The socio-political in human genetics education

Education must go beyond only countering essentialist and deterministic views of genet-

ics
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Biological and genetics research have estab-
lished that racial categories have no biological
or genetic basis. Social sciences have estab-
lished that race is a socially and politically con-
structed categorization that undergirds racism,
which has devastating consequences for the
physiological and mental well-being of racially
oppressed groups. The continued use of race as
a proxy for describing human genetic variation
is therefore troubling and has received atten-
tion in both the scientific community and the
public arena (1, 2). There is also growing recog-
nition of the socio-political nature of human ge-
netics/genomics research itself and the socio-
political ramifications of its findings (2). To ad-
dress these problematic aspects of human ge-
netics research and the public’s perceptions of
its findings, we call on scientists to openly en-
gage socio-political factors in their genetics ed-
ucation efforts. Even for those not involved in
equity and justice work, acknowledging the so-
cio-political matters for the generation and
communication of robust, nuanced, and pro-
ductive scientific knowledge.

The methods of conducting genetics re-
search and its outcomes are steeped in, and im-
pacted by, power and privilege dynamics in
broader society. The kinds of questions asked,
biological differences sought, and how popula-
tions are defined and examined are all in-
formed by the respective dominant culture (of-
ten  Eurocentricc  white,  economically
privileged, masculine, and heteronormative)
and its predominant ways of knowing and be-
ing (3). Findings from human genetics and ge-
nomics research subsequently play into exist-
ing socio-political dynamics by providing
support for claims about putative differences
between groups and the prevalence of particu-
lar traits in particular groups (3). Historically,
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such research has been used in support of eu-
genic movements to legitimize forced steriliza-
tion and genocides. Yet it would be a mistake
to assume that such research is merely a dis-
credited past relic, a stain on the otherwise ob-
jective and rational track record of genetic re-
search. Rather, it was mainstream work
conducted by prominent researchers and sup-
ported by major professional societies. The re-
ality is that some modern human genetics is still
informed by the same racist logic (4).

A recent report by the National Academies
of Science, Engineering, and Medicine (NASEM)
(2) has urged scientists to scrutinize and justify
their use of “race, ethnicity, and genetic ances-
try” as population descriptors in genetics and
genomics research. That report calls for a shift
in scientific practice to engage with the socio-
political nature of genetics research in terms of
how populations are described and how envi-
ronments are measured. It also calls for more
education related to this shift in practice. Edu-
cation is an important lever in any approach to
this problem, and practicing scientists need to
be involved, given their profound impact in ed-
ucating current and future scientists and teach-
ers. Scientists advise on curriculum develop-
ment initiatives, engage K-12 students through
outreach, and, of particular importance, teach
prospective scientists and teachers in their
courses.

By arguing that genetics educators should
engage with the ‘socio-political’ we are refer-
ring to historical and ongoing power differen-
tials between individuals and groups that result
in the distribution, often inequitable, of re-
sources and privilege. Contrary to common
views that rigorous science is value-free and
impervious to the socio-political context, it is
well established that science is and has always
been affected by the dominant culture and its
values. To explicitly acknowledge this reality in
science teaching, including genetics education,
is imperative; not doing so is misleading and
has the potential to backfire.

To be clear, just because science is inher-
ently socio-political does not mean that it is
flawed, or that it cannot generate knowledge
that is credible and valuable. Science has al-
ways been a socio-political and value-laden en-
deavor; this is a feature not a bug. Yet this

reality in no way legitimizes the arguments of
science deniers who misconstrue the socio-po-
litical nature of science as partisan and biased
and use this misrepresentation to dismiss
broad scientific consensus. When we ignore
the reality that science is entangled with and in-
separable from the socio-political context in
which it is done, we end up with naive and
problematic views of science that can lead to its
misrepresentation as non-credible.

BEYOND COMPLEX GENETICS

The current instructional overemphasis on
Mendelian inheritance and the central dogma
contribute to problematic views that are deter-
ministic (genes exclusively dictate phenotypes)
and essentialist (groups are homogenous and
inherently different from each other). We build
on existing efforts in genetics education to shift
instruction to more complex and accurate
models of gene-environment interactions
(multifactorial inheritance) and human trait
variation within and across populations (5).
Such complex knowledge of genetics, and the
explicit countering of race as biological, can
lessen genetic deterministic and essentialist
beliefs (5). However, while absolutely neces-
sary, a shift to more complex genetics is not
enough, because the socio-political nature of
the environment and how genetic populations
are defined remains implicit, resulting inincom-
plete scientific understandings that will not, by
themselves, counter scientific racism. Our con-
tention here is that successful genetic educa-
tion has to be anti-racist, it cannot be race-neu-
tral. Therefore, a core learning objective for
human genetics education should be under-
standing that neither the environment nor our
definitions of genetic populations are neutral
but rather that they are shaped by the histori-
cal, social, and political contexts in which they
exist. Below, we unpack the socio-political na-
ture of the environment and genetic popula-
tions, and why it is important to emphasize the
socio-political.

Environment

The environment is not neutral; rather, it is
experienced differently by different people. For
example, in the U.S., People of Color show
higher allostatic load (cumulative burden of
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chronic stress) compared to white people even
when adjusted for age and poverty rates; these
differences amount to aging almost a decade
faster due to discrimination and ongoing op-
pression (6). The COVID-19 pandemic brought
into sharp focus persistent racial and ethnic in-
equities in disease risk and outcome.
Moreover, what might be considered the
“same” environment, such as seeing a police
car in your rearview mirror, can trigger differ-
ent physiological responses for different peo-
ple, with particularly stressful ones for racially
minoritized individuals who often experience
discrimination (6). Differences in environments
are not benign. Rather, the racial health dispar-
ities in the U.S. largely stem from living in hos-
tile environmental conditions both physically
and socially. That these environments are op-
pressive is not happenstance, it is largely by de-
sign — through the historical and ongoing ef-
forts of white supremacy (7). Thus, systemic
racism is at play in shaping both the environ-
ment and the physiological responses to it
within individuals and across generations.

Genetic populations

Similarly, how geneticists construe human
genetic populations and how these are opera-
tionalized in terms of sampling and stratifica-
tion is also socio-political. Genetic distinctions
between human populations are not natural,
they are the consequences of categorizations
developed by geneticists for the purposes of
their research and the questions they pursue
(3, 8). The search for genetic differences among
populations, even when not done using explicit
racial categories, can still yield findings that are
problematic in that they can make social hier-
archies appear “natural”, for example caste dif-
ferences in India (9). Yet, genetic studies can
also promote notions of genetic unity and sim-
ilarity across culturally distinct social groups.
This was the case with a study by the Indian Ge-
nome Variation Consortium, which showed
greater genetic similarities between the rival
and culturally distinct Hindu and Muslim
groups living in Kashmir compared to their
counterparts elsewhere in India (8).

Regardless of whether research highlights
genetic differences or similarities across social
groupings, these endeavors are socio-political
in that they are situated in, and therefore in-
formed by, historical and ongoing dynamics of
social hierarchies. Ruha Benjamin (8) describes
other prominent cases that exemplify the non-
neutrality of genomics research and argues
that these efforts ultimately serve to unify or
differentiate the population often as part of a
larger national “branding” process.

RECOMMENDATIONS FOR EDUCATION

Why is it important for students to know about
the socio-political nature of genetic popula-
tions and the environment in multifactorial
models of trait variation? Is it not enough to
counter genetic essentialism? We offer several
reasons.

First, if we wish to dismantle racism (and
other systems of oppression) in science and so-
ciety, then we need to understand the ways in
which such oppression is woven into the fabric
of genetics research and disrupt and counter-
act these practices early and often through ed-
ucation. To achieve this aim, it is not enough to
counter genetic essentialism. The understand-
ing that race is not genetic (or biological) does
not automatically translate into an understand-
ing that race is a social construct, or that it can,
and does, shape our biology. Moreover, know-
ing that race is a social construct does not auto-
matically explain racial disparities in health or
any other arena because it ignores the systemic
nature of racism and the resulting inequities.
Solely countering beliefs in race-based genetic
differences and focusing on the similarities be-
tween racial groups obscures the real and dev-
astating differences in the wellbeing of minori-
tized racial groups. This can lead to racial
“color-blindness” of a genetic flavor that sees
everyone as the same and turns a blind eye to
the impact of racism on people’s biology.

Second, knowing that the environment in-
teracts with our genes positions the environ-
ment as an important consideration but does
not problematize it as resulting from socially
constructed power hierarchies with real and
tangible (physical, social, economic) manifesta-
tions that are decidedly not neutral or benign.
Sociopolitical awareness allows students to un-
derstand that there is no genetic basis for race
on the one hand, but that racism has profound
biological impacts on the other. Ignoring the
political nature of how we define both genetic
groups and the environment leads to un-nu-
anced and impoverished understandings of the
very phenomena that scientists aim to study.

Third, students should come to value their
social responsibility towards the moral and eth-
ical ramifications (intended or not) of genetics
research that they sponsor and consume. As a
society we underwrite and are responsible for
the knowledge we develop and how we use it.

Towards these ends, we provide three rec-
ommendations for secondary and post-sec-
ondary genetics education, grounded in genet-
ics education research (5, 10).

Emphasize the socio-political context of
the environment.

In the context of human gene-environment
interactions, instruction should address how
physical, economic, and social environments

can be damaging to people, particularly from
minoritized and disadvantaged backgrounds,
and are a cause of health disparities. Moreover,
instruction should emphasize that these envi-
ronments and their detrimental outcomes did
not come about by chance but are manifesta-
tions of past and ongoing systemic racism and
its underlying power and profit motives. Cur-
rent treatments of the environments in genet-
ics education often ignore the socio-political
context and position the environment as
largely neutral background conditions.

Entangle environment and biology

To grasp the biological effects of oppressive
environments, students need to understand
how the environment is entangled with the
mind and body —how is it, exactly, that the en-
vironment “gets under our skin”? Instruction
therefore needs to open up the black box of the
mechanisms involved in gene regulation and
epigenetic changes in response to environmen-
tal conditions. Students should come to under-
stand that, in a sense, and to a certain extent,
we can inherit effects of environments, espe-
cially traumatic ones, experienced by prior gen-
erations (11).

Scrutinize the socio-political categoriza-
tion of human populations.

Instruction should encourage students to
critically scrutinize how human populations are
defined and bounded in genetic studies; they
can identify the ways in which such categoriza-
tion may serve political ends (i.e., who benefits
and who loses from these boundaries). Simi-
larly, instruction should foster awareness of the
potential ramifications of findings from com-
parisons of social groups in terms of naturaliz-
ing these social categories (e.g., comparisons
based on race contribute to making race seem
a “natural” biological construct). Research con-
tinues to use categorization schemes that un-
necessarily racialize traits biologically or genet-
ically; for example, race is still viewed as a risk
factor for type 2 diabetes in ways that can am-
plify a biological/genetic basis and downplay an
environmental one (12). While this may be
done with good intention (to help minoritized
communities) it can, and often does, naturalize
group differences as biological and promote
deficit views of racialized communities and
their cultures (12).

There are clearly challenges in implement-
ing these recommendations. Both long- and
short-term strategies involving multiple lever-
age points will be needed. In the long term, we
see instructional materials as a powerful lever
bolstered by a commitment to fund and imple-
ment them across education systems. Design-
ing such materials will require the work of
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interdisciplinary teams of geneticists, science
educators, and sociologists who share an eg-
uity focus. There are powerful exemplars of
curricula at the high school level that engage
students with ambitious science, its socio-polit-
ical dimensions, and a focus on social justice
(e.g., 13, 14). There is a growing number of ex-
cellent books (15) and online resources for anti-
racist genetics and biology education, for ex-
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ample, the LabXchange’s “Racism as a public
health crisis” curriculum, and the Fred

Hutchinson Cancer Center’'s materials on
“Race, racism, and genetics”. These resources
include supports for teachers in creating brave
and safe spaces for discussions about race and
genetics. Funding and committed support of
national and professional science and science
education organizations will also be instrumen-
tal for these efforts.

In the short term, we see scientists’ role in
the education of future scientists and teachers
as one powerful lever for change. Undergradu-
ate coursework in biology and genetics, often
taught by faculty in those departments, are
spaces where we can begin “sowing the seeds”
of socio-political awareness in genetics. We of-
fer two practical suggestions that science fac-
ulty can take to support such learning.

The first suggestion is to bring in the histor-
ical context of key discoveries in genetics in
ways that highlight how the socio-political mi-
lieu at the time afforded and constrained the
theories and methods used and their social
consequence. For example, the monumental
accomplishment of the Human Genome Pro-
ject is often taught in genetics courses. What
tends to be missing from this account is the
broader socio-political context that shaped this
project and its legacy. The prevailing, and ra-
ther essentialist and reductionist (it all boils
down to genes), view at the time, of DNA as a
blueprint for human capacities, powered this
Herculean project. While this project, and
those that followed, showed the overwhelming
genetic similarity between people, it nonethe-
less contributed to a theoretical and methodo-
logical “science of difference” and ushered in
an ongoing flurry of research efforts to locate
socially relevant genetic differences within and
between groups. The search for genetic differ-
ences has risks and benefits; instruction should
address both and draw on emerging best prac-
tices in the field (1).

In this sense, the Human Genome Project
was developed in, and sustained by, a socio-po-
litical context that upheld (and still upholds)
value-laden group differences. This under-
standing can help students see the inter-relat-
edness of the historical, social, and political
context of genetics science and society. Argua-
bly, some of these ideas are taught in science

and technology studies (STS) courses and we
would welcome requiring such courses for any
science or education major. However, we know
that knowledge and learning are situated (con-
text and discipline dependent) and therefore to
be relevant and useful it is important for ideas
to be learned in the discipline of their use ra-
ther than in a separate STS course.

The second suggestion is to engage stu-
dents in reflection on the undergirding assump-
tions and aims of common research ap-
proaches in genetics (e.g., genome-wide
association studies) — questioning who decides
how to define populations, which populations
are included or excluded in studies, who bene-
fits from the knowledge generated by these ap-
proaches, and who might be harmed by them
(intentionally or not)? Such questions can help
students become more attuned to the in-
tended and unintended, oppressive, or liberat-
ing, consequences of research.

We acknowledge that engaging with the ed-
ucational recommendations we propose, espe-
cially given social polarization, is challenging
and potentially risky (but change invariably in-
volves risk and struggle). Yet we believe that
engaging with these recommendations is
worth the risk. Moreover, this risk can be less-
ened if those with power, such as professional
societies in science, join the struggle with their
voices, resources, and backing. The NASEM re-
port (1) has re-centered these issues and we
call on other organizations to follow suit.
Through a commitment to critical and caring
education we can change minds and structures
towards more just futures.
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