BUSM I:  GENETICS TERMS & CONCEPTS
	LEC 1:  GENE & GENOME ORGANIZATION

	TERM/CONCEPT
	DEFINITION

	Chromosome
	House genes; tightly wound pieces of DNA

p-arm – short arm

q-arm – long arm

	Mitosis
	Chromosomes copied before equal distribution to daughter cells

	Karyotype
	Chromosome profile of complete chromosomal content of individual’s genome

	Heterochromatin
	Tightly condensed DNA region that houses inactive genes

	Euchromatin
	Less tightly wound DNA that houses active genes

	Homolog
	Second chromosome of a pair

	Autosome
	Non-sex chromosomes (22 pairs – human)

	Sex chromosome
	(1 pair – XX or XY)

	Meiosis
	Chromosomes copied but not distributed equally to daughter cells

Meiosis I – chromosomes separated from homologs

Meiosis II – sister chromatids are split

	Nondisjunction
	Errors preventing proper distribution of chromosomes into 4 resulting germ cells

Can occur in Meiosis I or II

Can lead to germ cell carrying too few/many chromosomes

Responsible for majority of chromosomal disorders

Aneuploidy resulting from nondisjunction occurs 10-20 times more in oocytes than spermatocytes – errors most often in maternal meiosis I

Increased maternal age ( increased nondisjunction in oocytes

	Turner Syndrome
	Single X chromosome (XO genotype)

(See p. 3)

	Coding region
	Forms protein

Mutation here affects amino acid sequence in the promotor region (perturbs proper expression) or intron-extron junction (disruption in proper splicing of mRNA)

	Recessive allele
	Eliminated or reduction of normal activity of gene

Results in a specific phenotype when second copy of gene is also recessive or when no second copy exists

	Wild type
	Functional copy of gene

	Genotype:  heterozygous
	Will be phenotypically wild type

	Dominant allele
	Version of gene which will be expressed and affect the phenotype of an organism regardless of the characteristics of any additional allele present

	Mendelian inheritance:

Law of Segregation – product rule and sum rule
	Product rule – likelihood of independent events occurring together equals the product of the independent probabilities (prob of 2 carriers having affecting child = ½ x ½ = ¼)

Sum rule – probability of two mutually exclusive events is the sum of their individual probabilities (prob of 2 carriers having child without disease = prob of homo normal + prob of hetero normal = ¼ + ½ = ¾)

	Mendelian inheritance:

Law of Independent Assortment – linked genes and recombination
	Law of Independent Assortment – any 2 genes will be inherited as independent units (CF mutation and retinoblastoma mutation should be inherited independently of one another – true unless the 2 genes are close to each other on the chromosome and will be inherited together = linked)

Recombination – events during meiosis that separate genes; genes far apart from each other (unlinked) have greater recombination

	Incomplete dominance (variation on Mendelian principles)
	Each genotype shows a different phenotype

	Codominant alleles (variation)
	Each allele can contribute to phenotype regardless of presence or absence of any other alleles

Ex. Blood typing – if human has one A allele and one B allele = AB blood type; O allele = absence of A and B alleles (recessive to both A and B)

	Incomplete penetrance (variation)
	Predicted and actual phenotypes don’t match; genotype doesn’t manifest itself in a phenotype 100% of the time

Due to environment or interactions of single genotype with alleles of larger subset of genes tha the individual caries

	Modifier loci
	What gene-gene interactions (as above in incomplete penetrance) ac thtough

Are alternative locations in the genome that can affect a particular phenotype associated with a different gene

	Sporadic mutation
	Random mutation

	Phenocopy
	Environmental factor that phenotypically mimics (phenocopies) a condition present in the family

	Pleiotropy
	Many systems are adversely affected by a single defect

	Complex traits
	Joint actions of large number of genes that create clinically-significant traits (set of genes that influences height can include genes governing bone growth)

	Multifactorial inheritance
	Produces spectrum of observed phenotypes; multiple genes interact to contribute to a phenotype (spectrum – short to tall stature for example)

	Chromatin
	Association of DNA and proteins which pack DNA into higher order chromosomal structure

	Histone modification
	One way to alter chromatin conformations

Mark the DNA and create heritable state of DNA (epigenetic)

Modification of histone tail (accessible on outer surface of nucleosome)

Modification can rearrange chromatin into open or closed conformations (transc supporting or blocking respectively)

Acetylation – of lysines on histone tail – associated with open conformation; deaacetylation = closed

	DNA methylation
	Second type of heritable modification

Always occurs on cytosine residues of CpG dinucleotides – CpG islands are over-represented in promotor regions

If promoter is hypermethylated – this is propagated throughout cell divisions and DNA replication cycles via maintenance DNA methylases – associated with closed chromatin conformation and gene silencing

	Epigenetic
	Modification that marks DNA and creates heritable state of DNA

Affect gene expression independently of the DNA sequence itself

OFF = methylated, deacylated

ON = unmethylated, acetylated

	Gametogenesis
	Erases methylation markers and resets the epigenetic status of the genome in germ cells

	Imprinting
	Metylation patterns specific for parent of origin; occurs because epigenetic marks are replaced at key locations of genome when methylation is erased during gametogenesis

Have only single functional copy of gene (if mom copy methylated, dad copy unmeth or vice versa) ( mutation of active copy = deleterious consequences

	LEC 2:  CHROMOSOMES & CHROMOSOMAL ABNORMALITIES

	TERM/CONCEPT
	DEFINITION

	Cytogenetics
	Study of chromosomes that focuses on translating basic structural elements into clinical diagnoses

	Metacentric
	Centromeres in the middle of chromosomes

	Submetacentric
	Centromeres off center

	Acrocentric
	Centromeres at the extreme end of a chromosome with very little DNA on the opposing side

	Giemsa stain
	Distinguishes chromosome banding pattern

Stained during metaphase

	G-banding
	Pattern unique for each chromosome

Dark regions – AT-rich with very few genes

Metaphase influences number of observable bands ( early metaphase, more bands are visible than late metaphase

	Ploidy
	Copies of the entire genome resulting from multiple sperm fertilizing egg or failure of cytokinesis

Triploid – 69 chromosomes + 3 sex chrom (extra set)

Tetraploid – 92 chromosomes + 4 sex chrom (2 extra sets)

	Monosomic
	Nondisjunction result – one gamete is missing a copy of a chromosome and is fertilized by ormal gamete; monosomic zygote results

	Trisomic
	Zygote resulting from a gamete carrying an extra copy of chrom that is fertilized by normal gamete; trisomic for that one chromosome

	Aneuploid
	Monosomic and trisomic zygotes (see nondisjunction on p. 1)

	Advanced maternal age (AMA)
	Women over 35; risks associated with evaluating chrom defects are outweighed by risks of uncovering chrom abnormality

	Mitotic disjunction
	Establishes abnormal line of cells within an otherwise normal individual

	Mosaics
	Multiple cell lines within an individual:  one line can be abnormal and the other normal

The earlier in development the mitotic nondisjunction occurs ( the higher the fraction of cells that will be affected in the adult

Mosaics have more moderate symptoms because fraction of cells are normal

	FISH

(fluorescence in situ hybridization)
	DNA probes complementary to specific chrom sequences are labeled with different fluorescent dyes and are hybridized to interphase cells or metaphase chromosomes

DNA probes ID entire chrom (chrom paints) or specific regions (centromere/telomere) or individual gene (locus-specific)

	Trisomy 18:  Edwards Syndrome

(autosomal)
	 47, XX, +18
95% are spontaneously aborted

1/7500 live births

10% survive past 12 months

80% are female – preferential survival

Clinical presentation – mental retardation, failure to thrive, heart defects, low-set malformed ears, clenched fists with overlapping 2nd and 3rd digits, rocker-bottom feet

	Trisomy 13:  Patau Syndrome

(autosomal)
	47, XX, +13
1/20,000 births – rarely survive past 1 month

Clinical presentation – multiple midline defects:  absence of eyes, cleft lip and palate; clenched fists with overlapping digits, congenital heart and urogenital defects

	Trisomy 21:  Down Syndrome

(autosomal)
	47, XY, +21
1/800 – most common trisomy among liveborn infants

75-80% spontaneously aborted

Results from 3 genetic events:

(1) 95% of cases – extra chrom 21 inherited due to meiotic nondisjunction

(2) 4% - acrocentric chrom 21 fuses to another acrocentric chrom (like chrom 14 or 21) and forms Robertsonian translocation (inherited as unit:  46,XX,-14,t(14;21)); Robertsonian carriers can pass fusion chrom on along with normal chrom 21 and carriers have a risk of recurrence in future children

(3) 1% - mosaic cases (46,XX/47,XX,+21) resulting from mitotic nondisjunction

Parents of children resulting from nondisjunction have no increased rate of recurrence in future children
Clinical presentation – hypotonia, short stature, short neck, flat nasal bridge, protruding tongue and open mouth, single palmar crease; most common cause of mental retardation (IQ = 30-60), congenital heart defects, leukemia, early onset Alzheimer’s, decreased lifespan

	X-inactivation
	Silences all but one copy of X chrom in any cell (male or female); can have 3 X chrom and 2 will be inactivated

On silent X, small number of genes escape inactivation ( dosage of genes is unbalanced

	Turner Syndrome
	45,X
Only viable monosomy
1/4000 livebirths

50% - caused by 45, X karytope

25% - mosaic

15% - caused by isochromosome of X that has replaced p arm with second copy of the q arm (46,X,i(Xq))

Diagnosed at birth but more often detected at puberty when females don’t menstruate

Clinical presentation – short stature, webbed neck, shield chest, infertility, primary amenhorreha, elevated risk for cardiovascular abnormalities, normal intelligence

	Klinefelter Syndrome
	47, XXY
1/1000 (males)

15% - mosaic

Clinical presentation – tall stature, thin, long legs, hypogonadism, infertility, learning difficulties

	Balanced rearrangements:

Paracentric Inversions

Pericentric Inversions
	Shuffling a genomic content where everything remaining is present in the correct copy number; have right number of chromosomes in the wrong locations

Inversions – chromosome has one or two double-stranded breaks and liberated fragment is re-inserted into chrom in opposite orientation; normally have appropriate number of copies of genes contained in the fragment

Paracentric inversions – not involving centromere

Pericentric inversions – involve centromere

Clinical consequences of inversions – change in gene order on chrom results in meiotic pairing with one chromosome taking on a looped conformation; if meiotic recombination occurs in loop, resulting chrom products are acentric or dicentric (for paracentric inversions only) and unbalanced – alteration in centromere number leads to loss or breakage of chrom, genome instability, genetically unbalanced offspring

Balanced translocations result in atypical segregation patterns in mitosis because derivative chrom pair with normal chrom in cruciform structure; this yields offspring with eithe r2 normal or 2 balanced derivative chrom ( causes mental retardation, miscarriage

	Unbalanced rearrangements:

Duplication

Insertion

Deletion
	Net gain or loss of genomic content



	Spectral karyotyping (SKY)
	Visualize DNA derived from each individual chromosome using up to 24 colors

Good for detecting translocations

	Reciprocal translocation
	Two or more chrom harbor double-stranded breaks in DNA and material is exchanged before breaks are repaired; exchange results in DNA relocating to new chrom with no net gain or loss of material

Philadelphia chromosome – derivative chrom 22 resulting from reciprocal translocation between arms of chrom 9 and 22; has bcr-abl fusion that results in increased and mislocalized tyrosine activity of kinase ( causes chronic myelogenous leukemia (CML)

	Chronic myelogenous leukemia
	Increased (dominant) activity of kinase due to bcr-abl fusion of Philadelphia chromosome

	X-autosome translocation
	In unbalanced offspring – X-inactivation corrects for chrom abnormality – abnormal X chrom is preferentially chosen in non-random pattern to be the inactive X

In balanced offspring – X-autosome translocation derivative chrom reamin active while intact X is non-randomly inactivated; prevents gene silencing from spreading from derivative X chrom to adjacent autosomal sequences; yields milder clinical consequences

	Cri-du-Chat Syndrome
	46, XX, del(5p15)
Terminal deletion of chromosome 5

Clinical presentation – patient cries with cat-like sound and develops mental retardation, low set ears, heart defects

	Prader-Willi Syndrome
	Paternal deletion of chrom 15q 11-13
Morbid trunk obesity, cognitive impairment, small hands and feet, short stature

	Angelman Syndrome
	Maternal deletion of chrom 15q 11-13
Developmental delays, movement or balance problems, microcephaly, seizures, abnormal EEGs

	Uniparental disomy
	Both copies of individual’s chrom are either maternally or paternally derived

	LEC 3:  MOLECULAR GENETIC ABNORMALITIES

	TERM/CONCEPT
	DEFINITION

	Point mutation
	Changes in DNA sequence where single base pair is substituted with an incorrect one

May have no impact on protein sequence

	Insertions/deletions
	Add/remove block of base pairs within gene itself and cause different consequences depending on location within gene

Exon mutation insertion/deletion
If insertion/deletion composed of number of nucleotides that is not a multiple of 3, modifies the reading frame and causes frameshift that results in early termination codon (eg. BRCA1)

If composed of nucleotides that is a multiple of 3, mutations are tolerated because they add/remove small number of discrete AA from long polypeptide chain; if key reside is targeted, can promote disease (eg. CF)

	Exon mutation
	Direct impact on protein sequence itself

	Silent mutation

(point mutation in exons)
	Third nucleotide within codon is mutated

Since nature of genetic code results in multiple codons differing in third position encoding same amino acid, have no impact on protein sequence

	Missense mutation

(point mutation in exons)
	Point mutation in first or second positions of codon ( more likely to result in single amino acid change in protein sequence

Most proteins can tolerate single AA change but some mutations can alter key AA that impact protein’s structure and function

	Sickle cell anemia
	Point mutation
Change in the 6th AA of the adult beta-globin protein (produces beta chains in Hb tetramer)

Mutated deoxy-form of Hb forms fibers that lead to sickling of cell ( occludes vessels and leads to extreme pain called crisis
Clinical presentation:  crisis, splenomegaly, jaundice, chronic ischemic leg ulcers

Heterozygotes (in case of HbS allele) do not experience symptoms of full disease

Sickle cell trait – heterozygous A/S genotype; clinically normal with some symptoms under low O2 pressure conditions

Genetics:  HbA and HbS alleles are codominant (sickle allele = HbS); HbS allele very common due to heterozygote advantage

	Heterozygote advantage
	Sickle cell heterozygotes have increased resistance to death from malaria, so they are selected for in population; HbS allele present at high frequency especially in African American populations

	Nonsense mutation

(exon mutation)
	Creates an early termination codon within a gene’s coding sequence that yields production of truncated protein

	Neurofibromatosis (NF1)
	Nonsense mutation
Inactivated NF1 gene – mutated NF1 gene inherited in autosomal dominant fashion b/c can’t carry out normal function of inactivating Ras ( inappropriately active Ras promotes excess growth in Schwann cells ( yields hundreds of benign neurofibromas

Clinical presentation:  diagnosis via Lisch nodule (abnormal eye growths) presence; milder forms yield café-au-lait spots (beige skin spots); 95-97% neurofibromas are not malignant but routine removal is maintenance treatment to avoid complications where growths can pressure organs and impede their function

	Frameshift
	Modified reading frame that results in creation of early termination codon

	BRCA1
	Frameshift mutation
Inactivated gene causes dominantly inherited risk of breast and ovarian cancer development

Appearance of breast cancer in patient < 45 years or breast cancer in 2+ relatives = mutations in BRCA1

	Cystic fibrosis (CF)
	Removal of 508th codon – phenylalanine residue) = delta-F508 mutation = CFTR gene
Loss of Phe causes protein misfolding in ER so protein targeted for degradation (therefore, allele is recessive)

Clinical presentation:  inefficient pumping of chloride out of lung cells; lung, pancreas, reproductive secretions (mucous) very thick and viscous; pulmonary infections can lead to death; management = pounding on chest to break up mucous accumulation

	Splice junctions
	Sequences recognized by splicing machinery in exons and introns are conserved so mutation results in inability to remove an intron or activation of splice site

	 Phenylketonuria (PKU)
	Intron mutation of Phenylalanine hydroxylase (PAH) gene
Prevents proper removal of introns – results in recessive allele that creates defective protein; faulty PAH can’t convert phenylalanine into tyrosine ( high Phe level is toxic to brain

Clinical presentation: mental retardation from neural Phe toxicity; treat/avoid retardation by reducing dietary intake of Phe; to prevent retardation, PKU testing is routine testing for newborns; normal development on low Phe diet

	ß-thalassemia
	Point mutation
Mutations that disrupt normal splicing of ß-globin include mutations that destroy splicing sites or create new sites; gene mutations reduce amount of ß-globin produced and leads to imbalance of alpha and ß-globin amounts; excess alpha causes subunit precipitation leading to RBC and RBC precursor destruction

Clinical presentation:  causes microcytic anemia (since RBCs lost); spectrum o fconsequences:  ß0-thalassemia (no detectable ß-globin) vs. ß+-thalassemia (variable amounts of reduction in ß-globin synthesis – less severe disease presentation) no treatment:  kids fail to thrive and have shortened life span; treat with transfusions and chelation therapies (to reduce transfusion iron overload) so that kids can grow and develop normally into 20s to 40s

	Promoters
	Sequences responsible for expression of a gene – can also be mutated (promotor mutations)

	Hemophilia B
	Point mutations and small deletions in promotor region of factor IX gene – prevent binding of transcription factor HNF-4 ( factor IX expression < 5%

Males more susceptible since gene is on X chromosome

Clinical presentation:  factor IX protein deficiency (participates in clotting); extreme bleeding in response to minor lesions; treat by adding clotting factor from donor blood or making recombinant factor IX via genetic engineering

	Trinucleotide (triplet) repeat expansion
	Change in gene structure whereby series of trinucleotide repeats is expanded to larger than normal number of repeats

Hypothesis:  backward slippage of DNA polymerase molecule on template during DNA replication

Once string of repeats has been destabilized, repeats grow in size with each successive patient generation and increased repeats correlates with severity of phenotype (anticipation)

	Anticipation
	Describes molecular connection between growing number of repeats and increasingly severe disease phenotype

	Huntington’s Disease
	CAG repeat in exon of huntingtin gene
Expansion of repeat results in increased size of glutamine tract in huntingtin protein = polyglutamine domain; this domain changes protein properties in dominant way so that huntingtin accumulates in nuclear inclusions or protein aggregates
Anticipation correlates to age of onset:  longer string of repeats ( earlier age of onset of this adult-onset disease

Clinical presentation:  increased number of involuntary muscle movements (Huntington’s chorea), dementia, seizures; no cure; death occurs 17 years post-diagnosis

	Fragile X
	Trinucleotide repeat expansion in promotor region – CGG expansion in promotor of FMR1 gene
Expansion doesn’t change protein coding sequence but does increase number of CpG dinucleotides in promotoer’s CpG island

New CpG dinucleotides are methylated when repeats are > 200 ( this silences expression of FMR1 gene

A second normal copy would correct this recessive defect (just like it would with hemophilia) but since it is on X chromosome, males are more susceptible

Clinical presentation:  loss of expression of this gene = most common single gene cause of mental impairment (1/2000 males), long faces, large ears, prominent jaws, irregular teeth

	Intronic expansions
	See Friedreich’s Ataxia

	Freidreich’s Ataxia
	GAA expansion in intron of FRDA1 (frataxin) gene
GAA expansion ( acts as cryptic 3’ splice site; GAA repeats don’t conform to consensus sequence of splice site = possible explanation; unknown mechanis of recessive inheritance

Clincial presentation:  loss of voluntary muscle movement, enlarged hearts, average age of 37

	Trinucleotide repeat in 3’ untranslated region (UTR)
	This gene section becomes 3’ tail of mRNA after stop codon

	Myotonic dystrophy
	UTR expansion
Expansion of CTG repeat within region of DMPK gene
Expansion of UTR compromises mRNA stability and reduces DMPK expression resulting in myotonic dystrophy

Haploinsufficient pattern of inheritance

Clinical presentation:  prolonged muscle contraction and relaxation, muscular dystrophy (weakness, degeneration of muscle), cataracts, hypogonadism, frontal balding, arrhythmia

	Haploinsufficiency
	Inadequate expression from single allele (as in myotonic dystrophy)

	Mitochondria
	Have own genome that allows mitochondria to synthesize own tRNA and rRNA genes and ot participate in respiration
Since mitochondria are inherited with cytoplasm in unregulated segregation, fraction of mutatnt mitoch varies within organism (variance = heteroplasmy)

Mitoch disorders are inherited through maternal descent since eggs contain 100,000 mitoch while sperm contain 100

	Mitochondrial mutations:  MERRF and MELAS
	Spectrum of clinical manifestations

MERRF

MELAS – stroke-like episodes

	Heteroplasmy
	Variance (as in mitoch mut):  some tissues will display mutant phenotype and others will appear phenotypically normal

	LEC 4:  GENE REGULATION & DEVELOPMENT

	TERM/CONCEPT
	DEFINITION

	Zygote
	Fertilized egg that divides mitotically to generate cell types, tissues, organs

	Differentiation
	Process of generating cellular diversity

	Cleavage
	Rapid cell division ( blastula ( gastrulation (to generate 3 germ layers)

Ectoderm – epidermis, nervous system

Endoderm – GI lining and organs

Mesoderm – organs, CT, blood cells

	Organogenesis
	Cell-cell interactions and cell movements generate body’s organs

	Morphogens
	Substances produced in localized area that diffuse out to form concentration gradient and direct specific developmental pathways depending on concentration; signaling over long distances

	Transcription factors
	Signaling molecules that head genetic cascades

	Congenital abnormality
	Birth defect

150,000 babies in US (1/28 born with defect)

Environmental or genetic (dominant, recessive)

	Teratogens
	Environmental factors that cause birth defects

Social drugs – alcohol, cocaine, cigarettes

Environmental agents – organic solvents, chemicals, lead, organic mercury, anesthetic gases

Infectious diseases – rubella, genital herpes, chickenpox

Others – maternal diabetes, lupus, epilepsy

	Dysmorphology:

Malformation

Deformation

Disruption

Dysplasia

Syndrome
	Study of structural abnormalities

Malformation – primary morph defect in cells or tissues that form an organ

Deformation – abnormality caused by biomechanical forces

Disruption – breakdown of normally formed tissue

Dysplasia – defect where cells are abnormally organized

Syndrome – group of abnormalities that are frequently associated and recognized as a specific entity

	Critical periods
	Certain periods during development where exposure to teratogens is more likely to cause defects than at other times

CP is usually just prior to organ/tissue’s first appearnce because cell differentiation and determination begin prior to overt morph appearance of structure

	Thalidomide
	Used to be used to treat nausea and vomiting associated with pregnancy in the 1950s

Clinical presentation:  limb abnormalities; most drastic when exposure occurs on 30th day of gestation (severe upper and lower limb abnormalities); exposure on 35th day caused lower limb abnormalities only; long bones shorter than normal, proximal elements lost so hand, fingers attached directly to shoulder, decreased growth of limb-bud mesenchyme because decreased cell division caused cells to be exposed to fibroblast growth factor (FGF) for longer period than normal, resulting in all cels in limb bud to take on distal cell fates at the expense of proximal cell fates

Dosage not as critical as time of exposure



	Achondroplasia
	Most common cause of human dwarfism

Mutations in FGFR3 receptor (FGF receptor) – mutation activates this receptor even in absence of ligand and causes inappropriate activation leading to inhibited chondrocyte proliferation in growth plate

Clinical presentation:  shortening of long bones, abnormal differentiation of other bones

Controversal therapies:  growth hormone therapy, surgical lengthening of lower legs

	Holoprosencephaly
	Congenital brain defect (1/10,000-20,000) resulting from both genetic and birth causes

25-50% associated with chromosomal abnormality (microdeletions)

30-40% of familial nonsyndromic autosomal dominant HPE – single gene defects in SHH (sonic hedgehog gene)
Vastly different phenotypes due to differences in modifier loci

Caused by ingestion of cyclopamine (produced in corn lilies)

	Sex reversal
	Point mutations, deletions, translocations of SRY (sex-determining region Y gene) – most common cause

Clinical presentation:  SRY XY female – appear to be normal females but do not have ovarian maintenance and female fertility and don’t develop secondary sexual characteristics at puberty because 2 X chrom required for these loci, don’t menstruate; SRY+ XX males – SRY translocation to one of their X chrom so develop as males but because they are missing critical Y chrom genes: can’t produce sperm

	Wilms’ Tumor

(nephroblastoma)
	Developmental abnormality that presents post-natally

One of the most common childhood solid tumors (1/10,000)

Accounts for 8% of pediatric cancer

Develops from malignant transformation of renal stem cells that remain undifferentiated

Wilms’ tumor-1 (WT1) gene and glypican-3 gene
Associated with WAGR syndrome – characterized by susceptibility to Wilms’ tumor, aniridia, genitourinary abnrom, mental retardation; WAGR = deletion on chrom 11p13 that then deletes/affects several contiguous (near each other) genes

	PEDIGREE WORKSHOP

	TERM/CONCEPT
	DEFINITION

	Carrier

Affected

Transmission
	See p. 47 in syllabus for pedigree notation

	Proband
	Affected individual through which family’s medical history is brought forward

	Multifactorial inheritance
	Multiple genes and environmental variables are involved in pedigree

	Single-gene disorders
	Most-clear cut cases

	Dominant
	Manifest in heterozygotes

All affected children will have at least one affected parent

	Recessive
	Homozygotes

	Unbroken descent
	Dominant allele
All affected children will have at least one affected parent

Assume affected individuals are heterozygotes

Individuals marring into the family are assumed to be homozygous normal

	Broken descent
	Recessive allele – skip generations

Individuals affected with recessive disorder arise from asymptomatic carrier parents usually

Assume individuals marrying into family are homozygous normal (AA)

Unless parents are symptomatic, infer they are carriers (Aa)

Usually arise when consanguineous union occurs in a single predisposed family (b/c carrier frequencies in general pop are so low)

	Autosomal
	Neither gender has apparent over-representation among affected or transmitting groups

	X-linked
	Assume people marrying into family will likely have normal X chrom (XX or XY)

X-linked dom:  affected inviduals hav 1 disease allele (X*X or X*Y)

For recessive, affected individuals have X*X* or X*Y

	X-linked dominant
	Greater probability for females to be affected than males

Because mother donates X chrom to son, male-to-male transmission is not observed

	X-linked recessive
	Males more likely to be affected if mother carrier

If father is carrier, creates carrier daughters and no affected offspring; therefore, more affected males

	Y-linked
	Only males have phenotype

Pattern of transmission:  father always passes to all sons

	Mitochondrial
	Mitochondrial disorders are maternally transmitted but her children regardless of gender are at risk

Some children may inherit disorder (cyto with defective mitoch) or may not (cyto with normal mitoch)

Consequences of heteroplasmic inheritance

	Three questions to ask when determining modes of inheritance
	(1) Is the chain broken (recessive) or unbroken (dominant)?

(2) What is the sex of the affected individuals (X-linked or autosomal)?

(3) What is the sex of the people transmitting the trait (autosomal, Y-linked, mitochondrial)?

	McKusick number
	Established with the precursor to OMIM

Catalogs human genes and genetic disorders with six-digit numbering system

	LEC 5:  CANCER GENETICS & ANIMAL MODELS OF DISEASE

	TERM/CONCEPT
	DEFINITION

	Clonal
	Cancer is clonal – all cells in tumor arise from single cell whose growth has gone wrong

	Malignant
	Immortal cells that grown more rapidly and fail to exhibit normal cell-cell interactions

Therefore have ability to invade neighboring tissues (metastasize) and grow in abnormal environment

	Multi-hit hypothesis
	Numerous genetic abnormalities must accumulate to promote the evolution of a tumor

Hits that accumulate as tumor develops have 2 categories:  loss of function of a tumor suppressor gene or activation of a tumor-promoting oncogene

Loss of function/gain of function results from either genetic (mutations) or epigenetic (methylation, histone modification) methods

	Proto-oncogenes
	Genes that encode proteins that are integral for normal growth of the cell, particularly those involved in cell-cell interactions, cell cycle, signal transduction

Alterations (point mutation, translocation, etc) in proto-oncogens causes them to become oncogenes which then econde disruptive proteins

	Oncogenes
	 Genes that have undergone mutations such that the proteins they encode no longer function properly in the cell and lead to unregulated cell growth

Act in dominant fashion at cellular level:  only one of the 2 gene homologs has to be defective in order for the protein to cause problems since oncogenes tend to encode proteins like GF, receptors, signal transduction molecules, nuclear TF

Most oncogene-based tumors = sporadic:  resulting from acquired mutations in ras, myc, src oncogenes

Hereditary cancer syndromes can result from oncogenic mutations (MEN2-see below)

	Multiple Endocrine Adenomatosis, Type 2 (MEN2)
	RET oncogene is activated and promotes high incidence of dominantly-inherited medullary carcinoma of thyroid

	Tumor suppressor genes
	Encode proteins whose normal physio role is to prevent the rampant proliferation of cells

Aka anti-oncogenes
Act in recessive fashion but are inherited in dominant fashion in pedigrees:  both copies of the tumor suppressor gene need to be inactivated (via genetic mutation or epigenetic silencing)

RB1 gene – retinoblastoma = tumor suppressor gene; Knudson’s two hit hypothesis – both copies of RB1 must be inactivated to promote tumor development; inheritance of mutated copy of RB1 accelerates the process of tumorigenesis by eliminating need for somatic mutation as the first hit

	Loss of heterozygosity (LOH)
	Acquiring hereditary mutation in tumor suppressor predisposes individual to LOH effects:  mutation in wild type gene in cell of hetero individual results in both copies being defective; cell loses ability to prevent oncogenesis and can become cancerous and proliferate – this mechanism can serve as second hit for retinoblastoma development

In other words, must eliminate normal copy to see disease

	Li-Fraumeni Syndrome
	Inheritance of mutated copy of p53 gene (p53 = tumor suppressor inactivated in ½ of human cancers)

Inheritance of mutant p53 predisposes individuals to variety of cancers that arise when second copy of p53 is inactivated

	Apoptosis
	Programmed cell death

Unregulated cells are prevented from committing cellular suicide so they accumulate many mutations and become immortal

	Mutator genes
	Encode DNA mismatch repair proteins (enzymes)

Mismatch repair for slipped-strand mismatches for example

Referred to as care-taker genes
Mutation in these genes ( ability to repair mismatches is reduced and errors are more commonly introduced into genome

RER (mutator) phenotype – combo of replication and repair errors due to mutator gene mutations

	Colorectal cancer
	Most common cancer that results when mutator genes are found to be defective

	Ataxia telangiectasia
	Hypersensitivity to ionizing radiation because ATM mutation prevents proper DNA damage repair for double-stranded breaks; presence of DNA free ends generates unstable genomic state and is associated with inappropriately created new translocations

Clinical presentation:  cerebellar degeneration, sterility, predisposition to developing tumors like lymphomas

	Breast cancer
	Autosomal dominant

BRCA1 an BRCA2 account for 5% of breast cancers

Risk increases with heterozygosity

Homo mutations for both genes – chromosomes are rearranged; therefore BRCA1 and BRCA2 normally play a role in preserving chrom structure though both genes don’t resemble each other; increased chrom instability increases risk of cancer development
BRCA1
Increased risk of ovarian, prostate, colon cancers in addition to breast cancer

75% lead to loss of function due to premature truncation of BRCA1 protein

BRCA2
Increased risk of ovarian, prostate, pancreatic cancers; mutations associated with 10-20% of all cases of male breast cancer

Associated with higher risk of ovarian cancer and lower risk of prostate cancer if mutation occurs in central part of gene versus other parts

	Telomerase
	Polymerase responsible for maintaining ends of chromosomes

Theory 1

Continually dividing cells erode telomeres of chrom resulting in chrom instability phenotype where chrom ends are prone to fusion

Fused chrom can sometimes contain multiple centromeres ( leads to chrom breakage during mitosis; loss of telomerase function associated with genome instability

Theory 2
Telomere decay contributes to aging and eventual cell death

Reactivate telomerase to extend lifespan of genetically altered cells and to overcome barrier of indefinite proliferation

Over-expression of telomerase appears to be requirement to achieve extended lifespan and telomerase is reactivated in 85-90% cancers; therefore, telomerase is drug target for cancer therapeutics

	Weinberg’s progression model
	All tumors have common set of six properties – therefore we think of cancer as multiple diseases rather than one:

(1) Self-sufficiency in growth signals (oncogene activation)

(2) Insensitivity to anti-growth signals (loss of tumor suppressor function)

(3) Evasion of apoptosis

(4) Limitless replicative potential (from telomerase reactivation possibly)

(5) Sustained angiogenesis (recruitment of blood supply to tumor)

(6) Tissue invasion and metastasis

	LEC 6:  GENETIC SCREENING & PRENATAL DIAGNOSIS

	TERM/CONCEPT
	DEFINITION

	Screening
	Tests performed on asymptomatic patients aimed at discovery of early or sub-clinical disease

	Diagnosis
	Detection of disease in symptomatic patient

	Screening definitions
	Incidence - # of persons developing condition or disease in specific time period

Prevalence – # of individuals who have condition or disease at particular time

Sensitivity – proportion of affected individuals correctly identified by a test (true positives)

Specificity – proportion of unaffected individuals correctly identified by test (true negatives)

Negative predictive value – proportion of patients with a negative test result who do not have the disease

Positive predictive value – among individuals identified by a test as having a disease, the proportion that actually have the disease

	Screening principles
	(1) Morbidity and mortality

(2) Disorder should be common (prevalence and incidence)

(3) Disease or condition should have readily available and acceptable treatment or remedy

(4) Screening tests should be accurate in terms of sensitivity, specificity, and predictive value

(5) Screening should be relatively inexpensive

(6) Screening procedures should be acceptable by both patient and society

	4 Types of genetic screening:
	Population

Newborn

Heterozygotes

Pregnancy

	Population screening
	Assist people in recognizing that they need special medical attention because of risk profile

	Hemochromatosis
	Very common autosomal recessive disorder affecting Caucasians (1/10 carrier frequency)

1/400 affected with this iron overload disorder but few are IDed due to reduced penetrance

Best diagnostic test:  transferrin saturation

Treatment of choice:  therapeutic phlebotomy

DNA diagnosis IDs most common mutation (C282Y) and 2 disease associated polymorphisms (H63D and S65C)

Carrier/affected status detection recommended via DNA analysis but population screening controversial because too many people would be carriers and therapy is expensive

	Newborn screening
	On all panels:

Phenylketonuria – auto recessive; dietary therapy to prevent psychomotor retardation

Maternal PKU – if uncontrolled prior to and following conception:  doubled risk for spontaneous miscarriage, increased risk of intrauterine growth restriction, microcephaly, psychomotor retardation, and congenital heart defects

Congenital Hypothyroidism – deficiency in circulating thyroxine; 1/4000; prolongued jaundice, abdominal distention, mental retardation and growth retardation
Racial/Ethnic differences for Hypothyroidism
African American infants have half rate recorded for whites

Hispanic rate – 40% > than white

Hemoglobinopathies (eg. Sickle cell)

Non-syndromic deafness
Have 2 connexin-26 gene mutations (auto recessive)

After syndrome is discovered, DNA mutation analysis of gene recommended to determine if common mutation 35delG or Ashkenazi Jewish mut 167delT is present

	Screening for Heterozygotes
	Tay-Sachs Disease
Autosomal recessive

Screening accomplished in Ashkenazi Jewish population

Screening has reduced number of births in AJ population and number of babies born to non-Jewish has increased

Canavan’s disease
Neurodegenerative lethal condition with death by 10 years of age

DNA analysis of 3 mutations detects 98% of cases

Cystic Fibrosis
Testiong recommended for couples planning pregnancy, partners of known heterozygtes, partners of men with genital form of CF, family members related to CF individual, positive newborn screen with immunoreactive trypsinogen, parents of known heterozygote, uncles and aunts on parental side discovered to be hetero

	Ethnic groups
	Thalassemia (Asian)

Sickle cell (AA)

Family Mediterranean

	Screening in Pregnancy
	Maternal serum screening
Identify pregnancies where fetus has serious defect (neural tube, spina bifida, anencephaly)

1st trimester screening
Aimed at earlier detection of Down syndrome and other chrom anomalies

Use plasma prot A (PAPP-A) and free hCG to have 75% detection rate for Down syndrome

Reduction in PAPP-A ( assoc with trisomy 18

2nd trimester screening
Assay for alpha-fetoprotein (AFP), hCG, unconjugated estriole (uE3)

Detection rates:  100% anencephaly, 80-90% spina bifida, 80% Down, 50% other chrom abnormalities

1st trimester screening does NOT detect open neural tube defects ( use maternal serum AFP in 2nd trimester (>15 wks) for this risk assessment

	Alpha-fetoprotein (AFP)
	2nd trimester screen
High level indicates increased leak of AFP into maternal circulation

Leakage resulting from open defect as in spina bifida, anencephaly ( raises concentration in surrounding amniotic fluid

Assay for AFP ( diagnosis towards neural tube defect but not specific for that lesion

	Prenatal diagnostic procedures
	Amniocentesis

Chorion villus sampling

Cordocentesis or PUBS

Ultrasonography

	Indications for prenatal diagnosis
	(1) Advanced maternal age > or = 35 yrs

(2) Abnormal 2nd trimeseter serum screen (chrom disorder or neural tube defect risk)

(3) Abnormal 1st trimester maternal serum screen

(4) Parent with chrom disorder or structural rearrangement

(5) Previous child with chrom disorder

(6) Previous child or close relative with genetic disorder

(7) Parent affected by or carrier of genetic disorder

(8) Both parents with recognized single gene mutation (carriers of an autosomal recessive condition)

(9) Fetal abnormality on ultrasound

(10) Reduction in ovarian tissue (removed ovary or cyst)

	Prenatal Diagnosis scope:

Cytogenic disorders

Biochemical genetic disorders

Molecular genetics

Prenatal detection of leaking fetal malformations


	Cytogenic disorders
Detect all chrom anomalies

Use FISH for rapid diagnosis

Biochemical genetic disorders
Detection of metabolic disorders

Mutation analysis is impractical because of there being too many mutations

Molecular Genetics
Detect mutations via PCR and gene sequencing

Degree of certainty for diagnoses is 95-99%

Allows for heterozygote detection prior to pregnancy:  ethnic screening, previous affected child, family history

Paternity testing

Prenatal predictive diagnosis

Prenatal detection of leaking fetal malformations
Analysis of AFP to etect fetal defects

AFP level in fetal circulation > amniotic fluid level

Spina bifida, anencephaly, omphalocele

Optimal testing time:  16-18 wks

	Problems encountered in prenatal diagnosis:

Pseudomosaicism

Multiple fetuses

Cell growth failure

Maternal cell contamination

Unexpected diagnosis
	Pseudomosaicism

One abnormal colony among normal colonies

Multiple fetuses

One fetus with Down, one with spina bifida

Cell growth failure (rare today)

Cell culture may fail

Maternal cell contamination
Big problem with chorionic villus sampling

Maternal cells adhere to amniocentesis needle – 0.24% frequency

Unexpected diagnosis

	LEC 7:  IDENTIFICATION OF GENETIC BASIS OF DISEASE

Most conceptually challenging topic

	TERM/CONCEPT
	DEFINITION

	Single nucleotide polymorphisms (SNPs)
	Loci in the genome where the sequence varies at the position of a single nucleotide (bp) from person to person

Account for majority of the 0.1% genomic variation

80-85% found in coding regions where they can directly impact gene’s primary protein sequence and function

	Alternative splicing
	Utilizes different combinations of splice sites form same gene to produce mature mRNA molecules that exhibit differential utilization of the gene’s exons

Translates into protein products with different combos of segments encoded by various exons

	Copy number variation (CNV)
	Regions of the genome that differ from person to person in the total number of copies per genome

Includes regions that are deleted, duplicated, inserted, altered in the genome

Encompasses 12% of genome (vs. 0.1% altered by SNPs)

Bias for gene duplications ( changing gene dosage changes phenotype and can change gene family

	Epigenetic modifications
	Results from differential expression of genes at imprinted loci

If proteins with these modifications exhibit variability then all their target genes will demonstrate indirect effects of variability

Environmental factors can have impact

	Familial clustering
	Study design to determine whether condition is consequence of genetic lesions

Compares probability of developing disorder for a relative of an affected proband versus a member of the general population

Disorders that are influenced by genetic contribution show increased risk for immediate family members and modestly increased risk for distant members

	Twin studies
	Study design to determine whether condition is consequence of genetic lesions
Compare concordance of developing the disorder in monozygotic vs. dizygotic (fraternal) twins

If disease is genetic ( higher degree of concordance in monozygotic than dizygotic

Nature vs. nurture = argument against twin studies, so adoption studies favored

	Concordance
	Phenotypic similarity of pair of twins in question

	Adoption studies
	Favored method of identifying the role of genetics in disease

Compare monozygotic twins raised in different families to see if they show the same propensity toward developing a disease

Difficult to do this study

	Linkage analysis
	Genes whose loci are close together will often be inherited together

Look for loci that seem to segregate more often than chance would predict with the disease phenotype

	Meiotic recombination
	Randomizes many genes that are derived from a single chromosome

Individual will inherit maternal chromosome that is a combination of both of their mother’s chromosomes and likewise for their paternal chromosome

	Unlinked genes
	Genes separated by a large distance on the chromosome

Tend to be randomized by recombination events that occur between homologous chromosomes during meiosis I

	Linked genes
	Genes that lie close together on the chromosome and are less likely to be separated by a recombination event during meiosis

Genes in close proximity to each other are often inherited together

	Haplotype
	Genotypes of linked genes on one chromosome derived from a conserved segment of a parental chromosome

Series of alleles fund at linked loci on single chromosome

Compare familial haplotypes to determine which region is derived from a single ancestral chromosome – can then establish boundaries for the region of interest

	3 main DNA markers for linkage analysis:

RFLPs

SSLPs

SNPs
	RFLPs – restriction fragment length polymorphisms
Loci in the genome where sequence variation in the population results in the creation or elimination of a restriction enzyme recognition site

Change in restriction enzyme recognition site results in detectable change in restriction enzyme digestion pattern

SSLPs – simple sequence length polymorphisms
Sequences throughout the genome where simple sequence (like a repeat) can vary in length from person to person

SNP – single nucleotide polymorphism
DNA sequence varies at a single nucleotide position throughout the population

	Genotyped
	Process by which alleles are determined through molecular methods

	Cosegregation
	Is person affected and do they have the allele for it

	Standard linkage analysis or LOD score analysis
	Determines if the hypothesis of the 2 loci being linked is correct

LOD score is statistical measure of the likelihood of genetic linkage between loci calculated as the log10 of the odds that the loci are linked at a certain distance rather than unlinked

	Paralog
	Homologous gene within a species of a gene

If it is involved in a gene of a similar syndrome it can indicate a gene of interest

	Parametric
	Requires use of a genetic model that describes the mode of inheritance, the penetrance, the gene frequency, and the number of loci involved

	Kindreds
	Group of related families stemming from a common ancestor

Vast extended family with hundreds of affected individuals – unique

	Affected sib pair analysis
	Seeks to identify loci throughout the genome that segregate with the disease trait

Use samples only from affected sibs (parental DNA is not necessary)

Siblings can share 0,1, or 2 of their marker alleles

If particular marker locus is linked to disease gene, would see skewing of distribution of allele sharing in affected sibs

Expectancy of sharing 0 alleles = 25%
expectance of sharing 1 = 50%

Sharing 2 = 25%

	Identify by state (IBS) or by descent (IBD)

(Affected sib pair analysis)
	IBS
When both parents have a copy of the same allele for a given marker locus

Weed this sample out by having access to parental DNA but this is often not possible so to reduce the incidence of IBS, select markers that have muliple low frequency alleles

IBD
Results from two siblings inheriting the same copy of an allele from the same parent

	Association studies

Vs.

Linkage and affect sib pair analyses
	Association – look for a statistical association between an allele and a disease phenotype; looking at same allele in larger population

Linkage and sib pair – take advantage of genetic relationship between loci (loci that are linked tend to be inherited together); looking at link at locus; allele may differ

	Linkage disequilibrium
	Statistical association between an allele and a disease phenotype

	Case control

(Association study)
	Divide population into 2 groups:  affected and unaffected control

Look for a different frequency of marker alleles in the two groups

Advantage – no need to find subjects with any particular family structure

But if control group doesn’t perfectly match, can incorrectly ID associations between characteristics of population and disease phenotype

	Transmission disequilibrium test (Tdt)

(Association study)
	Has internal controls in the form of parental genotypes

Measures deviation from expected transmission of marker allele from a heterozygote to its affected offspring

If marker allele is not associated with particular phenotype then it and the second allele in heterozygous parent should be transmitted to affected offspring with equal probability

If marker allele IS associated with disease pheno, then it will be statistically over-transmitted to affected offspring

SNP markers are useful since they are less mutable and more densely spaced

	SEE TABLE 1 (p. 107)
	Methods of determining genetc contribution to disease

	Weak susceptibility alleles
	Multiple, minor genetic contributions

	Strains
	Different disease severities/prognoses

	Syntenic
	Genomic regions in two organisms containing the same stretch of genes

Investigated for identification of gene that was associated with the severity in disease phenotype in CF

	LEC 8:  TESTING FOR DISEASE SUSCEPTIBILITY

	TERM/CONCEPT
	DEFINITION

	Presymptomatic testing
	Can make predictive diagnosis; opportunity to recommend preventative or early treatment options is very critical

Eg. Oopherectomy and mastectomy in patients with BRCA mutation

	Diagnostic testing
	Can help to confirm or refine a clinical diagnosis which will ensure that suitable treatment is provided to the patient

	Large scale chromosomal abnormalities

Mutations within disease genes

Genetic markers in linkage analysis
	Tests performed on DNA purified from blood samples but some tissues can be examined (buccal cells from cheek)

	Karyotype
	Allows visualization of metaphase chromosomes stained with Geimsa stain

Banding patterns used to ID chromosomes – to determine how many homologs of each hrom are present and visualize any large structural rearrangements that may have occurred

	Spectral karyotyping (SKY)
	Paints each chromosome a different color using fluorescently labeled DNA probes that target specific chromosomes

Expect to see two of each colored chrom in a diploid sample

Additional benefit of method of analysis is that the contrasting colors make presence of translocation obvious

Have to harvest cells from patient and amplify in cell culture

	FISH

(interphase fluorescent in situ hybridization)
	Perform on harvested cells (without amplification) using probes directly towards particular chromosomal region

Can identify changes in chorm copy number and if two probes from different chrom are found to co-localize, this can identify a translocation

Provides preliminary indication of chrom abnormalities but test results should be verified with full karyotyping

	Direct mutation testing
	PCR

Southern blotting

Dideoxy (Sanger) sequencing

Allele specific hybridization

	Genetic testing
	Linkage testing

	Polymerase chain reaction (PCR)
	Power of PCR lies in the fact that it is able to amplify specific genetic sequence

Can be studied for characteristics of size or sequence

Best detects moderate change in target

Sequence that is amplified is targeted by designing unique DNA primers that flank region of interest

PCR reaction cycles from denaturation of template DNA to hybridization of the primers and to elongation of target sequence:  process repeated to amplify number of copies

Use gel electrophoresis to separate fragments by size:  negatively charged DNA is pulled towards positive end of gel and small fragments travel fastest

Polymerase only acts on 1kb DNA (limiting factor) so you need small enough piece of DNA that is large enough to migrate on gel

Disorders detected:  Huntiongton’s

	Southern blotting
	Detects large scale change in target

Genomic DNA is digested with restriction enzymes and run on gel ( restriction enzymes cut DNA and produce fragments that run on gel to form smear; fragments transferred to filter and complementary probe hybridizes to unique sequences

Detects expansions in non-coding regions of triplet repeat genes, used to detect methylation status of gene

Disorders detected:  Fragile X (use methylation sensitive restriction enzyme to digest DNA b/c it only digests unmethylated DNA so can distinguish between expanded unmeth permutation alleles and expanded methylated  affected alleles)

	Dideoxy (Sanger) sequencing
	Uses mixture of both deoxynucleotide triphosphates (dNTPs – has OH in 3’ position) and dideoxynucleotide triphosphates (ddNTPs – no OH so chain terminating) in reaction related to PCR reaction

Can generate mix of DNA that terminate at different positions within the sequence

Labeled nucleotides detected using laser that reads the gel and result converted to linear DNA sequence

Can detect bp changes but can’t detect deletion; can ID mutations in small regions of genes

Disorders detected:  CF, PKU

	Allele specific hybridization
	Complete genomic DNA is hybridized to spot on nylon membrane that is then probed with labeled oligonucleotide (probe) designed to only hybridize to either the normal or mutant allele

Presence or absence of X-ray signal indicates which alleles are present

Detects bp changes and can identify mutations in small regions of genes

Disorders detected:  CF, PKU

	Linkage testing
	Link markers on both sides of gene to detect it in family

Markers that lie close to disease-causing gene are often inherited with that gene

RFLPs – detected by Southern analysis after digesting DNA with restriction enzyme; can amplify RFLP region with PCR

SSLPs – differ in length of repeat so size differences can be identified with PCR

SNPs – identify with DNA sequencing , by restriction digest, by allele specific hybridization

Markers for test are chosen based on two criteria:  proximity to gene and heterozygosity in population

Once at least 2 markers flanking disease gene are chosen, family can be genotyped to see which allele of markers appear to be segregated with disease gene

	Duchenne’s muscular dystrophy (DMD)
	Use linkage testing
Arises from mutations in X-linked dystrophin gene that leads to progressive deterioration of muscle tissues and weakness in childhood

Complete sequencing of gene is less practical

Use linkage testing by using 2 markers flanking dystrophin gene

Recombination can scew results of genetic test

	Uniparental disomy (UPD)
	Individuals can have normal karyotypes but one of chromosomes is actually present as two copies from same parent

Can occur mistakenly after nondisjunction event and lead to appearance of recessive disorders for which parent is carrier and diseases arising from unbalanced imprinting

Not detectable by methods used to detect large-scale chrom errors

Genotyping of markers on UPD chrom can determine if particular chrom is derived from single parent’s chrom

Normal chrom inheritance:  expect that mom and dad marker alleles will differ at least in some of the loci

Contrast:  if UPD chrom exists, marker loci would be expected to be homozygous for one parent’s alleles

Compare haploytpes of both suspected UPD chrom and control chrom in affected patient and his/her parents

Both linkage and marker tests fo UPD require samples from hetero family members and at least 1 affected member

	LEC 9:  GENETIC FRONTIERS

	TERM/CONCEPT
	DEFINITION

	SNPs and human genome
	98% of human genes are within 5 kb of a SNP

There are over 3 million SNP markers (1 SNP per every kb); therefore, you can watch for cosegregation

	Microarry Technology with SNPs

(aka. Gene chips or DNA chips)
	Thousands of DNA substrates bound to solid surface

Chips created by DNA synthesis and mechanical deposition methods

DNA synthesis method – use masks

Mechanical deposition – deposit DNA on chip by first generating 1000s of PCR products that correspond to thousands of individual genomic loci in well plate; transfer DNA to glass slide; once DNA bound to glass surface it can be probed with labeled DNA the same way probing occurs in Southern blots; difference is that DNA probes are derived from experimental samples and contain fluorescents; when DNA finds complementary sequence on chip, they bind sequence; chip scanned for fluorescent signal; spot where signal is detected can be traced back to original key of spots to determine which genomic locus has been detected

	SNP genotyping
	High application of microarry technique

When using SNPs for genotyping, an individual spot on array should exist for every possible allele of SNP

Then isolate individual’s DNA from blood, cut with restriction enzymes and fluorescently label – labeled DNA is then hybridized to chip and detection of signal at given spot indicates presence of particular SNP allele at corresponding genomic locus

This makes it easier to find all the SNPs within the genome

	Severe Acute Respiratory Syndrome (SARS)
	Used microarrays to identify SARS coronavirus

Each spot corresponded to sequence representing member of larger collection of viral families; nucleic acids from viral culture of affected patient were labeled and hybridized to array; implicated coronavirus class as being involved in SARS

Nucleic acids that hybridized to microarray were scraped off, amplified, cloned, and sequenced to yield complete SAR-CoV genome

	Comparative genomic hybridization (CGH)
	Instead of measuring absolute fluorescent signal at given spot on array, a comparison is made between 2 different signals

Useful for detecting polymorphic copy number variations or abnormal copy numbers of genes (deletions, amplifications associated with tumorigenesis)

Isolate DNA from normal sample and tumor sample and then label both with 2 different color fluorescent tags (control = green; experimental = red); mix the 2 samples and jointly hybridize them to the chip

Any genomic locus that is amplified in tumor will read excess amount of red and deleted locus will appear green

Yellow = loci present in 2 copies in both normal and tumor samples

	High density microarray
	Probes loci spaced every 35 bp along chromosomes

Since FISH used to identify microdeletions is difficult to scale up, using microarrays to query multiple closely-spaced loci in parallel solves the problem

	Expression profiling

(genomic diagnostics)
	Can identify patterns of gene expression associated with particular disorders

Highly objective and precise method of examining disorders

RNA molecules are isolated and labeled from patient samples; by isolating mRNA, reverse transcribe it to cDNA and label these molecules – can compare relative expression of genes under different conditions (remember that genes expressed at different levels so they therefore Produce differing amounts of mRNA

cDNA = green; experimental sample = red

Mix and hybridize samples to chip with probes

Genes that are more highly expressed in experimental sample = red; genes whose expression is repressed = green; genes that experience no change in expression in response to experimental conditions = yellow

Analyze data with hierarchal clustering
Pros:  create faster, more comprehensive, more accurate, and objective DNA diagnostics; ability to define subtypes allows docs to have more detailed prognostic info for patients

	Hierarchal clustering

(genomic diagnostics)
	Used to analyze expression data

Genes whose expression appears to be similar in multiple experimental conditions are clustered together on y-axis; samples whose gene expression profiles are similar are also clustered together on x-axis

This allows grouping of gene families that appear to be co-regulated

	Diffuse large B-cell lymphoma (DLBCL)
	Hetero response to chemo so used expression profiling which revealed that there were two main subtypes of DLBCL:  germinal center B-like subype (more favorable survival outcome) and activated B-like subtype

	Breast cancer
	Expression profiling allowed fro determination of different subtypes

Basal epithelial cell-like, ERBB2-ike, luminal epithelial cell-like tumor types

Gave valuable information about responsiveness of each type of tumor to taxol treatment (basal unable to survive with taxol, luminal had 90% survival rate)

	Prostate cancer
	Individual subtypes were identified with expression diagnostics

Each subtype corresponded to upregulation of expression of particular small set of biomarkers (genes) – these individual genes could serve as basis for faster more affordable single gene tests for prostate cancer in the future

	Gene therapy
	Make use of individual’s own genes to supply functional copies of genes that are mutated; do this by co-opting function of gene that is normally inactive to substitute for mutant allele of gene that is normally active

Issues that need to be addressed:  safety, efficacy

	Paralog

(gene therapy)
	Homologous gene within same organism

Most diseases not easy to treat with activation of paralogs because most diseases don’t have them

	Sickle cell anemia gene therapy
	Beta-subunit of Hb harbors point mutation; some individuals have functional paralog that acts during fetal period of life cycle

Activate expression of this paralog ( gamma-subunit of fetal Hb through butyrate treatment can displace mutant HbS protein and contribute to fully functional Hb tetramer

Can use this same therapy for Beta-thalassemias

	Liposomes
	Synthetic lipid bilayers that could be engineered to carry specific DNA molecules used to deliver genes

Cons:  nonspecific and inefficient

	Replication deficient viruses
	Can carry and deliver recombinant DNA to certain targets

Alternate strategy to liposome use

Modified viral genome doesn’t have copies fo key genes needed for viral life cycle but instead carries therapeutic gene in their place

Were generated using packaging cell lines which supplied necessary copies of these genes in trans

All of the genes necessary to produce infectious viral particle are present in packaging cell line but once these particles are used to infect normal human cells, viral genome is incomplete and can’t produce additional viral particles

Concern:  safety

	Severe combined immunodeficiency (SCID)
	X-linked disorder
Mutant IL2RgC gene prevents normal development of lymphoid cells (linke natural killer cells, T and B cells)

Treat with virally-delivered IL2RgC and patients expressed T, B, and NK cell counts

30 months later however, patients developed acute lymphoblastic leukemia because viral genome integrated within the patients’ LMO2 locus and thereby activated this oncogene (oncogene was next to therapeutic gene)

Current FDA recommendation:  bone marrow transplants before resorting to gene therapy

	RNAi

(RNA interference)
	Small interfering RNAs (siRNA) and RNA-induced silencing complex (RISC) target homologous mRNA for cleavage ( can turn off genes (the ones that are not functioning appropriately)

If you can give siRNA molecules via viral mechanisms, can allow for targeted inactivation of genes

Possible for this technique to inactivate expression of CCR5 (HIV coreceptor) to prevent HIV infection of CD4+ cells

RNAi could be used to inactivate cancer genes such as bcr-abl fusion product that causes chronic myelogenous leukemia (CML) by creating siRNA molecules that bridge the fusion junction ( currently treated with Gleevec drug and siRNA increases sensitivity for drug treatment

	Stem cell therapy
	Two main forms:  treatment withs tem cells derived from embryos and treatment with a dult stem cells derived from patient

Embryonic stem cells (ESC)
Totipotent:  Potential to become any cell type in the adult organism

Problem with ESCs – ability to find stem cells with suitable HLA match to the patient; difficult to find source as well

Pluripotent adult stum cells
Pluripotent:  potential to become many but not all cell types in the adult; naturally HLA matched

Easily accessible stem cells like bone marrow cells may not have the potential to generate cell type needed

Since cells come from patient with genetic lesion, they must be altered via gene therapy; gene therapy for stem cells is much easier:  cells genetically altered using liposomes or cultured viruses and then the corrected stem cells are added back to patient; this procedure used for hemophilia B (use of bone marrow cells to produce Factor IX)

	Induced pluripotent stem cells (iPS)
	Generated using tissues derived from adult mouse or human differentiated adult cells were reprogrammed with intro of combo of transcription factors normally expressed in embryonic stem cells

Were able to behave as pluripotent stem cells after reprogramming

iPS cells were recently created from mouse tail (mouse had HbS/HbS); took fibroblasts and generated HbA/HbS iPS cells – transplanted into adult mouse and this corrected 70% of circulating blood cells

	Pharmacogenetics
	Referred to as “personalized medicine”

Study of individual responses to drugs

Three categories:  no response (30% of patients), therapeutic response, adverse drug reaction (100,000 deaths)

Aims to determine factors that influence drug specificity, metabolism, toxicity and use this info to devop effective treatments with fewer side effects

Acute lymphoblastic leukemia (ALL) – pharmoacogenetics used to treat this with 6-mercaptopurine (6-MP), a fraction of which is inactivated by action of TPMT (thipurin-methyl transferase) enzyme; 1 in 300 have low TPMT genotype which prevents methylation and inactivation of 6-MP ( leads to accumulation of 6-MP which at high concentrations is converted into 6-thioguanine nucleotides (toxyic byproduct that inhibits DNA replication and leads to fatal myelosuppression); low activity of TPMT genotype can be detected with simple genetic test ( allows for avoidance of this side effect by reducing concentration of 6-MP given to patients with reduced TPMT

Pharmacogenetics can also be used to ID individuals who would respond favorably to certain treatments

Pharmacogenetics is influenced by individual’s genotype for genes 2 larger families:  drug efflux pumps and cytochrome p450 enzymes:  both classes can affect access of drugs to diseased cells and conversion of drugs to modified (active or inactivate) forms; influencing activities of drug pump and cytochrome can lead to drug-drug interactions

	LEC 10:  GENETIC COUNSELING – PRINCIPLES & PRACTICE

	TERM/CONCEPT
	DEFINITION

	Genetic counseling
	Practice of helping individuals and families understand medical, psychological, social, and reproductive implications of genetic and congenital conditions

Elements:

Assessment

Education

Counseling

Providers:

Masters-level genetic counselors

Geneticists and genetic nurse clinicians

PhDs

Components of counseling:

Information gathering – info from 3-4 generation pedigree good for identifying congenital anomalies, psych disorders, mental retardation, miscarriages, consanguinuity

Establishing/verifying diagnosis (non-MD genetic counselors don’t make diagnoses but verify them by reviewing records)

Risk assessment (see below)

Information giving – informed clients make informed decisions – give info about diagnosis, history of condition and inheritance pattern, risk management options, testing and research options

Psychological counseling – respect for client autonomy – counselors can only provide brief counseling and psychosocial assessment; make a referral if long-term therapy is needed

Considerations
Timing of counseling – often work with people in crisis (less than ideal time for difficult decisions to be made); supply written documentation about what went on in session

Working with families – understand family dynamics and facilitate communication

Cultural differences – assess client’s “world view” and provide info in culturally-sensitive way

Effect and power of language – use neutral (condition instead of disease) and person-first language (person with Down’s) and mirror terms used by client to build rapport

Language barriers – major concern and barrier

Learning styles – use visual and concrete aids to make compicated concepts more accessible

	Risk assessment
	Entails calculating risks and recurrent risks for future pregnancies, pregnancies that have had or are suspected to have had teratogenic exposure, individuals who have inherited (or at risk) a predisposition to genetic condition, individuals who are at risk for inheriting late-onset genetic condition

Risks based on Mendelian analysis, empiric risk (complex  conditions that are non-Mendelian and use population stats), and Bayesian analysis (adjusts Mendelian risk by using Bayes theorem

	Prenatal diagnosis

(Indications)
	Pregnant women
Who are over age of 35 yrs at delivery

Who have abnormal maternal serum screening and/or ultrasound results – assess for trisomy 21 and 18 and open neural tube defects between 15-18 wks gestation; ultrasound after 16 wks

Who have been exposed to teratogens – counseling provides risk assessment

Who are at risk of having child with genetic condition

Who are from an ethnic group that has a higer prevalence of carriers of specific genetic conditions (Sickle cell, CF, alpha-thalassemia, Tay-Sachs)

Indivdiuals and couples who are experiencing infertility or recurrent miscarriage
Increased risk of carrying chrom rearrangement (balanced translocation) or having genetic condition

Individuals/couples who are cansanguineous
Related by blood are at increased risk of having children with major birth defects (due to autosomal recessive conditions carried by both members of couple:  identical by descent or due to increased genetic load within family)

Individuals concerned about having child with genetic condition or birth defect
Broad category that encompasses any healthy individual who has a concern and family history of genetic condition; wants info for family planning

	Carrier screening
	Probably done during risk assessment section of genetic counseling interaction

	Pediatric genetics

(Indications)
	Families who have child with genetic condition, suspected genetic condition or birth defect
May be concerned about recurrence risks and cause of condition and want info about prenatal testing options

	Adult genetics
	Individuals concerned about their risk of having genetic condition or predisposition to genetic condition
Some conditions like Huntington or predisposition to cancer don’t show up until later in life or exhibit variable expression (anticipation for example)

	Psychosocial assessment
	Do this during information gathering component of genetic counseling interaction

	Clinical genetics
	Clinical genetic examination performed to make a diagnosis (was in the info gathering section of genetic counseling interaction)

	LEC 11:  ETHICS & THE NEW GENETICS

	TERM/CONCEPT
	DEFINITION

	Irresponsible biomedical research
	Tuskegee Syphyllis study

Human radiation experiments between 1944 and 1974

Nazi experiments

	Mandated key components of ethical biomedical research
	Autonomy of patients – fully iinformed patienets in a non-biased way so that they can make independent decisions

Beneficience – conduct research in a way to maximize benefits to paients and minimize Harmeet Gill apply these principles carefully to vulnerable populations

	Gene pool
	Allelic spectrum of genes in a population

Degenerate families – menace to society according to standards of the day:  pauperism, feeblemindedness, wanderlust, gambling were inherited traits; limit these families via forced sterilization

Fitter families – judged quality of family ot demonstrate genetic fitness

Immigration quotas – stats on how inventive each ethnic group was and based on that, would decide how many of a single group could enter US

	Forced sterilization
	Way to limit contributions of degenerate families

Case of Carrie Buck and Emma Buck

80% of US had legislation in place to support eugenic sterilization in 1935

	Modern eugenics
	Preimplantation screening

Prenatal screening

Cloning

	Preimplantation genetic diagnosis (PGD)
	Used along with in vitro fertilization to aid women who are having conception issues

Advanced maternal age ( increase in aneuploidy and decrease in implantation ability (therefore, history of difficulty in maintaining pregnancy is many times related to increased risk for genetic abnormalities in fetus)

Robertsonian translocation – gametes produced by adjacent meiotic division; carry unbalanced translocations that can lead to an increased implantation failure or miscarriage rate

PGD can be used for IVF women to select for gender of embryos

	In vitro fertilization
	Accomplished by intracytoplasmic sperm injection (ICSI)

	Intracytoplasmic sperm injection (ICSI)
	Incubate embryo until it becomes blastocyst; then biopsy 1-2 of the cells (has no negative impact on embryo development since all cells at this stage are totipotent)

Cells then used to carry out genetic tests:  can be grown in culture for interphase or metaphase FISH to diagnose specific aneuploidy or transloations (FISH provide more info if a specific genetic lesion is known to be present in parents, as in the case of aneuploidy and known translocation); you can then analyze the cells with FISH probles specific to that genetic lesion

	Comparative genomic hybridization

(slightly modified)
	Label DNA of a normal control embryonic cell in green and DNA from biopsy cells in red

Mix of DNA then hybridized to microarray and areas that are red = overrepresented due to tranloscation, aneuploidy or amplification in biopsy sample

Green = locus that is underrepresented due to same mechanisms of genome instability

This method provides a way to do unbiased screening of entire genome

If couple is already aware of histories for single gene defect:  do PCR because more efficient; ID familial mutations then perform PCR on biopsy samples to see if embryos carry mutations

Info is then used to select embryos that appear wild type for implantation into prospective mother

	Sperm enrichment
	Sperm are physicall separated based on property that Y-bearing sperm have reduced DNA content compared to X-bearing sperm

Families with history of X-linked disease can select gender of their child to minimize the probability that their child will be affected or a carrier

Use enriched pools for intrauterine insemination (IUI) for women

	Family balancing
	Used to help couples that have at least one other child have an additional child of the less represented familial gender

Inappropriate or appropriate

	Genetic test limitations
	Test for most frequent mutaion

Need samples fro family members

If frequent mutation is not identified then some mutations will go undetected

Test design

	Why seek prenatal testing
	Lack of access to resources needed to raise special needs child

Social stigma against special needs child

Illness of child is major cause of divorce

Selective abortions

Late onset diseases

Eugenics

Psychological impact

Reproductive decision-making

	Therapeutic cloning
	21 totipotent stem cell lines available for distribution but all are contaminated by non-human Animal products that are immunogenic

Limited funding, limited research allowed

iPS could alleviate this issue

States are funding stem cell institutes since not receiving federal funding

US researchers are looking for stem cell research opportunities overseas

Guidelines for stem cell research
Informed consent from embryo donors without financial coercion

Protection of identity of donor

Formation of stem cell research oversight committee at all institutions hosting this type of work

Establishment of national organization to periodically review these research gidelines

Provhibition of transplanting of animal embryonic stem cells into human embryos

	Privacy of genetic information
	Safeguard from employers to prevent inappropriate requisitions of data

Americans with Disabilities act adopted by Equal Employment Opportunities Commission to include persons with genetic conditions

GINA:  Genetic Information Nondiscrimination Act of 2008
Act designed to protect individuals from health insurance and employment discriniation as a result of their genetic information

Most people are comfortable with sharing genetic background with doctors and researchers but are vry uncomfortable sharing it with employers and insurance companes

	Insurance
	Should not be able to require genetic tests for enrollment

In MA, you don’t have to answer whether you have genetic issue but if you do, insurance can use the results to set your policy rate

Some genetic tests are not covered by health insurance so insurance recommended to cover genetic technologies that have final FDA approval

Tests NOT included:  absence of family history, testing for info only, testing minors for late onset disease, testing of family members unless their result is needed to make an informed analysis of covered patient

	Economics of genetics
	Pharmacogenetics
Higher cost of pharm development for smaller target population

Potential to improve performance in clinical trials

Target pop associated with ethnicity rather than genotype (not good)

Patenting rights to inventions
Should genes be patentable and should companies profit from patient sample banks
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