بسم الله الرحمن الرحيم
Genetics lec. #8

MULTIFACTORIAL DISEASES
So far we studied the genetic disorders and classified them into groups:
· Unifactorial: Involving only one gene with effects ranging from invisible to mild to severe, and those are classified into AD, AR, X-linked, and mithochondrial.

· Chromosomal: in which the defect is much larger than a single gene involving a segment of chromosome or even the whole one (i.e: several number of genes), thus the defect is associated with a syndrome of diseases not only one. Those are classified depending on the defect in number, structure, or microdeletions.

· Multifactorial: (which is this lecture’s subject)

· Not only a single gene, not only one chromosome
· It’s a complex of diseases associated with several characterstics.
· These complex diseases include:

· Alzheimer disease

· Cardiovascular Disease

· Autism

· Parkinson Disease

· Diabetes

· Hypertension

Recall that not all genetic diseases are purely genetic, some are influenced by other factors like environmental conditions or epigenetic factors.

Diseases are distributed (as shown in slides 3 & 4) into PURE GENETIC, PURE ENVIRONMENTAL, & COMPLEX DISEASES in between.

Pure environmental are generally infectious, although some infectious diseases are affected by genetic background as well.

	Single gene diseases
	Complex diseases

	Rare generally
	Common
e.g.: diabetes is up to 30% of a population

	Genetics simple:
i.e.: you can follow the transmition from one generation to another and draw a pedigree. 
	Genetics complex:
can’t draw pedigree to look for multifactorial disease

	Unifactorial
	Multifactorial:
Affected by many factors beside genetics

	High recurrence rate:
If the family has an affected gene the possibility to have new children with this affected gene is high, in AR it’s 25% & in AD it’s 50%
	Low recurrence rate:
If the father has diabetes it’s not necessarily that his children will inherit it.


 Note that the single gene diseases are rare in the population but if found in a family they’ll have a high recurrence rate, while the multifactorial diseases are common in the population with low recurrence rate in the family.
Again, GENETIC DISORDERS:

· Multifactorial (common)

- “Environmental” influences act on a genetic predisposition to produce a liability to a disease, so the genetic background in these diseases is NOT the causal factor, instead it acts as a predisposal factor that increases the tendency of the disease IF environmental factors are present (so it’s not like pure genetic in which the affected gene is the causative agent of the disease) 

-  One organ system affected, unlike single gene diseases (like Phenylketonuria in which only the metabolism of Phenylalanine is affected) here multiple disorders occur.

- Person affected if liability above a threshold (to be explained later).
· Single gene (1% liveborn)
 - Dominant/recessive pedigree patterns (Mendelian inheritance).

- Can affect structural proteins, enzymes, receptors, transcription factors.
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Chromosomal (0.6% liveborn)
- Thousands of genes may be involved.
- Multiple organ systems affected at multiple stages in gestation.
- Usually de novo (trisomies, deletions, duplications) but can be inherited (translocations).
Another characterstic for the multifactorial diseases is polymorphism. Since the genetic background is a risk or a predisposal factor, i.e.: interferes with the characterstics, then the presence of an allele will give a morphologic appearance that differs from the one given by another allele (same idea of HLA we studied last semester).
Certain polymorphisms have more liability for a disease than others.

MENDELIAN AND NON-MENDELIAN DISORDERS

	Mendelian Gene


	Complex or Susceptibility Gene 



	· Gene directly leads to disorder

· Recognizable inheritance patterns

· One gene per family

· Less common diseases

· Cystic fibrosis, muscular dystrophies


	· Gene confers an increased risk, but does not directly cause disorder

· No clear inheritance pattern 

· Involves many genes or genes and environment

· Common in population

· cancer, heart disease, dementia 




Disorders Shows Multifactorial Inheritence

	Congenital Malformation


	Adult Onset Diseases 



	· Neural tube defects 

· Cleft lip with or without cleft palate 

· Cardiac defects 

· Diaphragmatic hernia 

· Renal agenesis 

· Ureteral anomalies  

· Posterior urethral valves 

· Incomplete muellerian fusion 

· Hip dislocation 

· Limb reduction defects 

· Talipes equinovarus (clubfoot)


	· Diabetes mellitus 
· Epilepsy

· Glaucoma 

· Hypertension 

· Ischaemic heart disease 

· Manic depression ,
· Schizophrenia 



Frequency of Different Types of Genetic Disease 

	Type
	Incidence at Birth
(per 1,000)
	Prevalence at Age 25 Years (per 1,000)
	Population Prevalence (per 1,000)

	Diseases due to genome/chromosome mutations
	6
	1.8
	3.8

	Disease due to single gene mutations
	10
	3.6
	20

	Disease with multifactorial inheritance
	~50
	~50
	~600


Note that the incidence of  Diseases due to genome/chromosome mutations decreased from 6/1000 at birth to 1.8/1000 at 25 years old (adulthood) and the same is applied for Diseases due to single gene mutations. This decrease in number of patients is due to their DEATH!!! As they don’t survive for a long period. Also note that the Population Prevalence for these 2 types is low since they are rare as mentioned before.
WHILE

In Disease with multifactorial inheritance the prevalence at adulthood is the same as at birth which indicates long survival, and the population prevalence is up to 60% again we said it’s common.
GENOTYPE AND PHENOTYPE

· ‘Simple’ diseases (single gene):  there is a close relationship between the disease gene and the disease status.>>> GENOTYPE and PHENOTYPE are closely correlated
· Mutations CAUSE the disease.
· Complex diseases (multifactorial): also show genetic involvement but the relationships between a particular gene and the disease is less clear cut.>>> GENOTYPE and PHENOTYPE show poor correlation.
· Mutations PREDISPOSE to a disease (or can even PROTECT ) .
· Check slide 11:

As we know, any gene has 2 alleles.

The left side: in this case the blue allele is the dominant because even if only one blue allele is present the related characterstic will appear. 
The right side: in this case the red allele is the dominant.
This way of inheritance is related to single gene diseases NOT to multfactorial because again they show poor cooelation between genotype and phenotype.

To sum Characterstics of multifactorial:

· Several genes control trait

· Not inherited as dominant or recessive

· Genes controlling trait contribute a small amount to phenotype

· Environmental factors interact with genes to produce phenotype

· Many phenotypic differences in trait

· Distributions of phenotypes form a bell-shaped curve
Multifactorial inheritance is assumed to be the mode of inheritance for a condition if …
· Condition is relatively common
· Incidence in relatives lower than for single gene disorder but higher than in general population
· Risks to sibs similar to that of children
· Incidence falls rapidly in more distant relatives
· Incidence in relatives rises as the manifestations become more severe in the index case
· Risk to relatives higher when index case is of the least commonly affected sex
· Observed risk rises following the birth of two affected children 
· Check slide 14:

The upper graph shows the distribution of single gene disease in the population. It involves only one gene with 2 alleles.

In multifactorial diseases many genes are involved so the graph changes to become like the lower one in which there are 9 possibilities instead of 5 (the possibilities in the upper graph).
· Check slides 15,16:

If we want to draw a graph showing the distribution of a characterstic in a population (the height for example) normally it’ll be a bell-shaped graph.

Different surveys might give different results so we always take + 5%. This means that if two researchers made different surveys it’s normal that they don’t get the same result due to errors and different methods used etc… so the final result in any survey made in a population should be written with + 5%.

Back to the graph: if you set the mean and the standard deviation around it (only one standard deviation at each side) you’ll get 100% precise result BUT you’re not involving the whole population, it’s just 68-70% of it and thus you’re missing around 30%. Now take 2 standard deviations at each side of the mean and the % will increase up to 95%. Generally, in any statistic calculation we take 2σ which means about 95% of the population, and even in mathematical calculations in the lab if the result was within this criteria (+2σ) then it’s acceptable, otherwise it’s not. Finally, taking 3σ means almost the whole population and thus the error is much higher.

Now, as you know the gene has 2 alleles, so this gene is either homozygote for the 1st allele or homozygote for the 2nd or heterozygote containing both alleles, thus there are 3 possibilities for this gene. Generally, to calculate the distribution of these possibilities in a population we use the equation: (a + b) 2 . 

*** يمكن أن نفك التربيع لتصبح: a2+2ab+b2 
This is regarding a single gene, but if we took 2 genes then: (a + b) 3, as (a) & (b) are the alleles of course. 
· Check slide 17:

· The 1st column shows a single gene with 2 alleles (A,a): the distribution will be 25% AA, 25% aa, and 50% Aa (heterozygote).
· The 2nd column shows 2 genes A & B, so the possibilities here will be 5 instead of  3: 1/16 aabb, 1/16 AABB, 6/16 AaBb….

· Next we took 3 genes and thus the distribution increased

· Later we took 4 genes and it increased more, and so on.
· If we took the whole population we’ll end up with the bell-shaped graph we talked about before, and the distribution in the population depends on the number of genes you study.
Now we’ll talk about the threshold we mentioned before.
· Check slide 19:

Within the grey area lies the affected. The upper graph shows the distribution in the population, so it’s bell-shaped, and the 2σ around the mean (95%) are normal and shown as the white area below the curve. The rest 5% are affected and lie in the grey area which indicates the population incidence. The line between the grey and white areas is the THRESHOLD.
Now, if we took these 5% and examined their families then made a graph, it’ll be like the lower one, in which the threshold is shifted and the grey area indicating the familial incidence is greater than the population incidence.
Again, the genetic background is NOT the cause of the disease in the multifactorial traits, it’s a predisposal factor that increase the liability in families possessing the genes, and that’s why the threshold is shifted and the incidence increases.
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If we took a wider family in our survey, i.e.: we included 1st,2nd,3rd…. degrees of relatives, we’ll see that the distribution is turning to the population form. (Check the figure).
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Terms to know:
· Continuous trait: like for example studying the lengths of students in a class and arranging them from shortest to tallest, this will give us a continuous graph.
· Threshold trait: is the % of affected people in population (usually 5%) or family (more than pop. %) when analyzing multifactorial diseases and traits.
· Multifactorial inheritance: we talked about it before.
· Additive genetic variants: this means that if 2 genetically separate variants or different entities are present together they’ll give more serious effect than when being alone. For example diabetes and obesity are not genetically related but if present together each will become more dangerous, i.e.: an obese diabetic patient is in more serious condition than a diabetic patient that’s not obese. Same with dyslipidemia and hypertension, they show more serious clinical picture if present together, thus they’re additive genetic variants.
· Heritability: as you know, multifactorial diseases are influenced by both genetic and environmental factors. The % by which the disease is influenced by genetics is called HERITABILITY. It has nothing to do with the % of the disease in the population but when you’re talking about an affected person who has 100% got the disease, from those 100% how much % is related to genetics?
· Concordance-discordance: this is related to twins wither monozygotic or dizygotic in which you look for diseases in both. If both have diabetes for example this means that we have high concordance. Generally, monozygotic twins have high concordance because they have the same genetics (except for the mitochondrial condition) while less concordance is seen in dizygotic twins.
Tools for Analyzing Multifactorial Traits:

· Empiric risk: frequency in a specific population

· Heritability: amount of inheritance due to genes. We can study it by:

- adopted children: genetics are different but the same environmental condition.

- twins


- twins raised apart: (esp. if identical) genetics are the same but different environmental factors.
· Association studies: related to polymorphism and the liability to have a specific disease if having another specific disease (person with disease A is liable to have disease B).
- case-control design


- searching for common change in cases
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This is an example about heritability and concordance:

Language skills (measured by vocabulary at age 2):
Relation       %concordance
     % expected
  
MZ twins             0.81                          1.00           
DZ twins              0.42                         0.5

  



 
As you can see the concordance is much higher in case of monozygotic.
How evidence is gathered for genetic factors in complex diseases?

· Familial risks: (what is the incidence of a disorder in relatives compared with the incidence in the general population?)
· Twin studies: (what is the incidence in monozygotic compared with dizygotic twins?)
· Adoption studies: (what is the incidence in adopted children of the disorders which their parent had?) 
· Population and Migration studies: (what is the incidence in people from a particular ancestry group when they move to a different geographical area?)
Here, a lot of studies were done on the African-Americans whose genetic pool is originated from Africa and they live in America and influenced by its environmental factors.

Another example is thalasemia which has different types, about 3 types are common in Far East, and another different 2 types are common in mediterranean countries of Europe. Now in our countries (Jordan, Palestine, Syria…) we have combination of both types since this area was attacked by Tatars, Maghool, and Europians.

** slide 26 is not important as the Dr said.
· Check slide 28: If heritability (H)
· H=1 >>> genes only
· H=0 >>> environment only
· In between >>> both are involved but in different values, for example in clubfoot H=0.8 which means it’s highly genetic, while math aptitude H=0.3 so it’s less genetically influenced.

· Check slide 29: this shows that the frequency of a multifactorial disease in the population has nothing to do with heritability.
For example: Schizophrenia has frequency of 1% and heritability of 85%.

Hypertension has frequency of 5% and heritability of 62%.

· Check slide 31: How can we calculate the prevalence of a disease in a population? 
This is derived from Chi Square equation you took in biostatics:

	Marker
	positive
	negative

	Patients
	a (% of people having the disease)
	b (% of people not having the disease)

	Controls
	c
	d

	Relative Risk (prevalence)
	= a/c ÷ b/d

= ad/bc
	


· Factors increasing probability of recurrence of Multifactorial inheritance in a particular family:

· Close relationship to proband (أول شخص يتم اكتشاف المرض لديه)
· High heritability of disorder
· Proband of more rarely affected sex
· Severe or early onset disease
· Multiple family members affected

· Some multifactorial diseases:

Cleft lip/Palate:

· Failure of upper lip fusion
· Failure of closure of palate
· Defects in tooth development
· Mild ocular hypertelorism (in some)
· Normal intelligence
· Potential for poor speech
· Potential otitis media
Spina Bifida
• Birth defect involving nervous system characterized by bulging of the spinal cord and extruded CNS filled bulge.  

• Occurs first month of embryonic development 

• Type of neural tube defect 

• Problems in development of spinal cord and related parts of nervous system

• Patient suffering from anencephaly, myelomeningocoele, meningocoele, and encephalocoele.

• Opening and damage can be surgically repaired, damage to nervous system permanent 

• Varying degrees of paralysis

• Learning disabilities

• Bowel and bladder problems

• No cure for SB but most live into adulthood
· Spina bifida is considered a multifactorial disease because:
· Tends to cluster in families
· Risk of second child with SB or another neural tube defect increases significantly
· Environmental factors include dietary deficiencies in folic acid, meaning if the mother’s diet during pregnancy was folic acid poor SB might develop.
· Check slide 38: there are 3 types of diabetes mellitus:

· Type 1 diabetes: which is an autoimmune disorder.
· Type 2 diabetes: which is a multifactorial disorder.
· MODY: purely genetic and inherited as a single gene.
Notes:

· (<) in the slide when talking about the prevalence means about not less than, and type 2 is the most common in population.
· Number of genes in MODY: At least 7 genes >>> this means that there are 7 types of MODY not that it’s inherited by 7 genes because again it’s a single gene disease.
· Slide 41: (Honestly I didn’t understand it very much and can’t write what the Dr exactly said because it was like separate sentences, I’ll write the general idea)
When studying multifactorials you won’t get only a single gene that’s responsible for the disease, like saying: that gene is resp. for cancer and that for hypertension and that for diabetes…. What we actually study is:
(Genome wide single nucleotide polymorphism), in which we look for certain markers that are usually associated with the disease on different chromosomes. For example: Studies were done on many diabetic patients’ genomes and when analyzing these genomes several markers were found. Now when suspecting that a person has diabetes we can analyze his genome and look for the specific makers on the specific chromosomes that are already known for us as we detected them from our studies mentioned before. Then, if these markers were found this means that he/she has diabetes and vice versa.
So we analyze the whole genome and look for the polymorphism of the suspected disease, if 2 polymorphisms were found then there’s a high risk for the disease, if 5 polymorphisms then the risk is higher and so on.

This is the easiest methodology for detecting polymorphisms: analyzing the whole genome (Genome wide single nucleotide polymorphism).
This is important for the prevention of diseases, because when you find these markers you can prevent the inducing factors like diet, env. conditions… and thus decreasing the risk. However, it’s not useful in treatment because in this case you can detect the disease and identify it by the clinical features.
· Slides 42-27 were skipped.
· Slide 48 shows that Determining the incidence of a disease in twins helps delineate whether there are genetic and environmental components according to the concordance we talked about before.

Now how can we calculate the prevalence of a disease in population?
· HARDY – WEINBERG method:

Here we’re talking about a single gene not a multifactorial disease.

· A population that is not changing genetically is said to be at Hardy–Weinberg equilibrium 
· The assumptions that underlie the Hardy–Weinberg equilibrium are:
· population is large
· mating is random, not directed. Thus, we can’t apply this method on pemia Indians because they’re closed population.
· no migration, which means a stable genetic pool.
· mutation can be ignored, esp. if it was of small effect and low distribution.
· natural selection is not acting on the population, i.e.: there was no disasters or enfejarat nawaweyeh that affected the population and resulted in death of some individuals, mutation in others, and not affecting others. 
· Sets up a reference point at equilibrium 
· Now the calculations:

· It depends on the mentioned Chi square equation.

· The sum of the possibilities for a gene in a population is constant and is always equal to 1.

· So the equations are: p2 + 2pq + q2 = 1 &&&&  p + q = 1.
· p and q are the alleles. If we knew the possibility for one of them we can know the other via the equation.

· Read slide 51.

· HARDY-WEINBERG PROBLEM: (example for calculation)
· Given: In a population of 100 individuals (200 alleles),  sixteen exhibit a recessive trait.
· Problem: 
· Find the allele frequencies for A and a.
· Find the genotypic frequencies of AA, Aa, and aa.

In the same way the Dr explained the example about butterflies in the slides, and also gave an example about the blood groups.
The doctor stopped here and the rest of the slides were not explained or even read.

Finally, there will be no calculations in the exam it’s for your own knowledge only.

THE END

Comments and corrections are more than welcomed…
Done by: Ruba M. Jassar

Lec. #8 (the 1st after mid exam)
The threshold model:


Trait not follow Mendelian law of distribution, a genetic predisposition for the occurrence of a disorder is assumed.


The Predisposition follows a normal Gaussian distribution.


If trait shows a qualitative difference , affected not affected, then threshold value is valid.


First degree relatives of an affected individual differ in their liability for the disorder  by about half of the average of the general population 1/2X.


Second degree relatives =1/4X.





This note about heritability is from the slides and the doctor didn’t read or mention:


50% of body mass variation between people is caused by allelic variation between them, at some yet unidentified ??? genes





Evidence from these types of studies can estimate the heritability of a condition - the proportion of the aetiology ascribed to genetic factors rather than environmental factors.








All these suggest that the family has a higher liability to the disorder – genes of higher effect or more adverse environmental influences





Need to remember the following:


p2       = homozygous dominant


2pq  = heterozygous


q2     = homozygous recessive 


		 








SOLUTION:


 person = 200 allele because each gene has 2 alleles (


16 with a recessive trait, so of course it’ll be homozygote because recessive only appears if homozygote (, thus it’s 32 alleles. (q is the recessive)


p + q = 1


A + a = 1


?/200 + 32/200 = 200/200 (You need total alleles)


?% + 16% = 100% >>> so ?% = 84%


q = aa = 16%


p = Aa + AA = 84%


By this we found the allele frequencies for A and a.


Now,


aa = qq  =  q2 = 0.16 >>>>>>>> q = 0.4


1 - q = p >>>>>>>>>>> p = 1- 0.4 = 0.6


So A = 0.6 and a = 0.4


Thus, the genotypic frequencies of AA, Aa, and aa will be: 0.36, 0.48, and 0.16 respectively. Their sum = 1 (














