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Note on References
See box to the right for reference notations.

PubMed references usually link to abstracts, 
which provide useful information. But most 
abstracts link to a free, full-text article for in-
depth reading.

Image references usually link to a whole page 
of images.  The images themselves may be 
useful, but care must be taken to ensure that 
they relate to the topic of the text.  Images are 
most valuable as a gateway to publications 
related to the topic. Clicking on the image will 
take you to the publication. However, to get 
the full publication it sometimes may be 
necessary to copy the url and transfer it to your 
browser.
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• Reference notations: when 
references are listed, the following 
suffixes indicate:

• pm = PubMed

• w  = Wikipedia

• i = Images (usually Google images)

• rg = ResearchGate

• yt = YouTube

• sd = Science direct

• ow = Other website

• Selected text = PubMed, Wikipedia, 
or images



Categories of  Inherited Diseases

• Autosomal dominant

• Autosomal recessive

• X-linked (dominant and recessive) 

• Y-linked

• Multifactorial (polygenic) 

• Mitochondrial
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Autosomal Dominant Diseases

Examples of  autosomal dominant diseases
• Familial hypercholesterolemia

• Autosomal Dominant Polycystic Kidney Disease (ADPKD)

• Hereditary spherocytosis

• Marfan syndrome

• Huntington disease
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https://www.google.com/search?hl=en&authuser=0&tbm=isch&q=Autosomal+Dominant+Diseases&chips=q:autosomal+dominant+diseases,g_1:polycystic+kidney+disease&usg=AI4_-kTzjitus43T3URjuadmiBrOEpbusw&sa=X&ved=0ahUKEwjX-a_infbfAhUFWywKHYKiAR0Q4lYIKigC&biw=1280&bih=597&dpr=1.5


What is familial hypercholesterolemia (FH)?

• Familial hypercholesterolemia (1w, 2i) is a monogenic elevation of 
low density lipoprotein (LDL) cholesterol

• Incidence: 1/500
• Inheritance: autosomal dominant (1i, 2i, 3i) (heterozygous FH vs 

homozygous FH [1i, 2i, 3i, 4i)
• Genetic defect: LDL receptor (1i, 2i, 3i, 4i) gene mutations  (1i, 2i, 

3i, 4i, 5i)
• Clinical manifestations: severe hypercholesterolemia (elevated 

LDL), tendon xanthomas (1i, 2i, 3i), xanthalasma, premature 
coronary heart disease (1i, 2i, 3i), videos 1, 2, 3
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https://rarediseases.info.nih.gov/diseases/10416/familial-hypercholesterolemia
https://en.wikipedia.org/wiki/Familial_hypercholesterolemia
https://www.google.com/search?biw=1280&bih=675&tbm=isch&sa=1&ei=LG67XNGZJtCosgWvop2IAQ&q=familial+hypercholesterolemia+(FH)&oq=familial+hypercholesterolemia+(FH)&gs_l=img.3...0.0..28069...0.0..0.0.0.......1......gws-wiz-img.tH4FMOq9c4k
https://www.google.com/search?q=low+density+lipoprotein+(LDL)+cholesterol&rlz=1C1CHBD_enUS751US751&source=lnms&tbm=isch&sa=X&ved=0ahUKEwiqnenOiM7gAhWT_YMKHRwKDeAQ_AUIDigB&biw=1163&bih=633
https://www.google.com/search?q=familial+hypercholesterolemia+inheritance&rlz=1C1CHMO_enUS585US585&source=lnms&tbm=isch&sa=X&ved=0ahUKEwjuwKq73tjaAhWo4IMKHVAXCRYQ_AUICigB&biw=1248&bih=644#imgrc=RzPn4vgQx_CeMM:
https://www.google.com/search?q=familial+hypercholesterolemia+inheritance&rlz=1C1CHMO_enUS585US585&source=lnms&tbm=isch&sa=X&ved=0ahUKEwjuwKq73tjaAhWo4IMKHVAXCRYQ_AUICigB&biw=1248&bih=644#imgrc=GxNlrjJrYbksbM:
https://www.google.com/search?q=familial+hypercholesterolemia+inheritance&rlz=1C1CHMO_enUS585US585&source=lnms&tbm=isch&sa=X&ved=0ahUKEwjuwKq73tjaAhWo4IMKHVAXCRYQ_AUICigB&biw=1248&bih=644#imgrc=DjE23DJh9FL_3M:
https://www.google.com/search?q=heterozygous+fh&rlz=1C1CHBD_enUS751US751&source=lnms&tbm=isch&sa=X&ved=0ahUKEwiDiYuwrM7gAhVOT6wKHeIfCswQ_AUIDigB&biw=1163&bih=633
https://www.google.com/search?q=homozygous+fh&rlz=1C1CHBD_enUS751US751&source=lnms&tbm=isch&sa=X&ved=0ahUKEwi818z8rM7gAhXOCjQIHRYmAzIQ_AUIDigB&biw=1163&bih=633
https://www.google.com/search?q=homozygous+fh&rlz=1C1CHMO_enUS585US585&source=lnms&tbm=isch&sa=X&ved=0ahUKEwje-9Tt4djaAhUhzoMKHUbhDNgQ_AUICigB&biw=1248&bih=644#imgrc=jWv-9qhB6fczKM:
https://www.google.com/search?q=homozygous+fh&rlz=1C1CHMO_enUS585US585&source=lnms&tbm=isch&sa=X&ved=0ahUKEwje-9Tt4djaAhUhzoMKHUbhDNgQ_AUICigB&biw=1248&bih=644#imgrc=A8cxQQ9VjYKxUM:
https://www.google.com/search?q=homozygous+fh&rlz=1C1CHMO_enUS585US585&source=lnms&tbm=isch&sa=X&ved=0ahUKEwje-9Tt4djaAhUhzoMKHUbhDNgQ_AUICigB&biw=1248&bih=644#imgrc=8Fvxm92UStGXhM:
https://www.google.com/search?q=heterozygous+familial+hypercholesterolemia&rlz=1C1CHMO_enUS585US585&source=lnms&tbm=isch&sa=X&ved=0ahUKEwjTiLmk4NjaAhVkzIMKHee2AmwQ_AUICygC&biw=1248&bih=644#imgrc=obQZqf2bbsQqQM:
https://www.google.com/search?q=LDL+receptors&rlz=1C1CHMO_enUS585US585&source=lnms&tbm=isch&sa=X&ved=0ahUKEwiEupK05NjaAhWb2YMKHWUrCY0Q_AUICigB&biw=1248&bih=644#imgrc=vY6XMdFV46QZTM:
https://www.google.com/search?q=LDL+receptors&rlz=1C1CHMO_enUS585US585&source=lnms&tbm=isch&sa=X&ved=0ahUKEwiEupK05NjaAhWb2YMKHWUrCY0Q_AUICigB&biw=1248&bih=644#imgdii=0y1Fyln08kE8UM:&imgrc=Q_PO4kpjP3P5AM:
https://www.google.com/search?q=LDL+receptors&rlz=1C1CHMO_enUS585US585&source=lnms&tbm=isch&sa=X&ved=0ahUKEwiEupK05NjaAhWb2YMKHWUrCY0Q_AUICigB&biw=1248&bih=644#imgrc=Q_PO4kpjP3P5AM:
https://www.google.com/search?q=familial+hypercholesterolemia+mutations&source=lnms&tbm=isch&sa=X&ved=0ahUKEwiN1eTuteLaAhWm3YMKHYt7D3UQ_AUICigB&biw=1168&bih=578#imgrc=GIlZ1VC72MnILM:
https://www.google.com/search?q=ldl+receptor+mutations&rlz=1C1CHMO_enUS585US585&source=lnms&tbm=isch&sa=X&ved=0ahUKEwi2jrfh49jaAhVD_oMKHeY1D50Q_AUICigB&biw=1248&bih=644#imgrc=zc3UuFAELWNlEM:
https://www.google.com/search?q=familial+hypercholesterolemia+mutations&source=lnms&tbm=isch&sa=X&ved=0ahUKEwiN1eTuteLaAhWm3YMKHYt7D3UQ_AUICigB&biw=1168&bih=578#imgrc=M1bVrcV8WQ97iM:
https://www.google.com/search?q=familial+hypercholesterolemia+mutations&source=lnms&tbm=isch&sa=X&ved=0ahUKEwiN1eTuteLaAhWm3YMKHYt7D3UQ_AUICigB&biw=1168&bih=578#imgrc=a1F72_dgel2ctM:
https://www.google.com/search?q=ldl+receptor+gene+mutation+familial+hypercholesterolemia&source=lnms&tbm=isch&sa=X&ved=0ahUKEwiN2oGeuOLaAhUK24MKHa6NCIMQ_AUICigB&biw=1168&bih=578#imgrc=OV2i_2KjLOTU5M:
https://www.google.com/search?q=ldl+receptor+gene+mutation+familial+hypercholesterolemia&source=lnms&tbm=isch&sa=X&ved=0ahUKEwiN2oGeuOLaAhUK24MKHa6NCIMQ_AUICigB&biw=1168&bih=578#imgdii=fP4yd4CaLLfjpM:&imgrc=OV2i_2KjLOTU5M:
https://www.sciencedirect.com/science/article/pii/S0735109714012911?via%3Dihub
https://en.wikipedia.org/wiki/Xanthoma#Xanthoma_tendinosum
https://www.google.com/search?q=tendon+xanthomas&source=lnms&tbm=isch&sa=X&ved=0ahUKEwjg25TQueLaAhXC8YMKHfLXANgQ_AUICigB&biw=1168&bih=578#imgrc=AoyK3rUA51PbAM:
https://www.google.com/search?q=tendon+xanthomas&source=lnms&tbm=isch&sa=X&ved=0ahUKEwjg25TQueLaAhXC8YMKHfLXANgQ_AUICigB&biw=1168&bih=578#imgrc=relEDFiG-CRIRM:
https://www.google.com/search?q=tendon+xanthomas&source=lnms&tbm=isch&sa=X&ved=0ahUKEwjg25TQueLaAhXC8YMKHfLXANgQ_AUICigB&biw=1168&bih=578#imgdii=d0PoIwlkUBPHFM:&imgrc=relEDFiG-CRIRM:
https://www.google.com/search?q=xanthelasma+images&source=lnms&tbm=isch&sa=X&ved=0ahUKEwjUj7TwuuLaAhVM54MKHZR-A1UQ_AUICigB&biw=1168&bih=578#imgrc=-3Kyl3rFfatPiM:
https://www.google.com/search?q=familial+hypercholesterolemia+mutations&source=lnms&tbm=isch&sa=X&ved=0ahUKEwiN1eTuteLaAhWm3YMKHYt7D3UQ_AUICigB&biw=1168&bih=578#imgrc=xKCdk91x7ONpoM:
https://www.google.com/search?q=FH+and+coronary+heart+disease&source=lnms&tbm=isch&sa=X&ved=0ahUKEwjdod-bu-LaAhVI4oMKHdCmC7kQ_AUICygC&biw=1168&bih=578#imgrc=GYi1brk9sH6kpM:
https://www.google.com/search?q=FH+and+coronary+heart+disease&source=lnms&tbm=isch&sa=X&ved=0ahUKEwjdod-bu-LaAhVI4oMKHdCmC7kQ_AUICygC&biw=1168&bih=578#imgrc=uqSLk58-9gBZCM:
https://www.coursera.org/learn/personalizedmed/lecture/wIlA1/from-rare-to-common-disease-familial-hypercholesterolemia
http://medprofvideos.mayoclinic.org/videos/familial-hypercholesterolemia-mayo-clinic-grand-rounds
https://www.youtube.com/watch?v=VmWLGltzNsI


What is autosomal dominant polycystic kidney 
disease (ADPKD)?

• ADPKD (1w, 2i) is an inherited form of polycystic kidneys

• Incidence: 1/1000 (1i, 2i, 3i)

• Inheritance pattern: autosomal dominant (1i, 2i)

• Genetic defect: Polycystin-1 (PKD-1) (1i, 2i, 3i, 4i) mutations (1i, 2i, 3i, 
4i) and polycystin-2(PKD-2) mutations (1i, 2i)

• Pathology: Epithelial cell proliferation  tubular cysts (1i, 2i, 3i) 
polycystic kidneys (1i, 2i, 3i)  chronic renal failure

• Clinical manifestations: acute loin pain, hematuria, ballotable kidneys, 
hypertension, chronic renal failure, anemia, liver cysts, berry 
aneurysm rupture (subarachnoid hemorrhage) videos 1, 2, 3
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https://www.ncbi.nlm.nih.gov/pubmed/26530876
https://en.wikipedia.org/wiki/Autosomal_dominant_polycystic_kidney_disease
https://www.google.com/search?q=autosomal+dominant+polycystic+kidney+disease&rlz=1C1CHBD_enUS751US751&source=lnms&tbm=isch&sa=X&ved=0ahUKEwiwmZLlitjhAhUJiqwKHUckDmkQ_AUIDigB&biw=1131&bih=608
https://www.google.com/search?q=autosomal+dominant+polycystic+kidney+disease+(ADPKD)+inheritance+pattern&rlz=1C1CHBD_enUS751US751&source=lnms&tbm=isch&sa=X&ved=2ahUKEwimjJvkst3aAhUI4YMKHX-wA9MQ_AUoAXoECAAQAw&biw=1252&bih=678#imgrc=RlwzV2PRZxNwyM:
https://www.google.com/search?q=polycystic+kidney+disease+incidence&rlz=1C1CHBD_enUS751US751&source=lnms&tbm=isch&sa=X&ved=2ahUKEwjStZ-Ftt3aAhWK7YMKHSH9DAwQ_AUoAXoECAAQAw&biw=1252&bih=678#imgrc=-O9Q7G0HEATUAM:
https://www.google.com/search?q=polycystic+kidney+disease+incidence&rlz=1C1CHBD_enUS751US751&source=lnms&tbm=isch&sa=X&ved=2ahUKEwjStZ-Ftt3aAhWK7YMKHSH9DAwQ_AUoAXoECAAQAw&biw=1252&bih=678#imgdii=GXPFXnBtUar86M:&imgrc=-O9Q7G0HEATUAM:
https://www.google.com/search?q=polycystic+kidney+disease+inheritance+pattern&rlz=1C1CHBD_enUS751US751&source=lnms&tbm=isch&sa=X&ved=2ahUKEwjqjf2hsN3aAhVK64MKHUhyAp4Q_AUoAXoECAAQAw&biw=1252&bih=678#imgrc=3m3-PYk19TpdXM:
https://www.google.com/search?q=polycystic+kidney+disease+inheritance+pattern&rlz=1C1CHBD_enUS751US751&source=lnms&tbm=isch&sa=X&ved=2ahUKEwjqjf2hsN3aAhVK64MKHUhyAp4Q_AUoAXoECAAQAw&biw=1252&bih=678#imgdii=kEgkWnjkIeXsEM:&imgrc=r2s3D44TqHG_BM:
https://www.google.com/search?q=Polycystin-1&rlz=1C1CHBD_enUS751US751&source=lnms&tbm=isch&sa=X&ved=2ahUKEwiL_6bEut3aAhUq3IMKHbbZBQIQ_AUoAXoECAAQAw&biw=1252&bih=678#imgrc=gZbUSJL_Xl2YfM:
https://www.google.com/search?q=Polycystin-1&rlz=1C1CHBD_enUS751US751&source=lnms&tbm=isch&sa=X&ved=2ahUKEwiL_6bEut3aAhUq3IMKHbbZBQIQ_AUoAXoECAAQAw&biw=1252&bih=678#imgrc=44icBJNCVS244M:
https://www.google.com/search?q=Polycystin-1&rlz=1C1CHBD_enUS751US751&source=lnms&tbm=isch&sa=X&ved=2ahUKEwiL_6bEut3aAhUq3IMKHbbZBQIQ_AUoAXoECAAQAw&biw=1252&bih=678#imgrc=VSbSmcew1NKV3M:
https://www.google.com/search?q=PKD-2+mutations&rlz=1C1`HBD_enUS751US751&source=lnms&tbm=isch&sa=X&ved=2ahUKEwi999y6wN3aAhUs_IMKHSv_AOkQ_AUoAnoECAAQBA&biw=1252&bih=678#imgdii=llpMIzHwMqvYIM:&imgrc=8qW-QE1y6R_piM:
https://www.google.com/search?q=polycystin+-1+mutations&rlz=1C1CHBD_enUS751US751&source=lnms&tbm=isch&sa=X&ved=2ahUKEwilluHAvN3aAhXI7IMKHVZWCHIQ_AUoAXoECAAQAw&biw=1252&bih=678#imgrc=zFA1jpnwqbTImM:
https://www.google.com/search?q=polycystin+-1+mutations&rlz=1C1CHBD_enUS751US751&source=lnms&tbm=isch&sa=X&ved=2ahUKEwilluHAvN3aAhXI7IMKHVZWCHIQ_AUoAXoECAAQAw&biw=1252&bih=678#imgdii=Y8wbViK1AC1bAM:&imgrc=zFA1jpnwqbTImM:
https://www.google.com/search?q=polycystin1+mutations&rlz=1C1CHBD_enUS751US751&source=lnms&tbm=isch&sa=X&ved=2ahUKEwigubzrvd3aAhUmw4MKHfxqDTkQ_AUoAXoECAAQAw&biw=1252&bih=678#imgrc=0Aie2bgzDwT45M:
https://www.google.com/search?q=polycystin1+mutations&rlz=1C1CHBD_enUS751US751&source=lnms&tbm=isch&sa=X&ved=2ahUKEwigubzrvd3aAhUmw4MKHfxqDTkQ_AUoAXoECAAQAw&biw=1252&bih=678#imgdii=flAj1qY247YZBM:&imgrc=MrR4ryZVyjSneM:
https://www.google.com/search?q=polycystin-2&rlz=1C1CHBD_enUS751US751&source=lnms&tbm=isch&sa=X&ved=2ahUKEwjt_biAwN3aAhXk5YMKHV8kBwEQ_AUoAXoECAAQAw&biw=1252&bih=678#imgrc=pHKnAIavo-4nMM:
https://www.google.com/search?q=PKD-2+mutations&rlz=1C1CHBD_enUS751US751&source=lnms&tbm=isch&sa=X&ved=2ahUKEwi999y6wN3aAhUs_IMKHSv_AOkQ_AUoAnoECAAQBA&biw=1252&bih=678#imgrc=flAj1qY247YZBM:
https://www.google.com/search?q=PKD-2+mutations&rlz=1C1CHBD_enUS751US751&source=lnms&tbm=isch&sa=X&ved=2ahUKEwi999y6wN3aAhUs_IMKHSv_AOkQ_AUoAnoECAAQBA&biw=1252&bih=678#imgrc=Hpq9_gdXq4oOuM:
https://www.google.com/search?q=pkd+pathology&rlz=1C1CHBD_enUS751US751&source=lnms&tbm=isch&sa=X&ved=2ahUKEwivs8CHwt3aAhUC7oMKHfBYC8AQ_AUoAXoECAAQAw&biw=1252&bih=678#imgrc=5rmyqgX-W1oLtM:
https://www.google.com/search?q=pkd+pathology&rlz=1C1CHBD_enUS751US751&source=lnms&tbm=isch&sa=X&ved=2ahUKEwivs8CHwt3aAhUC7oMKHfBYC8AQ_AUoAXoECAAQAw&biw=1252&bih=678#imgdii=IrX4hiOTZO2cTM:&imgrc=5rmyqgX-W1oLtM:
v
https://www.google.com/search?q=pkd+pathology&rlz=1C1CHBD_enUS751US751&source=lnms&tbm=isch&sa=X&ved=2ahUKEwivs8CHwt3aAhUC7oMKHfBYC8AQ_AUoAXoECAAQAw&biw=1252&bih=678#imgrc=nT1HUMwEvC-rRM:
https://www.google.com/search?q=pkd+pathology&rlz=1C1CHBD_enUS751US751&source=lnms&tbm=isch&sa=X&ved=2ahUKEwivs8CHwt3aAhUC7oMKHfBYC8AQ_AUoAXoECAAQAw&biw=1252&bih=678#imgrc=qJBY3ZRjcBAVPM:
https://www.google.com/search?q=pkd+pathology&rlz=1C1CHBD_enUS751US751&source=lnms&tbm=isch&sa=X&ved=2ahUKEwivs8CHwt3aAhUC7oMKHfBYC8AQ_AUoAXoECAAQAw&biw=1252&bih=678#imgrc=l4lGoheXTRCKrM:
https://www.google.com/search?q=pkd+pathology&rlz=1C1CHBD_enUS751US751&source=lnms&tbm=isch&sa=X&ved=2ahUKEwivs8CHwt3aAhUC7oMKHfBYC8AQ_AUoAXoECAAQAw&biw=1252&bih=678#imgrc=IifweIIk9d-kpM:
https://www.google.com/search?q=liver+cysts+and+pkd&rlz=1C1CHBD_enUS751US751&source=lnms&tbm=isch&sa=X&ved=2ahUKEwiPiLXtxd3aAhVG7IMKHXetAi0Q_AUoAnoECAAQBA&biw=1239&bih=678#imgrc=afq3OuRZRvl9YM:
https://www.google.com/search?q=berry+aneurysms&rlz=1C1CHBD_enUS751US751&source=lnms&tbm=isch&sa=X&ved=2ahUKEwjhu9Cixt3aAhWBr4MKHWwdAPsQ_AUoAXoECAAQAw&biw=1239&bih=678#imgrc=kJavja4Uu44rgM:
https://www.google.com/search?q=berry+aneurysm+subarachnoid+hemorrhage&rlz=1C1CHBD_enUS751US751&source=lnms&tbm=isch&sa=X&ved=2ahUKEwjJ9ZuHx93aAhWKx4MKHUUbBzcQ_AUoAXoECAAQAw&biw=1239&bih=678#imgrc=VLQ76nMeRptb2M:
https://www.youtube.com/watch?v=Jf-BMjiBlLA
https://www.youtube.com/watch?v=gJ3NLoiXhsQ
https://www.youtube.com/watch?v=FhdPS9vGwfg


What is hereditary spherocytosis?

• Hereditary spherocytosis (1w)  is an anaemia characterized by 
sphere-shaped erythrocytes .

• Incidence: 1/5000 (Northern Europe)
• Inheritance pattern: autosomal dominant but incomplete 

penetrance (1i, 2i, 3i, 4i)
• Genetic defects:  Defects in  spectrin (alpha and beta) (1i, 2i, 3i, 

4i), Ankyrin (1i, 2i, 3i, 4i), band 3 protein (1i, 2i, 3i), protein 4.2, 
and other membrane proteins 

• Clinical manifestations: hemolytic crisis (1i, 2i), aplastic crisis, 
pigmented gallstones (1i, 2i, 3i, 4i), leg ulcers, videos 1, 2, 3
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https://www.ncbi.nlm.nih.gov/pubmed/27756835
https://en.wikipedia.org/wiki/Hereditary_spherocytosis
https://www.google.com/search?q=spherocytosis&rlz=1C1CHBD_enUS751US751&source=lnms&tbm=isch&sa=X&ved=2ahUKEwiJi4Wizd3aAhVC0YMKHR8YAuYQ_AUoAXoECAAQAw&biw=1252&bih=678#imgrc=OnSCZwbYWnblvM:
https://www.google.com/search?q=incomplete+penetrance+definition&rlz=1C1CHBD_enUS751US751&source=lnms&tbm=isch&sa=X&ved=2ahUKEwiQkKXizN3aAhUl6IMKHeiND5kQ_AUoAXoECAAQAw&biw=1252&bih=678&dpr=1.5#imgrc=JaXXc-a6K78-0M:
https://www.google.com/search?q=incomplete+penetrance&rlz=1C1CHBD_enUS751US751&source=lnms&tbm=isch&sa=X&ved=2ahUKEwimhMP5yt3aAhUi7IMKHQjXC8oQ_AUoAXoECAAQAw&biw=1252&bih=678#imgdii=96pDuf1NvBv0RM:&imgrc=1jpJmrw8Z0dF2M:
https://www.google.com/search?q=incomplete+penetrance&rlz=1C1CHBD_enUS751US751&source=lnms&tbm=isch&sa=X&ved=2ahUKEwimhMP5yt3aAhUi7IMKHQjXC8oQ_AUoAXoECAAQAw&biw=1252&bih=678#imgdii=9Ha_E75nTLu4uM:&imgrc=1jpJmrw8Z0dF2M:
https://www.google.com/search?q=incomplete+penetrance&rlz=1C1CHBD_enUS751US751&source=lnms&tbm=isch&sa=X&ved=2ahUKEwimhMP5yt3aAhUi7IMKHQjXC8oQ_AUoAXoECAAQAw&biw=1252&bih=678#imgrc=RH1hQRueHrkhGM:
https://www.google.com/search?q=incomplete+penetrance&rlz=1C1CHBD_enUS751US751&source=lnms&tbm=isch&sa=X&ved=2ahUKEwimhMP5yt3aAhUi7IMKHQjXC8oQ_AUoAXoECAAQAw&biw=1252&bih=678#imgrc=0GfR3z-A2brmgM:
https://en.wikipedia.org/wiki/Spectrinhttps:/www.google.com/search?q=spectrin+definition&rlz=1C1CHBD_enUS751US751&source=lnms&tbm=isch&sa=X&ved=2ahUKEwiY8PGk293aAhXSqYMKHepQCiwQ_AUoAXoECAAQAw&biw=1252&bih=678#imgrc=3IVzX1UiONPDKM:
https://www.google.com/imgres?imgurl=https://upload.wikimedia.org/wikipedia/commons/3/34/Cytoskeleton_(Elliptocytosis).png&imgrefurl=https://en.wikipedia.org/wiki/Spectrin&h=615&w=1061&tbnid=FJ4Kq9j4CXnOtM:&tbnh=122&tbnw=210&usg=__3BezAlPjlvLFkf2l8O2XICPM27c=&vet=12ahUKEwiW-PnQ2d3aAhWr5IMKHSR7BrkQ9QEwAHoECAAQLg..i&docid=uqcPZxX0iH0pSM&sa=X&ved=2ahUKEwiW-PnQ2d3aAhWr5IMKHSR7BrkQ9QEwAHoECAAQLg
https://www.google.com/search?q=spectrin&rlz=1C1CHBD_enUS751US751&source=lnms&tbm=isch&sa=X&ved=2ahUKEwiW-PnQ2d3aAhWr5IMKHSR7BrkQ_AUoAXoECAAQAw&biw=1252&bih=678#imgrc=JU5PmnBib1R04M:
https://www.google.com/search?q=spectrin&rlz=1C1CHBD_enUS751US751&source=lnms&tbm=isch&sa=X&ved=2ahUKEwiW-PnQ2d3aAhWr5IMKHSR7BrkQ_AUoAXoECAAQAw&biw=1252&bih=678#imgrc=7EbDqSn2hx6ABM:
https://www.google.com/search?q=spectrin&rlz=1C1CHBD_enUS751US751&source=lnms&tbm=isch&sa=X&ved=2ahUKEwiW-PnQ2d3aAhWr5IMKHSR7BrkQ_AUoAXoECAAQAw&biw=1252&bih=678#imgrc=xJn5jpUhkls7bM:
https://en.wikipedia.org/wiki/Ankyrin
https://www.google.com/search?q=ankyrin+definition&rlz=1C1CHBD_enUS751US751&source=lnms&tbm=isch&sa=X&ved=2ahUKEwiq8aP3293aAhWl6oMKHQngBzQQ_AUoAXoECAAQAw&biw=1252&bih=678#imgrc=aJNTPb_wL4-q0M:
https://www.google.com/search?q=ankyrin+definition&rlz=1C1CHBD_enUS751US751&source=lnms&tbm=isch&sa=X&ved=2ahUKEwiq8aP3293aAhWl6oMKHQngBzQQ_AUoAXoECAAQAw&biw=1252&bih=678#imgdii=HUSWn_fnonTfSM:&imgrc=aJNTPb_wL4-q0M:
https://www.google.com/search?q=ankyrin+definition&rlz=1C1CHBD_enUS751US751&source=lnms&tbm=isch&sa=X&ved=2ahUKEwiq8aP3293aAhWl6oMKHQngBzQQ_AUoAXoECAAQAw&biw=1252&bih=678#imgrc=VyWFBwXaqs18NM:
https://www.google.com/search?q=ankyrin+function&rlz=1C1CHBD_enUS751US751&source=lnms&tbm=isch&sa=X&ved=2ahUKEwjCsci03d3aAhUizIMKHWCcDYoQ_AUoAXoECAAQAw&biw=1252&bih=678#imgdii=Fm6d5q7SLrsK4M:&imgrc=6hRRiRCpmygxHM:
https://en.wikipedia.org/wiki/Band_3
https://www.google.com/search?q=band+3+protein&rlz=1C1CHBD_enUS751US751&source=lnms&tbm=isch&sa=X&ved=2ahUKEwi3kray3t3aAhUEo4MKHYt6B9UQ_AUoAXoECAAQAw&biw=1252&bih=678#imgrc=89DMrlQc_LOW0M:
https://www.google.com/search?q=band+3+protein&rlz=1C1CHBD_enUS751US751&source=lnms&tbm=isch&sa=X&ved=2ahUKEwi3kray3t3aAhUEo4MKHYt6B9UQ_AUoAXoECAAQAw&biw=1252&bih=678#imgdii=IB83QjDVSTdvvM:&imgrc=8rZZj2YELZHhrM:
https://www.google.com/search?q=band+3+protein&rlz=1C1CHBD_enUS751US751&source=lnms&tbm=isch&sa=X&ved=2ahUKEwi3kray3t3aAhUEo4MKHYt6B9UQ_AUoAXoECAAQAw&biw=1252&bih=678#imgrc=n6_XiJeoWAiGhM:
https://en.wikipedia.org/wiki/Protein_4.2
https://www.google.com/search?q=hereditary+spherocytosis+presentation&client=firefox-b-1-d&source=lnms&tbm=isch&sa=X&ved=0ahUKEwjkob2c4dzhAhUPXa0KHQgpAKIQ_AUIDigB&biw=1196&bih=643
https://www.google.com/search?q=hemolytic+crisis&rlz=1C1CHBD_enUS751US751&source=lnms&tbm=isch&sa=X&ved=2ahUKEwjHjtCu593aAhUJ6YMKHSm-DugQ_AUoAnoECAAQBA&biw=1252&bih=678#imgrc=vLRU9YLcpj_NoM:
https://www.google.com/search?q=hemolytic+crisis&rlz=1C1CHBD_enUS751US751&source=lnms&tbm=isch&sa=X&ved=2ahUKEwjHjtCu593aAhUJ6YMKHSm-DugQ_AUoAnoECAAQBA&biw=1252&bih=678#imgrc=p8oikiAHLyiLdM:
https://www.google.com/search?q=aplastic+crisis&client=firefox-b-1-d&source=lnms&tbm=isch&sa=X&ved=0ahUKEwib4J3b4dzhAhURVK0KHUCDAEwQ_AUIDigB&biw=1196&bih=643
https://www.google.com/search?q=pigmented+gallstones&rlz=1C1CHBD_enUS751US751&source=lnms&tbm=isch&sa=X&ved=2ahUKEwiS5K294t3aAhUT84MKHTqgAzcQ_AUoAXoECAAQAw&biw=1252&bih=678#imgrc=6eMjrRIJ0c4IiM:
https://www.google.com/search?q=pigmented+gallstones&rlz=1C1CHBD_enUS751US751&source=lnms&tbm=isch&sa=X&ved=2ahUKEwiS5K294t3aAhUT84MKHTqgAzcQ_AUoAXoECAAQAw&biw=1252&bih=678#imgrc=5lMb6-dLibKSQM:
https://www.google.com/search?q=pigmented+gallstones&rlz=1C1CHBD_enUS751US751&source=lnms&tbm=isch&sa=X&ved=2ahUKEwiS5K294t3aAhUT84MKHTqgAzcQ_AUoAXoECAAQAw&biw=1252&bih=678#imgrc=wrlZDULCqvxyiM:
https://www.google.com/imgres?imgurl=http://www.eclinpath.com/wp-content/uploads/bilirubin-and-hemolysis.jpg&imgrefurl=http://www.eclinpath.com/chemistry/liver/cholestasis/bilirubin/bilirubin-and-hemolysis/&h=2645&w=2253&tbnid=QvaNzd7210zHgM:&tbnh=160&tbnw=136&usg=__eh-qglGy6wvWKTe7E-AqIbdJJ3g=&vet=12ahUKEwiyzITQ5N3aAhVH6IMKHX-sAyIQ9QEwAHoECAAQLQ..i&docid=v_ZWzMtfte-WiM&sa=X&ved=2ahUKEwiyzITQ5N3aAhVH6IMKHX-sAyIQ9QEwAHoECAAQLQ
https://www.google.com/search?q=bilirubin+and+hemolytic+anemia&rlz=1C1CHBD_enUS751US751&source=lnms&tbm=isch&sa=X&ved=2ahUKEwiyzITQ5N3aAhVH6IMKHX-sAyIQ_AUoAXoECAAQAw&biw=1252&bih=678#imgrc=yLFHD7CRGsEk7M:
https://www.youtube.com/watch?v=uPGb4aR-WcM
https://www.youtube.com/watch?v=ddeTsa0H624
https://www.youtube.com/watch?v=YHiafQdgEkU


What is Marfan syndrome?

• Marfan syndrome (1w, 2i) is a condition characterized by 
disordered connective tissue.

• Incidence: 1/5000

• Inheritance: Autosomal dominant

• Genetic defect: fibrillin-1 gene (1i, 2i, 3i, 4i) (FBN1 gene) with 
mutations (1i, 2i, 3i, 4i, 5i)

• Clinical manifestations: variable skeletal, ocular, and 
cardiovascular abnormalities, videos 1, 2, 3, 4
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https://www.ncbi.nlm.nih.gov/pubmed/16325700
https://en.wikipedia.org/wiki/Marfan_syndrome
https://www.google.com/search?q=Marfan%E2%80%99s+syndrome&rlz=1C1CHBD_enUS751US751&source=lnms&tbm=isch&sa=X&ved=0ahUKEwiFtcLNldjhAhUHIqwKHUc-AdcQ_AUIDigB&biw=1131&bih=608
https://www.google.com/search?q=Marfans+inheritance+pattern&rlz=1C1CHBD_enUS751US751&source=lnms&tbm=isch&sa=X&ved=2ahUKEwiDkpjbuN7aAhVByoMKHcLhBzIQ_AUoAXoECAAQAw&biw=1252&bih=678#imgrc=esL5wqbbsnKWqM:
https://en.wikipedia.org/wiki/Fibrillin_1
https://www.google.com/search?q=fibrillin-1+protein&rlz=1C1CHBD_enUS751US751&source=lnms&tbm=isch&sa=X&ved=2ahUKEwjStv2Tvt7aAhUK44MKHVE9ClgQ_AUoAXoECAAQAw&biw=1280&bih=733&dpr=1.5#imgrc=45FMAtuThRnwGM:
https://www.google.com/search?q=fibrillin-1+protein&rlz=1C1CHBD_enUS751US751&source=lnms&tbm=isch&sa=X&ved=2ahUKEwjStv2Tvt7aAhUK44MKHVE9ClgQ_AUoAXoECAAQAw&biw=1280&bih=733&dpr=1.5#imgrc=jmo-8dPfuXfbMM:
https://www.google.com/search?q=fibrillin-1+protein&rlz=1C1CHBD_enUS751US751&source=lnms&tbm=isch&sa=X&ved=2ahUKEwjStv2Tvt7aAhUK44MKHVE9ClgQ_AUoAXoECAAQAw&biw=1280&bih=733&dpr=1.5#imgrc=-O7og94DG5zU8M:
https://www.google.com/search?q=fibrillin-1+protein&rlz=1C1CHBD_enUS751US751&source=lnms&tbm=isch&sa=X&ved=2ahUKEwjStv2Tvt7aAhUK44MKHVE9ClgQ_AUoAXoECAAQAw&biw=1280&bih=733&dpr=1.5#imgrc=mJoxamC3MRz5WM:
https://www.google.com/search?q=fibrillin+1+mutation+marfan+syndrome&rlz=1C1CHBD_enUS751US751&source=lnms&tbm=isch&sa=X&ved=2ahUKEwiFgIKAwd7aAhUh7IMKHSCDCXsQ_AUoAXoECAAQAw&biw=1280&bih=733#imgrc=vlY8pfAeWUIqrM:
https://www.google.com/search?q=fibrillin+1+mutation+marfan+syndrome&rlz=1C1CHBD_enUS751US751&source=lnms&tbm=isch&sa=X&ved=2ahUKEwiFgIKAwd7aAhUh7IMKHSCDCXsQ_AUoAXoECAAQAw&biw=1280&bih=733#imgrc=_&spf=1555540866086
https://www.google.com/search?q=fibrillin+1+mutation+marfan+syndrome&rlz=1C1CHBD_enUS751US751&source=lnms&tbm=isch&sa=X&ved=2ahUKEwiFgIKAwd7aAhUh7IMKHSCDCXsQ_AUoAXoECAAQAw&biw=1280&bih=733#imgrc=LK2toYU78rr3jM:
https://www.google.com/search?q=fibrillin+1+mutation+marfan+syndrome&rlz=1C1CHBD_enUS751US751&source=lnms&tbm=isch&sa=X&ved=2ahUKEwiFgIKAwd7aAhUh7IMKHSCDCXsQ_AUoAXoECAAQAw&biw=1280&bih=733#imgdii=BRLY8bESiGHlkM:&imgrc=ErgakkPjJwhtwM:
https://www.google.com/search?q=fibrillin+1+mutation+marfan+syndrome&rlz=1C1CHBD_enUS751US751&source=lnms&tbm=isch&sa=X&ved=2ahUKEwiFgIKAwd7aAhUh7IMKHSCDCXsQ_AUoAXoECAAQAw&biw=1280&bih=733#imgrc=xOAcjhQAyLMF3M:
https://www.google.com/search?q=fibrillin-1+mutation&rlz=1C1CHBD_enUS751US751&source=lnms&tbm=isch&sa=X&ved=2ahUKEwj_udfXwN7aAhXG5YMKHZPpACIQ_AUoAXoECAAQAw&biw=1024&bih=586&dpr=1.88#imgrc=7d6N1ce4vZQbJM:
https://www.google.com/search?q=marfans+ocular+findings&rlz=1C1CHBD_enUS751US751&source=lnms&tbm=isch&sa=X&ved=2ahUKEwj4lYjbx97aAhWs7oMKHUBZCR8Q_AUoAXoECAAQAw&biw=1024&bih=586#imgrc=2I1dDmN39zcQwM:
https://www.google.com/search?q=marfan+syndrome+skeletal+abnormalities&rlz=1C1CHBD_enUS751US751&source=lnms&tbm=isch&sa=X&ved=2ahUKEwiw8d2zxd7aAhXpx4MKHeRsAw0Q_AUoAXoECAAQAw&biw=1024&bih=586#imgrc=_&spf=1555540213740
https://www.google.com/search?q=marfans+ocular+findings&rlz=1C1CHBD_enUS751US751&source=lnms&tbm=isch&sa=X&ved=2ahUKEwj4lYjbx97aAhWs7oMKHUBZCR8Q_AUoAXoECAAQAw&biw=1024&bih=586#imgrc=1ePVa9fTxbgT4M:
https://www.google.com/search?rlz=1C1CHBD_enUS751US751&biw=1227&bih=611&tbm=isch&sa=1&ei=2am3XKPuFcqEtQWxkYNg&q=marfan+syndrome+cardiovascular+system&oq=marfan+syndrome+cardiovascular+system&gs_l=img.3...0.0..212974...0.0..0.0.0.......1......gws-wiz-img.RcnKovyCZkU
https://www.youtube.com/watch?v=p4Ev9KEyw78
https://www.youtube.com/watch?v=3F_uIYKizLo
https://www.youtube.com/watch?v=JpbyGjco_GA
https://www.youtube.com/watch?v=y21C7gc-jFg


What is Huntington disease?

• Huntington disease (1w, 2i)  is characterized by progressive 
death of brain cells

• Incidence: 1/10,000

• Inheritance: autosomal dominant

• Pathology: degeneration and atrophy of  striatum, and later, 
cerebral cortex

• Genetics: Excessive CAG repeats; video

• Clinical:  videos 1, 2, 3, 4, 5
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https://www.ncbi.nlm.nih.gov/pubmed/27069383
https://en.wikipedia.org/wiki/Huntington's_disease
https://www.google.com/search?q=huntington+disease&rlz=1C1CHBD_enUS751US751&source=lnms&tbm=isch&sa=X&ved=0ahUKEwj0tfaNwdrhAhWNT98KHSQ1CIMQ_AUIDygC&biw=1131&bih=608
https://www.google.com/search?q=huntington+disease&rlz=1C1CHBD_enUS751US751&source=lnms&tbm=isch&sa=X&ved=0ahUKEwj0tfaNwdrhAhWNT98KHSQ1CIMQ_AUIDygC&biw=1131&bih=608
https://www.google.com/search?q=huntington+disease+genetics&rlz=1C1CHBD_enUS751US751&source=lnms&tbm=isch&sa=X&ved=2ahUKEwiu8eCy_d_aAhXFzIMKHVdBD7kQ_AUoAnoECAAQBA&biw=1001&bih=542#imgrc=_&spf=1555620550415
https://www.google.com/search?q=cag+repeats&rlz=1C1CHBD_enUS751US751&source=lnms&tbm=isch&sa=X&ved=2ahUKEwjrtfvl_t_aAhXK8YMKHaHgB4wQ_AUoAXoECAAQAw&biw=1001&bih=542#imgrc=e1Ar49Yn4FpnzM:
https://www.youtube.com/watch?v=M6Z9bkd7zF8
https://www.youtube.com/watch?v=IuSaXiRVqg0
https://www.youtube.com/watch?v=JzAPh2v-SCQ
https://www.youtube.com/watch?v=8lItaU0ftK8
https://www.youtube.com/watch?v=i8oNemfAszs
https://www.youtube.com/watch?v=KleHA0fv0Eg


What are some other autosomal 
dominant diseases?

• Tuberous sclerosis

• Neurofibromatosis type I

• Neurofibromatosis type 2

• Retinoblastoma

• Myotonic dystrophy

• Familial adenomatous 
polyposis

• Achondroplasia

• Ehlor's Danlos (vascular)

• Acute intermittent porphyria

• Hypertrophic obstructive 
cardiomyopathy

• Von Willebrand disease

• Polydactyly

• Osteogenesis Imperfecta (Except 
Type VII)

• Hereditary hemorrhagic 
telengiactasia (Osler-Weber-Rendu
syndrome) 

• Adult osteopetrosis type II

• Hypokalemic periodic paralysiswww.ReviewPathology.com

https://www.google.com/search?q=tuberous+sclerosis&rlz=1C1CHBD_enUS751US751&source=lnms&tbm=isch&sa=X&ved=0ahUKEwj7veiI8s3gAhXGqYMKHYBVCnoQ_AUIDigB&biw=1163&bih=633
https://www.google.com/search?q=Neurofibromatosis+type+I&rlz=1C1CHBD_enUS751US751&source=lnms&tbm=isch&sa=X&ved=0ahUKEwjHtJG48s3gAhUm34MKHYnnCi4Q_AUIDigB&biw=1163&bih=633
https://www.google.com/search?q=neurofibromatosis+type+2&rlz=1C1CHBD_enUS751US751&source=lnms&tbm=isch&sa=X&ved=0ahUKEwjUkrX28s3gAhVJ04MKHXKFBCUQ_AUIDigB&biw=1163&bih=633
https://www.google.com/search?q=retinoblastoma&rlz=1C1CHBD_enUS751US751&source=lnms&tbm=isch&sa=X&ved=0ahUKEwjdmtus883gAhVlooMKHf03AY8Q_AUIDigB&biw=1163&bih=633#imgrc=cZSUSJ9kkb7qBM:
https://www.google.com/search?q=myotonic+dystrophy&rlz=1C1CHBD_enUS751US751&source=lnms&tbm=isch&sa=X&ved=0ahUKEwjYoJaN9M3gAhUmxoMKHXCcB98Q_AUIDygC&biw=1163&bih=633
https://www.google.com/search?q=Familial+adenomatous+polyposis&rlz=1C1CHBD_enUS751US751&source=lnms&tbm=isch&sa=X&ved=0ahUKEwjQw67L9M3gAhUo2IMKHfdUDQsQ_AUIDigB&biw=1163&bih=633#imgrc=-qwAKPfaE-gftM:
https://www.google.com/search?q=achondroplasia&rlz=1C1GCEU_enUS821US821&source=lnms&tbm=isch&sa=X&ved=0ahUKEwi_9fKk0fDfAhVDPK0KHfIzDCoQ_AUIDigB&biw=910&bih=463
https://www.google.com/search?rlz=1C1GCEU_enUS821US821&biw=910&bih=463&tbm=isch&sa=1&ei=ukM-XLOnJYqGsAXVu6ygCw&q=Ehlor's+Danlos+(vascular)&oq=Ehlor's+Danlos+(vascular)&gs_l=img.3...87806.87806..89654...0.0..0.54.54.1......0....2j1..gws-wiz-img.ibDbsRftMrs
https://www.google.com/search?hl=en&authuser=0&biw=1280&bih=597&tbm=isch&sa=1&ei=ITNBXLz7LImYsAGb74nYCw&q=Acute+intermittent+porphyria&oq=Acute+intermittent+porphyria&gs_l=img.3..0l10.1453424.1453424..1456579...0.0..0.83.83.1......1....2j1..gws-wiz-img.UVoT2Yqhe3U
https://www.google.com/search?hl=en&authuser=0&biw=1280&bih=597&tbm=isch&sa=1&ei=0zhBXO6kMOKUjwT8g6DIAg&q=Hypertrophic+obstructive+cardiomyopathy&oq=Hypertrophic+obstructive+cardiomyopathy&gs_l=img.3..0l4j0i8i30l2j0i24l4.283891.283891..288944...0.0..0.106.106.0j1......1....2j1..gws-wiz-img.8iNJPDEXYrw
https://www.google.com/search?hl=en&authuser=0&biw=1280&bih=597&tbm=isch&sa=1&ei=9jlBXICWFqGMjwT01Y2wBg&q=+Von+Willebrand+disease&oq=+Von+Willebrand+disease&gs_l=img.3..0l10.159486.159486..162605...0.0..0.100.100.0j1......1....2j1..gws-wiz-img.1GU50azaLqQ
https://www.google.com/search?hl=en&authuser=0&biw=1280&bih=597&tbm=isch&sa=1&ei=mjpBXLzwG7HUjgSb9IygAg&q=Polydactyly&oq=Polydactyly&gs_l=img.3..0j0i67j0l7j0i10.135265.139139..142600...0.0..3.161.1913.0j15......2....1j2..gws-wiz-img.....0..35i39.zEJuQGFrlfM
https://www.google.com/search?hl=en&authuser=0&biw=1280&bih=597&tbm=isch&sa=1&ei=zjtBXOG7IojSjwSO_pPQCQ&q=Osteogenesis+Imperfecta+(Except+Type+VII)&oq=Osteogenesis+Imperfecta+(Except+Type+VII)&gs_l=img.3...0.0..13529...0.0..0.0.0.......1......gws-wiz-img.bR73fCkKFdc
https://www.google.com/search?hl=en&authuser=0&biw=1280&bih=597&tbm=isch&sa=1&ei=3TtBXIKJHuW7jwSLt4vQCA&q=Hereditary+hemorrhagic+telengiactasia&oq=Hereditary+hemorrhagic+telengiactasia&gs_l=img.3...101979.101979..122727...0.0..0.101.101.0j1......1....2j1..gws-wiz-img.Ns6_BDeGlsI
https://www.google.com/search?hl=en&authuser=0&biw=1280&bih=597&tbm=isch&sa=1&ei=9zxBXJSfG5WHjwTK2YagAw&q=von+willebrand+disease&oq=von+willebrand+disease&gs_l=img.3...0.0..20751...0.0..0.0.0.......1......gws-wiz-img.nDcwvanpT8o
https://www.google.com/search?hl=en&authuser=0&biw=1280&bih=597&tbm=isch&sa=1&ei=1T1BXN_8C-bcjwT8pZ64Dg&q=Hypokalemic+periodic+paralysis&oq=Hypokalemic+periodic+paralysis&gs_l=img.3...0.0..5211...0.0..0.0.0.......1......gws-wiz-img.UVgKG-FemAA


What are some well-known autosomal 
recessive diseases? 

• Sickle cell anemia

• Cystic fibrosis

• Tay-Sachs disease

• Phenylketonuria

• Mucopolysaccharidoses

• Glycogen storage diseases

• Galactosemia
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https://www.google.com/search?q=autosomal+recessive&rlz=1C1GCEU_enUS821US821&source=lnms&tbm=isch&sa=X&ved=0ahUKEwjDx-n74tzhAhUPWa0KHTIqB-IQ_AUIDigB&biw=918&bih=426


What is sickle cell anaemia?

• Definition: genetic disease causing sickling of RBCs (1w, 2i)

• Incidence: 1/500 (US African Americans)

• Hematology: video 1, 2, 

• Inheritance: autosomal recessive

• Genetics:  Genotype:  SS

• Clinical manifestations: hemolytic anemia, episodes of pain 
(sickle cell crisis), frequent infections, growth retardation, eye 
involvement, pigment gallstones. Videos 1, 2, 3, 4, 5
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https://www.ncbi.nlm.nih.gov/pubmed/28423290
https://en.wikipedia.org/wiki/Sickle_cell_disease
https://www.google.com/search?q=sickle+cell+anemia+wiki&rlz=1C1CHBD_enUS751US751&source=lnms&tbm=isch&sa=X&ved=0ahUKEwjVq7bBxdrhAhXp1FkKHZL0C4AQ_AUIDygC&biw=1131&bih=608
https://www.dnalc.org/view/15532-Sickle-cell-anemia-3D-animation-with-narration.html
https://www.youtube.com/watch?v=PgmhlRKSxDw
https://www.google.com/search?q=Genotype:++SS&client=firefox-b-1-d&source=lnms&tbm=isch&sa=X&ved=0ahUKEwjuu72049zhAhUCKKwKHfgHAioQ_AUIDigB&biw=1196&bih=643
https://www.google.com/search?q=sickle+cell+anemia+clinical+manifestations&client=firefox-b-1-d&source=lnms&tbm=isch&sa=X&ved=0ahUKEwjxjZGp5NzhAhVGKKwKHUeKDWAQ_AUIDigB&biw=1196&bih=643
https://www.ncbi.nlm.nih.gov/books/NBK526064/
https://www.google.com/search?client=firefox-b-1-d&biw=1196&bih=643&tbm=isch&sa=1&ei=FRO6XJ34Ks2MsQX_oJ6AAw&q=sickle+cell+anemia+eye+involvement&oq=sickle+cell+anemia+eye+involvement&gs_l=img.3...169472.173804..175820...0.0..2.79.1169.23......0....1j2..gws-wiz-img.......0j0i24._GE3mPNFHRE
https://www.google.com/search?client=firefox-b-1-d&biw=1196&bih=643&tbm=isch&sa=1&ei=ihS6XMP4KImStQW5paO4AQ&q=sickle+cell+anemia+pigment+gallstones&oq=sickle+cell+anemia+pigment+gallstones&gs_l=img.3...92538.97832..103592...0.0..0.56.343.8......0....1..gws-wiz-img.sM10CAyZvnQ
https://www.youtube.com/watch?v=rtxLqflSBDQ
https://www.youtube.com/watch?v=uXgahoAmOyk
https://www.youtube.com/watch?v=pj8jv8Pby3M
https://www.youtube.com/watch?v=NhtMEKYODHg
https://www.nhs.uk/video/pages/sickle-cell-anaemia.aspx


What is cystic fibrosis? 

• Cystic fibrosis (1w, 2i) is characterized by mucous blockage in 
pancreas and lungs

• Incidence: 1/3200 (USA)

• Inheritance:  autosomal recessive

• Pathology: pancreatic insufficiency and obstructive 
pulmonary disease

• Genetic basis: CFTR protein (1w) and its gene mutations

• Videos: 1, 2, 3, 4, 5
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https://www.ncbi.nlm.nih.gov/pubmed/19393104
https://en.wikipedia.org/wiki/Cystic_fibrosis
https://www.google.com/search?q=cystic+fibrosis&client=firefox-b-1-d&source=lnms&tbm=isch&sa=X&ved=0ahUKEwjT5-_W5tzhAhVBIqwKHe7FDLEQ_AUIDygC&biw=1196&bih=643
https://www.google.com/search?q=autosomal+recessive&rlz=1C1GCEU_enUS821US821&source=lnms&tbm=isch&sa=X&ved=0ahUKEwjDx-n74tzhAhUPWa0KHTIqB-IQ_AUIDigB&biw=918&bih=426
https://www.google.com/search?q=cystic+fibrosis+pancreatic+insufficiency&rlz=1C1CHBD_enUS751US751&source=lnms&tbm=isch&sa=X&ved=0ahUKEwjOwtav_83gAhUr1oMKHQ3iAg8Q_AUIDigB&biw=1163&bih=633
https://www.google.com/search?rlz=1C1CHBD_enUS751US751&biw=1163&bih=633&tbm=isch&sa=1&ei=GjdvXMawHszTjwT176jYDg&q=cystic+fibrosis+obstructive+pulmonary+disease&oq=cystic+fibrosis+obstructive+pulmonary+disease&gs_l=img.3...0.0..148188...0.0..0.0.0.......1......gws-wiz-img.alPq4kMYmJc
https://www.google.com/search?q=cftr+protein&rlz=1C1CHBD_enUS751US751&source=lnms&tbm=isch&sa=X&ved=0ahUKEwjKy9vJgc7gAhWFxYMKHTkYAeEQ_AUIDigB&biw=1163&bih=633
https://en.wikipedia.org/wiki/Cystic_fibrosis_transmembrane_conductance_regulator
https://www.google.com/search?rlz=1C1CHBD_enUS751US751&tbm=isch&q=cftr+protein&chips=q:cftr+protein,g_1:mutated:wEn3IwvY8W8%3D&usg=AI4_-kTrh-0C_X0A7Ujc_YwELL3TDLkAYw&sa=X&ved=0ahUKEwjP047Ogc7gAhWLxIMKHTqRCh8Q4lYILCgC&biw=1163&bih=633&dpr=1.65
https://www.youtube.com/watch?v=BhFpFiZumS0
https://www.youtube.com/watch?v=az6aH7nLKRI
https://www.youtube.com/watch?v=_j99-xgOIaw
https://www.youtube.com/watch?v=eehsgyvm0SQ
https://www.youtube.com/watch?v=2QB820QQlhM


What is Tay-Sachs disease?

• Tay-Sachs disease (1w, 2i) is genetic disorder of brain and 
spinal cord

• Incidence: 1/3500

• Pathology: Nerve cell accumulation of ganglioside (GM2)
Genetic basis: HEXA gene mutation

• Symptoms: progressive involvement of brain and spinal cord.

• Videos: 1, 2, 3, 4, 5, 6, 7 very good, 8, 9 good, 10

www.ReviewPathology.com

https://rarediseases.info.nih.gov/diseases/7737/tay-sachs-disease
https://en.wikipedia.org/wiki/Tay%E2%80%93Sachs_disease
https://www.google.com/search?q=tay-sachs+disease&rlz=1C1CHBD_enUS751US751&source=lnms&tbm=isch&sa=X&ved=0ahUKEwjA1KyQg87gAhXD5YMKHUExC1kQ_AUIDigB&biw=1163&bih=633
https://en.wikipedia.org/wiki/GM2_gangliosidoses
https://www.google.com/search?q=hexa+gene&source=lnms&tbm=isch&sa=X&ved=0ahUKEwjAxeystP7aAhVs54MKHaljCC8Q_AUICigB&biw=1146&bih=581#imgdii=msLl4qdGtuxviM:&imgrc=9snOIqo9X1vMjM:
https://www.google.com/search?q=hexa+gene&rlz=1C1CHBD_enUS751US751&source=lnms&tbm=isch&sa=X&ved=0ahUKEwj36JeEhc7gAhXBx4MKHazuA70Q_AUIDigB&biw=1163&bih=633
https://www.google.com/search?rlz=1C1CHBD_enUS751US751&tbm=isch&q=hexa+gene&chips=q:hexa+gene,g_1:mutated:vyoElg1iaFc%3D&usg=AI4_-kSuCxeA23t9jtX0gE_EKeTNATQbDA&sa=X&ved=0ahUKEwiq5uCJhc7gAhUd24MKHRssAFYQ4lYILCgC&biw=1163&bih=633&dpr=1.65
https://www.google.com/search?biw=1536&bih=849&tbm=isch&sa=1&ei=yTtvXKrrCcvJjwS8nJz4Bg&q=tay+sachs+disease+symptoms&oq=+tay+sachs&gs_l=img.1.4.0i67j0j0i67j0j0i67j0l5.643071.643071..654949...0.0..0.155.155.0j1......1....1..gws-wiz-img.0lvg1Ms768o
https://www.youtube.com/watch?v=l3-FbyGviH8
https://www.youtube.com/watch?v=CaWoeRY-gJY
https://hstalks.com/t/53/gm2-gangliosidoses/
https://www.youtube.com/watch?v=UKKahvyIBLU
https://www.youtube.com/watch?v=BazvgoS4q-4
https://www.youtube.com/watch?v=DCG-UOHOYZU
https://www.youtube.com/watch?v=S9J1E2yA2J8
https://www.youtube.com/watch?v=wum_2FfPSBw
https://www.youtube.com/watch?v=T0BlvZaAA2M


What is phenylketonuria?

• Phenylketonuria is caused by decreased metabolism of phenylalanine

• Inheritence & incidence: autosomal recessive & 1/10,000

• Metabolic defect: phenylalanine ⇸ tyrosine (1, 2, 3, 4, 5,); excess 

phenylalanine   phenylketones in urine 

• Genetic defect: deficiency in  phenylalanine hydroxylase ( 1, 2, 3, 4)

• Clinical: Delayed physical and social development, loss of 
pigmentation, eczema, seizures, movement disorders

• Videos: 1, 2, 3, 4, 5, 6
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https://en.wikipedia.org/wiki/Phenylketonuria
https://www.google.com/search?q=phenylalanine&source=lnms&tbm=isch&sa=X&ved=0ahUKEwjPhrzHvufaAhVH4YMKHZ9VDUEQ_AUICigB&biw=1168&bih=578#imgrc=zqoYvctmgjyeTM:
https://www.google.com/search?q=Phenylketonuria+genetic+defect&source=lnms&tbm=isch&sa=X&ved=0ahUKEwiMjoHsx-faAhWl7YMKHWEpB-UQ_AUICygC&biw=1168&bih=578#imgrc=umLLdSCFg47THM:
https://www.google.com/search?q=phenylketonuria&source=lnms&tbm=isch&sa=X&ved=0ahUKEwjf-LOqv-faAhWb14MKHaJ2D44Q_AUICigB&biw=1168&bih=578#imgrc=NlbnavBwEiIybM:
https://www.google.com/search?q=phenylketonuria&source=lnms&tbm=isch&sa=X&ved=0ahUKEwjf-LOqv-faAhWb14MKHaJ2D44Q_AUICigB&biw=1168&bih=578#imgrc=uwO7hXBfunbLrM:
https://www.google.com/search?q=phenylketonuria&source=lnms&tbm=isch&sa=X&ved=0ahUKEwjf-LOqv-faAhWb14MKHaJ2D44Q_AUICigB&biw=1168&bih=578#imgrc=2GkZlOElYyVC_M:
https://www.google.com/search?q=phenylketonuria+urine&source=lnms&tbm=isch&sa=X&ved=0ahUKEwiP_5GTxOfaAhXK54MKHV0CB_0Q_AUICigB&biw=1168&bih=578#imgrc=t5NA7Sm7dQaqwM:
https://www.google.com/search?q=phenylketonuria+urine&source=lnms&tbm=isch&sa=X&ved=0ahUKEwiP_5GTxOfaAhXK54MKHV0CB_0Q_AUICigB&biw=1168&bih=578#imgrc=4FJF0TgGMgmujM:
https://www.google.com/search?q=phenylketones&rlz=1C1GCEU_enUS821US821&source=lnms&tbm=isch&sa=X&ved=0ahUKEwjr35nY69LhAhVNX60KHbSdDB8Q_AUIECgD&biw=918&bih=426#imgdii=7RsAfwjKoyxHgM:&imgrc=Sq60nOfYwJ3YdM:
https://en.wikipedia.org/wiki/Phenylalanine_hydroxylase
https://www.google.com/search?q=Phenylketonuria+genetic+defect&source=lnms&tbm=isch&sa=X&ved=0ahUKEwiMjoHsx-faAhWl7YMKHWEpB-UQ_AUICygC&biw=1168&bih=578#imgdii=LUJ8eX8UdmRZSM:&imgrc=07IagTvNuAJL_M:
https://www.google.com/search?q=pku+and+genetic+defect&source=lnms&tbm=isch&sa=X&ved=0ahUKEwig56_u7OfaAhVJ4IMKHXUvDNIQ_AUICygC&biw=1168&bih=578#imgrc=asHUPx4vGgK70M:
https://www.google.com/search?q=Phenylketonuria+genetic+defect&source=lnms&tbm=isch&sa=X&ved=0ahUKEwiMjoHsx-faAhWl7YMKHWEpB-UQ_AUICygC&biw=1168&bih=578#imgrc=07IagTvNuAJL_M:
https://www.google.com/search?q=pku+gene+defect&source=lnms&tbm=isch&sa=X&ved=0ahUKEwib6NDO7-faAhUXoYMKHbzSAYMQ_AUICigB&biw=1168&bih=578#imgrc=0ETMFfMmYdaPoM:
https://www.youtube.com/watch?v=7eScSNifCBk
https://www.youtube.com/watch?v=m9bBCoddON4
https://www.youtube.com/watch?v=0sauoF4ppwA
https://www.youtube.com/watch?v=gRLYKkZeTUQ
https://www.youtube.com/watch?v=fEskozgItx0
https://www.youtube.com/watch?v=5rFoV5eaG8o


What are mucopolysaccharidoses?

• Mucopolysaccharidoses (i1, i2, i3, i4, i5)are several metabolic 
disorders resulting from absence or malfunctioning of lysosomal 
enzymes required for catabolism of mucopolysaccharides
(glycosaminoglycans) (i1, i2, 3, i4, i5, i6) Videos 1, 2, 3. 

• Glycosaminoglycans are long chains of various disaccharides that 
occur in the cells of bone, cartilage, tendons, corneas, skin and 
connective tissue.

• There are 7 different forms of mucopolysaccharidosis

(i1, i2, i3, i4)
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https://www.ninds.nih.gov/Disorders/Patient-Caregiver-Education/Fact-Sheets/Mucopolysaccharidoses-Fact-Sheet
https://www.google.com/search?q=mucopolysaccharidoses&source=lnms&tbm=isch&sa=X&ved=0ahUKEwih9J7NgvTaAhWm0YMKHdCUAE8Q_AUICigB&biw=1154&bih=580#imgrc=9j-km7FUiDhqyM:
https://www.google.com/search?q=mucopolysaccharidoses&source=lnms&tbm=isch&sa=X&ved=0ahUKEwih9J7NgvTaAhWm0YMKHdCUAE8Q_AUICigB&biw=1154&bih=580#imgrc=Ea6Z7RSEV4rKTM:
https://www.google.com/search?q=mucopolysaccharidoses&source=lnms&tbm=isch&sa=X&ved=0ahUKEwih9J7NgvTaAhWm0YMKHdCUAE8Q_AUICigB&biw=1154&bih=580#imgrc=bK8QXHU542frrM:
https://www.google.com/search?q=mucopolysaccharidoses&source=lnms&tbm=isch&sa=X&ved=0ahUKEwih9J7NgvTaAhWm0YMKHdCUAE8Q_AUICigB&biw=1154&bih=580#imgrc=l0OPZjg4oYyAkM:
https://www.google.com/search?q=mucopolysaccharidoses&source=lnms&tbm=isch&sa=X&ved=0ahUKEwih9J7NgvTaAhWm0YMKHdCUAE8Q_AUICigB&biw=1154&bih=580#imgdii=UI152-nSkuVTYM:&imgrc=9j-km7FUiDhqyM:
https://en.wikipedia.org/wiki/Glycosaminoglycan
https://www.google.com/search?q=glycosaminoglycans&source=lnms&tbm=isch&sa=X&ved=0ahUKEwis5ZXUiPTaAhVH4oMKHbsjC-AQ_AUICigB&biw=1154&bih=580#imgrc=OJRFZ5SnmihyfM:
https://www.google.com/search?q=glycosaminoglycans&source=lnms&tbm=isch&sa=X&ved=0ahUKEwis5ZXUiPTaAhVH4oMKHbsjC-AQ_AUICigB&biw=1154&bih=580#imgdii=nAohtPpCcZo3ZM:&imgrc=OJRFZ5SnmihyfM:
https://www.google.com/search?q=glycosaminoglycans&source=lnms&tbm=isch&sa=X&ved=0ahUKEwis5ZXUiPTaAhVH4oMKHbsjC-AQ_AUICigB&biw=1154&bih=580#imgdii=pb2QV68FrBQ3-M:&imgrc=zrceKIJZRgsVzM:
https://www.google.com/search?q=glycosaminoglycans&source=lnms&tbm=isch&sa=X&ved=0ahUKEwis5ZXUiPTaAhVH4oMKHbsjC-AQ_AUICigB&biw=1154&bih=580#imgrc=2E3WPRydt3uklM:
https://www.google.com/search?q=glycosaminoglycans&source=lnms&tbm=isch&sa=X&ved=0ahUKEwis5ZXUiPTaAhVH4oMKHbsjC-AQ_AUICigB&biw=1154&bih=580#imgrc=IJHbGe8_j4CaNM:
https://www.youtube.com/watch?v=OJcQU45aPEE
https://www.youtube.com/watch?v=l3W60xr9ac4
https://www.youtube.com/watch?v=o44OIB43tvQ
https://rarediseases.info.nih.gov/diseases/7065/mucopolysaccharidosis
https://www.google.com/search?q=mucopolysaccharidoses&source=lnms&tbm=isch&sa=X&ved=0ahUKEwih9J7NgvTaAhWm0YMKHdCUAE8Q_AUICigB&biw=1154&bih=580#imgrc=uYBWPD2pPt_tyM:
https://www.google.com/search?q=mucopolysaccharidoses&source=lnms&tbm=isch&sa=X&ved=0ahUKEwih9J7NgvTaAhWm0YMKHdCUAE8Q_AUICigB&biw=1154&bih=580#imgdii=lLP11hz93hqigM:&imgrc=y9KIGtJHVyzHoM:
https://www.google.com/search?q=mucopolysaccharidoses&source=lnms&tbm=isch&sa=X&ved=0ahUKEwih9J7NgvTaAhWm0YMKHdCUAE8Q_AUICigB&biw=1154&bih=580#imgrc=QRFEpzUVoTaQlM:
https://www.google.com/search?q=mucopolysaccharidoses&source=lnms&tbm=isch&sa=X&ved=0ahUKEwih9J7NgvTaAhWm0YMKHdCUAE8Q_AUICigB&biw=1154&bih=580#imgdii=zDzXUEbja8A3TM:&imgrc=9j-km7FUiDhqyM:


What is MPS I Hurler(IH)/Scheie (IS)?
• MPS IH Hurler syndrome is a lysosomal storage disease leading to 

accumulation of two glycoaminoglycans (dermatan sulfate and 
heparan sulfate) in lysosomes. 

• Inheritance/incidence: autosomal recessive; 1/100,000

• Defect: deficiency  of two defective copies of the IDUA gene (4p16.3), 
which encodes for α-alpha-L-iduronidase (i1, i2, i3, i4 , i5, i6)

• Clinical: gargoylism, spinal abnormalities, growth retardation, 
deafness, progressive intellectual disability Videos: (1, 2, 3, 4, 5)

• MPS IS Scheie is a less severe form of α-alpha-L-iduronidase deficiency 
(i1, i2, i3)
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https://en.wikipedia.org/wiki/Hurler_syndrome
https://en.wikipedia.org/wiki/Dermatan_sulfate
https://en.wikipedia.org/wiki/Heparan_sulfate
https://en.wikipedia.org/wiki/Iduronidase
https://rarediseases.org/rare-diseases/mucopolysaccharidosis-type-i/
https://www.google.com/search?q=hurler+syndrome+metabolic+defect&source=lnms&tbm=isch&sa=X&ved=0ahUKEwjQ6b_u9ufaAhVI4oMKHd3RAu0Q_AUICigB&biw=1168&bih=579#imgrc=KS1stIvfWSaWYM:
https://www.google.com/search?q=hurler+syndrome+metabolic+defect&source=lnms&tbm=isch&sa=X&ved=0ahUKEwjQ6b_u9ufaAhVI4oMKHd3RAu0Q_AUICigB&biw=1168&bih=579#imgrc=Q1VTTijQwbj4cM:
https://www.google.com/search?q=hurler+syndrome+metabolic+defect&source=lnms&tbm=isch&sa=X&ved=0ahUKEwjQ6b_u9ufaAhVI4oMKHd3RAu0Q_AUICigB&biw=1168&bih=579#imgrc=IxsFZiZZ51jmfM:
https://www.google.com/search?q=hurler+syndrome+metabolic+defect&source=lnms&tbm=isch&sa=X&ved=0ahUKEwjQ6b_u9ufaAhVI4oMKHd3RAu0Q_AUICigB&biw=1168&bih=579#imgdii=QnI46vRQwCBP6M:&imgrc=S4t4X3zuI0ltcM:
https://www.google.com/search?q=hurler+syndrome+histology&source=lnms&tbm=isch&sa=X&ved=0ahUKEwjj_e-g-efaAhWk7IMKHcZzCEQQ_AUICigB&biw=1168&bih=579#imgrc=_UhNrGmvbBG0WM:
https://www.google.com/search?q=hurler+syndrome+histology&source=lnms&tbm=isch&sa=X&ved=0ahUKEwjj_e-g-efaAhWk7IMKHcZzCEQQ_AUICigB&biw=1168&bih=579#imgrc=Xhl2PY3TdQfR8M:
https://www.google.com/search?rlz=1C1GCEU_enUS821US821&tbm=isch&q=MPS+IH+Hurler+syndrome&chips=q:mps+ih+hurler+syndrome,online_chips:mucopolysaccharidosis+mps&usg=AI4_-kS0aOOViidi_lSTMIUBGP5FtQQ5Bg&sa=X&ved=0ahUKEwjr1MfY8tLhAhVEnKwKHWM1B4cQ4lYINygO&biw=918&bih=426&dpr=1.25
https://www.google.com/search?q=gargoylism&client=firefox-b-1-d&source=lnms&tbm=isch&sa=X&ved=0ahUKEwjRuYbN8dLhAhVLhq0KHcPtBMYQ_AUIDigB&biw=1196&bih=643https://medical-dictionary.thefreedictionary.com/gargoylism
https://www.google.com/search?q=spinal+abnormalities+hurler+syndrome&rlz=1C1GCEU_enUS821US821&source=lnms&tbm=isch&sa=X&ved=0ahUKEwj1nZqs89LhAhVIja0KHUG3AeMQ_AUIDigB&biw=918&bih=426
https://www.youtube.com/watch?v=j3tRMX6h2rU
https://www.youtube.com/watch?v=GTOxIJfGUbw
https://www.youtube.com/watch?v=GgCC4LgThZE
https://www.youtube.com/watch?v=UKPNSkgVTaM
https://www.youtube.com/watch?v=a387dTd7nRs
https://rarediseases.info.nih.gov/diseases/12561/scheie-syndrome
1
https://www.google.com/search?q=mps+scheie+syndrome&source=lnms&tbm=isch&sa=X&ved=0ahUKEwiS-eWRrfTaAhWsz4MKHVF6BZoQ_AUICygC&biw=1154&bih=580#imgrc=O2LA5WACZ6L9JM:
https://www.google.com/search?q=mps+scheie+syndrome&source=lnms&tbm=isch&sa=X&ved=0ahUKEwiS-eWRrfTaAhWsz4MKHVF6BZoQ_AUICygC&biw=1154&bih=580#imgrc=uk7uKHVoB1InXM:


What is MPS-III Sanfilippo Syndrome?

Genetics of MPS-III

MPS-III type gene enzyme chromosomal region

MPS-III A SGSH heparan N-sulfatase 17q25.3

MPS-III B NAGLU
N-acetyl-alpha-D-
glucosaminidase

17q21.2

MPS-III C HGSNAT
acetyl-CoA:alpha-
glucosaminide N-
acetyltransferase

8p11.21

MPS-III D GNS
N-acetylglucosamine-6-
sulfatase

12q14.3

There are 4 forms of MPS-III Sanfilipo syndrome (A-D). The 4 forms are clinically indistinguishable 
but are due to different gene defects. It is a lysosomal storage disease resulting in accumulation 
of glycoaminoglycans. Symptoms include enlarged liver and spleen and diverse CNS 
manifestations. Involved gene deficiencies are summarized in Wikipedia as shown below.  
Discussions are provided by the internet:  1, 2, 3, 4, 5, 6 Videos 1, 2, 2a, 3, 4, 5

www.ReviewPathology.com

https://en.wikipedia.org/wiki/SGSH
https://en.wikipedia.org/wiki/Heparan_N-sulfatase
https://en.wikipedia.org/wiki/NAGLU
https://en.wikipedia.org/wiki/N-acetyl-alpha-D-glucosaminidase
https://en.wikipedia.org/wiki/HGSNAT
https://en.wikipedia.org/w/index.php?title=Acetyl-CoA:alpha-glucosaminide_N-acetyltransferase&action=edit&redlink=1
https://en.wikipedia.org/wiki/N-acetylglucosamine-6-sulfatase
https://www.google.com/search?q=sanfilippo+syndrome&source=lnms&tbm=isch&sa=X&ved=0ahUKEwiM59X59vbaAhUk8IMKHfpHDpIQ_AUICigB&biw=1154&bih=580#imgdii=u7QzkgYqgBsPFM:&imgrc=XffCfWLhwk0-JM:
https://www.google.com/search?q=sanfilippo+syndrome&source=lnms&tbm=isch&sa=X&ved=0ahUKEwiM59X59vbaAhUk8IMKHfpHDpIQ_AUICigB&biw=1154&bih=580#imgdii=d7D-iHYon9lhyM:&imgrc=c1c4Bo86JQHgaM:
https://www.google.com/search?q=sanfilippo+gene+defects&tbm=isch&source=lnms&sa=X&ved=0ahUKEwiWhvTL-PbaAhVDtFMKHWYxAL4Q_AUICygC&biw=1154&bih=580&dpr=1.5#imgrc=85nXVcbRtsdV2M:
https://www.google.com/search?q=sanfilippo+gene+defects&tbm=isch&source=lnms&sa=X&ved=0ahUKEwiWhvTL-PbaAhVDtFMKHWYxAL4Q_AUICygC&biw=1154&bih=580&dpr=1.5#imgrc=ge0yZZ4n-iPWjM:
https://www.google.com/search?q=sanfilippo+gene+defects&tbm=isch&source=lnms&sa=X&ved=0ahUKEwiWhvTL-PbaAhVDtFMKHWYxAL4Q_AUICygC&biw=1154&bih=580&dpr=1.5#imgrc=c1c4Bo86JQHgaM:
https://www.google.com/search?q=sanfilippo+gene+defects&source=lnms&tbm=isch&sa=X&ved=0ahUKEwjEqe3P-vbaAhWQ7FMKHcakBkAQ_AUICygC&biw=1154&bih=580#imgrc=UqT3hA8qNoadjM:
https://www.youtube.com/watch?v=FGJvieUxKw8
https://www.youtube.com/watch?v=OHQwGc_R8Bw
https://www.youtube.com/watch?v=2OmxiRBTVsE
https://www.youtube.com/watch?v=1HpLbtH2Z4w
https://www.youtube.com/watch?v=EGU_DzzvWzo


What is MPS IV Morquio syndrome?

• Morqui syndrome is a  lysosomal storage disease with accumulation of 
keratan sulfate

• Incidence: about 1/200,000
• Inheritance: autosomal recessive.
• Genetics: From A: galactosamine-6 sulfatase deficiency

Form B: beta-galactosidase deficiency
• Clinical manifestations: cardiovascular abnormalities,, growth 

retardation, and skeletal deformities(hypermobile joints, long fingers, 
flared ribs).

• Videos: (1, 2, 3)
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https://en.wikipedia.org/wiki/Morquio_syndrome
https://www.google.com/search?q=keratan+sulfate&rlz=1C1CHMO_enUS585US585&source=lnms&tbm=isch&sa=X&ved=0ahUKEwjU-Z-k0_vaAhVsyoMKHSGqBOgQ_AUICigB&biw=1248&bih=644#imgrc=lwJm8DYYv6t5QM:
https://www.google.com/search?q=galactosamine-6+sulfatase&rlz=1C1CHMO_enUS585US585&source=lnms&tbm=isch&sa=X&ved=0ahUKEwiB1ujj0_vaAhVi44MKHWBvAFIQ_AUICigB&biw=1248&bih=644#imgrc=LT_pj-JSiVGusM:
https://www.google.com/search?q=galactosamine-6+sulfatase&rlz=1C1CHMO_enUS585US585&source=lnms&tbm=isch&sa=X&ved=0ahUKEwiB1ujj0_vaAhVi44MKHWBvAFIQ_AUICigB&biw=1248&bih=644#imgrc=LT_pj-JSiVGusM:
https://www.ncbi.nlm.nih.gov/pubmed/27610627
https://www.google.com/search?q=Morquio+syndrome+and+growth+retardation&rlz=1C1CHBD_enUS751US751&source=lnms&tbm=isch&sa=X&ved=0ahUKEwjW-dzPt9_hAhUPVK0KHUVID6sQ_AUIDygC&biw=1163&bih=633
https://www.google.com/search?rlz=1C1CHBD_enUS751US751&biw=1163&bih=633&tbm=isch&sa=1&ei=EXe7XNj2M8S0tQXp_ZPgCw&q=Morquio+syndrome+and+skeletal+deformities&oq=Morquio+syndrome+and+skeletal+deformities&gs_l=img.3...296780.302075..304309...0.0..0.92.1545.19......1....1j2..gws-wiz-img.......35i39.Gb5YjjUT1zs
https://www.youtube.com/watch?v=rGi6CZRx6Os
https://www.youtube.com/watch?v=m9kCjrcNQs4
https://www.youtube.com/watch?v=13uWQEvfCjo


What is MPS VI Maroteaux–Lamy syndrome? 

• Maroteaux–Lamy syndrome (1GARD) is a lysosomal storage 
diseaseknown as polydystrophic dwarfism

• Incidence: 1/>50,000

• Inheritance: autosomal recessive

• Genetics:  deficiency of arylsulfatase B (N-
acetylgalactosamine 4-sulfatase) (i1, i1a, i2) 

• Clinical: shortened trunk, crouched stance, and restricted 
joint movement, heart valve dysfunction (Videos 1, 2, 3)
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https://en.wikipedia.org/wiki/Maroteaux%E2%80%93Lamy_syndrome
https://rarediseases.org/gard-rare-disease/7095/mucopolysaccharidosis-type-vi/
https://en.wikipedia.org/wiki/Arylsulfatase_B
https://www.google.com/search?q=n-acetylgalactosamine+4-sulfatase&rlz=1C1CHMO_enUS585US585&source=lnms&tbm=isch&sa=X&ved=0ahUKEwiNvZ-G7fvaAhXJ24MKHVJbCckQ_AUICigB&biw=1248&bih=644#imgdii=stekpwDhfPFrYM:&imgrc=LT_pj-JSiVGusM:
https://www.google.com/search?q=arylsulfatase+b&rlz=1C1CHMO_enUS585US585&source=lnms&tbm=isch&sa=X&ved=0ahUKEwi8xfLI7_vaAhUp2IMKHfkPDbUQ_AUICygC&biw=1248&bih=644#imgrc=5DuYZeSN4lJ7gM:
https://www.google.com/search?q=MPS+VI+Maroteaux%E2%80%93Lamy+syndrome&rlz=1C1CHMO_enUS585US585&source=lnms&tbm=isch&sa=X&ved=0ahUKEwjwxfHJ7PvaAhXM8YMKHRwMAdoQ_AUICigB&biw=1248&bih=644#imgrc=Yn1ffA-FHG0v6M:
https://www.google.com/search?q=maroteaux%E2%80%93lamy+syndrome&rlz=1C1GCEU_enUS821US821&source=lnms&tbm=isch&sa=X&ved=0ahUKEwjoyarzldXhAhULLa0KHasKAPgQ_AUIDigB&biw=918&bih=426
https://www.google.com/search?rlz=1C1GCEU_enUS821US821&biw=1280&bih=675&tbm=isch&sa=1&ei=uHm7XPPGCoa2swX5v7_YBw&q=maroteaux%E2%80%93lamy+syndrome+and+shortened+trunk&oq=maroteaux%E2%80%93lamy+syndrome+and+shortened+trunk&gs_l=img.3...51343.199654..200984...1.0..1.327.6967.6j43j5j1......3....1j2..gws-wiz-img.......0i30.wnmRZujHzp4
https://www.google.com/search?q=MPS+6+and+restricted+joint+movement&rlz=1C1CHBD_enUS751US751&source=lnms&tbm=isch&sa=X&ved=0ahUKEwjQzpH0u9_hAhUGDKwKHSksBpYQ_AUIDigB&biw=1163&bih=633
https://www.google.com/search?rlz=1C1CHBD_enUS751US751&q=mps+6+and+heart+valves+pictures&tbm=isch&source=univ&sa=X&ved=2ahUKEwiFz7T8vd_hAhUOWK0KHa1-BoYQsAR6BAgJEAE&biw=1163&bih=633
https://www.youtube.com/watch?v=FMsm4EAufKw
https://www.youtube.com/watch?v=YgQrIadk6fU
https://www.youtube.com/watch?v=4KsXJyqeaw0


What is MPS VII Sly syndrome?
• Sly syndrome (1GERD, 2pm) (Wm. S.Sly) is a lysosomal 

storage disease similar to Hurler syndrome

• Inheritance/incidence: autosomal recessive; 1/250,000

• Genetics: deficiency in β-glucuronidase

• Clinical: Hurler-like facies, macrocephaly, sacrospinal
deformity, hepatosplenomegaly, and mental retardation

• Videos:  1, 2, 3, 4
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https://en.wikipedia.org/wiki/Sly_syndrome
https://rarediseases.info.nih.gov/diseases/7096/mucopolysaccharidosis-type-vii
https://www.ncbi.nlm.nih.gov/pubmed/26908836
https://en.wikipedia.org/wiki/William_S._Sly
https://www.sciencedirect.com/topics/medicine-and-dentistry/sly-syndrome
https://en.wikipedia.org/wiki/Beta-glucuronidase
https://www.google.com/search?q=Sly+syndrome&rlz=1C1GCEU_enUS821US821&source=lnms&tbm=isch&sa=X&ved=0ahUKEwjZj5nMl9XhAhUNQ6wKHVq2DwkQ_AUIDigB&biw=918&bih=426
https://www.google.com/search?q=sly+syndrome+and+macrocephaly&source=lnms&tbm=isch&sa=X&ved=0ahUKEwia0KnBwN_hAhUCb60KHbrMCLYQ_AUIDygC&biw=1280&bih=675&dpr=1.5
https://www.youtube.com/watch?v=h8LN7IUNCvg
https://www.youtube.com/watch?v=YrjwMyN69zk
https://www.youtube.com/watch?v=K9BAUlnupiM
https://www.youtube.com/watch?v=K9BAUlnupiM


What are the glycogen storage diseases (GSD)?

• Glycogen storage diseases are caused by defects in  glycogen synthesis 
or  breakdown or glycolysis.

• Incidence: 1/20-25,000 (USA)

• Inheritance: Autosomal recessive

• Genetics: Several types (1, 2, 3 ) GSD 0 (1GARD, 1i,2i, 3i) GSD I 
(1NORD, 1i,2i, 3i, 4i) GSD II (1NORD,1i, 2i) GSD III (1GARD, 1i, 2i, 3i) 
GSD IV (1NORD, 1, 2, 3) GSD V (1GARD, 1i,2i, 3i, 4i) GSD VI (1GARD)

• Clinical: hepatomegaly, hypoglycemia, weak muscles
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https://en.wikipedia.org/wiki/Glycogen_storage_disease
https://www.google.com/search?q=glycogen+storage+disease+symptoms&rlz=1C1CHBD_enUS751US751&source=lnms&tbm=isch&sa=X&ved=2ahUKEwjzuczTgIHbAhUQ8YMKHawwA9kQ_AUoAXoECAAQAw&biw=594&bih=544#imgrc=lLBVwfcEteCClM:
https://www.google.com/search?q=von+gierke&rlz=1C1CHBD_enUS751US751&source=lnms&tbm=isch&sa=X&ved=2ahUKEwjpxbjAgoHbAhVl34MKHXguCtgQ_AUoAXoECAAQAw&biw=1021&bih=544#imgdii=OGGOMzyDIuKpMM:&imgrc=NXtNRqrdeGqriM:
https://www.google.com/search?q=gsd+0&rlz=1C1CHBD_enUS751US751&source=lnms&tbm=isch&sa=X&ved=2ahUKEwjytuqhkoPbAhUpwYMKHfVdCBwQ_AUoAnoECAAQBA&biw=1021&bih=544#imgdii=WkOxAZtIIXVQfM:&imgrc=8p8kTeIRCy4-7M:
https://www.google.com/search?q=gsd+0&rlz=1C1CHBD_enUS751US751&source=lnms&tbm=isch&sa=X&ved=2ahUKEwjytuqhkoPbAhUpwYMKHfVdCBwQ_AUoAnoECAAQBA&biw=1021&bih=544#imgdii=WkOxAZtIIXVQfM:&imgrc=8p8kTeIRCy4-7M:
https://en.wikipedia.org/wiki/Glycogen_storage_disease_type_0
https://rarediseases.info.nih.gov/diseases/2513/glycogen-storage-disease-type-0-liver
https://www.google.com/search?q=gsd+0&rlz=1C1CHBD_enUS751US751&source=lnms&tbm=isch&sa=X&ved=2ahUKEwjytuqhkoPbAhUpwYMKHfVdCBwQ_AUoAnoECAAQBA&biw=1021&bih=544#imgrc=5Q12di_JIsKfcM:
https://www.google.com/search?q=gsd+0&rlz=1C1CHBD_enUS751US751&source=lnms&tbm=isch&sa=X&ved=2ahUKEwjytuqhkoPbAhUpwYMKHfVdCBwQ_AUoAnoECAAQBA&biw=1021&bih=544#imgrc=8p8kTeIRCy4-7M:
https://www.google.com/search?q=gsd+0&rlz=1C1CHBD_enUS751US751&source=lnms&tbm=isch&sa=X&ved=2ahUKEwjytuqhkoPbAhUpwYMKHfVdCBwQ_AUoAnoECAAQBA&biw=1021&bih=544#imgrc=ERQLcT-KhD-g0M:
https://en.wikipedia.org/wiki/Glycogen_storage_disease_type_I
https://rarediseases.org/rare-diseases/glycogen-storage-disease-type-i/
https://www.google.com/search?q=GSD+I&rlz=1C1CHBD_enUS751US751&source=lnms&tbm=isch&sa=X&ved=2ahUKEwjPuaGrlIPbAhVB2IMKHeRhDekQ_AUoAXoECAAQAw&biw=1021&bih=544#imgdii=LW5n2DS9pyfYLM:&imgrc=gcJPcgAsK2Tk-M:
https://www.google.com/search?q=GSD+I&rlz=1C1CHBD_enUS751US751&source=lnms&tbm=isch&sa=X&ved=2ahUKEwjPuaGrlIPbAhVB2IMKHeRhDekQ_AUoAXoECAAQAw&biw=1021&bih=544#imgrc=dDHt9f7o6DSOGM:
https://www.google.com/search?q=GSD+I&rlz=1C1CHBD_enUS751US751&source=lnms&tbm=isch&sa=X&ved=2ahUKEwjPuaGrlIPbAhVB2IMKHeRhDekQ_AUoAXoECAAQAw&biw=1021&bih=544#imgdii=m3OB84yFufQu8M:&imgrc=dDHt9f7o6DSOGM:
https://www.google.com/search?q=GSD+I&rlz=1C1CHBD_enUS751US751&source=lnms&tbm=isch&sa=X&ved=2ahUKEwjPuaGrlIPbAhVB2IMKHeRhDekQ_AUoAXoECAAQAw&biw=1021&bih=544#imgrc=eH0xX-V-nIIx3M:
https://en.wikipedia.org/wiki/Glycogen_storage_disease_type_II
https://rarediseases.org/gard-rare-disease/5714/glycogen-storage-disease-type-2/
https://www.google.com/search?rlz=1C1CHBD_enUS751US751&biw=1021&bih=544&tbm=isch&sa=1&ei=I1H3Wuy-JoaQjgSokaSYCQ&q=gsd+2+pompe&oq=gsd+2+pompe&gs_l=img.3...12620.25929.0.26625.10.8.2.0.0.0.89.615.8.8.0....0...1c.1.64.img..0.3.167...0j0i8i30k1.0.XRAy5LunEdA#imgrc=TZMaawnYDTVSFM:
https://www.google.com/search?rlz=1C1CHBD_enUS751US751&biw=1021&bih=544&tbm=isch&sa=1&ei=I1H3Wuy-JoaQjgSokaSYCQ&q=gsd+2+pompe&oq=gsd+2+pompe&gs_l=img.3...12620.25929.0.26625.10.8.2.0.0.0.89.615.8.8.0....0...1c.1.64.img..0.3.167...0j0i8i30k1.0.XRAy5LunEdA#imgrc=xhGYHZ1fk79R7M:&spf=1526229975153
https://en.wikipedia.org/wiki/Glycogen_storage_disease_type_III
https://rarediseases.info.nih.gov/diseases/9442/glycogen-storage-disease-type-3
https://www.google.com/search?q=gsd+iii&rlz=1C1CHBD_enUS751US751&source=lnms&tbm=isch&sa=X&ved=2ahUKEwinqfqtloPbAhUq04MKHcITBqUQ_AUoAnoECAAQBA&biw=1021&bih=544#imgrc=Z5ZmN22SvvPTwM:
https://www.google.com/search?q=gsd+iii&rlz=1C1CHBD_enUS751US751&source=lnms&tbm=isch&sa=X&ved=2ahUKEwinqfqtloPbAhUq04MKHcITBqUQ_AUoAnoECAAQBA&biw=1021&bih=544#imgrc=7K0ZMAxm454bZM:
https://www.google.com/search?q=gsd+iii&rlz=1C1CHBD_enUS751US751&source=lnms&tbm=isch&sa=X&ved=2ahUKEwinqfqtloPbAhUq04MKHcITBqUQ_AUoAnoECAAQBA&biw=1021&bih=544#imgrc=dWwU_jjA3niGKM:
https://en.wikipedia.org/wiki/Glycogen_storage_disease_type_IV
https://rarediseases.org/rare-diseases/andersen-disease-gsd-iv/
https://www.google.com/search?q=gsd+iv&rlz=1C1CHBD_enUS751US751&source=lnms&tbm=isch&sa=X&ved=2ahUKEwiKnM6kmIPbAhXly4MKHSn6B4IQ_AUoA3oECAAQBQ&biw=1021&bih=544#imgrc=bBaxkmu2i-483M:
https://www.google.com/search?q=gsd+iv&rlz=1C1CHBD_enUS751US751&source=lnms&tbm=isch&sa=X&ved=2ahUKEwiKnM6kmIPbAhXly4MKHSn6B4IQ_AUoA3oECAAQBQ&biw=1021&bih=544#imgrc=0-IzD_MICBga_M:
https://www.google.com/search?q=gsd+iv&rlz=1C1CHBD_enUS751US751&source=lnms&tbm=isch&sa=X&ved=2ahUKEwiKnM6kmIPbAhXly4MKHSn6B4IQ_AUoA3oECAAQBQ&biw=1021&bih=544#imgrc=duvVHbUqQwFU3M:
https://en.wikipedia.org/wiki/Glycogen_storage_disease_type_V
https://rarediseases.info.nih.gov/diseases/6528/glycogen-storage-disease-type-5
https://www.google.com/search?q=mcardle+disease&rlz=1C1CHBD_enUS751US751&source=lnms&tbm=isch&sa=X&ved=2ahUKEwjz1fykooPbAhUIwYMKHTK-AuYQ_AUoAXoECAAQAw&biw=1022&bih=544#imgrc=ds75kAMJUT_caM:
https://www.google.com/search?q=mcardle+disease&rlz=1C1CHBD_enUS751US751&source=lnms&tbm=isch&sa=X&ved=2ahUKEwjV9ryLpIPbAhVH4IMKHUoLCvAQ_AUoAXoECAAQAw&biw=1022&bih=544#imgrc=q3TElS2DIzVgVM:
https://www.google.com/search?q=mcardle+disease&rlz=1C1CHBD_enUS751US751&source=lnms&tbm=isch&sa=X&ved=2ahUKEwjV9ryLpIPbAhVH4IMKHUoLCvAQ_AUoAXoECAAQAw&biw=1022&bih=544#imgrc=0ZUF7i6yg594VM:
https://www.google.com/search?q=mcardle+disease&rlz=1C1CHBD_enUS751US751&source=lnms&tbm=isch&sa=X&ved=2ahUKEwjV9ryLpIPbAhVH4IMKHUoLCvAQ_AUoAXoECAAQAw&biw=1022&bih=544#imgdii=P_pZxIgWjfti0M:&imgrc=0ZUF7i6yg594VM:
https://en.wikipedia.org/wiki/Glycogen_storage_disease_type_VI
https://rarediseases.info.nih.gov/diseases/6529/glycogen-storage-disease-type-6


What are other autosomal recessive 
disorders?

•Abetalipoproteinemia (1, 2, 3, 4, 5)
•Bernard-Soulier syndrome.
•Bloom syndrome.
•Carpenter syndrome.
•Chediak-Higashi syndrome.
•Chondrodystrophy.
•Congenital adrenal hyperplasia
•Cystinosis, Cystinuria.
•Dubin-Johnson syndrome.
•Familial Mediterranean Fever.

•Fanconi Anemia.
•Friedrech's Ataxia.
•Gaucher's disease.
•Hartnup Disease.
•Krabbe Disease.
•Niemann Pick Disease.
• Shwachman-Diamond syndrome.
•Thalassemia.
•Werner syndrome.
•Wilson's Disease.
•Xeroderma pigmentosa
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https://www.ncbi.nlm.nih.gov/pubmed/30358967
https://www.google.com/search?q=Abetalipoproteinemia.&rlz=1C1CHBD_enUS751US751&source=lnms&tbm=isch&sa=X&ved=2ahUKEwjZsMepnYPbAhVr7IMKHdZ4A04Q_AUoAXoECAAQAw&biw=1022&bih=544#imgrc=t3VfNnmpAmGSiM:
https://www.google.com/search?q=Abetalipoproteinemia.&rlz=1C1CHBD_enUS751US751&source=lnms&tbm=isch&sa=X&ved=2ahUKEwjZsMepnYPbAhVr7IMKHdZ4A04Q_AUoAXoECAAQAw&biw=1022&bih=544#imgdii=PuiJ5d2_tZ7eLM:&imgrc=-YOxPetRENOyPM:
https://www.google.com/search?q=Abetalipoproteinemia.&rlz=1C1CHBD_enUS751US751&source=lnms&tbm=isch&sa=X&ved=2ahUKEwjZsMepnYPbAhVr7IMKHdZ4A04Q_AUoAXoECAAQAw&biw=1022&bih=544#imgrc=nWlLC0mAwv9cHM:
https://www.google.com/search?q=Abetalipoproteinemia.&rlz=1C1CHBD_enUS751US751&source=lnms&tbm=isch&sa=X&ved=2ahUKEwjZsMepnYPbAhVr7IMKHdZ4A04Q_AUoAXoECAAQAw&biw=1022&bih=544#imgdii=TsHRS_GXT60gsM:&imgrc=nWlLC0mAwv9cHM:
https://www.google.com/search?q=microsomal+transfer+protein&rlz=1C1CHBD_enUS751US751&source=lnms&tbm=isch&sa=X&ved=2ahUKEwjWrLbRoIPbAhWk7YMKHSYGCwIQ_AUoAXoECAAQAw&biw=1022&bih=544#imgrc=DACOFrNBOo4K2M:
https://www.ncbi.nlm.nih.gov/pubmed/9616133
https://www.ncbi.nlm.nih.gov/pubmed/28232778
https://www.ncbi.nlm.nih.gov/pubmed/23063620
https://www.ncbi.nlm.nih.gov/pubmed/26254864
https://en.wikipedia.org/wiki/Chondrodystrophy
https://www.ncbi.nlm.nih.gov/pubmed/28450075
https://www.ncbi.nlm.nih.gov/pubmed/27102039
https://en.wikipedia.org/wiki/Cystinuria
https://rarediseases.org/rare-diseases/dubin-johnson-syndrome/
https://www.ncbi.nlm.nih.gov/pubmed/25649364
https://www.ncbi.nlm.nih.gov/pubmed/20301575
https://www.ncbi.nlm.nih.gov/pubmed/25432731
https://www.ncbi.nlm.nih.gov/pubmed/30049986
https://www.ncbi.nlm.nih.gov/pubmed/4237364
https://www.ncbi.nlm.nih.gov/pubmed/20301416
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5714892/
https://www.ncbi.nlm.nih.gov/pubmed/28942353
https://www.ncbi.nlm.nih.gov/pubmed/28774421
https://www.ncbi.nlm.nih.gov/pubmed/26993153
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Genetic X,Y Chromosomal Diseases
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X-linked Recessive Disorders
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What are the causes of X-linked recessive 
diseases?

• Occur most often in males.

• Since males have only one X chromosome, a single recessive 
gene on that X chromosome causes the disease.

• Diseases like hemophilia and Duchenne muscular dystrophy 
occur because of a recessive gene on the X chromosome.
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If a mother is disease carrier on one X chromosome and the father is not 
a carrier, what is the expected outcome?

• 25% chance of a healthy boy

• 25% chance of a boy with disease

• 25% chance of a healthy girl

• 25% chance of a carrier girl without disease
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If the father has an X-linked recessive disease and the mother is 
not a carrier, what are the expected outcomes?

• 100% chance of a healthy boy

• 100% chance of a carrier girl without disease

www.ReviewPathology.com



For x-linked recessive disorders, if the mother is a carrier and 
the father has the disease, what are the expected outcomes?

• 25% chance of a healthy boy

• 25% chance of a boy with the disease

• 25% chance of a carrier girl

• 25% chance of a girl with the disease
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Why are males more likely to have an X-
chromosome disorder than are females?

• Males have only one X-chromosome.  Since females 
have two X-chromosomes, a defect in one 
chromosome can be off set by normality in the X-
chromosome partner.
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What are most common forms of X-linked 
recessive disorders?

• Red-green color blindness

• Hemophilia A: clotting Factor VIII deficiency 

• Hemophilia B (Christmas Disease):  deficiency of clotting Factor IX.

• Duchenne muscular dystrophy:  mutations in the dystrophin gene. 

• Becker's muscular dystrophy: milder form of Duchenne

• X-linked ichthyosis: deficiency of the steroid sulfatase 

• X-linked agammaglobulinemia

• Glucose-6-phosphate dehydrogenase deficiency: Favism
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X-linked Dominant Disorders
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What is an X-linked dominant inheritance 
disorder?

• X-linked dominant inheritance indicates that a gene 
responsible for a genetic disorder is located on the X 
chromosome, and only one copy of the allele is sufficient to 
cause the disorder when inherited from a parent who has the 
disorder (Wikipedia)
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What are examples of X-linked dominant 
diseases?

• Vitamin D resistant rickets: X-linked hypophosphatemia

• Rett syndrome: Developmental defects; scoliosis

• Most cases of Alport syndrome: Glomerulonephritis (type 4 collagen defect)

• Incontinentia pigmenti: Disorder of skin, hair, teeth, nails and CNS

• Giuffrè–Tsukahara syndrome: radial ulnar synostosis and microcephaly

• Goltz syndrome: Focal dermal hypoplasia

• X-linked dominant porphyria: defect in porphyrin metabolism

• Fragile X syndrome
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Y-linked Disorders
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What is the Y chromosome?

• The male has two sex chromosomes--X and Y

• Sex is determined by the SRY gene on the Y chromosome

• SRY is responsible for the development of a male.

• Other Y chromosome genes contribute to male fertility.

• The Y-chromosome has about 59 million base pairs,

which encodes for over 200 genes.
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What is a Y-linked disorder?

• Since only males have a Y chromosome, in Y-linked 
inheritance, a mutation can only be passed from father to son 
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What conditions have been associated with Y-
chromosomal polymorphisms?

• Y-chromosomal polymorphisms have implicated in male-
specific (spermatogenic failure, testis and prostate cancer) 
and prevalently male-associated (hypertension, 
autism) diseases (Krausz et al.Ann Med. 2004;36(8):573-83).
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Sex Chromosomal Aneuploidy
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What is Turner syndrome?

• Turner syndrome (1w, 2i) is known as 45,X or 45,X0, in which a female is partly 
or completely missing an X chromosome.

• Signs and symptoms include:
- short and webbed neck
- low-set ears
- short stature
- amenorrhea (without treatment)
- no breasts (without treatment)
- congenital heart dedects
- hypothyroidism
-predispostion to diabetes

- visual and hearing defects
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What is Klinefelter syndrome?

• Klinefelter syndrome (1pm, 2i) occurs in males with genetic 47, XXY 
• Major features are:
- infertility
- small testes
• Less prominent features are:
- weaker muscles
- greater height
- poor coordination
- less body hair
- breast growth 
- reduced libido
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What is Triple-X syndrome?

• Triple X syndrome (1w, 2i), also known as trisomy X or 47, 
XXX, occurs in females and is characterized by

> an extra X chromosome, and sometimes by 

- learning difficulties

- decreased muscle tone

- seizures

- renal disorders
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What are XYY and XXYY syndromes?

• Males with XYY syndrome (1w) have an extra Y chromosome

– There are 47 chromosomes, instead of the usual 46, giving a 47,XYY 
karyotype.

– Symptoms may include being taller than average, acne, and  learning 
problems.

– Aggressive behavior is been ruled out.

• Males with XXYY syndrome have 48 chromosomes instead of the 
typical 46.

– Hypogonadism and various behavioral symptoms have been reported. 
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Mitochondrial DNA Diseases
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What are characteristics of mitochrondial DNA 
inheritance?

Essentials of mitochondrial DNA inheritance (1w)  

• Mitochondria have 37 genes

• Mitochrondial DNA is transmitted from mother to all  
offspring  (rarely there is paternal transmission)

• Usually, there is no DNA recombination (with exceptions)

• DNA defects are inherited equally by males and females
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What are examples of mitochondrial DNA 
diseases?

• Mitochondrial myopathies (1w)
• Diabetes mellitus and deafness (DAD) (1w)
• Leber's hereditary optic neuropathy (LHON) (1w)
• Leigh syndrome, subacute sclerosing encephalopathy (1w)
• Neuropathy, ataxia, retinitis pigmentosa, and ptosis (NARP) (1w) 
• Myoneurogenic gastrointestinal encephalopathy (MNGIE) (1w)
• Myoclonic epilepsy with ragged red fibers (MERRF) (1w)
• Progressive myoclonic epilepsy (1w)
• Mitochondrial myopathy, encephalomyopathy, lactic acidosis, stroke-like 

symptoms (MELAS) (1w)
• Mitochondrial neurogastrointestinal encephalomyopathy (MNGIE) (1w)
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What organs are most commonly affects by 
mitochondrial DNA disease?

• Brain

• Muscles

• Heart

• Liver

• Nerves

• Eyes 

• Ears

• Kidneys

NIH Genetic and Rare Disease Informatin Center
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What are the most common signs and symptoms 
of inherited mitochondrial DNA diseases?

• Poor growth

• Loss of muscle coordination

• Muscle weakness

• Seizures

• Autism

• Problems with vision and/or 
hearing

• Developmental delay

• Learning disabilities

• Heart, liver, and/or kidney disease

• Gastrointestinal disorders

• Diabetes

• Increased risk of infection

• Thyroid and/or adrenal 
abnormalities

• Autonomic dysfunction

• Dementia
NIH Genetic and Rare Disease Information Center
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Multifactorial (Polygenic) Diseases
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What is a multifactorial (polygenic) disease?

• A multifactorial disease is one in which there is genetic 
susceptibility but environmental factors must be present for 
the disease to become manifest.

• Multifactorial diseases are sometimes called polygenic 
diseases because of multiple genes affect susceptibility.
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What are typical forms of multifactorial disease?

• Coronary heart disease

• Stroke

• High blood pressure,

• Adult onset diabetes 

• Many forms of cancer

• Obesity.
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Diseases of Chromosome Structure
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What are common forms of autosomal trisomy? 

• Trisomy 21 (Down syndrome)

• Trisomy 18 (Edwards syndrome)

• Trisomy 13 (Patau syndrome)

• Trisomy 9

• Trisomy 8 (Warkany syndrome 2)
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What are clinical features of Down syndrome 
(trisomy 21)?

• Flat face with an upward slant to the eyes
• Short neck
• Abnormally shaped ears
• Protruding tongue
• Small head
• Deep crease in the palm of the hand with 

relatively short fingers
• White spots in the iris of the eye
• Poor muscle tone, loose ligaments, excessive 

flexibility
• Small hands and feet
• Spine disorders such as scoliosis, kyphosis or 

lordosis
• Cataracts

• Congenital heart disease

• Gastrointestinal abnormalities

• Musculoskeletal and movement problems

• Epilepsy

• Hearing loss

• Speech apraxia 

• Sleep disorders

• Feeding disorders

• Developmental disabilities 

• Eye problems, such as cataracts

• Thyroid dysfunctions

• Dementia
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What are clinical features of Edwards syndrome 
(trisomy 18)?

• Slow growth before birth 

• Low birth weight. 

• Congenital heart disease

• Small, abnormally shaped head

• Small jaw and mouth

• Overlapping fingersDeath in first year (5-10%)

• Severe intellectual disability
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What are  the forms of trisomy of the X 
chromosomes?

• XXX (Triple X syndrome)

- Affected XXX females tend to be taller than average and may have 
learning disabilities reduce muscular tone, and rarely seizures and 
kidney dysfunction. 

• XXY (Klinefelter syndrome)

- Affected XXY males primarily have infertility and small testicles, but 
sometimes are tall, poorly coordinated, have reduced body hair, and 
gynecomastia.
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What are examples of aneuploidy on 
the Y chromosome?

• XYY syndrome: This condition and associated with relatively few 
symptoms

• XXYY syndrome: this condition is characterized by developmental 
delay, speech impairment, behavior outburst and mood swings, 
learning disabilities, intellectual impairment, attention-deficit 
hyperactivity disorder (ADHD), autism spectrum disorders, tall 
stature, scoliosis, low muscle tone, sterility, delayed sexual 
development, and undescended testicles
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What are clinical features of triplody?

•Holoprosencephaly,
Hydrocephalus  
Ventriculomegaly
Arnold–Chiari malformation
Agenesis of the corpus callosum
Neural tube defects.
Cleft lip/palate
Hypertelorism
Club foot
Syndactyly 
Congenital heart defects
Hydronephrosis
Omphalocele
Meningocele (spina bifida).
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What are examples of chromosomal 
deletions?

• .• 4p deletion
• 5p deletion

• Prader-Willi (1i, 2i)

- 15q11-q13 region deletion

• Angelman syndrome

- 15q11-q13 region deletion
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What are the clinical manifestations of a chromosomal 
inversion?

•• An inversion is a 
chromosome 
rearrangement in which a 
segment of a chromosome 
is reversed end to end. 

• Since genetic material is 
not lost, clinical signs and 
symptoms generally are 
absent or minimal.
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What are the clinical consequences of 
a balanced translocation?

• Translocations can be balanced
(in an even exchange of material 
with no genetic information extra 
or missing, in contrast to 
unbalanced (causing extra or 
missing genes (1i) .

• Since genetic material is not lost, 
symptoms often are minimal. 
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What are the clinical consequences of unbalanced 
translocations?

• In unbalanced translocations,  the 
exchange of chromosome material 
is unequal resulting in extra or 
missing genes.

• Unbalanced translocations can lead 
to monosomy and trisomy, which 
can result in developmental delay 
and intellectual disability.
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What are the clinical consequences of 
a ring chromosome?

• • Growth retardation

• Small stature

• Facial abnormalities

• Hand abnormalities

• Low muscle tone

• Reproductive 
abnormalities

• Autism
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What clinical consequences of 
isochromosomes?

• Isochromosomes carry 
increased risk for 
various neoplasms 
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What are the clinical consequences of 
a dicentric chromosome?

• A dicentric
chromosome are 
associated with 
various intellectual, 
neurological and 
physical disabilities.
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