Genetics
Introduction

This course we are going to talk about human genes. We’ll talk about the definition of medical genetics which is the inheritance of any characteristic including inherited diseases from the father or mother or both to the baby that is important in the practice of medicine and medical research.
· Plants, animals, and all mammals can share inherited characteristics.

· All the nucleic acids are the same ( 4 nucleotides) and the only difference is the arrangement in the DNA.

for example 90% of the genes between humans and monkeys are the same. Also many different plants can share very identical sequences.

99.9% is the same in humans and only the 0.1 percent is implicated to give the differences between us so people response to diseases is different.

* Examples of the characteristics inherited is the shape and color of hair, the color of eyes, ear loop( attached or free), triangular baldness, thumb(bent or straight) and so on,,,,,,,,,, and all these have a genetic background.. 

_ There are differences at the molecular level which is not inherited. It is called Epigenetic diseases. That is having the same gene but it differs in the protein produced,  so it could be functional or nonfunctional. We’ll talk about epigentics later on but keep in mind”epi” means around so it’s something around the gene.
Changes in chromosomes affect the clinical picture. So about 3-7% of population has genetic disorders not including the common ones

. For example chronic heart disease could be congenital in 30-40% of the cases!

Diabetes mellitus has genetic background also as we see in class 2 diabetes which has family clusters. Remember type 2 diabetes is the non-insulin dependent one.

· 3% of pregnancies are with a child having genetic malformations  and 90% of abortions is based on genetic backgrounds.

· If u go to pediatric hospital at any time you’ll find 10-15% of newborns having genetic diseases so the impact is very very high.

· All diseases(except trauma) have a relation with genetics. It’s 31% in heart disease. Also in chronic liver disease even it is infectious but has something to do with genetics. And even suicides have genetic bases.

Genetics is the study of individual genes and their effect on the carrier and it controls health, growth, and disease.

We will talk later about Genomics ( study of the human genome)

· 1-2% of the whole genome is coding for something. We can study the genome and see the differences. It’s about 3 billion nucleotides.

In diabetes there’s no specific single gene coding for it. Instead there are many genes (multifactorial). Also there is changes in the whole genome in the diabetic patient , but we don’t know if they have impact in causing the disease.

· Now there is the test called genome wide screen which screens the whole human genome.

We can calculate the risk of genetic diseases by taking family history. But till now there is no specific treatment. There is also test to diagnose the disease in the embryo.

-Here in Jordan there is no law to make abortion. However, in many Arab and Islamic countries like Saudi Arabia, Iran, Turkey, Tunisia, the abortion could be done in 3 cases: 1- pregnancy is dangerous for the mother 2-the fetus is having acephaly 3- congenital rubella
History:-

-Hippocrates and his “self generation theory” then they discovered that contaminated water with bacteria is the cause of Cholera. Then discovering anasthesia,vaccines and at last the human genome which is very useful but should be dealt with carefully because gene targeted drugs may be dangerous.  

- In the past Hepatitis vaccine used to be taken from infected patient but now it is genetically engineered which is really safer. Also insulin has been genetically made.

· Father of the genetics is Gregor Mendel  who has studied the garden peas and made studies on 7 characteristics  as the color of the flower(whether pink or white), the length of the stem , the shape (whether smooth or granulated) and others.

· He concluded the mixing gives us an order  number( constant percentage)

· After Mendel, Darwin put the developing theory, then came Watson and Crick(DNA discovery), then comes the PCR(Polymerase chain reaction) which is widely used nowadays to the increase the number of DNA strands in vitro to millions in about half an hour. * The discoverer of PCR was the fastest person to get Nobel Price ( after 4 years).

· Then comes the discovery of the muscle dystrophy gene which is considered the largest gene. Also the gene of cystic fibrosis was discovered then.

· The genome project was supported by 10 billion dollars and was completed in 10 years

· The cause of the genetic transmission diseases is from the sperm or ova, but also it could occur during development.

-----Any abnormality before birth will end up with genetic disease, where as anything after birth will lead to cancers.

Cell Cycle: As we know, we have many checkpoints in the cycle to control errors and any abnormality that is not repaired will go towards apoptosis, so any error in controlling will cause the genetic diseases.

· Genetic diseases is divided into 4 groups:

1- Unifactorial: Here single gene is abnormal. Like thalassemia which needs about 100 mutations and cystic fibrosis which needs 400 mutations

Note: Autosomal dominant: one single gene is defected leading to disease as osteogenesis imperfecta.
         Autosomal recessive: The two genes (one from father and the other from mother) are defected as sickle cell anemia.
         X recessive: It’s on Chromosome X. The male is always diseased where as females can be only carriers.

         X dominant: always in females and it is on chromosome X also.

As we know the mitochondria has DNA so inheritance is different here. It is always from the mother. The explanation for this is that when the sperm fertilizes the ova, only the head enters inside the ova so the mitochondria is kept outside.

Note: The female can give the disease to her son or daughter.

2- Multifactorial: Familial clustering which does not conform to any recognized pattern of Mendelian inheritance, as in lipidemia,diabetes, hypertension and schizophrenia

3- Chromosomal:  could be in the number as in down syndrome (extra chromosome) or missing chromosome as in internal syndrome. There is structural abnormality( exchange between chromosomes) and also Deletions which are difficult to see by microscope.

4- Imprinting: That is the same gene if from father it will give a certain disease and if from the mother it will give another disease.

· As we know we have 23pairs of chromosomes and all are the same except the sexual ones (X and Y).

· Number of nucleotides in whole genes is 3 billions,, in yeast is 12 millions and so on

· Number of chromosomes differs between species.

· In any gene, mutations could occur from promoter to polyadenylation signal, whether Exons or Introns

· In 1996, less than 2 thousands were discovered, and in 2005, 16 thousands genes 

· Genetic problem could be in the structure of protein, on enzyme,receptor,transporter or growth regulation.

· After making PCR, u look for the history. Family pedigree is important to tell about disease whether autosomal dominant or recessive or mitochondrial or x linked.

As we see in the pedigree in the slides the circle is female, square is male, triangle is abortion( we don’t know the sex), ( =) means cousins are married, the line as 2 lines as we can c in the 3rd generation in no. 5&6 are twins., cross / means died, and filled square or circle means diseased.
Spectrum of human diseases range from 100% genetic as in Down Syndrome and 100% environmental as in TB.

· Colon cancer needs 4 genes to be mutated to occur.

· The whole genome of DNA is billions, and 30 thousand genes is determined( they thought they are 150 000)

· All the Cells has the same number of genes

· Changes can be anywhere in the genome.

· The variability is called polymorphism as in HLA :P. Polymorphism means the same gene gives different types of proteins. So a kind of polymorphism may oppose the carrier to certain diseases more.

---- Largest chromosome is the first one (1296 gene) and the smallest is Y (46 gene).
---- Every day we are discovering new genes!
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