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Movie - vmjr-brain.mp4


October 12, 2009
 2
Lecture XV. Genetics and Human Brains


Overview 

•  Genetics and Humans


•  MRDD (mental retardation and 
developmental disabilities)


•  Humans


•  Mice


•  Whatʼs with the Brain?
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Genetics and Humans 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Elements 

Neurons (=nerve cells) ≈ 100 Billion 

Glia (= glue; “supporting” cells) ≈ 1 Trillion 

Synapses (=clasp) 1/3,000,000th of all stars, planets and big rocks 

in the universe 

Genes 50% of ≈ 25,000 genes in genome are 

expressed only in “Brain” 
[70% of the balance are also expressed in the nervous system; the total is 

85% of the genome]
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THE BRAIN ATLAS 3rd ed, p. 20


Left Lateral 

(side) view 

of the 

human 

Brain
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THE BRAIN ATLAS  3rd ed, p. 9


The different regions of the brain from the lateral (side) and median 
section (middle) human brain. These brain regions are discernable in 
in all vertebrates and in early embryos.

(cerebral cortex = gold; thalamus = blue/purple; midbrain = orange; pons = purple, cerebellum = blue; 

medulla = red/orange; spinal cord = green)
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Victor A. McKusick, MD (ca 2002)
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Marfan Syndrome 

Marfan 1896 

Tall, indented chest (pectus excavatum) 
long digits, cardiovascular problems 
Fibrilin – connective tissue 
Autosomal dominant 

Zitelli BJ 2005 Picture of the month. Arch Pediatr Adolesc 
Med. 2005;159:721-723.  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Victor McKusick organized a catalog of human inherited conditions, 
first published in 1966. Since then the number has grown 
approximately 15 fold. Of these, an increasing number of conditions 
has been identified as having some component  related to the 
nervous system. From: McKusick 2007 Am J Hum Genet
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From:

McKusick 2001 JAMA
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Access to “Mandelian Inheritance in Man”  

McKusick VA, with Antonarakis SE, Francomano CA, 
Hurko O, Scott AF, Smith M, Valle D, & others 1998  
Mendelian Inheritance in Man: A Catalog of Human 
Genes and Genetic Disorders. 12th Ed.  Baltimore: The 
Johns Hopkins University Press, 3972 pp.  

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=OMIM
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MRDD (mental retardation 
and developmental 

disabilities)
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There are various causes of mental  

retardation, most commonly: 
    

• Genetic conditions.  
• Problems (environmental) during pregnancy.  

• Problems (environmental) at birth.  
• Problems (environmental) during childhood.  
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Partial List of Genetic Causes of 
MRDD 

•  Trisomy 21 or Down syndrome (added 21) 
•  Williams syndrome  (deletion at 7q11) 

•  Fragile X syndrome 
•  Prader-Willi syndrome 
•  Smith-Magenis syndrome 
•  CATCH 22 syndrome 
•  Wolf-Hirschhorn syndrome 
•  Langer-Giedion syndrome 
•  Miller-Dieker syndrome 
•  Tuberous sclerosis 
•  Rubinstein-Taybi syndrome 
•  Coffin-Lowry syndrome 
•  Rett syndrome 
•  Smith-Lemli-Opitz syndrome 
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Williams Syndrome
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From:

Bellugi et al  2001 TINS
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From:

Bellugi et al  2001 TINS
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From:

Thompson et al  2005 JNS
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From:

Thompson et al  2005 JNS
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PBS -  Williams Syndrome Broadcast 2001 with 
Dr. Ursula Bellugi  

http://www.pbs.org/saf/1205/video/watchonline.htm 

October 12, 2009
 22
Lecture XV. Genetics and Human Brains


References
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Humans 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Kouprania et al 2004 PLoS


Loss of the abnormal spindle 
protein gene (ASPM) 
correlates in humans with 
MRDD with small brains. This 
gene was present prior to the 
enlargement of the human 
brain and is thought to be 
upstream of genetic control of 
brain size. The similarities of 
this protein in different species 
is shown here.  
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From:

Mochida & Walsh 2004 Arch Neurol
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Mice
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From:

Chen & Walsh 2002 Science


Increasing the size of the pool of neuronal precursors in the forebrain leads 
to a larger more convoluted mouse brain (b & B). 
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From:

Welker et al 1996 Science (above) and Abdel-Majid et al 1998 Nature Gen (below)


The mouse mutant 
“barrelless”  (brl) was 
found after extensive 
screening. Cell bodies 
in the somatic 
normally outline the 
barrels (top left) that 
are largely absent in 
brl  top right. These 
animals lack the gene 
for adenylyl cyclase 1 
(lower left). Knocking 
out the gene for 
adenylyl cyclase 7 
(lower right) does not 
affect the barrel 
pattern in cortex.  
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Li et al 2005 Somatosens Mot Res


Measurements of barrel cortex size in different 
inbred mouse strains suggest a genetic basis for 
the extent  of different brain regions that is 
independent of brain or body weight or size. 
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Whatʼs with the Brain?  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The Rosetta Stone (left) permitted 
the translation of older Egyptian 
texts into Greek. Words in the 
former is based on a large 
number of unique picture based 
symbols each with a different 
meaning the latter on different 
arrangements of a small number 
of symbols (letters) which have no 
meaning unless arranged as 
words abbreviations, etc. (See 
add below.)
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"No limit may be set to art, neither is there any craftsman that is fully master of his craft." 

The Instruction of Ptahhotep


Hypothesis: The rapid enlargement of the forebrain over a virtual instant in 
evolutionary time may reflect the introduction of a simple, but flexible, change in the 
wiring of the brain and of the forebrain in particular. Rather than specifying detailed 
specific circuits with specific functions as may be the case in the hind brain and 
spinal cord the forebrain may specify simpler circuits that may be combined simply 
to perform different specific functions that are flexibly determined. This process 
may be analogous to the change from detailed and word specific writing 
(hieroglyphics) to a simpler more flexible representation using a few characters in 
different combinations to represent words old and new.
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Lin, Z (2007)
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"Metabolic City." Through Jan. 4. Kemper Art Museum. 935-4523. 
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LC Purchase Collection 

(Library of Congress), (1974) 
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End
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