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Single-cell and spatial transcriptomics are revolutionizing science. Latin America’s unique genetic diversity,
environment, and endemic infectious diseases offer exceptional opportunities to deploy these technologies
for societal and scientific impact. We highlight regional challenges and opportunities, offering recommenda-
tions to boost capacity, foster collaboration, and promote research equity.

Single-cell sequencing technologies have  global initiatives such as the Human Cell  the Malaria Cell Atlas® and Fly Cell Atlas.*
emerged as powerful tools for exploring  Atlas (HCA),> an ambitious international  Latin America (LATAM) boasts substantial
the molecular landscape of tissues." endeavor to map every cell in the human  human diversity and a complex and unique
These technologies are foundational to  body, as well as specialized atlases like genetic admixture, a direct consequence
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of its colonial history marked by forced la-
bor, genocide, and migration. The region is
home to some of the largest populations of
Afro-descendants outside of Africa, as
well as over 800 distinct Indigenous
groups, totaling more than 45 million indi-
viduals.>® Critically, these populations
often possess unique genetic and environ-
mental characteristics, yet they remain
understudied, including in flagship
research projects like the HCA initiative.
Secondly, LATAM has many neglected
tropical and vector-borne diseases, such
as Zika, that are frequently overlooked by
research funded in the global north, where
most advanced single-cell and spatial ge-
nomics hubs are concentrated. Further-
more, although each rare disease affects
only a small number of people, the cumu-
lative impact in the region is substantial.
An estimated 40-50 million individuals in
LATAM are affected by one of these condi-
tions,” yet opportunities to inform treat-
ment and public health through single-
cell analyses are lacking.

Beyond human health, single-cell tech-
nologies have applications in agriculture
and conservation, including management
of food staples such as maize, beans, and
cassava, and in studies of the resilience of
key species in Amazonian, Andean,
and Antarctic ecosystems. These tech-

nologies may also inform the bioengi-
neering of microorganisms for bioremedi-
ation in polluted environments, such as
oil-contaminated mangroves or regions
impacted by mining.%*°

Inequitable access to single-cell tech-
nologies not only hinders scientific prog-
ress but also perpetuates a global imbal-
ance in biological innovation, particularly
in LATAM where enormous discovery
opportunities remain untapped.

Identifying community needs

The global trend in single-cell genomics
research has shown remarkable growth
with approximately 2,600 articles pub-
lished on the topic between 2001 and
2019, with one-third of them published in
2019 alone.'® Between 2020 and 2022,
article numbers tripled.”" Leading con-
tributors include the United States of
America (USA), China, and European
countries, while LATAM countries remain
underrepresented, with Brazil being the
only country in the region among the top
30, primarily through collaborations with
northern research institutions. '

These disparities were acknowledged
even before they were formally quantified
through initiatives that recognized the
need to address them. One such effort
was the expansion of the HCA initiative

into LATAM, which has been instrumental
in fostering the adoption and understand-
ing of single-cell technologies across the
region. Through a combination of work-
shops, training programs, and lectures,
HCA LATAM has not only expanded
technical expertise in the region but
also built a collaborative community of
researchers dedicated to advancing sin-
gle-cell research. Additionally, organiza-
tions such as the Chan Zuckerberg Initia-
tive (CZIl) have supported these efforts
through programs like the Ancestry
Networks for the HCA. This program,
launched in 2021, invested $27.9 million
in projects aimed at closing gaps in
genomic data, particularly for ancestrally
diverse populations, in addition to sup-
porting the long-term engagement of the
LATAM community in the HCA. Three ini-
tiatives are dedicated to studying popula-
tions in LATAM. LatinCells (https://www.
latincells.org/) and JAGUAR (https:/
jaguar.ligh.unam.mx/) aim to map the di-
versity ofimmune cells across several LA-
TAM populations using complementary
approaches: LatinCells focuses on under-
represented communities that are often in
remote and rural regions, while JAGUAR
centers on admixed urban populations.
A third initiative shares similar goals
but focuses specifically on Indigenous
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Figure 1. Mapping research capacity and needs in single-cell and spatial transcriptomics in
Latin America.

(A) Map of Latin America, and pie charts highlighting countries represented by the initiatives described in
the text. Gray areas on pie charts indicate participants from countries outside Latin America.

(B) Main challenges identified by the 85 cohorts of respondents in 2022.

(C) Most frequently cited skills that respondents apply in their research, based on the 2022 needs survey.
Dark green indicates frequent use, light green, occasional use.

(D) Positive responses regarding access to the technologies, availability of sufficient infrastructure and in-
house expertise, based on the 2024 capacity survey. Dark green indicates the fraction of those with ac-
cess that do so through institutional core facilities (first bar) and of those with in-house expertise who have
dedicated experts (third bar).

(E) Main challenges reported by 66 scientists and trainees across six Latin American countries, based on
the 2024 capacity survey.

(F) Types of support that respondents believe would most benefit their work in single-cell or spatial
transcriptomics, based on the 2024 survey.

populations in South America (http://luis-
barreirolab.org/research/). These efforts
aim to reveal how regional genetic diver-

sity and environmental factors shape
immune cell composition and function,
immune responses, and disease sus-

5792 Cell 188, October 16, 2025

Cell

ceptibility (https://chanzuckerberg.com/
science/programs-resources/cell-science/
ancestry-networks/).

To better understand the needs and
map local capacity in support of
advancing single-cell genomics research
in the region, we launched a series of ini-
tiatives beginning with an online survey in
2022. Our primary goal was to engage
scientists across Latin America and the
Caribbean. However, despite our efforts,
we were unable to reach participants
from the Caribbean, and as a result,
this region is not represented in the
data presented here. This absence un-
derscores a significant gap that warrants
dedicated attention in future efforts.

The 2022 needs survey, disseminated
through social media, email, and
word of mouth, reached 85 scientists
interested in single-cell genomics across
six LATAM countries, predominantly
from Brazil (Figure 1A, first pie chart). It
revealed widespread interest in single-
cell genomics applied to 15 biological
fields, including oncology, immunology,
population genetics, and neurosciences.
Developmental biology, host-pathogens
interactions, and plant  sciences
were also represented, aligning with
global trends in single-cell genomics
literature. "

The most pressing challenge faced by
LATAM researchers at the time of the
needs survey was the lack of funding,
with approximately 65% of respondents
highlighting this as their main barrier to
progress, followed by limited in-house
expertise and support, as well as insuffi-
cient learning opportunities (Figure 1B).
To carry out single-cell analyses, many re-
searchers reported sending samples
or data to external laboratories or
outsourcing to commercial service pro-
viders. Only about 6% of respondents
indicated that they were able to perform
the entire process locally.

These obstacles have resulted in a
focus on data analysis rather than data
generation, as accessing publicly avail-
able data was often seen as more feasible
given resource limitations. Consistent
with this, most respondents (89%) identi-
fied bioinformatics analysis as a key skill
required for their research, although wet-
lab techniques related to sample process-
ing and preparation were also commonly
mentioned (Figure 1C). Analysis of
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existing datasets is often referred to as
“low-cost” or “no-cost” science and
allows researchers to contribute to the
field and integrate into international
collaborative networks'' while focusing
on enhancing training. But since data are
not generated in-house, the approaches
employed may not always align with a
research team’s specific interest, may
restrict the scope of the scientific ques-
tions that can be explored, and rarely
use the carefully collected materials held
by local research teams that would be
most impactful to their community.

Driven by strong interest and capacity
gaps, several single-cell genomics
training initiatives have emerged in the
last five years, including programs sup-
ported by CZI, HCA LATAM, Royal Soci-
ety (RS), Wellcome Connecting Science
(WCS), and the Brazilian National Cancer
Institute (INCA). Of note, in 2023 and
2024, two week-long hands-on courses
covering both wet-lab and bioinformatics
practices, organized by WCS in collabo-
ration with INCA, brought together 40
participants from 10 LATAM countries
(Figure 1A, second pie chart). In addition
to creating a strong, long-lasting network,
more than 90% of the participants re-
ported increased confidence in planning
and conducting single-cell experiments,
as well as direct benefits to their research
and careers, thus illustrating that well-
positioned training interventions can be
transformative.

The current landscape

Following up on the success of these initia-
tives, the 2024 “Single Cell LATAM Sym-
posium: Connecting Communities and
Advancing Research” in Rio de Janeiro,
Brazil, served as a crucial gathering for
the burgeoning community of researchers
focused on single-cell research in LATAM
(Figure 1A, third pie chart). In addition to
the scientific component of the event, dis-
cussions focused on regional challenges
and strategies to overcome them,
including strategies to foster collaboration
and recommendations to improve access
and capacity in the region. Insights from
this event informed the development of a
second online survey (in 2024) to system-
atically assess the current landscape, ca-
pacity, and infrastructure for single-cell
and spatial transcriptomics research in
the region.

Sixty-eight scientists from across LA-
TAM answered the capacity survey, half
of them from Brazil (Figure 1A, fourth
pie chart). In this survey, the data showed
that human diseases remain a major
topic of interest among scientists inter-
ested in using single-cell genomics.
Research on cancer and the tumor
microenvironment was a major field
mentioned by researchers. Examples
include studies on the influence of
ethnicity and ancestry on immune re-
sponses, although many researchers re-
ported working on other non-communi-
cable diseases, such as obesity, which
disproportionately affect populations in
the region. The strong emphasis on
non-communicable diseases likely re-
flects the growing health burden in LA-
TAM where cancer and cardiovascular
diseases are the leading causes of death,
accounting for over 77% of mortality in
Latin American and Caribbean coun-
tries.'? Infectious diseases also featured
prominently, especially those endemic
to LATAM, such as Zika virus and
dengue. Beyond human health, a smaller
number of researchers were focused on
topics such as microbial adaptation to
extreme environments and the emer-
gence of multi-drug-resistant microor-
ganisms.

In 2024, 61% of the respondents
declared they had access to single-cell
sequencing and 48% to spatial transcrip-
tomics. However, access through institu-
tional core facilities remains limited: only
two-fifths of those with access to sin-
gle-cell technologies, and one-fifth of
those with access to spatial technolo-
gies, do so through institutional core fa-
cilities (Figure 1D). Importantly, access
was found to be strongly concentrated
in Brazil, Chile, and Mexico. In Brazil,
infrastructure is highly concentrated in
the southern states, particularly in Sao
Paulo and, to a lesser extent, in Rio de
Janeiro, where collectively most of the
country’s research institutions and fund-
ing are located. This uneven distribution
of resources mirrors broader regional
disparities in research infrastructure
across LATAM, limiting access for re-
searchers in other parts of the country
and the continent. Expanding access to
single-cell technologies beyond major
research hubs is crucial for fostering a
more inclusive and equitable scientific
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community. Finally, skill in bioinformatics
appears to be independent of having ac-
cess to genomics infrastructure, with
53% and 24% of respondents reporting
some kind of in-house expertise in sin-
gle-cell and spatial transcriptomics data
analyses (Figure 1D).

Challenges and barriers
When asked about the main barrier to per-
forming single-cell genomics studies,
66% of the survey respondents agreed
that the limited access to equipment and
infrastructure was a main contributor.
But most notably, 93% of them consid-
ered the high costs of reagents and con-
sumables as prohibitive (Figure 1E), and
subsidizing reagents and consumables
was highlighted as an initiative that would
be most beneficial (Figure 1F). Given
these limitations, collaboration continues
to play a pivotal role in enabling LATAM
scientists to conduct single-cell genomics
research, with 66% of them actively trying
to enhance their capabilities through
collaborative projects (Figure 1F). These
collaborations primarily involve institu-
tions in Brazil and the USA, who provide
access to technologies, data analyses,
and support for reagent acquisition and
sequencing. They also serve as a mecha-
nism to secure funding. However,
differing rules and ethical standards
across institutions and countries were
reported as a significant barrier. Re-
searchers noted that designing and ob-
taining approval for a study that aligns
with the ethical guidelines of all partici-
pating institutions is both time-consuming
and challenging. This often leads to sub-
stantial delays or, in some cases, even
prevents collaboration. Some re-
searchers expressed concerns about the
extractive and transactional nature of
some collaborations, including instances
of “helicopter research,” where re-
searchers from high-income countries
collect samples or data in LATAM,
conduct analyses in their own institutions,
and publish findings while limiting the
involvement or recognition of local re-
searchers.'® Notably, retention of biolog-
ical samples for unrelated projects, which
do not always respect ethical regulations
and institutional material transfer agree-
ments, was also highlighted as a concern.
It was widely agreed by LATAM re-
searchers that it is difficult to compete
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for grants against investigators with im-
mediate access to state-of-the-art geno-
mics facilities, optimized protocols, and
dedicated bioinformatics pipelines. In
addition, a significant proportion of LA-
TAM researchers who responded to the
survey believe that the capacity of the sin-
gle-cell and spatial genomics platforms
available to perform their experiments is
insufficient, highlighting their reliance on
external facilities (Figure 1D). Poor or
inadequate internet capacity, which is
problematic when attempting to upload
or download big datasets, and limited
computer storage space further exacer-
bates the infrastructure challenges
(Figure 1E). This systemic disadvantage
not only stifles creativity but also directly
affects investigators’ publication track re-
cord, as the time-intensive nature of over-
coming these barriers delays project
completion and publications, limiting
competitiveness in the global grant arena.

In addition to limited access to suffi-
cient infrastructure and funding, scien-
tists in LATAM face other barriers related
to research costs. The prices of reagents
and consumables imposed by distribu-
tors are sometimes doubled. In many
cases, the cost of reagents required to
generate single-cell RNA libraries
(excluding sequencing expenses) can
be equivalent to a lab’s annual budget,
while sequencing costs are also high
due to taxes, meaning it is often cheaper
to outsource to facilities or companies
outside LATAM. This practice reduces
the local return on investment and the
development of in-house expertise and
research capacity. Additionally, it often
incurs additional challenges such as cus-
toms fees and time delays that can signif-
icantly increase overall project expenses.
These challenges are even more pro-
nounced in remote regions, where limited
connectivity and inadequate conditions
for sample collection and storage further
amplify them. Other issues faced by LA-
TAM researchers include inadequate
public awareness of the importance of
this type of research, which results in
low levels of engagement and support,
and isolation, particularly when they are
the sole specialists in their institution or
country, with this cycle of logistical chal-
lenges resulting in frustration and
contributing to the well-known brain
drain from the region. Finally, political
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instability and science policy reversals
pose significant threats to research con-
tinuity. Funding cuts have severely
impacted research budgets in the last
few years.' Threats to academic
freedom and scientific autonomy, as
well as the impact of nationalistic policies
on international collaborations, further
exacerbate these challenges.

Given the interwoven nature of the bar-
riers and challenges, it is not surprising
that the top support needs highlighted
by local scientists are subsidies of re-
agents and consumables, collaboration
opportunities (both local and interna-
tional), access to advanced equipment
and technologies, and access to special-
ized training (Figure 1F). Despite these
obstacles, researchers are eager to
enhance their capabilities, particularly in
data analyses, sample diversification,
and increased throughput.

Recommendations to increase the
potential for impact
Despite recent single-cell genomics-
focused events supported by WCS, CZI,
RS, and HCA LATAM, limited access to
training remains an important concern
for local researchers, as is retaining
expertise in the region. Given the nascent
nature of this research field, we believe
that the most promising pathways to
impact are 3-fold (Figure 2).
Equity-focused funding
Subsidizing the costs of equipment, re-
agents, and consumables for LATAM-
based researchers is critically important.
Additionally, funding can also support
cross-border collaborations, which have
been shown to enhance access to equip-
ment, computational capabilities, and
training. Moreover, given that global north
countries already benefit from established
infrastructure and expertise, and that fund-
ing for single-cell and spatial transcriptom-
ics research is highly competitive in this re-
gion, there is a clear need for dedicated
funding mechanisms specifically aimed at
LATAM-based researchers. These funding
initiatives should rethink traditional notions
of merit, focus on the potential for impact,
and incorporate this focus into their call
guidelines, award processes, and selec-
tion criteria.

Of note, equity-focused funding and
support should also consider where in LA-
TAM there is the most need. Given that

Cell

southern Brazil is more advanced when
it comes to research, attention should be
given to other, less advanced regions
and countries. Special support is needed
for centers in remote and poorly con-
nected areas and for historically marginal-
ized ethnic groups. Additional criteria
could include considerations such as the
percentage of a country’s GDP (gross do-
mestic product: the total value of all
goods and services a country produces
in a specific period) allocated to science,
as this can serve as a proxy for the
maximum funding typically obtainable
through local grants. Such an approach
would help ensure that support is directed
to countries where research funding is
disproportionately low relative to both na-
tional economic capacity and scientific
potential.

Community-based infrastructure
Funding should focus on building, retain-
ing, and leveraging regional capacity.
One strategy would be to invest in the
development of nation-wide and conti-
nental facilities and biobanks that operate
at scale and have a viable business
model. By fostering coordinated infra-
structure, shared protocols, and stan-
dardized governance, alliances among
LATAM biobanks and facilities can enable
resource sharing, reduce duplication of
efforts, and negotiate better prices for re-
agents, consumables, and services
through collective procurement. Biobank
networks can also support decentralized
sample collection while centralizing pro-
cessing and storage in well-equipped
hubs, making advanced analyses like sin-
gle-cell transcriptomics more accessible
to researchers in remote or under-re-
sourced areas. This would increase ac-
cess to needed equipment, offer afford-
able services, and reduce the risks of
shipping materials abroad, better sup-
porting research innovation and discovery
in LATAM. It is important, however, that
such standardization of facilities and bio-
banks does not restrict scientific creativity
or limit the diversity of research questions
that scientists can explore. Collectively,
infrastructure platforms would ensure
the region’s researchers feel a sense of
ownership and belonging in the global sci-
entific landscape. This approach would
allow regional scientists to focus on
bold, high-impact questions without the
prohibitive startup costs and logistical
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Strategies to improve access and capacity for single-cell and
spatial transcriptomics in Latin America
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Figure 2. Recommendations to increase the potential for impact in Latin America.

This figure presents three key pathways to maximize impact, based on the early-stage development of the
field in the region. These recommendations reflect recurring themes and priorities identified through
surveys, interviews, and the initiatives discussed in the text.

hurdles. Examples of similar initiatives
include the Latin American Bioimaging
Hub (https://labi.lat/about-us/).

These facilities or hubs could also
continue building capacity in the region

by training LATAM researchers and
sharing expertise that would expedite
and optimize project development.
Specialized training programs focused
on single-cell and spatial transcriptomics

¢? CellPress

data generation and analysis should
include ethics guidelines and best prac-
tices, emphasizing the use of FAIR (find-
able, accessible, interoperable and reus-
able) principles.

Improved institutional practice
Improvements at the institutional level
could also be pursued. For example, the
promotion of internal collaborative grants
can ensure that more researchers have
access and the means to use single-cell
facilities, reducing downtimes and oper-
ating costs. Institutions could also work
toward streamlining inter-institutional col-
laborations and agreements, which would
significantly advance scientific develop-
ment in the region.

Additionally, institutions should also
play a role in raising awareness and
fostering understanding of the signifi-
cance of single-cell and spatial transcrip-
tomics research among policymakers and
the public by nucleating key decision
makers across the sector.

Conclusions

Single-cell and spatial transcriptomics
present transformative opportunities for
LATAM, offering insights into the region’s
unique genetic diversity, environmental
adaptations, and pressing health chal-
lenges. However, despite growing inter-
est among researchers, significant bar-
riers, including limited funding, high
costs, and uneven access to infrastruc-
ture, hinder the widespread adoption of
these technologies. The concentration of
resources in a few countries or within
one country’s wealthiest regions, coupled
with logistical and political challenges,
further exacerbates disparities, leaving
much of LATAM’s scientific potential un-
tapped. However, equity-focused fund-
ing, an emphasis on building and main-
taining community-based infrastructure,
and working on improving institutional
practice hold the keys for unleashing
the impact of these technologies across
LATAM. Although our data did not
include respondents from Caribbean
countries, we believe that similar chal-
lenges requiring similar recommenda-
tions, possibly with region-specific
adaptations, could be beneficial there
as well. However, meaningful impact in
the Caribbean will require direct engage-
ment with local scientists in future dis-
cussions.
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