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Affected: An individual who manifests symptoms of a particular condition.  

Allele: One version of a gene at a given location (locus) along a chromosome. 
The different forms of a gene that may occur at the same locus on homologous 
chromosomes. 

Allele frequency: (synonym: gene frequency) The proportion of individuals in a 
population who have inherited a specific gene mutation or variant 

Allelic heterogeneity: (synonym: molecular heterogeneity) Different mutations 
in the same gene at the same chromosomal locus that cause a single phenotype. 
Different variant forms of a particular gene that could result in the same 
abnormal trait or condition. 

Allelic variant of unknown significance: An alteration in the normal sequence 
of a gene, the significance of which is unclear until further study of the genotype 
and corresponding phenotype in a sufficiently large population; complete gene 
sequencing often identifies numerous (sometimes hundreds) allelic variants for a 
given gene. 

Case Example (allelic variant of unknown significance): BRCA1 Hereditary 
Breast and Ovarian Cancer 

Mary is seen for genetic counseling because of her family history of breast cancer. 
Her mother had breast cancer in her 40's, was treated and lived until she was 62, 
when she died of unrelated causes. Mary's 32-year-old sister just died of breast 
cancer. Since neither affected family member is available for molecular genetic 
testing, Mary undergoes BRCA1 molecular genetic testing herself and is found to 
have a BRCA1 allelic variant of unknown significance. The sequence is distinct 
from normal, but it is unclear whether the change leads to a non-functional protein 
product associated with a predisposition to cancer. Mary is informed of the 
ambiguous result, which she finds unsettling.  
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Possible significance of Mary's allelic variant:

Benign polymorphism — not associated with increased breast cancer risk  
Disease-causing mutation — associated with an increased breast cancer risk 

Until the significance of this allelic variant is elucidated, no meaningful cancer risk 
information can be given to Mary. 

Some Clinical Implications

Complete sequencing of any gene or portion of a gene is likely to reveal 
numerous allelic variants.  
The ambiguity of an allelic variant of unknown significance can be 
disturbing for patients, sometimes even more so than the discovery of a 
disease-causing mutation.  

Anticipation: The tendency in certain genetic disorders for individuals in 
successive generations to present at an earlier age and/or with more severe 
manifestations; often observed in disorders resulting from the expression of a 
trinucleotide repeat mutation that tends to increase in size and have a more 
significant effect when passed from one generation to the next. 

Case Example (anticipation): Myotonic dystrophy 
Paul is a 57-year-old man with myotonic dystrophy, a neuromuscular disorder 
caused by a trinucleotide repeat mutation inherited in an autosomal dominant 
manner. Paul noticed muscle weakness in his late 20s and now has difficulty 
opening jars and climbing stairs. His 23-year-old daughter, Rose, experienced onset 
of muscle cramping and weakness as a teenager. Her son, Dylan, born after a 
pregnancy complicated by polyhydramnios and poor fetal movement, was 

extremely hypotonic and expired at two weeks of 
age of respiratory failure. Trinucleotide repeat 
analysis of the DMPK gene reveals that Paul has 350 
CTG repeats; Rose has 520 repeats and Dylan over 
3000 repeats, consistent with the observed increase 
in severity of the disorder in subsequent generations.  
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Some Clinical Implications 
Anticipation is observed in many, but not all, trinucleotide repeat disorders. Some 
disorders in which anticipation occurs:  

Fragile X syndrome  
Huntington disease  
Myotonic dystrophy  
Spinocerebellar ataxias (all forms involving a CAG repeat expansion 
mutation, except SCA6)  
X-linked spinobulbar muscular atrophy (Kennedy disease) 

In disorders in which anticipation occurs: 

A grandchild may be the proband (i.e., first person in the family recognized 
to have the disorder)
The "classic" disease may pertain to the mid-portion of a spectrum of 
manifestations; individuals with older or younger age of onset may have 
manifestations that are milder or more severe, respectively, than the classic 
disease  

carrier: An individual who has a recessive, disease-causing gene mutation at a 
particular locus on one chromosome of a pair and a normal allele at that locus on 
the other chromosome 

Carrier rate: (synonym: carrier frequency). The proportion of individuals in a 
population who have a single copy of a specific recessive gene mutation.

cis configuration: (synonyms: cis, coupling) Term which indicates that an 
individual who is heterozygous at two neighboring loci has the two mutations in 
question on the same chromosome. 

Clone: An identical copy of a DNA sequence or entire gene; one or more cells 
derived from and identical to a single ancestor cell; to isolate a gene or specific 
sequence of DNA  

Compound heterozygote: An individual who has two different abnormal alleles 
at a particular locus, one on each chromosome of a pair; usually refers to 
individuals affected with an autosomal recessive disorder. 

Case Example (compound heterozygote): Sickle-C disease 
On newborn screening, Amanda was identified as having hemoglobin S and 
hemoglobin C. The hematology clinic diagnosed her with sickle-C (SC) disease, 
which is clinically similar to sickle cell disease. Testing of her parents reveals that 
Amanda has inherited the hemoglobin S mutation from her mother and the 
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hemoglobin C mutation from her father, both of whom are unaffected carriers. 
Amanda is a compound heterozygote for two different mutations in the HGB gene, 
encoding the hemoglobin beta chain. 

Some Clinical Implications
Compound heterozygotes are distinguished from homozygotes, individuals who 
have two copies of the same mutated allele.  
The phenotype of individuals who are compound heterozygote may vary depending 
on the mutations present. 

Congenital: Present from birth, but not necessarily genetic 

Consanguinity: Genetic relatedness between individuals descended from at 
least one common ancestor. 

Case example (consanguinity): Third cousins
Darla and her fiancé, Rick, are third cousins. They are referred for genetic 
counseling because they plan to be married soon and want to have children. A three-
generation pedigree reveals no known genetic disease, birth defects, or mental 
retardation. They are told, based on empiric data, that their degree of consanguinity
is not thought to increase their risk over that of the background risk of 3-4% for 
having a child with a genetic disorder, birth defects or mental retardation. 

Some Clinical Implications
Even with a negative family history, offspring of certain consanguineous 
relationships are at increased risk for birth defects, genetic disorders and/or reduced 
life span over the background risk of 3-4%:  
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First-degree relatives: 30% additional risk  
First cousins: 3% additional risk  
First cousins once removed and second cousins: 1% additional risk  

These risks are derived empirically but are thought to result from a deleterious 
mutation in a single ancestor being homozygous by descent in a child [Harper 
2001]. 

Constitutional: an abnormality or a mutation of a genotype that was present in 
the fertilized egg, and is therefore present in all cells of a person. 

Consultand: The individual (not necessarily affected) who presents for genetic 
counseling and through whom a family with an inherited disorder comes to 
medical attention. 

Contiguous gene syndrome: A constellation of findings caused by a small 
chromosome deletion or duplication that spans two or more adjacent genes 

Case Example (contiguous gene syndrome): X-linked ichthyosis 
Brandon, a 5-year-old boy, has ichthyosis, skeletal findings consistent with 
chondrodysplasia punctata, and hypogonadism, as well as mental retardation and 
deafness. High resolution chromosome studies reveal deletion of chromosome 
material on the short arm of his X chromosome from band Xp22.3 to the end. The 
deletion includes the three neighboring genes responsible for his findings: ARSC1,
leading to ichthyosis; ARSE, resulting in chondrodysplasia punctata; KAL resulting 
in hypogonadism (Kallmann syndrome). 

Some Clinical Implications
Contiguous gene syndromes may be detected through routine cytogenetic analysis, 
but many contiguous gene syndromes are caused by microdeletions or 
microduplications that are only detectable with fluorescent in situ hybridization 
techniques (FISH).  
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Co-segregation: The inclusion of two or more linked genes on a chromosome in 
the same gamete leading to their transmission together. 

Case Example (cosegregation): Becker Muscular Dystrophy  
Marcy is a 22-year-old woman whose brother, Frank, and two maternal uncles have 
Becker muscular dystrophy (BMD), an X-linked muscle disease causing 
progressive muscle weakness. BMD is caused by mutations in the DMD gene. 
Marcy has a 50% risk of being a carrier of a DMD mutation. Genetic testing on 
Frank did not reveal a DMD mutation, precluding mutation analysis for carrier 
testing. However, linkage analysis, based on cosegregation of DNA markers with 
the DMD gene, is possible, using blood samples from affected and unaffected 
relatives. Two markers (DNA polymorphisms within the gene itself), designated as 
A and B were found to consistently segregate with the disease phenotype and thus 
were present in both female obligate carriers. Marcy was also found to have 
markers A and B and was told that she, in fact, is a carrier of BMD. 


