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Human genome:  Sequenced!

https://www.genome.gov/10001772/all-about-the--human-genome-project-hgp/

All About The Human Genome Project (HGP)
The Human Genome Project (HGP) was one of the great feats of exploration in 
history - an inward voyage of discovery rather than an outward exploration of the 
planet or the cosmos; an international research effort to sequence and map all of 
the genes - together known as the genome - of members of our species, Homo 
sapiens. Completed in April 2003, the HGP gave us the ability, for the first time, to 
read nature's complete genetic blueprint for building a human being.

"It is humbling for me and awe inspiring to 
realise that we have caught the first glimpse 
of our own instruction book, previously known 
only to God." 
Dr Francis Collins, Human Genome Project

"We've now got to the point in human history 
where for the first time we are going to hold in 
our hands the set of instructions to make a 
human being." 
Dr John Sulston, UK Sanger Centre

"We now have the possibility of achieving all we 
ever hoped for from medicine." 
UK Science Minister Lord Sainsbury





A Decade Later, Genetic Map Yields Few New Cures
By NICHOLAS WADE

Ten years after President Bill Clinton announced that the first draft of the human 
genome was complete, medicine has yet to see any large part of the promised benefits. 

The failure of the genome 
Jonathan Latham

If inherited genes are not to blame for our most common illnesses, how can we 
find out what is?

Sun 17 Apr 2011 15.30 EDT First published on Sun 17 Apr 2011 15.30 EDT 

Blogging the Human Genome: 
Was the Human Genome Project a failure?

According to his published DNA sequence, James Watson 
should be blind, deaf, and have a tiny head. Why doesn’t he?

By SAM KEAN
JULY 27, 20128:30 AM

http://topics.nytimes.com/top/reference/timestopics/people/w/nicholas_wade/index.html?inline=nyt-per
https://www.nytimes.com/
https://www.theguardian.com/profile/jonathan-latham
https://slate.com/author/sam-kean


Human genome:  Downsized

Pertea, M. et al. (2018). BioRxiv https://doi.org/10.1101/332825.

https://doi.org/10.1101/332825
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Biosocial approach in population science

Franz Boas

American Anthropologist                        1912, 14(3)



Biosocial approach in population science

2003 2008



Biosocial perspective, defined

“. . . the dynamic, bidirectional interactions between 
biological phenomena and social relationships and 
contexts, which constitute processes of human 
development over the life course.”

— Harris and McDade, 2018 (p. 2)



Biosocial perspective, defined

BRAIN and BODY
gestation   infancy  childhood    adolescence  adulthood   older adulthood

Political economy

Social structure and stratification

Interpersonal relationships

Neighborhoods and schools

Genome and epigenome

Physiological and neurological systems

Organs and tissues

Biochemical messengers



A unique opportunity for biosocial 
applications in population science/health

Add Health
LAFANS

MxFLS
SAGE

CLHNS

NSHAP HRS

WISE
SEBAS

ELSA

CHARLS

IFLS

CRELES

 Large, diverse, representative samples

 Rich measures of context/experience/behavior

 Multiple measures across life stages

 Outcomes characterized across multiple dimensions

 Anthropometric, physiologic, genetic measures

MTO

WLS



Biological 
mechanisms

• Sympathetic adrenal 
medullary system

• Hypothalamic pituitary 
adrenal axis

• Cardiovascular system
• Metabolic processes 
• Immune system
• Gonadal fn, regn

Behavioral 
mechanisms

• Diet, physical activity
• Smoking, alcohol/ 

drug abuse
• Sleep patterns
• Risk taking
• Use of health services

Health outcomes
• Mortality
• Morbidity
• Fecundity/fertility
• Functional loss

Demographic factors
• Age
• Gender
• Socioeconomic status
• Race/ethnicity

Community factors
• Geographic setting, location
• Social capital
• Infrastructure

Psychosocial factors
• Social relationships
• Stressor exposure (e.g., life 

events, discrimination)
• Cognitive/affective traits

Health care
• Access
• Knowledge/trust

Cultural factors
• Shared beliefs, values, 

models of behavior

Bringing biology to population-based research

McDade et al. (2007) Demography 44: 899-925. 



Socializing biology

Biosocial 1.0  Borrow clinical biomarkers and apply them 
in population-based settings using prevailing conceptual and 
analytic frameworks.

Biosocial 2.0  Challenge prevailing biomedical frameworks 
by broadening scientific and public understandings of human 
biology, development, and health.



The biomedical approach:  Trapped inside the body

"It is humbling for me and awe inspiring to 
realise that we have caught the first glimpse 
of our own instruction book, previously 
known only to God." 

-- Dr Francis Collins, Human Genome Project 

"We now have the possibility of achieving 
all we ever hoped for from medicine." 

-- UK Science Minister Lord Sainsbury

“. . . many epidemiologic studies focus on individuals and individual risk factors. . . .  This 
research might more properly be seen as clinical research in large groups of people.”

-- L. Syme (2014).  Preface, Social Epidemiology.

“. . . the natural inclination of medicine is to isolate the single factor that is 
most responsible for the observed behavior. . . .  For infection, the target is 
the pathogen; for cancer, it is the tumor; and for gastrointestinal bleeding, 
it is the bleeding vessel or ulcer.” -- Ahn et al. (2006) PLoS Medicine.



What determines health?  Pre-class





Human biology is a social biology



Human biology is a social biology

1.0

1.2

1.4

1.6

1.8

2.0

2.2

< 
H

S

H
S

so
m

e 
co

lle
ge

co
lle

ge
 g

ra
d

> 
co

lle
ge

C
R

P 
(m

g/
L)

DNAm in association with SES 



Socializing biology

Attend to developments in the clinical 
sciences; borrow as needed.

Biosocial 2.0

Broaden scientific and public understandings of human biology

 Field-friendly methods for studying biology in “free-ranging” humans
 Using biology to document the impact of social context and experience
 Challenge simplistic understandings of biological causation



Measuring the body in free-ranging humans



Point-of-care 
assessment

Capillary tubes

Dried blood spots

Blood smears

Anthropometry
Ht, wt, body comp
Blood pressure

Saliva
DNA

Reproductive
hormones

Stress hormones
Immune factors

HIV

Urine
Reproductive

hormones
Stress hormones

Renal function
STIs

Drug metabolites

Measuring the body in free-ranging humans





Compliance:  DBS vs. income
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>50,000 DBS samples 
in past 15 years

Bringing biology to 
population-based research



DBS:  New directions

McDade et al. (2019).  J DOHaD.



Socializing biology

Attend to developments in the clinical 
sciences; borrow as needed.

Biosocial 2.0

Broaden scientific and public understandings of human biology

 Field-friendly methods for studying biology in “free-ranging” humans
Get out of the clinic to foreground contextual factors as determinants of 
human biology, development, and health

Recruit more diverse and representative samples; engage communities in 
formulating questions, collecting data, and interpreting results

Ask novel research questions that are facilitated by methodological 
innovation



Socializing biology

Attend to developments in the clinical 
sciences; borrow as needed.

Biosocial 2.0

Broaden scientific and public understandings of human biology

 Field-friendly methods for studying biology in “free-ranging” humans
 Using biology to document the impact of context and experience



Biological 
mechanisms

• Sympathetic adrenal 
medullary system

• Hypothalamic pituitary 
adrenal axis

• Cardiovascular system
• Metabolic processes 
• Immune system
• Gonadal fn, regn

Behavioral 
mechanisms

• Diet, physical activity
• Smoking, alcohol/ 

drug abuse
• Sleep patterns
• Risk taking
• Use of health services

Health outcomes
• Mortality
• Morbidity
• Fecundity/fertility
• Functional loss

Demographic factors
• Age
• Gender
• Socioeconomic status
• Race/ethnicity

Community factors
• Geographic setting, location
• Social capital
• Infrastructure

Psychosocial factors
• Social relationships
• Stressor exposure (e.g., life 

events, discrimination)
• Cognitive/affective traits

Health care
• Access
• Knowledge/trust

Cultural factors
• Shared beliefs, values, 

models of behavior

Bringing biology to population-based research

McDade et al. (2007) Demography 44: 899-925. 



Education is good for your health 
(but not for everyone?)

Gaydosh et al. (2017). PNAS.
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Socializing biology

Attend to developments in the clinical 
sciences; borrow as needed.

Biosocial 2.0

Broaden scientific and public understandings of human biology

 Field-friendly methods for studying biology in “free-ranging” humans
 Using biology to document the impact of context and experience.

Biomarkers as ethnographic tools to generate insight into the quality of 
social environments

Identify subgroups of more vulnerable individuals, heterogeneity in 
responses to similar experiences

Policy evaluation:  Near term impacts and unintended consequences



Socializing biology

Attend to developments in the clinical 
sciences; borrow as needed.

Biosocial 2.0

Broaden scientific and public understandings of human biology

 Field-friendly methods for studying biology in “free-ranging” humans
 Using biology to document the impact of social context and experience
 Challenge simplistic understandings of biological causation





Epigenetics and the biological embedding of experience



Are molecular signatures of low SES 
detectable in the epigenome?



1983-84     85-86               91-92     94-95      98-99          2005       2012    2014

Cebu Longitudinal Health and 
Nutrition Survey

gestation childhood adulthoodadolescenceinfancyGen 2
n=3080

pregnancy

education, hh income, hh assets education, hh income, hh assets

DNA methylation
(Illumina 450k array)



Results:  SES and DNA methylation

Comparing low/low vs. high/high SES:                       Total of 1,537 genes

1,777 CpG sites with increased methylation in low/low

769 CpG sites with reduced methylation in low/low

McDade et al. (2019). Am J Phys Anthro.



ID Name RawScore MFPvalue Pval CorrectedPvalue
GO:0007156 homophilic cell adhesion via plasma membrane adhesion molecules 0.773 4.04E-12 1.12E-11 3.03E-08
GO:0098609 cell-cell adhesion 0.722 4.27E-11 1.83E-11 2.47E-08
GO:0098742 cell-cell adhesion via plasma-membrane adhesion molecules 0.74 7.13E-11 1.29E-10 1.16E-07
GO:0034330 cell junction organization 0.686 1.68E-05 5.65E-06 3.82E-03
GO:0034329 cell junction assembly 0.676 7.80E-05 3.11E-05 1.68E-02
GO:0001501 skeletal system development 0.619 5.17E-04 4.75E-05 2.14E-02
GO:0007409 axonogenesis 0.614 8.58E-04 8.19E-05 3.16E-02
GO:0051222 positive regulation of protein transport 0.659 9.37E-04 9.51E-05 3.21E-02
GO:0007411 axon guidance 0.624 7.54E-04 9.91E-05 2.98E-02
GO:0097485 neuron projection guidance 0.624 7.54E-04 9.91E-05 2.98E-02
GO:0051960 regulation of nervous system development 0.607 2.67E-03 1.44E-04 3.90E-02
GO:0022604 regulation of cell morphogenesis 0.638 7.49E-04 1.46E-04 3.58E-02
GO:0050773 regulation of dendrite development 0.746 5.00E-04 1.58E-04 3.56E-02
GO:1904951 positive regulation of establishment of protein localization 0.649 1.59E-03 1.71E-04 3.55E-02
GO:0002483 antigen processing and presentation of endogenous peptide antigen 0.907 3.31E-04 1.84E-04 3.55E-02
GO:0019883 antigen processing and presentation of endogenous antigen 0.907 3.31E-04 1.84E-04 3.55E-02
GO:0045216 cell-cell junction organization 0.665 4.86E-04 2.57E-04 4.63E-02
GO:0034332 adherens junction organization 0.698 4.21E-04 2.60E-04 4.39E-02
GO:0098657 import into cell 0.618 1.56E-03 2.90E-04 4.61E-02
GO:0048525 negative regulation of viral process 0.754 8.74E-04 3.58E-04 5.38E-02
GO:0048814 regulation of dendrite morphogenesis 0.783 8.65E-04 3.72E-04 5.29E-02
GO:0048568 embryonic organ development 0.608 4.82E-03 4.21E-04 5.69E-02
GO:0001914 regulation of T cell mediated cytotoxicity 0.79 1.06E-03 4.64E-04 5.97E-02
GO:1901699 cellular response to nitrogen compound 0.599 5.55E-03 5.00E-04 6.14E-02
GO:0035137 hindlimb morphogenesis 0.755 1.43E-03 5.28E-04 6.20E-02
GO:0016045 detection of bacterium 0.836 1.27E-03 5.44E-04 6.13E-02
GO:0098543 detection of other organism 0.836 1.27E-03 5.44E-04 6.13E-02
GO:0006897 endocytosis 0.614 2.61E-03 5.66E-04 6.12E-02
GO:0001910 regulation of leukocyte mediated cytotoxicity 0.763 1.48E-03 5.78E-04 6.01E-02
GO:0035116 embryonic hindlimb morphogenesis 0.771 1.74E-03 6.53E-04 6.54E-02
GO:1903901 negative regulation of viral life cycle 0.77 1.56E-03 6.97E-04 6.73E-02
GO:0090087 regulation of peptide transport 0.594 8.62E-03 7.75E-04 7.22E-02
GO:0009595 detection of biotic stimulus 0.793 2.30E-03 7.82E-04 7.05E-02
GO:0098581 detection of external biotic stimulus 0.808 2.08E-03 7.90E-04 6.89E-02
GO:1901379 regulation of potassium ion transmembrane transport 0.876 1.23E-03 7.91E-04 6.68E-02
GO:0050767 regulation of neurogenesis 0.599 1.00E-02 8.01E-04 6.56E-02
GO:0007605 sensory perception of sound 0.677 2.26E-03 8.21E-04 6.52E-02
GO:0045071 negative regulation of viral genome replication 0.824 1.70E-03 8.99E-04 6.94E-02
GO:0051051 negative regulation of transport 0.623 6.90E-03 9.21E-04 6.91E-02
GO:0043266 regulation of potassium ion transport 0.75 1.97E-03 1.05E-03 7.66E-02
GO:0001916 positive regulation of T cell mediated cytotoxicity 0.785 2.18E-03 1.06E-03 7.51E-02
GO:0010975 regulation of neuron projection development 0.637 5.42E-03 1.13E-03 7.84E-02
GO:1900006 positive regulation of dendrite development 0.783 2.11E-03 1.15E-03 7.74E-02
GO:0051223 regulation of protein transport 0.59 1.25E-02 1.24E-03 8.17E-02
GO:0031646 positive regulation of neurological system process 0.837 2.35E-03 1.24E-03 7.99E-02
GO:0001912 positive regulation of leukocyte mediated cytotoxicity 0.756 2.93E-03 1.26E-03 7.92E-02
GO:0007044 cell-substrate junction assembly 0.778 2.67E-03 1.44E-03 8.82E-02
GO:0034762 regulation of transmembrane transport 0.621 7.66E-03 1.47E-03 8.85E-02
GO:0043901 negative regulation of multi-organism process 0.69 3.84E-03 1.54E-03 9.03E-02
GO:0032757 positive regulation of interleukin-8 production 0.79 3.54E-03 1.63E-03 9.36E-02
GO:0050714 positive regulation of protein secretion 0.652 8.53E-03 1.73E-03 9.75E-02
GO:0034109 homotypic cell-cell adhesion 0.772 3.86E-03 1.77E-03 9.76E-02

General themes
 Immune function
 Skeletal development
 Nervous system development



2,546 CpG sites across 1,537 genes





Sent: Thursday, May 16, 2019 11:48 AM 
To: Thomas McDade <t-mcdade@northwestern.edu> 
Subject: Re: Gene study and poverty 
 
Hi Dr. McDade: 
 
I have a couple of follow up questions.  
 
1) Study doesn't use the word, but would it be correct to conclude that the effect of poverty on 
genes is harmful? Why or why not? 
2) Do you hope that this research will begin to make poverty viewed as a public health issue, 
similar to addiction? That is, that this is not just a personal failing or even strictly environmental 
but a biological component and must be addressed as such? 
 
Thanks alot! 



Socializing biology

Attend to developments in the clinical 
sciences; borrow as needed.

Biosocial 2.0

Broaden scientific and public understandings of human biology

 Field-friendly methods for studying biology in “free-ranging” humans
 Using biology to document the impact of social context and experience
 Challenge simplistic understandings of biological causation

Much work to be done here!



What determines health?  Pre-class



What determines health?  Post-class
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