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Some Basics 

• The basic unit of our genetic material is 
the chromosome

• This can be likened to a twisted double 
stranded pearl necklace

• There are just four types of “pearls”
[or “bases”]

• They are called cytosine, thymine, guanine 
and adenine (C, T, G, A)



The necklace 

• The threads to which the pearls are attached are 
strands of alternating phosphate groups, and a 
sugar called “ribose”

• The pearls in one strand demand a specific 
partner in the opposite strand
C to G and A to T

• A sequence of pearl pairs constitutes a gene. It 
has marker codes for start and end and provides 
the recipe to make a protein

• Enzymes are one of the important groups of 
proteins made by genes



DNA

• The phosphate and ribose groups give the 
famous double helix- DNA- its name: 
Deoxyribose Nucleic Acid

• One double stranded necklace is one 
molecule of DNA

• It is also one chromosome
• A strip of the DNA forms the gene
• The whole purpose of DNA is to make 

proteins



The chromosomes 

• The gene is a pearl-pair sequence along 
the chromosome that is the code or  
“recipe” for a protein. 

• Humans have 23 different chromosomes, 
and as they get one from each parent the 
total is 46

• Together the 23 chromosome pairs code 
for about 30,000 active gene pairs.



Diagram of the cell
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DNA structure 1

From New Scientist 15 March 2003



DNA structure 2 

From New Scientist 15 March 2003



DNA structure 3
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Genetic polymorphism 

• Some genes will only tolerate one structure. Any 
variation is a “disease”- often lethal

• Some genes come in a variety of structures- [alleles]
• This is called “Genetic Polymorphism” and gives the 

species adaptability [read SNPs]
• This is why we are all different 
• Each gene appears on each copy of the 2 

chromosomes. If they are the same, they are 
“homozygous”; if different, “heterozygous”

• Our total set of genes is called our “genotype”; the 
expression or result is called out “phenotype”



Illness and genes

• Some alleles of a polymorphic gene make 
us more vulnerable to dietary and 
environmental insults

• Think of “oncogenes”, “cholesterol” genes, 
arthritis genes etc

• Did mother nature get the design wrong?

• Some genes protective. MTR [methionine
synthase polymorphism in Sicilians,Han
Chinese]



When do genes make us sick?

“Bad” genes?

• BRCA 1 and 2- represent a defective 
repair gene

• p53 gene deletion- results in reduced 
apoptosis [programmed cell death]

• In particular, think of the de-tox enzymes 
we inherit.  [pp. 213-215 GH]



Genes and illness

Environmental impacts on genes-dietary 
toxins pollutants

Nutrient depletions- repair of damaged 
genes requires zinc, selenium, omega 3s 

Gut bacteria are in dialogue with our 
genome

Epigenetic influences



Lamarck

• The 11th child in a family of impoverished French 
nobles

• Became a soldier but was an avid naturalist. 
Wrote on botany and zoology. Became a 
professor of zoology in 1793

• Made a significant contribution to evolutionary 
theory in observing the interaction between 
phenotype and environment

• Rendered “obsolete” by Mendelian and 
Darwinian theories

• Today we hear of “new-Lamarckism”



Epigenetics

• Refers to the factors that switch genes on,  
off or act as a “dimmer” switch

• Look at the little tails on the histone core

• These are chemical groups such as methyl 
or acetyl groups

• They are not part of the DNA as such, but 
can influence the behaviour of the gene by 
attaching to its control segment



Methyl and acetyl groups

• Simple chemical structures-derived from our 
food

• E.g. B6, B12 and folic acid are sources of methyl 
groups

• Such vitamins help catalyse many enzymatic 
reactions in biology

• The process is known as “methylation” or 
“acetylation”

• If they ain’t in the diet how can these reactions 
take place?



Example – Methyl group on 
alphalinonenic acid



Depression biochemistry
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A word of caution

• Low folic acid as bad as radiation for 
oxidative damage  [Dr. Michael Fenech
www.reach100.com.au]

• Folic acid in theory could stimulate a 
cancer to grow [Fenech]

• Read Folic acid-vitamin and panacea or 
genetic time bomb? [Lucock and Yates 
Nature Reviews GeneticsVolume 6 
March 2005]



MTHFR polymorphism

• The gene affects the way we handle 
folic acid

• About 20% have a Ala/Val substitution

• Ups the risk of vascular disease, 
migraine, stroke and bowel cancer

• Downs the risk of breast cancer

• Did not matter in the rainforest

• Not a defect



An interactive process

• Genes, “junk” or “non-coding” genes, 
enzymes and a process called RNA 
interference [RNAi] can all modify the 
expression of our genes

• DNA methyltransferase: one such enzyme
• All of this can be described as “epigenetic”

influence
• Response to environmental cues a guiding 

imperative 



Example-Queen bees

• Female honeybees all develop from 
identical larvae

• The one fed royal jelly becomes the fertile 
queen, the others remain sterile workers

• If the gene for DNA methyltransferase is 
silenced, [using RNAi] most of the lavae
emerge as Queens

• They have never tasted royal jelly



Example –the agouti gene



Example –the agouti gene



Agouti effects

• The agouti gene is well known for fur 
colour

• It also carries with it increased risks of 
obesity, diabetes, cancer and reduced 
longevity

• Did Mother Nature stuff up here?

• Various experiments indicate otherwise



Agouti Mice

• Jirtle and Waterland fed a group of 
genetically identical mice a diet rich in 
methyl groups prior to conception

• Their offspring were slim and long-lived

• Another group were fed genistein during 
pregnancy

• Offspring were slim, healthy and obesity 
resistant



Agouti mice-2

• Children’s Hospital Oakland-[CHORI 
study] fed 2 groups of mice lab diet. 

• One group, mid pregnancy, were 
supplemented with folate, choline, 
betaine,B12, zinc and methionine

• Coats of the offspring became browner 
and animals thinner in the supplemented 
mice



Cont.

• This effect was passed on to the next 
generation-even when the mothers were 
not supplemented

• Jirtle found that these changes were 
associated with increased methylation of 
six DNA base pairs that are involved in 
regulating the activity of the agouti gene



But there’s more

• Epigenetic influences are multiple
[i] lack of vital nutrients
[ii] gut bacteria
[iii] excess of unhealthy fats
[iv] caloric load
[v] fructose
[vi] environmental pollutants
[vii] stress –includes disruption of the circadian 

cycle, deprivation et. al
[viii] sunshine



Example-food deprivation

• Severe malnutrition during pregnancy in Holland 
at the end of WW2 led not only to increased 
obesity in male offspring-and health problems in 
the next generation as well

• Finnish studies indicate that low birth weight 
babies are at higher risk of coronary heart 
disease, diabetes, blood pressure and stroke-
independent of subsequent nutrition



A modern day nightmare

“In countries like India and China, under-
nutrition in one generation is followed by 
fat-laden fast food the next. Children are 
set up in utero to experience an 
environment of low nutrition and find 
themselves in the land of plenty. The 
epigenetic software is programmed for one 
scenario but encounters another, often 
with disastrous results.” [Jirtle]



Restricted food intake

• By contrast to severe deprivation, 
restriction is the single best index of 
longevity

• Pembrey, [ref] found that men whose 
paternal grandfathers had suffered food 
shortage between ages 9-11 lived longer

• Maternal line most benefited if food was 
limited when grandmothers were in utero
or were infants



Gut bacteria

• Constitute a significant percentage of our 
immune system

• Have a proven role in switching genes on 
and off [Nature 29.10.09]

• Sulphur loving bugs were first reported in 
the human gut in the 1970s. Now, 50% of 
normal people host sulphate reducing 
bacteria. 96% of colitis sufferers do. 

• [metabi] sulphites support these bacteria



Example-fructose

• Fructose is a sugar - identified in fruit, but not 
highly concentrated therein

• Behaves differently to other sugars - does not 
raise blood sugar, but goes directly to the liver

• Can be derived in quantity from High Fructose 
Corn Syrup (HFCS) common in USA processed 
foods. 

• Can be labelled “no added sugar”
• High in foods used in GI and CSIRO diets
• Suspected epigenetic role in obesity



Example-pollution: smoking

• Pembrey’s team was able to link smoking 
before the father was aged 12 - to 
increased body mass in their sons - but 
not their daughters - at the age of nine

• Taiwanese work linked betel nut chewing 
in fathers to increased risk of metabolic 
syndrome in offspring



Pollutants: pesticides

• Vinclozin – viticulture fungicide blocks 
male hormones

• Methoxychlor - pesticide with oestrogenic
activity

• No DNA damage. Epigenetic impact 
suspected. Reduction of fertility apparent
4 generations [of rats] later

• One in ten of all Australian couples now 
using assisted reproduction



Example-stress and epigenetics

• Maternal grooming in rats
• Deprivation has been shown to cause a change 

in the glucocorticoid receptor that results in 
greater production of stress hormones through 
life

• Syzf identified the loss of methylation in the 
control area of the glucocorticoid receptor gene, 
expressed in the hippocampus, as the driver of 
altered gene expression

• The effect was life long



Dealing with Stress

• “Researchers at Harvard discovered that 
in ..practioners of ....yoga and 
meditation...genes that protect from 
disorders such as pain, infertility, high 
blood pressure and even rheumatoid 
arthritis were switched on...[and] could 
be as powerful as any medical drug but 
without the side effects...”

SMH Health and Science August 20th 2009



Sunshine-and MS

• 2009 new genes found linked to MS

• Always known that latitude matters

• Was it the Celtic gene? Did not fit single-
cause theory

• Risk [genetic] appears linked to the 
“histocompatibility complex” DRB1

• Codes for Vit D response [called VDRE]

• Does not change the code-just how its 
read



Quote

• “... we evolved over a very long period of 
time to be running around naked in the 
plains of Africa and... I have a feeling we 
can tolerate lots of Vit D ...and if you were 
to lie out naked... you'd be making about 
15,000 units of vitamin D, so all this worry 
about taking 2,000 or 4,000 units a day 
seems misplaced to me

• Ref George Ebers  
www.abc.net.au/rn/healthreport 22.06.09



Asthma, allergy and 
autoimmune disease

• These are all on the rise in the Western 
world

• Type 1 diabetes in children rises 3% p.a

• Link to maternal diet and sun exposure 
under investigation

• Are we paying a price for slip-slap-slop

• Read Dr. Scott Weiss 
scott.weiss@channing.harvard.edu



Coeliac Disease
• Rise in incidence estimated fivefold in the last 

50 years
• Has a clear genetic basis-HLA DQ 2/8
• “It has to be a change in the environment 

because......human genetics don't change that 
fast..” Dr. Joseph Murray Mayo Clinic 
Rochester Minn. 2009

• Suspects include hygiene theory, changed gut 
bacteria [antibiotics], Vit D, vermicides, 
genetically modified wheat, less breastfeeding 



The bad news and the good

• The obvious conclusion is that bad 
diets/lifestyle factors can affect 
subsequent generations

• The EPA in America recognises 4 million 
toxic chemicals, 60,000 of which are 
commercially produced, and three new 
ones come onto the market every day

• The western diet shows no signs of 
improving



News (Cont.)

• Whilst early work indicates some genetic 
strategies- [injecting l-methionine into 
stressed rat brains calmed them]-it is very 
early days yet

• Methylation, RNAi are complex. We do not 
want to randomly turn adjacent genes on 
and off

• The solutions are political and lifestyle 
choices - not genetic rocket science



Are Epigenetic influences suspect?

• Obesity
• Heart disease
• Asthma
• Cancer
• Autism
• Anorexia n. –agouti polymorphism
• Melanoma
• Multiple sclerosis
• Autoimmune disease e.g. diabetes coeliac



Cancer-The future

• “.. in cancer one of the major changes is 
the expression of genes known as 
tumour suppressors....these genes [can 
be] switched off using the epigenetic 
code....there are huge projects in Japan, 
in America and in Europe.....”

Jane Mellor talking to Robyn Williams 
www.abc.net.au/rb/scienceshow/ 
07 02 09 



Infections

• Humans were “designed” to live in 
harmony with common everyday germs 
and worms

• We have thwarted this with antibiotics, 
hygeine vermicides

• Current trials treating IBD and Coeliac 
with worms. Cancer trials et al..

• Read “Filthy Healthy” by Jessica 
Marshall New Scientist 12.01.08



Nutrigenomics

• Defines the science of eating to support 
our genes

• Broad meaning - good nutrition
• Can be used to support blood group diets -

weak linkage when based on AB- Rh
grouping

• Potentially very powerful when based on 
HLA haplotyping –[white cell blood group], 
also known as “tissue typing” –the future
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