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In the last time we talked about the medical genetics. Today our lecture will talk about Genetic Variations.
Introduction: As we look all around us we see different forms and colors of the same organism, example is tomato with more than 100 types, and we find butterflies of various colors. Also, humans have many differences in such features as color of hair and eye, height… etc. 
Most of these variations are normal, meaning they are not associated with diseases, but other variations (which might be induced/acquired during life) might be abnormal and cause serious problems and illnesses as a result of mutations in the genome. Examples of these diseases: sickle-cell anemia, cystic fibrosis and Tay-sachs. 
Another type of normal genetic variation is skin color, which is available in shades, meaning it’s not a specific color (white, black, brown…) rather a shade of color in a wide spectrum. This is called continuous trait. A combination of many genes plays a role to control the color of skin though. When it comes to height, we can find normal short and tall people, however, extremely short people (dwarfs) are considered abnormal and diseased.
(Now the dr. shows a slide representing the distribution of population according to skin color, we notice the presence of aborigines in Australia while red-headed in UK)
We must keep in mind that all human beings share almost 99.9% of their genome; this means that the genetic variations are only present in almost 0.1% of our DNA. Also, most human traits are multifactorial (controlled by multiple genes) and influenced by environment. 
To demonstrate the influence of environment we take sickle-cell anemia as an example: A carrier of this disease has no clinical manifestations normally (he has normal Hb levels) but if he is to live at a higher altitude he’ll face anemic problems (less transfer of O2) ( his genetic material is the same, but we changed the environment. But a person with sickle-cell anemia is resistant to malaria, because less O2 is available for the growth of malaria.

Importance of genetic variations
Genetic variations are not always beneficial to human. So the study of variations is important to: 
- understand human genetics in general and diseases in special
- understand pathogenesis of certain diseases to have easier treatment
- develop gene-based therapies
- study genetics and environmental conditions in multifactorial diseases.
Terminology

To understand the topic better, we will define some terms (I looked up some Wikipedia definitions):

· Character: the function attributed to certain genes or location on chromosome (Wiki: the abstraction of an observable physical or biochemical trait of an organism)

· Trait: each person has 2 genes (inherited from parents) if one of them is affected we call it trait (Wiki: the expression of genes in an observable way)

· Phenotype: physical characteristic which we see (ex. we see black hair, blood group A) (Wiki: the sum-up of all traits resulting from interaction between gene expressing and environment)

· Genotype: genes which control phenomena we observe (ex. Genes that control the black hair, Blood group A) (Wiki: the genetic make-up of a cell or organism or individual)

· Locus: location of a gene on a chromosome

· Allele:  2 copies of a gene (1 from father, 1 from mother)


· Mutation: changes which may happen in one or both alleles (Wiki: changes in a genomic sequence)

· Polymorphism: differences between individuals that exceed 1% of population. Generally these differences are normal, and they are important in many diseases (Wiki: occurs when two or more clearly different phenotypes exist in the same population of a species)



· Homozygote: when both alleles of a gene are identical

· Heterozygote: different alleles of the same gene

· Hemizygote: when there is only 1 allele of a certain gene (like those found on Y chromosome in males)


· Dominant: getting clinical picture if either alleles is abnormal. If 1 allele is defective, the individual will have phenotypic character of this allele (Wiki: when one allele masks the expression (phenotype) of another allele at the same locus)


· Recessive: both alleles should be defective to get a disease (Wiki: If a genetic trait is recessive, a person needs to inherit two copies of the gene for the trait to be expressed) 

Now we will talk about some concepts that are related to genetic variations
Polymorphism

As you remember, human genome contains around 35,000 genes which only represent 0.01% of the whole genome, we don’t know much about the rest of the genome but abnormalities there might affect our genes too. There are around 6 million nucleotide differences between one person and the other; this is called single-nucleotide polymorphism which means that each difference is only in one nucleotide (ex. Nucleotide num. 500 of a gene in one person might be T while in other person it’s G.) We can look for polymorphic changes in the whole genome.
Besides being associated with certain diseases, genetic variations are important in survival. Variations depend on factors that happen in life:
1. [image: image1.jpg]The Types of Point Mutations an r Effects

Type of Point Mutation Description Effects
Substitution Mismatching of nucleotides or replacement Silent mutation if change results in redundant codon,
of one base pair by another as amino acid sequence in polypeptide is not changed.

Missense mutation if change results in codon for a
different amino acid; effect depends on location of
different amino acid in polypeptide.

Nonsense mutation if codon for an amino acid is
changed to a stop codon.

Frameshift (insertion) Addition of one or a few nucleotide pairs Missense and nonsense mutations
creates new sequence of codons

Frameshift (deletion) Removal of one or a few nucleotide pairs Missense and nonsense mutations
creates new sequence of codons
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Evolution
2. Natural selection
3. Adaptation
4. Gene flow and drift
5. Gene frequency


normal changes during life
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Mutations 



abnormal changes during life
Now, we’ll discuss these factors in more details.
Evolution:

It is the production and redistribution of heritable variations. It occurs when certain changes happen over time in the characteristics of human beings or organisms (ex. The body of primitive human beings was covered with hair, but with time this has changed). Remember that environment plays a major role in the development of these changes. 
Natural selection:

Some environmental changes that happen in evolution might be severe and harsh on some species or organisms (who have sensitive and weak genes), this results in the death and elimination of these species. However, others (who have strong genes) manage to resist the changes and survive and live, such species are naturally selected. As a result, the offspring of these genes that survived the changes are strong and able to live after. 

(Wiki: Natural selection is the gradual, nonrandom process by which biological traits become either more or less common in a population).

We notice that natural selection is very important in variations and evolution. The changes that happen in evolution can be:

· Micro-evolution: changes in gene frequency from one generation to another. For example, thalassemia gene frequency in the population is 1 in 10,000 but if evolution and natural selection result in the death of thalassemia patients this frequency will be less, however, if they survived, the next generation will have higher frequency of the gene.

· Macro-evolution: emergence of new species and varieties. This happens if the changes were very large and many genes are involved so new species will emerge.
Related to this topic is Darwin’s theory of evolution. It states that there was evolution and developing of animal genes into human genes. He said that the organisms change through time and their genes go into many changes and mutations resulting in the developing of new species. Anyway, his theory is still under investigation and debate, it’s not proved yet. 
Adaptation:

(Wiki: Adaptation is the evolutionary process whereby an organism becomes better able to live in its habitat.) An example about adaptation is sickle-cell anemia and altitude which we mentioned earlier (pg. 1). 
Another example is “heat conservation” in a cold weather. The body has many mechanisms to adapt to the cold weather: 

- it reduces the amount of sweat released to reduce the heat loss
- it starts shivering to burn fat and produce heat energy
- circulation becomes limited to deeper capillaries; more blood flows to internal organs and less blood flows to extremities (vasoconstriction) to preserve heat
- long adaptation; it can be seen in animals that live in special climates. For example, the polar bear developed short extremities to preserve heat and adapt to the cold weather
Gene flow:

It is the passage of genes from one generation to another. This passage is well controlled, but in some cases (ex. Closed population that doesn’t mix with others) abnormalities or problems might occur like gene drift or shift. For example, Bema Indians is a closed population, they always marry from each other, giving rise to almost identical offspring, so almost 90% of them have got diabetes because the same gene flow is passing from one generation to the other.
Gene flow can happen within a closed population or between different populations that mix, this will result in diversities and variations and emerging of either bad or good genes.
Gene drift:

It is not a common type of variations in the gene, it rather depends on chance. So, it is a random increase or decrease in a certain gene frequency due to chance, and can work in both directions (Wiki: gene drift is the transfer of alleles of genes from one population to another). 
The changes that happen mainly affect neutral traits and are usually very small and do not result in diseases. Gene drift doesn’t always happen in the same population but rather in different populations (ex. Pakistanis living in Jordan). It has strong effect on small populations. With time, gene drift might disappear.
Mechanisms driving genetic evolution:
There are several factors that affect the strength of evolution, which are:

- Mutations: changes in the gene itself which might cause diseases if the gene is expressed

- Gene flow due to migration: changes in the genetic pool

- Natural selection:

* stabilizing the strong gene

* directional from one generation to another

* diversifying (expanding and spreading) in different populations
An example about natural selection is a type of mushroom. This mushroom was red in color, but after air pollution occurred it turned into black.
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- Gene drift: bottleneck/founder effect 

the genes of a small closed population (like bema Indians) will be kept without diversity, so the same pool of genes is passed from one generation to another. Many genes will not survive the environment, and few will survive.

The same thing applies to “Amish population”. Those people have the same gene pool which resulted in acquiring an extra finger (= abnormality).
Another example about gene drift in animals is “cheetahs”. These animals are found in few numbers and have the same genetic pool. 

Mutations
Now, we will move on to mutations which is an important topic related to diseases. Mutations are a permanent change in DNA sequence. Normally during DNA replication, 1 in 1-2 million nucleotides is faulty but there are repair mechanisms that can correct this abnormality. If the system fails to repair the faulty nucleotides it can be transmitted to the next generation.
· These mutations might happen in 2 types of cells:

- Germ cells: ovum and sperm
- Somatic cells: the rest of body cells
so if mutation happens in germ cell it will be inherited and passed to the offspring, but somatic cell mutations are not inherited.

· Mutations vary in the size of abnormality and in frequency:

- Genome mutations: change in the number of chromosomes (more or less than the normal 46 chromosome) ( this is called “Aneuploidy”. This type of mutations happens in 1% of each cell division, and this will result in early abortion of the fetus carrying the abnormality.


- Single chromosome mutations: in this case we have normal number of chromosomes, but they may have abnormal structures. For example, translocation of segments of one chromosome to another is considered a mutation. The frequency of this type is 6*10-4. This might also result in abortion but the parents of the fetus might be completely normal.

- Gene mutations: in this case, nucleotides of a certain gene may be abnormal. The mutation is relatively small and of 1*10-9 frequency. 
So, mutations can be very small (1 nucleotide) or large (segment translocation, chromosome gain/loss)
· The end up of gene mutation can be:

· Stable mutations: 
* base substitution
* deletion, insertion

· Unstable mutations: increase in the number of triple repeat sequences (which are nucleotide repeats found in the non-coding area of a gene). This might result in a disease although the mutations happened in a non-coding area.

During protein synthesis, we remember that a codon (nucleotide triplet) is translated into an amino acid. More than one codon can give the same amino acid. Other codons work as start/end points in the process. So any change in the DNA sequence may result in a change of the protein produced by the cell, hence affecting its function. This depends on the type of point mutation that happens.


This figure shows the 5 types of point mutations (silent, missense, nonsense, frameshift deletion/insertion). Make sure you know them well so read the table. The Dr. added: an example about missense mutation is “sickle-cell anemia” where glutamine is replaced by valine.

Finally, point mutations might be caused by: chemicals, DNA replication error, reactive cellular metabolites, radiation or metabolic genetic elements.
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