© 2020. Published by The Company of Biologists Ltd | Development (2020) 147, dev197871. doi:10.1242/dev.197871

e Company of
‘Blologlsts

SPOTLIGHT

Challenges and opportunities at the interface of birth defects,

human genetics and developmental biology
Mustafa K. Khokha'*, Karen J. Liu? and John B. Wallingford?

In November 2019, The Company of Biologists hosted a Workshop
in the UK entitled ‘Understanding Human Birth Defects in the
Genomic Age’ (https:/www.biologists.com/workshops/november-
2019-2/). This Workshop brought together a mix of pediatricians,
human geneticists and developmental biologists to discuss how these
groups might coordinate better in hopes of changing the course of
prevention, treatment and management of the most impactful disease
burden in children. Working as a group, the participants identified
key hurdles in the field as well as priorities for overcoming them. A
summary of the group’s conclusions is provided here:

Birth defects: the number one cause of infant mortality

The incidence of birth defects is underestimated by the general
population. Indeed, birth defects are the number one cause of infant
mortality in the US and Europe (for US data, see: https:/www.cdc.
gov/nchs/data/databriefs/db328-h.pdf; for UK data, see: https:/www.
ons.gov.uk/peoplepopulationandcommunity/birthsdeathsandmarriages/
deaths/bulletins/childhoodinfantandperinatalmortalityinenglandand
wales/2018) and in non-lethal cases, the impact on child health is
lifelong. As a consequence, the resources currently made available for
discovering the causes and understanding the consequences of birth
defects are not proportional to the overall impact on human health.
Transforming society’s views on these fragile children is critical for
improving their lives.

Individually rare, collectively common

Many families want cures. But they also desperately want answers as to
why their child has a birth defect. Even the most common birth defects
are genetically complex; therefore, the cause of any individual birth
defect is ultra-rare. As a consequence, patient families often do not
have access to the kind of community that can garner attention and
resources. Thus, these families lack easy ways to find answers or
solutions. This can leave patients and families feeling isolated. To
combat this, we should push towards considering birth defects as a
collective problem and identify areas where pooling of resources
(research and societal support) can have the highest common impact.

From gene identification to disease causality

Until recently, the vast majority of birth defects generally had an
unknown cause. Recent technical advances in genomics and
genetics have greatly improved our chances of linking gene
variants to birth defects. This is important, as it improves
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diagnosis and genetic counseling. Patients and families also then
have the possibility of pre-implantation genetic screening. However,
despite this incredible technical advance, assigning disease
causality remains difficult, in part because of the complex
interplay between gene(s) and the environment. This challenge is
further complicated by a lack of understanding of how gene variants
drive disease etiology. To address this challenge, gene discovery
must be coupled with mechanism discovery.

Genotype to phenotype: understanding molecular
mechanisms of disease pathogenesis

Although novel sequencing approaches have made gene variant
identification much easier, the identified genes are often of unknown
function or, in cases with known function, do not provide a plausible
mechanism for the observed tissue-specific developmental defects.
Thus, we often have very little mechanistic understanding of the
biological consequences of genetic variation or the impact of genetic
variation and the environment. If we understood the molecular and
cellular pathogenesis, we could improve treatment for patients and
hope to identify preventative strategies. This is where developmental
biology research, in model organisms and/or in vitro culture systems,
becomes essential — helping us to link the genetic variant to the
observed developmental pathology.

The impact of returning results to patients and families
Identification of gene-function interactions underlying congenital
anomalies should be a primary goal of the biomedical community.
Importantly, patients and families should be active participants in this
process, rather than simply subjects of research. This is an opportunity
to directly address the impact on one family, one patient and
potentially transform their lives. The impact on families includes
understanding the cause of the disorder, disease pathogenesis and
treatment, as well as long-term genetic counseling and the potential for
pre-implantation genomics. Given the collective significance of birth
defects in society, we can multiply these impacts many times over.
The overall goal is to prevent and treat birth defects to decrease the risk
and impact on patients, families and society.

Perspective: seeking a collaborative understanding of
patient phenotype, genetic variation and biological
mechanisms

In order to fully realize the promise of the genomic age for preventing
and managing human developmental disorders, we need to understand
the relevance of any genetic variant to the disease phenotype. This
presents a huge challenge to the community and will require far better
communication between clinicians (such as clinical geneticists,
dysmorphologists, pediatricians) and research biologists (such as
epidemiologists, developmental, cellular and molecular biologists). In
fact, we feel it crucial that birth defects research involves input from
very disparate fields of biology that have often not associated
themselves with developmental biology in the past. Strategies to
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promote interdisciplinary synergy will accelerate discoveries, and the
responsibility to develop such strategies lies with us.
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