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Allelic heterogeneity: If a disease is caused by a non-working protein, there might be several mutations in the gene that all lead to a limited or non-functioning protein. This phenomenon underlies most genetic disorders and explains the variation in severity of the disease (i.e. limited function of protein vs. no function at all).
Locus heterogeneity: a mutation in gene x and a mutation in gene y produce the same phenotype.

Allelic series: Different alleles at the SAME locus give different phenotypes.
Autosomal dominant trait: a trait in which having one non-wild-type copy causes a certain phenotype. Homozygotes are more severely affected than heterozygotes. In a pedigree, the disease does not skip generations, male and females are equally affected and it has a 50% chance of being passed on (100% if parent is homozygote).

Autosomal recessive trait: Being heterozygous with a recessive trait (“carrier”) produces virtually no phenotype, homozygosity is required for a phenotype to be observed. The wild-type allele on the other chromosome can make up for the defect of the mutant allele. It is inherited by usually skipping a generation, affects male and female equally and has a 25% chance of occurring when two carriers mate.
Compound heterozygote: a compound heterozygote has two different recessive alleles for a locus (e.g. normal = AA, true homozygote = a1a1, compound heterozygote = a1a2). This is essentially the same as heteroallelic.
Digenic inheritance: In order to get a phenotype, the patient must have a mutant allele at two different loci. In other words, two genes must be affected before a phenotype is produced.
Dominant gain of function allele: the mutant protein does more than it’s supposed to and interferes in other pathways or screws up an equilibrium leading to a phenotype.
Dominant loss of function allele: A protein produced from this allele is nonfunctional, reducing the function of the pathway it is involved in by 50% and produces a phenotype. Compare to dominant negative allele. 
Dominant negative allele: The mutant protein is non-functional but renders other proteins non-functional as well (e.g. tetrameric proteins: having one defective alpha protein in hemoglobin can screw the whole thing up even if the other proteins are fine). Reduction of function is >50% !!!
Genetic heterogeneity: Many similar phenotypes are in fact due to overlapping disorders that have a different genotype. (compare to locus heterogeneity)
Hardy-Weinberg equilibrium: p2 + 2pq + q2 where q is the mutant allele. To find out how many carriers there are, take the square root of the number of homozygotes (q2) to find q, subtract that number from 1 to find p (since p + q = 1), now calculate what 2pq is. 
Heteroallelic: A patient has two recessive mutant genes for the locus, but the mutation is in different places. Compare to homoallelic.
Homolleleic: A patient has two recessive mutant genes for the locus which have the exact same mutation. Compare to heteroallelic.
Incomplete dominance: When a homozygote for a dominant trait displays a more severe phenotype than a heterozygote, the allele is incompletely dominant. (this is NOT the same as recessive.)
Modifying genes: A certain mutant allele causes a certain phenotype. A modifying gene is a mutated gene in a different locus (“non-allelic”) that alters the phenotype.
Mosaicism: Either different cells in an organism have a different genotype/karyotype or just express one chromosome while inactivating the homolog (e.g. Barr body in females).
Penetrance: The probability that a certain mutant will produce a phenotype.
Pleiotrophy: One abnormal gene produces different phenotypes.
Pseudoautosomal: Regions at the ends of X and Y chromosomes are pseudoautosomal so they can align during meiosis/mitosis. These regions are not silenced in the Barr body, if they carry a mutant allele it will look “recessive autosomal” for females on a pedigree.
Variable expression: variation in phenotypic severity in patients with the same mutation. 
X-linked trait: This trait tends to be recessive, only few are dominant. It can skip a generation and mostly males are affected. Homozygous females can only occur if an affected male mates with a carrier female. Dominant X-linked traits affect males and females alike. If all male offspring died during pregnancy, consider dominant lethal. 
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Chromosome regions


Euchromatin: light bands, mostly coding, less condensed


Heterochromatin: dark bands, few genes (e.g. centromere and telomere)

Comparative genomics: this was not defined well in lecture/notes. If you got a good definition, please share it.

Contiguous gene syndrome: A disorder due to deletion of multiple gene loci that are adjacent to one another. Contiguous gene syndromes are characterized by multiple, apparently unrelated, clinical features caused by deletion of the multiple adjacent genes. Each of the individual genes within a contiguous region, when mutated, gives rise to a distinct feature. (Quote from medterms.com) 

Conserved noncoding sequences (cNCS): Regions that have fewer mutations than is expected by random mutation although there are no genes here. Probably regulatory in function or structural. 

Copy number variation (CNV): duplications or deletions of a gene within a genome. This can alter gene expression (in/decrease in dosage), cause disease or alter the risk for disease.

Gene deserts: Region with few genes, usually heterochromatin

Gene relationships


Ortholog: same gene in different species


Paralog: similar (but not same) gene in same species


Homolog: genes that have a common evolutionary ancestor.

Genomic disorders: DNA rearrangements that lead to duplication or deletions of segments can cause disease by altering dosage of protein produced from genes involved or by directly disrupting a gene.

Haplotype block: a bunch of SNPs that are linked (that is, most of the time inherited together). There are relatively few recombinations here. 

Haplotype map (HapMap): Just a map where the haplotype blocks are located on the chromosomes. Areas in between haplotype blocks are recombination hotspots.

Linkage disequilibrium (LD): This is NOT linkage, but two markers are inherited together more often than predicted by random segregation because their distribution is uneven. This will fix itself over time.

Low copy repeats (LCR): see “segmental duplication”

Repetitive elements: make up 45% of genome and are mostly short tandem repeats (STR a.k.a. microsatellites), telomeres and centromeres. Other repetitive elements are: 


LINEs & SINEs: long/short interspersed nuclear element. Transposon like sequences that move through the genome via an RNA intermediate (retrovirus like). Can cause disease by disrupting genes.

Segmental duplications: A low copy repeat of a certain sequence somewhere else in the genome. These repeats often are regions of chromosome instability but also provide the cell with a copy of a gene it can safely mess around with (that is, mutations here are not too harmful since there’s plenty of “good” copies elsewhere). Probably a major driving force in evolution.

Single nucleotide polymorphism (SNP): variation in a single base, can be used as a marker for linkage analysis or association studies. The older the polymorphism, the higher its frequency in the population. 

Synteny: a syntenic block is a region of DNA that encodes certain genes and is highly conserved in order in different species.
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Association studies: Here, you do NOT need to know the inheritance pattern. The general idea is described in GWAS. It MUST be validated by a second, independent study (e.g. TDT)

Heritability: Total amount of variation in phenotype explained by genetic factors.

Complex traits: a phenotype resulting from the influence of multiple genes. Does not follow Mendelian inheritance pattern.

Genetic markers: SNPs, STRPs etc.

Genome-wide association studies (GWAS): This study takes multiple hundreds to thousands of people with the disease and without the disease. DNA samples are taken and a computer looks for makers (usually SNPs) to find out what haplotype blocks most of the sickies have in common that the healthy guys don’t have. This homes in on “causative variants” ( = susceptibility alleles).

Genotype relative risk: the risk of a relative of an affected patient getting the disease divided by the risk for Jane Doe in the general population ending up with the disease. The symbol for this is lambda (λ), the subscript behind it indicates the relationship to the affected person (e.g. λo = offspring of affected person)

Genomic profiling: a medical technique somewhat in the future: scanning the genome of a patient to determine what this patient is at risk for throughout his/her life. Then begin appropriate education and preventive measures.

Haplotypes: see former lecture

Linkage analysis: Take a pedigree of a family in which disease occurs, take DNA samples of all of them and see if a certain marker is linked to the disease. Works best for monogenic (Mendelian) traits. Requires large pedigrees and does not give the best resolution. As the name implies, linkage between a marker and the disease gene is required. 

Linkage disequilibrium: see former lecture

Modifying genes: see former lecture

Multifactorial inheritance

Odds ratio: very poorly discussed in both lecture and notes. From what we decided in our discussion group, it is the ratio of  the chance of the disease occurring in a member of a family where a certain disorder occurs over the risk for a person from a normal family. This seems very related to “relative risk”

Penetrance: see former lecture

Phenocopy: A person displaying a phenotype without having the genes to prove it! Usually it is an environmental factor that causes the patient to have a phenotype mimicking a genetic disorder. For example, over-dosing on anti-psych meds can produce a Parkinson’s phenotype. 

Polygenic inheritance: The idea that different alleles for a variety of genes all contribute in the formation of a certain phenotype. “The genetic component of complex traits”

Population attributable risk (PAR): Even Doc. Nathans didn’t know at the review session. It is not even in the notes/lecture and Wiki has no info on it. If you can define this, please share your knowledge =)

Quantitative trait locus: A trait that is influenced by many genes (e.g. size, skin color). It appears on a continuous spectrum rather than in discrete steps. This is not in the notes at all, this is Wiki.

Short tandem repeat polymorphism (STRP): Like SNPs, but with tandem repeats (e.g. ACACACACAC)

Single nucleotide polymorphism (SNP): see former lecture

Susceptibility genes: In complex traits, no single allele causes the disorder. Every allele just makes the person more susceptible to the disease phenotype.

Transmission disequilibrium test (TDT): Takes “trios” (mom + dad + affected child) and looks at whether on average a certain marker has been transmitted to the child more often than the expected 50%. In plain English: It looks whether or not the marker is linked to the gene.
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Anticipation: Tendency for dominant or x-linked phenotypes to get more severe. Some disorders are caused by a change in unstable repeat sequences (either deletion or expansion). In a subsequent generation, the phenotype might be exacerbated because the repeat sequences have expanded.

Uniparental disomy: an umbrella term for isodisomy and heterodisomy.

Heterodisomy: For example, both chromosomes #3 came from the mother rather than one from dad and one from mom. In heterodisomy, the disomic pair is homologous, compared to isodisomy, where they are identical. 

Isodisomy: Two chromosomes came from one parent rather than one from mom and one from dad. These two chromosomes are IDENTICAL and NOT a homologous pair. 

Heteroplasmic: Cell contains a mix of normal mitochondria and affected mitochondria (with a mutation in their genome)

Homoplasmic: All mitochondria are affected

Imprinting: Certain genes are only expressed when they come from dad and silent when they come from mom (and vice versa). Note that imprinting is RESET at gamete production. “Resetting” does not equal “loss of imprinting”

Loss of imprinting: Imprinting is lost for example by mutation. This can lead to a gene being activated that is supposed to be silent, which may lead to a disorder.

Pleiotropy: one allele produces more than one phenotype

Maternal inheritance: e.g. mitochondria are always given from mom to offspring.

Mosaicism: see former lecture

Parent of origin: self explanatory

Premutation: A mutation that increases the likelihood for an additional mutation. For example, remember anticipation where an increase in the number of repeats led to disease: a mutation that increases the number but does not yet produce a phenotype is a premutation as it increases the chance of additional expansion (which would lead to a phenotype).

Epigenetics: Describes mitotically and meiotically inheritable changes in gene es: Describes mitotically and meiotically inheritable changes in gene expression that is not encoded in DNA (methylation, histone modification etc.)

Epigenotype: The information about gene expression that is NOT encoded in DNA, see epigenetics.

