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A society is judged by how it treats its most 
vulnerable members…

- Original author unknown; 
repeated by Gandhi, Churchill, Truman, etc.



September 1, 2015



Topics/Goals

• Symbology & Terminology

• Inheritance Patterns



I. Symbology

 Goal: Familiarity with Pedigree Symbols



Fun With Pedigrees



Terminology

• Proband/propositus/index 
case

• Consultand - person who 
brings the family to medical 
geneticists’ attention

• Siblings/Sibs -brothers and 
sisters

• Sibship - all siblings together

• Kindred - an entire family

Pedigree Terminology



Pedigree Terminology: 
Degrees of Relationship



Pedigree Terminology

• Consanguineous - 
related by descent 
from a common 
ancestor

• Isolated case - one 
affected family 
member

• Sporadic - new 
mutation in the 
proband



II. Terminology

Goal: 

Familiarity with basic terminology in clinical and 
research genetics



Basic Tests









Basic Tests



Basic Tests



Don’t Forget “Clinical Tests”!!





• “Many forms”

• Locus has at least 
two relatively 
common alleles

• Allele frequency ≥ 
0.01

• Rare allele that is 
not disease causing

• Allele frequency ≤ 
0.01

• Permanent change 
in the nucleotide 
sequence

• Disease-causing

• Normal version 
of the sequence

• Considered the 
prevailing version

Allele
Alternative 
variants of 
genetic 
information at a 
specific locus

PolymorphismW i l d  Ty p e Mutant Rare  
Var iant



Name that term!

Set of alleles that make up a person’s 
genetic constitution, usually at a single 
locus (rarely the word is used for all loci)



FGF8: c.653C>T, resulting in p.Thr229Met



Name that term!

Observable expression of a genotype as a 
trait (can be morphological, clinical, 
biochemical, etc.)



Genotype                                Phenotype

• “Genotype-Phenotype” 
correlations

• Frequently not (yet) 
possible

• Some interesting 
exceptions



It depends on the type of mutation



Name that term!

Term for a mutation that appears in a 
proband (and does not appear to be 
present in the parents)



An individual with 
the same allele in 
each locus

An individual with 
2 different mutant 
alleles of the 
same gene

An individual 
with different 
alleles in each 
locus ( a wild 
type allele, a 
mutant allele)

Determined by 
alleles at a single 
locus

Single gene disorder

Individual or Genotype

Homozygote Heterozygote
Compound
Heterozygote



Heterogeneity

Disorders can be caused by mutations in different 
genes, or by different mechanisms

Examples: Retinitis Pigmentosa, Noonan syndrome, 
MANY more…



Locus Heterogeneity

ECD



Changes in a single gene influences 
multiple phenotypic traits 

Example: Holt-Oram syndrome (TBX5)

Heterogeneity



Congenital vs. Genetic

• Congenital: present  at 
birth

• Genetic: determined by 
genes

• A condition can be both 
congenital and genetic

Almanza, Leslie GirlAlmanza, Leslie Girl

020765682020765682

12/23/200812/23/2008

Age: 3 MONTHAge: 3 MONTH

FF

Page: 14 of 23Page: 14 of 23
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RR LL
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Miller-Dieker Syndrome

• Deletion of 
17p13.3

• LIS1 

• Severe 
neurological 
compromise, 
seizures, organ 
anomalies

Almanza, Leslie GirlAlmanza, Leslie Girl

020765682020765682

12/23/200812/23/2008

Age: 3 MONTHAge: 3 MONTH

FF

Page: 20 of 30Page: 20 of 30
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TR: 10000TR: 10000
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 Children Hospital Wash DC Children Hospital Wash DC

BRAIN/SPINE W/OBRAIN/SPINE W/O

T2-weighted trace DIRECTIONST2-weighted trace DIRECTIONS

lxmrlxmr

 4/17/2009 14:11:15 4/17/2009 14:11:15
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LOC: 48.76LOC: 48.76
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Compressed 5:1Compressed 5:1
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III. Inheritance Patterns

Goal: 

Familiarity with basic patterns of human 
heredity



“Mendelian” disorders



Autosomal Dominant



Autosomal Dominant

• “Phenotype seen in 
heterozygotes”

• Males and females 
equally affected

• Every affected person  
(usually) has an affected 
parent

• Unaffected parents 
(usually)don’t have 
affected children



Autosomal Dominant: 
Recurrence Risk





NF-1



Tuberous Sclerosis



Autosomal Recessive



Autosomal Recessive

• “Phenotype only in 
homozygotes”

• Males and females 
equally affected

• Affected people have 
unaffected parents

• Affected people have 
unaffected children



Autosomal Recessive

Gg x Gg Rr x rr



Autosomal Recessive

• We all are carriers of 
~8-10 recessive 
mutations

• Certain alleles are more 
common in specific 
populations

• Usually, new mutation 
rate < carrier rate



Bardet-Biedl syndrome



Autosomal Recessive:
Recurrence Risk



Autosomal Recessive



X-linked “Recessive”

• Males predominantly 
affected

• Female “carriers” may 
show some disease 
signs

• Condition never 
transmitted from father 
to son

• “Carrier” female can 
have affected sons



X-linked “Dominant”

• Affected males have 
no affected sons

• Affected males have 
all affected 
daughters

• What can it look like?

• Autosomal dominant

• Don’t forget 
“pseudo-autosomal” 
conditions



Other Modes of Inheritance



Mitochondrial

• ~16.5 kb DNA
• Maternal inheritance
• Incomplete 

penetrance
• Heteroplasmy
• Threshold effect
• Can be tissue-specific
• (Remember: some 

mitochondrial 
disorders are 
recessive)

• A diagnostic 
challenge!



Mosaicism

• An individual or tissue 
with multiple 
genetically different cell 
lines derived from a 
single zygote

• Pre vs. postnatal

• Somatic vs. germline



Mosaicism



Complex/Multifactorial

ASTHMA

ADHD

Kawasaki’s disease

Multiple Sclerosis
Neural tube defects



Cancer Genetics

• Cancer: A Genetic Disease

• Oncogenes

• Tumor Suppressor Genes

• Genetic Pathways to Cancer





Cancer and Genes

• Oncogenes are genes that, when 

mutated, actively promote cell 

proliferation.

• Tumor suppressor genes are genes that, 

when mutated, fail to repress cell division.



Genetic Pathways to Cancer

Most malignant tumors cannot be attributed to 
mutation of a single gene.

Tumor formation, growth, and metastasis 
depend on the accumulation of mutations in 
several different genes.

The genetic pathways to cancer are diverse and 
complex.



Somatic Mutation and Cancer

Somatic mutation is the basis for the 
development and progression of all types 
of cancer.

As mutations accumulate and cells 
become unregulated, genetic instability 
increases the likelihood that the cells will 
develop the hallmarks of cancer.



Pathways and Cancer.



Cancer Targeted Therapy.



Cancer Targeted Therapy.



Cancer Targeted Therapies – FDA 
Approved.

• Adenocarcinoma of the stomach or gastroesophageal junction: Trastuzumab 
(Herceptin®)

• Basal cell carcinoma: Vismodegib (Erivedge )

• Brain cancer: Bevacizumab (Avastin®), Everolimus (Afinitor®)

• Breast cancer: Everolimus (Afinitor®), tamoxifen, toremifene (Fareston®), 
Trastuzumab (Herceptin®), fulvestrant (Faslodex®), anastrozole (Arimidex®), 
exemestane (Aromasin®), lapatinib (Tykerb®), letrozole (Femara®), pertuzumab 
(Perjeta ), ado-trastuzumab emtansine (Kadcyla )

• Colorectal cancer: Cetuximab (Erbitux®), Panitumumab (Vectibix®), Bevacizumab 
(Avastin®), Ziv-aflibercept (Zaltrap®), Regorafenib (Stivarga®)

• Dermatofibrosarcoma protuberans: Imatinib mesylate (Gleevec®)



• Head and neck cancer: Cetuximab (Erbitux®)

• Gastrointestinal stromal tumor: Imatinib mesylate (Gleevec®), Sunitinib (Sutent®), 
Regorafenib (Stivarga®)

• Giant cell tumor of the bone: Denosumab (Xgeva®)

• Kaposi sarcoma: Alitretinoin (Panretin®)

• Kidney cancer: Bevacizumab (Avastin®), Sorafenib (Nexavar®), Sunitinib (Sutent®), 
Pazopanib (Votrient®), Temsirolimus (Torisel®), Everolimus (Afinitor®), Axitinib (Inlyta®)

• Leukemia: Tretinoin (Vesanoid®), Imatinib mesylate (Gleevec®), Dasatinib (Sprycel®), 
Nilotinib (Tasigna®), Bosutinib (Bosulif®), Rituximab (Rituxan®), Alemtuzumab 
(Campath®), Ofatumumab (Arzerra®), Obinutuzumab (Gazyva )

• Liver cancer: Sorafenib (Nexavar®)



• Soft tissue sarcoma: Pazopanib (Votrient®)

• Stomach cancer: Ramucirumab (Cyramza )

• Systemic mastocytosis: Imatinib mesylate (Gleevec®)

• Thyroid cancer: Cabozantinib (Cometriq ), Vandetanib (Caprelsa®), 
Sorafenib (Nexavar®)



Thank you!
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