Genetics and Disease
	Chromatin
	The double stranded DNA helix wraps around histones and other proteins to form a complex called a chromatin

	Chromatid
	During the initial phase of cell division, DNA is replicated and the two copies of DNA are connected by a centromere. The replicated X-like structure is called a chromatid pair

	Chromosome
	The DNA molecule in eukaryotic nuclei contains a rod-like structures called chromosomes. Each chromosome, containing crucial genetic material, is made up of histones and other proteins

	Nucleosome
	The repeating structural units of chromatin are called nucleosomes, consisting of 200 base pairs wound around histones


 
Each human cells contains 23 pairs of chromosomes. 22 of the pairs are autosomes and look the same in males and females, the 23rd pair are sex chromosomes and differ between sexes. Females have XX, males have XY.
 
Genetic Disease
· Disease caused by one of more variations in the genome
· Development of any disease is influenced by environmental and genetic factors
· Genetic abnormalities are alterations in the DNA
. Monogenic diseases are disorders related to a single gene mutation
. Polygenic complex diseases are multiple gene mutations
· Chromosomeal abberations are alterations in the chromosome
. Numerical defects are defects in the chromosome number (aneuploidy)
. Structure defects of a portion of chromosomal
 
Genetic Variability
· Genetic abnormalities occur due to recombination, replication, or DNA repair errors
. Point mutations occur when a single nucleotide or letter of genetic code is changed
. Deletion/Insertion mutations occur when genetic material is added or lost
2. Addition can be new addition or substitution
2. Deletion can be single or segment
. Frame shift mutations occur when a number of nucleotides that is not a multiple of three takes place, causing a change in the open reading frame (ORF)
. Nonsense mutations cause transcription to arrest prematurely produces a truncated (shortened) protein
. Missense mutation encodes abnormal amino acids, with phenotypic consequences depending on the amino acid 
 
Gamete Mutations
· Somatic mutation affects a tissue or group of tissues, with mutation occuring after fertilization
. If the reproductive cells are not affected, the variation is not transmitted to offspring
· Germline mutation is present in all cells of the body because genetic variation originally occurred in the sperm or egg
. Germline mutation can be inherited
· De novo mutation occurs in an egg or sperm cell immediately after fertilization
. Neither parent possesses mutation, meaning the mutation occurred in one of the gametes or in the post-zygotic stage
. The affected child has the mutation in every cell, without family history of the disorder
 
Functional Consequences of Mutations
· Loss of function mutation reduces normal gene effect, the severe version being null mutation
· Gain of function mutation activates or enhances normal function of a gene
· No change in function mutation dos not affect the functional properties of a gene
 
Monogenic Disorders
· Mendelian disorders are mutations involving single genes that follow one of the three patterns of inheritances 
	Autosomal dominant
	· Inherited by transmission of a dominant defective allele
· 50% chance of being affected
· Appears in every generation, equally affects male and females (1:1)
· Huntington's Disease is an inherited brain disorder, mutations in the HTT (Huntingtin) gene found in  neuron's huntingtin protein
· Each child of a parent has 50% chance of inheriting
· Symptoms usually appear between 30-45 years of age but can appear at any age, and include personality disturbances, cognitive loss, and physical deterioration
· Eventually leads to incapacitation and death
· No cure, 1 in 7000 Canadians affected
· Huntington's is a trinucleotide repeat disorder caused by the length of a repeated section exceeding a normal range.
· The HTT gene contains a repeated CAG base sequence, which is the trinucleotide repeat
· CAG codes for glutamine, making a polyglutamine tract
· If it is repeated more than approximately 35 times, the disease takes effect

	Autosomal recessive
	· Inherited when the individual is homozygous for the defective allele
· Parents are carriers and children have 25% chance of being affected (Punnett square) 
· The recessive allele appears more frequently in close intermarriages
· Examples include cystic fibrosis, sickle cell anemia, Tay-Sachs disease, and phenylketonuria
· Cystic fibrosis is inherited from two defective copies of the gene, one from each parent
· Mutation in cystic fibrosis transmembrane conductance regulator gene
. Protein regulating sweat, digestive fluids, mucus
· Symptoms include difficulty breathing, chronic lung infections, difficulty with digestion, and wet coughing

	X-linked
	· Caused by the defective gene on the X chromosome
· Males express the trait, females are heterozygous carriers
· Male transmits defective allele, being his only X chromosome, to his daughters
· Color blindness is the inability or decreased ability to perceive color difference
· Mutations in genes that produce photo-pigments on the X chromosome


 
 
· 10, 000 human diseases are monogenic
· Global prevalence of monogenic disorders at birth is 1%
· In Canada, monogenic disorders make up 40% of pediatric practice work
 
Mendelian Disorders
· The gene loci are known for nearly all Mendelian disorders
· 40 cancer syndromes
· 50 cardiovascular diseases
· 29 diabetes subtypes
 
· Chromosomal diseases are a result of a chromosome abnormality
· Chromosome abnormalities are numerical or structural
· Numerical anomalies can be
· Monosomy - Presence of only one chromosome instead of a pair
· Trisomy - Presence of three copies instead of a pair
· Structural anomalies can be deletions, duplications, translocations, inversions, or insertions
· Errors in cell division can follow meiosis or mitosis affecting
· Germ cells - All cells of the body are affected
· Somatic cells - Mosaicism where two or more populations of cells with different genotypes
 
Types of Chromosomal Abnormalities
· Numerical
· Gamete Non-disjunction
· Autosomal chromosomes
· Sex chromosomes
· Zygote Non-disjunction
· Structural
· Chromosome Deletions
· Chromosome Duplications
· Chromosome Translocations
 
Autosomal Chromosome Non-disjunctions
· A non-disjunction is the failure of the chromosome to equally separate during meiosis
· The most common trisomy is trisomy 16, associated with spontaneous abortion
· Another common finding in spontaneous abortion is a triploidy, meaning an extra set of chromosomes in the cells
· Trisomy 13 is Patau Syndrome
· Symptoms include close-set eyes, decreased muscle tone, intellectual disability, seizures, microcephaly, skeletal abnormalities, and congenital heart defects
· High mortality rate in the first year of life
· Trisomy 18 is Edwards Syndrome
· More common in females
· Symptoms include low birth weight, microcephaly, congenital heart defects, and kidney defects
· High mortality rate in the first week of life
· Trisomy 21 is Downs Syndrome
· Most common trisomy, positively correlated to maternal age
· Distinctive facial features, congenital heart defects, eye problems, and development delay
· Can live independent lives into adulthood
 
Sex Chromosomes Non-disjunctions
· Gamete non-disjunction of sex chromosomes
· Failure of proper separation of sex chromosomes in germ cells
· Phenotypes less severe than autosomal non-disjunction
· X chromosome inactivation
· Y chromosomes have low gene content
· Symptoms of sex chromosomes disorders are delays of puberty, infertility, and amenorrhea (absence of menstruation)
· Klinefelter's Syndrome (XXY)
· External genitalia is male but testicles are atrophic, no sperm production
·  Body is female with breast hypertrophy
· Intellect is subnormal, but patients can function well in society
· Turner's Syndrome (X0)
· Caused by either non-disjunction, incomplete X chromosome, or mosaic expression
· The external genitalia is female
· Symptoms include small uterus, sterile ovaries, short stature, broad neck and chest, and cardiovascular malformations
· Triple X Syndrome (Super-female)
· Caused by either non-disjunction, or mosaic expression
· The phenotype is subtle and can be variable
· XYY Syndrome (Super-male)
· The phenotype is usually normal, goes undetected
· Symptoms include increased growth velocity in early childhood, severe acne, and learning disabilities
 
Chromosome Deletions
· Results of deletion depends on where the deletion is and what genes are missing
· Cri Du Chat Syndrome (Cat Cry) is a deletion of the short arm of chromosome 5
· Symptoms include defect in larynx (cat cry), intellectual disabilities, delayed development, microcephaly, low birth weight, and hypotonia
· Can lead to childhood death
 
Chromosome Duplication
· If genes are present in 3 copies, it is partial trisomy
· Phenotype changes are due to altered gene dosage, and are less severe than deletion
· Tandem duplication - The duplicated section is adjacent to the original
· Displaced duplication - The duplicated sections are separated by non-duplicated regions
· Charcot-Marie-Tooth Disease (CMT) is caused by the duplication of the short arm of chromosome 17
· Causes multiple copies of peripheral myelin protein, resulting in abnormal myelin production
· Symptoms include progressive muscle loss, loss of touch sensation, and abnormal breathing, hearing, and vision
 
Chromosome Translocations
· Piece of one chromosome becomes attached to another chromosome
· A balanced translocation occurs in a somatic cell where there is no net loss or gain of genetic material; therefore little effect on functionality
· A gene fusion protein can be created when translocation joins two separated genes, increasing likelihood of malignancy
· Chronic myelogenous leukemia is the result of the translocation of chromosome 22 to chromosome 9, forming an abnormality called Philadelphia chromosome
· The new fused protein retains its catalytic properties but is not easily regulated by the cell
 
Diagnosis of Genetic Diseases
· Early diagnosis is critical
· Pre-natal Diagnosis includes
· Amniocentesis - Needle enters uterus and takes fluid sample from the amniotic sac for DNA analysis, done with in the 14th to 18th weeks
· Chorionic Villous Sampling - Sample is taken from the placental tissue for DNA analysis, done within the 8th to 10th weeks
· Post-natal Diagnosis
· Newborn Blood Sampling
· 28 conditions are screened for
· Conditions for amniocentesis or chorionic villous sampling
. Maternal age is over 35
. A previous infant was born with Down Syndrome or other chromosome defect
. Either parent is a known translocation chromosome carrier, or carrier of another chromosome defect
. The risk of fetal genetic disease is considered high by fetal cell biochemical or DNA analysis
. Maternal blood tests indicated increased risk of chromosomal defect
 
Gene Therapy
· Gene therapy is the insertion, alteration, or removal of a gene within cells or tissues to treat disease
· Limitations include
· Longevity of new gene integration
· Multiple copies of gene insertion
· Possible immune response
· Multi-gene disorders are harder to treat
· Mutagenesis is a risk
· Long term outcomes are difficult to predict
 
 
 

