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Mapping Human Genetics: An Overview 

• What is a gene? 

• From his extraordinary experiments, Mendel 
conceptualized a discreet determinant, 
transmitted intact across generations, that 
specified a visible property: seed texture or color 
in pea plants 

• He coined the word ‘gene’ to represent an 
abstract idea of inheritance 
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History 

• Beadle solved the mechanism of action of a 
gene, which is to specify the structure of a 
protein 

• Watson, Crick and Franklin discovered that the 
structure of DNA was a double helix 

• Brenner and Jacob identified an RNA copy 
required for translating the genetic message 
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Genetics: The Early Days 

• The chemical structure for genes is DNA: 
genetic information is carried in DNA 

• DNA is surprisingly simple: composed of ONLY  
4 nucleic acids “letters” which create only two 
pairs  

• Cytosine, Adenine, Guanine and Thymine 
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Genetics: The Early Days 

• Initially, DNA was characterized as an 
“unsophisticated” structure  

• DNA was the long monotonous repetition of only  
4 bases in a defined order 

• ACGT-AGCT-AGCT and so forth, ad nauseum 

• DNA was dubbed the “stupid” molecule! 
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Recent History of Genetics 

• Monod and Jacob demonstrated that genes can 
be turned on and off by increasing and 
decreasing the RNA message 

• There are regulatory switches appended to each 
gene which turn the gene “on” and “off” 

• In the latter part of the 20th Century, the race to 
map the entire genome of a species began  
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The Book Of Man: The Map of the Genome 

• It has 3,088,286,401 letters of DNA 

• There are only 4 letters in the genetic alphabet, 
each made of nucleic acids  

• If published in a book with standard font, the 
pages would contain only 4 letters 
…AGCTTGCAGGGG... and it would be  
1.5 million pages long 
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The Book of Man 

•  All of the human genome is distributed into 23 
chromosomes; all other apes have 24 pairs  

• At some point in evolution, 2 chromosomes in 
some ancestral ape fused into 1  

• The human genome distinguished itself several 
million years ago - we lost a chromosome and 
gained a thumb! 
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Human Genome 

• OUR GENOME IS FIERCELY INVENTIVE  

• It squeezes complexity and individuality out of 
simplicity 

• It produces a near infinite functional variation out 
of its limited repertoire 

• It is the ingenuity of our genome that is the 
secret to complexity and individuality 
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Human Genome 

• The 3 billion DNA letters in the human genome 
encode about 20,687 genes, only 1,796 more 
genes than worms 

• Our genome has 12,000 genes fewer than corn, 
25,000 fewer than rice or wheat 

• The difference between a human and a 
hamburger bun is not in the number of genes 
but what we do with it 
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Human Genome 

• It is Dynamic (as is the matrix) 

 In some cell lines, it reshuffles itself to make novel 
variants of itself 

For example, immune cells make antibodies against 
presenting pathogens - pathogens change and so 
must the antibodies  

• Genes can be activated and deactivated, and 
gene expression (epigenetics) is fluid and ever 
changing 
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The Human Genome 

• 98% of the human genome does not contain 
genes 

• There are enormous stretches of DNA, 
interspersed between genes, that have no 
function 

• The length of the genome if unwound into a 
single line would be about 3,500 miles long  

• Only about 70 miles of that 3,500 miles is DNA 
that carries genetic information 
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Human Genome 

• Is encrusted with history/herstory 

• Contains ancient fragments of DNA that were 
inserted into the genome millions of years ago 
and have been passively carried forward 

• Has repeated sequences that appear frequently 
with no apparent function: a 300 base-pair 
sequence occurs tens of thousands of times  
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Human Genome 

• It accommodates enough variation to make each 
of us distinct from one another 

• The human genome has enough consistency to 
make us a species profoundly different from 
chimps and bonobos despite genomes that are 
96% similar 
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Human Genome 

• We have unlocked the entire human genome but 
we have no understanding of the genomic code 

• Genetic systems are extremely complex, 
dynamic, interdependent and chaotic  

• Genomic codes can only be deciphered from 
within a specific understanding of the living 
matrix  
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Human Genome 

Appended to each gene are DNA sequences that 
carry information on when and where to express 
the gene: there are codes beyond codes 
 

It imprints and erases chemical marks on itself in 
response to alterations in the environment - 

encoding cellular memory 
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Genes 

RNAs 

Proteins 

Organisms 

Environments 

Epigenomes 
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Human Genome 

• Mitochondrial Eve 

• At conception, genetic material from the sperm 
and the egg combine  

• But the cellular material of the embryo comes 
only from the egg / from the mother  

• The mitochondrial information of each of us  
comes only from the maternal lineage  

• Mitochondria carries a small genome itself  
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Understanding the Genome 
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DiGeorge Syndrome 
• Velo-Cardio-Facial Syndrome 
• 22q11.2 deletion 
• Majority of cases are new deletions 
• 180 anomalies have been reported 
Cardiac abnormalities (VSD, Pulmonic Stenosis, TOF, 

ASD) 
Suppressed immune function 
Palate abnormalities 
Characteristic facial appearance 
Hypotonia 
Delayed development, etc., etc. 
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DiGeorge Syndrome 

• 22q11 deletion is on one chromosome 
 Contains a number of genes, including COMT 

• An example of haplo-insufficiency 
 When only a single copy of a functional gene cannot produce 

enough of a gene product to create a “wild-type” condition 

 Seen in many copy number sensitive genes 

• Different diagnoses have been made in different 
members of the same family segregating the 
same deletion 
 The presentation of the same genetic change is quite variable 
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Amelie 
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Amelie 
• 8 year old girl 
• 2 open heart surgeries, 5 catheterizations, 3 angioplasties 
• TA, PDA, ASD, VSD, interrupted aortic arch 
• Aberrant subclavian arteries 
• Von Willebrands disease 
• Febrile seizures 
• Tortuous retinal vessels 
• Conductive hearing loss 
• Narrow external ear canals 
• Narrow trachea, structurally asymmetric pharynx 
• Reactive airways 
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Amelie (cont’d) 
• Diaphragmatic hernia 
• Frequent infections, 14 hospitalizations for pneumonia 
• Learning disabilities/distractibility 
• No thymus 
• Poor sleep/periodic limb movement 
• Congenital c-spine abnormality 
• Raynaud’s 
• Chronic constipation 
• Stomach aches, anal fissures 
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Genetics Meet Functional Medicine 

• A genetic disease or syndrome is a small part of 
a genome 

• Don’t forget the rest of the person 
• By focusing on the matrix we were able to: 
 Correct her digestive issues, including stomach 

aches, constipation and anal fissures 
 Decrease asthma symptoms 
 Help with sleep and restless legs 
 Decrease number of infections, no hospital 

admissons 
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Penetrance 
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“Omics” Systems Biology 
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The Bacterial Microbiome: By the Numbers 

• Every bodily surface hosts a myriad of 
microorganisms: 

 Skin = 1012 (one trillion) resident bacteria 

 Mouth = 1010 (ten billion) 

 Gut = 1014 (100 trillion) 
total weight approximately 2-5 lbs;  
most are anaerobes 
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What are the functions 
(ecosystem services) provided 

by these gene clusters? 
 

(The Metagenome) 
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A Primer on Metagenomics 

• Given our intimate relationship with microbes, 
sequencing the genomes of our own microbes is 
essential for understanding the human condition 

• The metagenome = genomic analysis of 
microbial DNA extracted directly from 
communities in environmental samples 
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PLoS Computational Biology, 2010, Vol 6(2): e1000667 
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Gut Microbes and Host Gene Regulation 

• There is a dynamic interaction between host and 
bacteria that profoundly affects genetic 
expression: e.g., metabolites interact with 
transcription factors 

• Intestinal bacteria alter host cellular function by 
influencing complex networks 

37 |  

Front Microbiol. 2011 Vol 2(166): 1-14 
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Major Influences on Individual Microbiomes 

• Host genotype 

• Type of birth (vaginal vs C-section) 

• Excessive hygiene (excessive) 
PLoS One, 2011;6(12):e28284 

• Diet (macronutrients, fiber, phytochemicals, 
alcohol) 

• Stress (social, emotional) 

• Xenobiotics / pesticides 
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Humans vs. Bacteria 

• Human somatic & germ cells: approximate 
average = 1013 (10 trillion) 

• Total microbiota > 100 trillion – outnumbering 
human cells by 10:1 

• Human genes ~20,000 

• Common microbial genes > 3.3 million – 
outnumbering human genes >150:1 

• One of the most complex microbial 
ecosystems on the planet! 
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The Human Gut Virome 

• Viral DNA analyzed in stool samples has shown: 

o several thousand distinct viruses, with 

o marked inter-individual variability 
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Minot, et al Genome Research, 2011(10): 1616-1625 
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Immune Functions of the Healthy Gut Microbiome 

• Enhanced barrier function: trophic affects on 
epithelial tissue 

• Initial development of gastrointestinal associated 
lymphoid tissue (GALT) 

• C.R.A.P.: Colonized resistance against 
pathogens 
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Kalliomaki, M, et al, Lancet, 2001, Vol 357: 1076-1079 
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Genetics 
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43 | Hendrieka Fitzpatrick, MD 

Epigenetics 

• Is changing the widely linear conception of 
genome function 

• Explains how environmental and psychological 
influences change the expression of genes 

• Epigenetic factors change the expression of 
genes without changing the genetic sequence 
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Epigenetics 

• The history of science teaches us that what             
starts as heresy becomes orthodoxy 

• Genetics research continues to be directed by 
reductionist thinking 

• Bioregulatory medicine requires us to think 
differently, to restore regulatory balance to 
dynamic complex and chaotic systems 
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Epigenetics 

“It’s the environment, dummy.” 
 

Thank you for being here. 
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Resources 
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