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Heredity
I Am the family face;

Flesh perishes, I live on,

Projecting trait and trace

Through time to times anon,

And leaping from place to place

Over oblivion The years-heired feature that can

In curve and voice and eye

Despise the human span

Of durance - that is I;

The eternal thing in man,

That heeds no call to die.

1840-1928 Thomas Hardy



Pros and Cons of 
Knowing Your Future
Pros

• Facilitate life planning
– Should I spend years pursuing a 

career that will be cut short?
– Should I take that trip to Tibet 

I’ve always wanted to do?
• Eliminate uncertainty

– I’ll know one way or another 
whether I’m going to die of X or 
not

• Reproductive planning
– I don’t want to bring a child into 

the world with this same 
dilemma/threat hanging over 
their head

Cons
• Life is always uncertain

– Each of us could die tomorrow 
in unpredictable ways

– Technology/Medicine may offer 
future, effective treatments

• Prior constraints that are 
unaffected by this decision

• Are the rewards of parenthood 
(or childhood) measured by its 
length?

• Denial can be a healthy coping 
mechanism

Current data suggests that <1/5 individuals decide to be 
tested when confronted with this option



Your Genome is Both Utterly 
Unique and Shared

• JC dxd with CRC at age 22
• Desires genetic testing to

guide future care
• Her identical twin does not

want testing
• Do we test JC?
• What if JC tests positive?

– Do we inform MC?

JC MC

Twins are rare; but this situation differs only in 
degree from the norm

Who Controls Your Genome?



Our Genomes Have 
Impacts on Others

JW

Breast Cancer

4 2
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Genomics for All! 
Direct to Consumer Genomics & the Human “Narcissome”

• In the ridiculous category…
– “Dating Genomics”
– “Nutrigenomics”
– “Athletic Genomics”
– Wine preference!

• Common disease risks
• Ancestry offerings

Offerings range from the Ridiculous to the Sublime
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Ancestry
• My ancestors are

from Europe
• Who’d have

thought?



DTC Risk Prediction for Common 
Disease

• Ng et al. 2009
– “50% or less of predictions agreed across 

five individuals.”
• GAO 2010

– “Misleading test results further 
complicated by deceptive marketing”

• Imai et al. 2011
– “Marked differences in the relative 

disease risks assigned by DTC services”
• Kalf et al., 2014

– “Predicted risks differed substantially 
among the companies

• Corpas et al. 2015 – genotyping and 
exomes
– “no overlap of sets of variants reported as 

significant by the four DTC analysis 
providers.”

2009;461:724–6

Clin Chem. 2011;57:518–21

A Remarkably Consistent Record of Dismal Performance



An Unreliable Product

While health-related DTC offerings appeal to 
the notion that such information has validity 
in predicting health or guiding health-related 

behavior, this is simply not the case

Results are invalid, inconsistent and if believed & 
acted upon, will mislead individuals about health-

related issues



Much DTC Information Drives Expense in 
an Already Constrained Medical System

• Lovett, 2012: “Virtually all identified medical
tests that were offered and advertised are
not recommended for use in screening by
evidence-based guidelines.”

• Bloss et al.: “A high percentage of
individuals stated an intention to increase
screening after DTC testing for a variety of
conditions for which screening is of no
established benefit.”

• Kaufman found that 28% of customers had
discussed their results with a healthcare
professional, 9% had followed up with
additional lab tests, 16% had changed a
medication or supplement regimen

Lovett; J Med Screen 
2012;19:141–153

DOI: 
10.1258/jms.2012.012

025

These discussions with providers were based on data that are 
un-reproducible and  invalid
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What is the Proper Role of the Market 
in Medicine?

• The market is great at developing new 
technologies

• However, its role in driving clinical uptake
of those technologies is problematic
– Implementation should be based on 

evidence of benefit
• Is aggressive marketing by a test’s purveyor 

the right way to drive deployment of any
medical test?

• We all have a shared stake in appropriate 
use of medical tests
– Everyone is in a health insurance scheme of 

some sort
– So since we all pay for each other’s medical 

care – and will be on the hook for the 
downstream costs that others incur - we all 
have a vested interest in seeing that others 
are not lured into pursuing bad tests by 
those with a conflict of interest
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• Egg donor
wanted:

– SAT > 1400
– 5’10’’ or

taller
– Athletic
– $50,000 plus

expenses

Genetics & 
Reproduction



This ad makes me feel…
1. Very uncomfortable
2. Modestly uncomfortable
3. Just fine; I don’t see any 

problem here
4. Can I have this couple’s 

phone number? I have 
some extra eggs I’m not 
using at the moment and I 
killed my SATs…



The Illusion of Control...
• How well can we really “fine tune” our 

children’s characteristics through genetic 
manipulation?

• Extreme genetic determinism is invalid, but 
genes do matter

• We engage in assortative mating in an 
attempt to optimize our progeny
– How is this different?

• What values do we want to foster in our 
children?



What Values and Traits Do We 
Want Our Children to Have?

• SAT > 1400
• 5’10’’ or taller
• Athletic
• $50,000 plus expenses

• SAT > 1400
• 5’10’’ or taller
• Athletic
• Expenses reimbursed

• Kind
• Creative
• Positive attitude towards life

EGG DONOR WANTED:



Pure Genetic Determinism is 
an Invalid Concept

• Our genes influence our phenotype
– our physical traits, behavior, etc.

• Even in the most extreme circumstances, however,
genetics does not solely dictate these issues
– cystic fibrosis
– breast cancer predisposition
– alcoholism

• Uncertainty always exists
• We are the sum of our environment, multiple

genes, chance and their interactions



'Thus society will find itself 
translating an inequity of 
circumstances (that is, 
relative wealth) into an 
inequity of nature through 
enhanced intelligence, 
strength, & other faculties 
acquired through birth.' -The 14th Dali Lama

The Universe in a Single Atom
p.194; 2005

Social Injustice



“Imagine if you could choose your baby the same way you pick out 
a new outfit from a catalogue. Perhaps some blue eyes, a bit of 
curly hair, and why not make her tall, lean and smart? One fertility 
doctor now says that he may be able to deliver.”

“Fertility Doctor Will Let Parents Build Their Own 
Baby”

March 3, 2009
ABC NEWS

Inching Towards Designer Babies



Inching Towards Designer Babies



CRISPR CAS9 Germline 
Manipulation

• CRISPR/Cas9 enables detailed genome 
editing 

• Chinese scientists used CRISPR in human 
embryonic cells to correct β-thalassaemia
– All cells of the resulting person (and their 

progeny) would have the repaired gene
• Problems include:

– Low efficiency, with 86 embryos manipulated, 
71 survived, 28 spliced, and a fraction of those 
contained the proper replacement material

– High numbers of “off target” mutations
• Considered “premature” but many groups are 

working towards the goal of human genome 
editing

• Banned in US (with use of NIH funding) 
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0.53“Traditionalism”

0.49“Religiosity” (2 scales)
0.43Jackson Vocational Interest Scale
0.50MMPI Personality Traits
0.69Full-scale IQ (WAIS)
0.64Systolic blood pressure
0.73Weight
0.86Height
0.97Fingerprints
CorrelationTrait

Bouchard et al., 1990, Science 250: 223-50

Most Human Traits Have a Significant 
Genetic Component



Substance Abuse Costs Our Nation More than $484 
Billion per Year

A Better Understanding of Problematic 
Behaviors Could Yield Great Benefits

• Diabetes costs society $131.7 billion annually
• Cancer costs society $171.6 billion annually



The Genetics of Risk Taking
• 50% of the earth’s 

population has inherited a 
genetic factor that 
predisposes to a strong 
proclivity for engaging in 
risky behavior
– The Y chromosome

• “Novelty Seeking” has a 
genetic component
– Obvious implications for 

substance abuse/addiction



nucleus
accumbens

hippocampus
striatum

frontal
cortex

substantia
nigra/VTA

Adapted from Donald R. Vereen, M.D., 
M.P.H., NIDA

We are Beginning to Understand the 
Molecular Basis of Human Behavior

0

50

100

150

200

0 60 120 180

Time (min)

%
 o

f B
as

al
 D

A 
O

ut
pu

t

NAc shell

Empty
BoxFeeding

Di Chiara et al.

FOOD

100

150

200

D
A 

C
on

ce
nt

ra
tio

n 
(%

 B
as

el
in

e)

MountsIntromissionsEjaculations

15

0
5
10

C
opulation Frequency

Sample
Number

1 2 3 4 5 6 7 8 9 1011121314151617

ScrScr
BasFemale

Scr
Female

Scr

Fiorino and Phillips

SEX

Natural Rewards Elevate 
Dopamine Levels ~100%

Comings (1987) pointed out that 
the limbic system has been 

characterized as controlling the 4 
F's--fight, flight, feeding, and 

sexual activity

Dopamine pathways represent the 
principal “pleasure” system of the brain



Unproductive Behaviors Can Have a 
Molecular Basis

• Those same pathways can be manipulated by 
substances and lead to addiction

• And those pathways are under genetic control
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Genetics isn’t Everything



Genetics, The Environment, 
and Violent Behavior

• Caspi et al. followed 1037 children from birth to 26 years
– Assessed outcomes in children as function of exposure to maltreatment 

and genotype of MAOA gene

• Those w/ low MAOA polymorphism and maltreated:
• The odds of developing conduct disorder: 2.8 fold x
• The odds of being convicted of a violent crime: 9.8 x
• 85% of males with low MAOA genotype who were severely 

maltreated developed some form of antisocial behavior

• The MAOA “low” polymorphism acts as a factor which 
increases susceptibility to the ill effects of maltreatment

• Inheriting a “high activity” MAOA gene is protective from 
the effects of maltreatment



Genetics and Free Will…
• Will we someday be able to detect 

“violence alleles” or “addiction 
predisposition” alleles that predispose to 
heinous acts or drug abuse - and 
“correct” them ?

• We already treat violent individuals with non-
specific, court mandated psychotropic drugs

• What about “preemptive” treatment (ala
Minority Report)?

• A slippery slope towards dystopia?
– Unintended consequences of genetic 

manipulation
– Stigma of genetically labeling an individual

Science will not solve these dilemmas- but good 
solutions will require a scientifically literate populous
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It Matters When We Misapply & 
Misunderstand Science

• The power of science 
is formidable

• Many want its 
imprimatur without 
following its rules

• We ignore scientific 
evidence at our own 
peril



Creating a Scientifically Literate 
Society

• Just one educational reform 
that would accomplish much
– Profoundly neglected at all 

levels of education
– Useful to all

• The public
– Regardless of their focus in life

• Policy makers
• The press

• “Statistics are boring and 
dry…”

Statistical literacy



Creating a Scientifically Literate 
Society

• A firm grounding in science is 
as necessary as the arts to 
fully appreciate the beauty of 
our world

• Sheer pleasure in the act of 
understanding 

• Amplifying awe and wonder

An Emphasis on Beauty



The Limits of Science

• There are certainly physical limits 
to our ability to understand the 
universe

• Our brains are likely not up to the 
job of omniscience



The Limits of Science
A Paradox

• Science can demonstrate our need for 
emotional warmth and connection
– It can even explain (through neurobiology and 

evolutionary biology) why we need these 
things 

– It may be able to inform our quest for how to 
attain a life of meaning

• It alone cannot fulfill that need
• For that, we need one another



Thank you

jpevans@med.unc.edu
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