaicism which means we have certain cells that are 100% normal and other cells have defective characteristics, so that if you look to certain organ you find it completely normal while the other organ is defective, like what we see in osteogenesisimperfecta;                                                caused by abnormality in certain 3 peptides making certain proteins which are controlled by 3 different genes .                                                                           now if there's one gene affected and the others are ok,but the function of them …they will not function well , just like immunoglobulin; if the heavy chain is normal but the light one is not you will end up in nonfunctional immunoglobulin although the heavy chain gene is functioning normally , because Ig function is meant by both heavy & light chains , this is another example of mosaic.


Another thing is new mutations; if you look at family pedigree you find all persons are normal while there's one newborn is affected as a result of disease mutation.
All the previously mentioned conditions & characteristics make the autosomal dominant not straight forward in diagnosis them you have to look a little bit deeper and look for families more and other persons. 

2.Sex-linked genetic disorders
Now we will move to the sex-linked genetic diseases which deal with abnormalities of genes on chromosome X or chromosome Y.
we know that:

- XX refers to female while XY refers to male.

-Y chromosome is very small in comparison to X chromosome, and genetically they are not equivalent, they don't look like each other.
-abnormalities related to genes on X chromosome we call them X-linkedgenetic diseases.

-abnormalities related to genes on Y chromosome we call it Y-linked geneticdiseases. 
Now the inheritance is simple!Related to X-linked diseases:                         the mother has two X while the father has one X.

X-linked can be: 1.Dominant, where one affected X is enough to have the disease, and here we don’t use the term carrier.

Or 2.Recessive, where females must get the 2 X s affected to have the disease, and in case she gets only one affected X while the other is normal she is considered as carrier.
According to the male once he gets the abnormal X he will get the disease so there's no carrier male for X-linked disorders, either normal or diseased. 
Recessive type: 

1. in case that the mother was carrier (slide 11) let's see what will we have?
Parents:       X' X                 X Y      (the dot means abnormal X) 

Offspring:    X' X   ,    XX    ,   X' Y  ,  X Y 
As you can see we'll get one normal female (X X)                                              one carrier female (X' X)                                                                                 one normal male (X Y)                                                                                   one diseased male (X' Y) 
-Again X chromosome has many genes; around 700 genes we calcified them into recessive (most of them) and dominant (few of them). The dr. mention some of genes on chromosome X from slide no.12: hemophilia B, fragile X syndrome, hemophilia A G6PD deficiency and so on...
2.In case the father was diseased with recessive type but the mother is normal:            X XX' Y

Offspring: X' X  ,X Y 
One carrier female (X' X) & one normal male (X Y).
3. in case the mother was carrier and the father was diseased:

                      X' X             X' Y

Offspring:    X' X'  ,  X' X  ,  X' Y  , X Y

One diseases female( X' X') , one carrier female (X' X) ,                                One diseased male(X' Y), one normal male (X Y). 

4. in case the mother was diseased (X' X') she will give just one type of gametes which is X'  so males will always be affected while females if their father was affected (X' Y): always get diseased(X' X') while if he was normal (X Y) : always they will be carrier(X' X). 


Note:these examples are just to clarify the results the dr. mentioned in the lecture but in order to understand how these results came out and to be satisfied, otherwise it could be confusing so don't memorize offspring for each case you can do just like what I did and see them for the case you have in the question but give boxes a degree of importance!
Read slide no. 20 to document what you get from the sheet.
It's obvious that the inheritance in case of dominant disease differs from the recessive one, let's see:
Dominant type: 

1.In case the father was affected(X* Y) ( I used  * to indicate that it's dominant), always daughters will have the disease cause this time one affected allele isenough to get the disease (dominant) whatever the mother was(_ X*) ! But sons are not affected by their father situation because they take X chromosome from their mother! 

2.In case the mother was affected she could has either (X* X) or (X* X*) but notice we never call her carrier in both situations she's affected , but we have two cases;
A. if she was (X* X) , sons will have 50% chance to get diseased & 50% to be normal depending on what chromosome they get either X* or X from their mother .                                                                                                           But females if they get the affected allele (X*) they will get the disease whatever their father was! But if they get the normal one from their mother (X) we have to see their father to decide if they will get diseased or not ( if father was affected(X* Y) they will get diseased because they gain (X*) from the father while if he was normal(X Y) they will be normal .


B. if she was (X* X*), sons will always get diseased (X* Y) and also her daughters regardless the father(X* _) cause this time she will transmit only one type of allele which is X* and because it's dominant it enough to cause the disease.

Read slide no.14 to document what you get from the sheet.
Imp. Note: Females are twice as commonly affected by XD diseases, simply because they have 2 X chromosomes and even if one has the disease allele, they'd be affected.
Males are often more severely affected by XDand in females it will be less severe & can have wide range of severity from mild to severe. (This note was not so clear and I search it to be sure and I read that females when they have just one X affected and other is normal they can do inactivation for the affected gene but males have only one X and they die soon after birth but can survive with very severe form of the disease)
Examples on X-linked dominant: 
1. X-linked hypophoshatemic(vitamin D-resistance rickets).

2. Dwarfism due to X-linked dominant condition.

If we look to the pedigree slide no.16 it's found in each generation like what we saw before in autosomal dominant, and in each generation you can find it in male as well as in female.
Look at slide no.19 this is another example on XD diseases, it is congenital generalized hypertrichosis CGHwhere all the body is full with hair.It is very rare type of disease.
Now what bout X-linked recessive diseases?

-Also it is disorder on X chromosome.

-the wild type allele in males looks like dominant although its recessive type but as males have only one X it will cause the disease for them always but in females you find you have to have both alleles affected to get the disease as explained earlier in the sheet, so hemizygous males are affected while homozygous females are affected.
Recall,hemizygous: having only one copy of the gene or chromosome (male has only one X),homozygous: both copies are similar (here both X chromosomes of the female are affected causing the disease).
-the phenotypeexpression  is much more common in males
-sons of heterozygous mother (X' X) have a 50% chance of being affected.

Note: We have already explained these earlier in the lecture.

Ques. By a student: in recessive type males with affected chromosome are said to be carriers? 

Answer: no they are affected since they have only one X chromosome, such like hemophilia disease.so one X will work as dominant for males and regardless the disease is recessive or dominant one they get abnormal X they get the disease.
We have some problemsin recognizing X-linked recessive inheritance and to make pedigrees;
1. Small families: if we have only 3-4 members and only one case is there it is not easy to make pedigree and to follow up the disease to know if it was X-linked or other genetic disease.

2.  New mutations: means that the disease is not found in the family before and it appears now due to a new mutation in the affected person.

3. Germlinemosaicism: one of the germ cells wither sperm or ova undergo mutation and after fertilization we'll have a mosaic. It may come from ova while the sperm is normal or the opposite, the end result is a mosaic; normal cells & abnormal cells.

The pedigree for X-linked autosomal recessive is like that for autosomal recessive (slide no. 23); it's not found at each generation ,here in the slide the father was affected while the mother was normal so we get one carrier female(dot inside the circle means carrier)& one normal male. 
We have many examples on X-linked recessive type (XR) (slide no. 24):

Adrenoleukodystrophy, color blindness, Fabry disease, G6PD, hemophilia A & B, Ichthiosis, Lynch-Nyhan S and muscular dystrophy ( keep in mind there are many types of muscular dystrophy one of them are autosomal dominant).

About hemophilia (slide no. 26) the dr. said sure we took it before so he will not discuss it !

Look at slide no. 27: this is the most famous pedigree of hemophilia for royal families of Europe. It started in Britain then to Russia, German and Spain because of intermarriage between them so it became distributed all over Europe and Victoria was the first one to be carrier.

Muscular dystrophy…
-Again it's a disease we see later after birth (age of onset is 1-6 years)
-It's X-linked recessive.
-One in 3500 males is affected in US.

-it's a group of diseases that can be XR, AR & AD.
Ichthyosis…

-skin resembles fish scales. 

-it's XR mostly. 


3.Y-linked inheritance & genetic disorders 

-Y chromosome is the smallest chromosome and there are few genes on them and the most imp. genes those which give the male characteristics.
- look at slide no.33 ,males have only one copy of this chromosome (normally) so it's hemizygous , there's condensed area &pseudogenes (blue in color) which are not active genes.
Slide no.35, if you look to pedigree the inheritance is simple,

-always the males are affected while females are not affected also they will not contribute to the inheritance ;always from male to male. 
-appears in each generation just like AD & XD.

One example is hairy ears (slide no.36).
Now,what determines the sex (gender) in mammals?
There's a specific gene responsible for this called SRY gene which is found normally on Y chromosome, so normally males with XY always have this gene on Y chromosome.
But sometimes we can find that phenotypically it's female but genotypically it's a male & vice versa! So what happened? 
1. Genotypically XY but phenotypically female: here there was a deletion of the gene SRY from the Y chromosome so that the person loses the male characteristics so although the person is with XY chromosomes but it will have female characteristics due to loss of SRY gene.

Meaning this person has one normal X and abnormal Y with deletion of SRY gene.

2. Genotypically XX but phenotypically male: here there was translocation of SRY gene from Y chromosome earlier during division so that the person will have SRY gene on one X chromosome while the other is normal resulting in male characteristics. 
So earlier during division SRY gene translocated from Y chromosome to X chromosome then later after fertilization Y chromosome ( which suffer deletion now) get conjugated with normal X from maternal origin 
Forming case no. 1 above , and X chromosome from paternal origin (which get SRY gene due to translocation) get conjugated with normal X from maternal origin resulting in case no.2 above. Look at slide no.38
Move to sex-limited & sex-influenced characteristics:
-Sex-limited: means some particular characteristics can be associated only to one gender but not the other due to different anatomy as that for inherited uterine or testicular defects.
-Sex-influenced: such like defects that are XR where the gene appears to be dominant in males but in females it could be carrier so that not suffering the defect an ex. Is baldness, you don't see it in females. 
So, we knew how diseases will be inherited if it were X-linked or Y-linked. 


4.X-chromosome inactivation

-As female has two X s theoretically each gene product will be doubled that what we get for male who has one X.
-On the other hand gene that's on Y chromosome will produce its product in males but not in females.

-But it's not the case!

- regarding concentration or duplication of gene products in females in relation to males which are on X chromosome!for ex. G6PD (or hemophilia A); the amount of protein which is produced in males & females is exactly the same, there's no different in quantity or concentration,why?
Because one of the genes which is on X chromosome is not functioning, so only one copy of the gene on one X chromosome will function while the other copy on other X will not and that what's called X-chromosome inactivation!
This inactivation will end up with a Barr body, remember when we see the cell we have one Barr body in female because one X is inactivated and the other is normal .(Net:Barr body The condensed, single X-chromosome, appearing as a densely staining mass, that is found in the nuclei of somatic cells of female mammals. It is named after its discoverer, Murray Barr, and is derived from one of the two X-chromosomes which become inactivated.)
In normal female we have one Barr body, in triple X syndrome (XXX) we have two Barr bodies and one normal, in XXY person (Klinefelter Syndrome) there's one Barr body and the other is normal. 
This inactivation happens at very early stage in fertilization; within the first week of fertilization and the inactivation will be completely random; in one cell the maternal X will be inactivated while in other cell the paternal one in inactivated. 
 Return to our example G6PD since the process is random in females we'll have a mosaic type of this disease because cells are not the same; part of the active genes supposed to give certain enzyme are paternal & the other part is maternal so the products are not exactly the same. 
Another example is what we see in cats, in female cat you'll see the expression of hair color wither by recessive gene or dominant occur by both genes so you can see brown color as well as black color (slide no.42) 

For clarification : there are two alleles for cat hair color, XB (dominant allele for brown color) and  expressed Xb (recessive allele for black color) when female cat has XB Xb it supposed to have the dominant color only (brown) but because  there're some cells with inactive X that carry XB allele ,in these cells the other allele Xb on the other active chromosomes will be expressed and give the black color.so some cells give brown other give black as a result of mosaic due to random inactivation. 

But if you look to a male it has only one color cause they have only one copy of the chromosome no other one to be inactivated randomly so this copy has determines one color & expresses in all cells. 
How does the inactivation happen? 

There's a gene called XIST gene (X inactivation specific transcript gene). This gene is found on the X chromosome very close to the centromere (in X inactivation center) and only is expressed by the inactive X chromosome.

So if you take organ, liver cells for ex. You'll find some cells with maternal X active and paternal X inactive while other cells are the opposite, both maternal & paternal genes do the same function but with a little bit difference .this is because of the XIST gene that's expressed in inactive one.
As we mentioned X inactivation center located near the centromere, contain 12 genes, 7 of them are coding for proteins while 5 are for untranslated RNA so will not produce proteins but the RNA is there.
There're two different genes; XIST & TSIX, if TIST is active then the chromosome will be active (no inactivation there) while if XIST are active it will produce RNA which will coat the whole chromosome from outside preventing any other gene to be seen or translated.
At the same time this RNA will induce DNAmethylationand methylation inhibits synthesis of DNA or translocation of it. Methylated DNA  also will be covered by histones (H2A & H3) so the chromosome became covered with all these things and the result is inactive chromosome that will not function at all.
-Now if we look to the male… he has certain genes on Y so that male for one gene could have 2 copies (double what we have in female but again it's not the case! But if we look to inactivation here it's not a complete inactivation. (I'll explain below)
One important thing about the selection of which chromosome is going to be inactivated: if there's for some reason a mutation or fault in one of the two X chromosomes then the abnormal chromosome is going to be inactivated.  
For example, if one of them underwent imbalanced translocation then this one is going to be inactivated, just to preserve the life of the person.

Return back to the Y chromosome, we have on it pseudogenes and other homologous genes similar to that on chromosome X (we have homologous genes on both X & Y) ,also there're non homologous genes means they are only on Y chromosome but not X which are responsible for male characteristics (hemizygous gene). 
So when we look to both X & Y (slide no.52) you have to notice that X inactivation should be incomplete! If it's complete then we'll lose hemizygous genes on X chromosome which Y doesn't have! So there should be compensation which means the homologous genes which are present on both should be inactivated on X chromosome while hemizygous genes for each (differential region) should be active. 
Look at slide no. 53, there are certain diseases due to genes on homologous area of the chromosome but they are not inactivated like Xg blood group&Kallman Syndrome&Housekeeping genes.
Another example on mosaic is Anhidrotic Ectodermal Dysplasiain females, a condition where skin lacks sweat glands in some regions and other parts of the skin are normal (slide no. 55). 

5.Non-traditional types of gene disorders(NTGD)
The last group we talk about, it's not traditional; it's not X, not Y, not chromosomal recessive, not chromosomal dominant! 
Ex.: 1.Mosaic we discussed it more than one time which doesn't follow any type of genetic rules. 

2.UniparentalDisomy, where the two alleles of a certain gene are inherited from one parent; either paternal or maternal.
3. Imprinting, we talked about in previous lectures, if the deletion or certain disease was inherited from father will be different if same abnormality was inherited from mother like Prader-Willi syndrome&Angelman syndrome.
4. Mitochondrial.
5. Fragile X Syndrome.
Again these types of inheritance don't follow any rule of genetic type diseases.

Mosaicism:we have different types,                                                                1. somatic: where mosaic happens in autosomal ( somatic) chromosomes but not the X or Y, and this generally happens due to post-zygotic mutation , meaning after fertilization azygote is formed then there will be mutation which can be in one cell but not the other cell.                                                                   Ex. Is Down syndrome, where some cells are normal others are not, other ex. is Neurofibromatosisdisease &Albright Syndrome- which is a typical syndrome where we have café'-au-lait spots on the skin (like the color of coffee & milk mixture) and it's very easily diagnosed.
2. Gonadal: here the abnormality in on Y or X; in sperm or ova ex.: hemophilia A, muscular dystrophy, osteogenesis imperfect&achondroplasia .

3.Germ line: appear as a normal mutation happens for the parent (Net:Germlinemosaicism is a genetic mutation that arises at the germ line, or gonadal level, meaning that some of either the mother's eggs or the father's sperm cells carry the mutation. The other cells in the body do not have the mutation, and the parent doesn't show any symptoms. TSC results when an egg or a sperm cell that carries the mutation is involved in fertilization.)
Note: gonadal mosaicism is part or lower level of germ line mosaicism.

In all these 3 types you'll end up with different type of cells.
An  ex.: hermaphrodite,is an organism that has reproductive organs normally associated with both male and female sexes.
UniparentalDisomy: where the 2 alleles of a gene are inherited from one parent.it could involve isodisomy or heterodisomy;
Isodisomy: if one chromosome is inherited( as 2 sister chromatids) that chromosome will replicate again so that each chromatid produce other similar one (duplicated) to form new chromosome. The person will have a pair of chromosome as a result of one chromosome duplication. 

Heterodisomy: one parent* will pass 2 non-sister chromatid of the same chromosome (meaning the paternal & maternal chromatids of certain chromosome in this parent) then each will replicate to end up with 2 chromosomes. 

Genomic imprinting: (imprinting genes are related to the mechanism of genetic regulation that cause some genes to be expressed differently depending on the parent from which it was inherited)

dr. said we talked about it before so he will not talk too much about it but in addition to syndromes we took before there are: 
    - Transient neonatal diabetes, wherethe insulin is absent in newborn but after 3 years that gene responsible for this will spontaneously correct itself and the person will be completely normal!
    -Insulin-chromosome 11, this is biparentalexpression, and this is will not be corrected by time!
Mitochondrial :it's a structure found in the cytoplasm and the no. of mitochondria is variable from one cell to other. When division occur wither mitosis or meiosis all the genetic material will be divided in two in exactly the same no.(normally), but for mitochondria .. it will not be segregated in equal no. in the 2 daughter cells because it's found in the cytoplasm may one daughter cell has 10 the other has 30 (suppose that).

There are 37 genes in the mitochondria , in contrast to normal nuclear DNA it doesn't have introns all of it about exons ( remember introns coding for proteins while the exons ,they will be removed before m RNA or protein synthesis).
It's circular ds DNA , we have heavy chain & light chain , the genes here making:
· 2 ribosomal RNA 

· 22 Transfer RNA 

· 13 polypeptide coding for oxidative phosphorylation to produce energy depending on oxygen 

· 90 nuclear genes , they are for peptides participating in energy generation in the cell 
Dr. now show us slide no.67, it is a small circular genes and there're light & heavy chain and there's no any introns genes all of them are exons.
Mitochondrial inheritance…
Its female inheritance; maternal inheritance… always from mother, because as you remember during fertilization the head of the sperm which lacks mitochondria is the only structure of the sperm to be involved in the zygote while the neck  where there's mitochondria will not … so after fertilization all the mitochondria is maternal from the mother.

If we look to the pedigree (slide no.72), this is typical… the mother here is affected and transmitted the disease to both children male & female but you will never find any inheritance caused by father . it's found in each generation like autosomal dominant & XDand remember always the inheritance started from the mother (males can be affected from their mother but never transmit the disease to their children) . so when you find such pedigree if it stared from mother its mitochondrial inheritance if can be started from father also it could be AD or XD .
Main diseases related to mitochondrial inheritance we find them in cells of organs that needs much more energy than others such like the brain , pancreas & the muscles .
Diseases generated by mitochondrial mutations or abnormalities are syndrome like diseases; affecting CNS with diabetes & ophthalmic problems or heart problem so there's a combination of diseases again like liver disease, affected optical nerve, neuropathy, look at slide no.74 and see the complications for each disease ( I don't know if we have to mention them but the dr just read the complications randomly). So all organs that need high amount of energy can be affected and be part o several types of mitochondrial diseases.
Now about triplets: they are found all over the DNA, but their no. is normally fixed, it could be 30 40 or 5o with space along the DNA. if their no. increases we consider it permutation if increases more then it's full mutation (slide no75) causing very severe type of a disease.
Look at slide no. 76, here you can see repeats of Fragile X syndrome … GAA repeats associated with Friedreich ataxia… CAG for spinal & bulbar muscular dystrophy … spinocerebellar ataxia type 1…myotonic dystrophy…Huntington disease…and the others.
So each one of these repeats generates different type of disease, and the no. of repeats is not the same it could be 1000 for Fragile X S while 200 for myotonic dystrophy.

Fragile X Syndrome …
On X chromosome there's something happened to the genes located at the ends of the 2 arms (p & q) ( look at pic in slides 80+81), so we have deficiency

on X chromosome at this location , the characteristic of this abnormality will end up with mental retardationwhich typical for all affected persons.

They also have a happy face&low set ears.
Many genes are responsible for this type of disease also the environment play a big role remember when we said that environment is extremely important in expression of clinical disease like what we see in sickle cell anemia; the carrier in normal elevation he is ok but if he goes to Himalaya he'll suffer the disease although he is a carrier.

In the same manner there're genes affected by  the temperature, for ex. : certain cats in cold areas at periphery like the tail they have less vascular circulation so that the color becomes black , while in other areas of their body where there's high circulation the color is white or brown because the expression of certain genes is affected by the temp. we'll talk about when we take epigenic characteristics which means the expression of genes is not always depending on the genetic materials , but the environment can influence that wither we are talking about intracellular component , in cytoplasm or in other component in the body.
The end 

Don't try to make memories, all what you need is to live your moments, it's about the present but not a past to be!
Bone by: HaneenHammoudeh
So anticipation describes the tendency of some traits to become more severe after several generations.








Maosaicism can be autosomal or gonadal (germline) according to the type of cells that are affected.





So in case the mother was carrier daughters can't get the disease either carrier or normal unless their father was diseased. And sons have 50% chance of being affected 





Affected males transmit the mutant allele to all daughters but not to sons





As a rule when mother is diseases with recessive X-linked genetic disorder their sons (males) will always get affected. In other words affected males get their mutant allele from their mothers.





Affected males(X* Y) will produce all affected daughters, but not affected sons. Sons depend only on their mother situation!





Chance of 50% that a heterozygous(X* X) affected female will pass trait to either son or daughter.





Homozygous(X* X*) affected females pass on trait to all offspring





On average, twice as many females affected as males.








