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Toward building a comprehensive human pan-genome:
The SEN-GENOME project
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and Rokhaya Ndiaye2,*
Summary
The human reference genome (GRCh38), primarily sourced from individuals of European descent, falls short in capturing the vast genetic

diversity across global populations. Efforts to diversify the reference genome face challenges in accessibility and representation, exacerbating

the scarcity of African genomic data crucial for studying diseases prevalent in these populations. Sherman et al. proposed constructing refer-

ence genomes tailored to distinct human sub-populations. Their African Pan-Genome initiative highlighted substantial genetic variation

missing from the GRCh38 human reference genome, emphasizing the necessity for population-specific genomes. In response, local initia-

tives like the Senegalese Genome project (SEN-GENOME) have emerged to document the genomes of historically overlooked populations.

SEN-GENOME embodies community-driven decentralized research. With meticulous recruitment criteria and ethical practices, it aims to

sequence 1,000 genomes from31 ethnolinguistic groups, in the fourteen administrative regions of Senegal, fostering local genomic research

tailored to the region. The key to SEN-GENOME’s success is its commitment to local governance of data, capacity building, and integration

withbroaderpan-genomeprojects inAfrica.Despite thecomplexitiesofdataharmonizationand sharing,ourcollaborative efforts are aligned

withcommongoals, ensuring steadyprogress towardacomprehensivehumanpan-genome.Weinvite andwelcomecollaborationwithother

research entities to achieve this sharedvision. In summary, local initiatives such as SEN-GENOMEarepivotal in bridging genomic disparities,

offering pathways to equitable and inclusive genomic research. Collaborative endeavors guided by a collective vision for human healthwill

propel us toward a more encompassing understanding of the human genome and better health through genomic medicine.
Background

The human reference genome

(GRCh38), constructed by the Human

Genome Project and maintained by

the Genome Reference Consortium

(GRC),1,2 is derived fromamosaic of se-

quences obtained from 20 anonymous

volunteers primarily of European

descent. This single-linear sequence,

which is predominantly from one of

the five individuals, does not fully cap-

ture the genetic diversity present in

global populations. Nonetheless, it

has served as a foundational resource

for the scientific community, facili-

tating countless discoveries and ad-

vancements in genomic research.

Despite efforts to enhance the diversity

of the reference genome by incorpo-

rating approximately 998 alternate

contigs and472 scaffolds (chainedcon-

tigs) into the current human genome

assembly,2,3 these additions are

frequently overlooked in genetic ana-
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similar technologies.
lyses, even though they can overlap

with genomic loci important for dis-

ease susceptibility. Furthermore, the

process of integrating this diversity is

not clear and is primarily managed by

the GRC.

Centralized human pan-genome

projects4–8 have played a pivotal role

in cataloging genetic diversity on a

global scale. However, despite their

utility, these initiatives face inherent

limitations, particularly in accessing

and representing diverse and isolated

populations, with African popula-

tions being significantly underrepre-

sented in genomic data compared to

those of European or East Asian

ancestry. This disparity arises from a

combination of factors, including

limited resources and funding for ge-

nomics research in African countries.

As a consequence, there is a notable

paucity of data on the genetic diver-

sity of African populations, hindering
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efforts to study the genetics of diseases

that disproportionately affect these

populations and accurately identify

genetic risk factors for such diseases.

To address the lack of diversity in the

current reference genome, Sherman

et al. proposed a solution in 2019 that

involves assembling ‘‘reference ge-

nomes for human sub-populations.’’4

They constructed an African pan-

genome (APG) using data from 910

deeply sequenced individuals from Af-

rican diaspora populations. Their anal-

ysis revealed that approximately 10%

of the genome of African diaspora pop-

ulations is missing from the standard

human reference genome.4 These re-

sults underscore the need for reference

genomes that accuratelycapture thege-

netic diversity of distinct humanpopu-

lations. For example, research indicates

that individuals who are ultrarapidme-

tabolizers of the enzyme CYP2D6,

including certain African populations,
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convert codeine to morphine at a

faster rate, increasing the risk of opioid

toxicity.9 Initially, this discovery,

which was predominantly based on

studies involving European popula-

tions, did not consider the significant

differences in drug metabolism among

various ethnic groups. This oversight

resulted in adverse effects when stan-

dard codeine dosages were adminis-

tered to these populations. Similarly,

the effectiveness of the antiplatelet

medication clopidogrel is greatly

impacted by the CYP2C19 geno-

type.10 Research has revealed that pa-

tients with specific genetic variants

that are more prevalent in non-Euro-

pean populations such as East Asians

and Africans exhibit a diminished

response to the drug. Consequently,

these patients can experience higher

rates of cardiovascular incidents.11

This issue was initially missed because

most pharmacogenomic research

concentrated on European popula-

tions. Sherman et al. emphasized the

importance of creating reference ge-

nomes for all human populations, as

variations in the missing regions may

not be detected by studies using the

current human reference genome.

The SEN-GENOME project

In light of these challenges and

recommendations, there is a compel-

ling need for local initiatives to com-

plement centralized efforts and bridge

the gaps in genomic representation.

One such initiative is the Senegalese

Genome project, SEN-GENOME. By

focusing on underrepresented popula-

tions and leveraging local expertise

and resources, SEN-GENOME will

address specific health challenges

that disproportionately affect Sene-

galese populations, such as sickle cell

disease,12,13 hypertension,14,15 and

diabetes.16,17 These conditions can

be better managed through genetic

research and precision medicine

tailored to the unique genetic profiles

of these populations. Moreover, SEN-

GENOME will enhance genetic diver-

sity assessment, ensuring that health-

care benefits are more equitably

distributed. This initiative will ulti-

mately contribute to building a more
comprehensive and inclusive human

pan-genome, advancing our under-

standing of human genetic variation,

facilitating precision medicine initia-

tives, and promoting health equity

on a global scale.

SEN-GENOME endeavors to map

the genomes of Senegalese popula-

tions, including groups absent in

current genomic initiatives, offering

insights into the region’s genetic land-

scape. Its primary aim is to construct a

reference genome tailored to the

Senegal population, fostering local

genomic research and aiding preci-

sion medicine efforts tailored to the

local population.

SEN-GENOME, represents a grass-

roots effort in decentralized genomic

research, providing a model for Afri-

can scientists to document the ge-

nomes of historically overlooked pop-

ulations. Supported by the Senegalese

National Academy of Sciences and

Technology and housed within the

Division of Human Genetics at Uni-

versité Cheikh anta Diop (Dakar,

Senegal), SEN-GENOME is a commu-

nity-driven project with a practical

approach. Our community-based pro-

spective study recruited 1,015 individ-

uals (452 men and 563 women) aged

18 to 92 years, representing 31 ethno-

linguistic groups (Figure 1) docu-

mented by the Senegalese National

Statistics and Demography Agency.

Recruitment took place between

November 2022 and May 2023,

encompassing 80 predominantly

mono-ethnic villages and the city of

Dakar, across Senegal’s 14 administra-

tive regions. The inclusion criteria

required participants to reside in pre-

dominantly mono-ethnic villages for

at least 18 years, have native ancestry

across at least three generations from

the same village, have no known

health issues, and be able to provide

written informed consent. Pheno-

typic data were collected using a

questionnaire administered via tablets

with KoboToolbox software (https://

www.kobotoolbox.org/). The ques-

tionnaire covered socio-demographic

parameters, health, behavior, lifestyle

data (smoking status, alcohol con-

sumption, physical activity, sleep
The American Journal of Human Geneti
quality), and medical history. For

each participant, two blood samples

were collected in EDTA tubes for DNA

extraction, blood cell count, and

plasma storage. Additionally, blood

samples were collected in dry tubes

for lipid parameter analysis and serum

storage. All biological samples are

securely stored at �80�C. Anthropo-
metric parameters measured included

weight, height, waist circumference,

and hip circumference. Body mass in-

dex (BMI) was automatically calcu-

lated using the formula: BMI¼weight

(kg)/height (m).2 We also calculated

waist-to-height ratio and waist-to-hip

circumference ratio.We alsomeasured

physiological parameters including

blood pressure, heart rate, and periph-

eral temperature.

SEN-GENOME’s approach empha-

sizes local engagement and ethical

research practices, involving village

community leaders and utilizing local

languages to communicate project ob-

jectives and obtain consent. This com-

munity-driven science model presents

tangiblebenefits forAfrican researchers

and populations. However, due to

budget constraints, SEN-GENOME se-

eks partnerships for the deep DNA

sequencing of collected samples.

Central to SEN-GENOME is the

empowerment of local governance of

genomic data, as detailed in the ethics,

governance, data security, and data use

policies (detailed in the next section).

This will be realized through hosting

data locally at the national high-per-

formance computing (HPC) cluster in

Diamniadio, nurturing indigenous

leadership, and actively engaging local

scientists in the research process.

Consequently, any partnerships must

align with this fundamental approach.

Additionally, the project prioritizes ca-

pacity building by providing hands-on

training to young and junior re-

searchers, involving them in every

step of the research process from

participant recruitment to data anal-

ysis and hence ensuring sustainable

expertise within the region. More-

over, SEN-GENOME aims to contribute

to the broader APG Project and com-

plement and extend other initiatives

such as the South African Human
cs 111, 2074–2078, October 3, 2024 2075
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Figure 1. Administrative regions of Senegal where samples were collected
The SEN-GENOME project sampled ethnolinguistic groups across all fourteen administrative regions of Senegal (West Africa), with
recruitment conducted within each region. It should be noted that the map labels correspond to administrative regions and not the
exact geographical location of the communities. The sampling strategy mirrors the denser population concentration in the eastern re-
gions of the country.
Genome Programme,18 the Nigerian

100KGenome Project,19 and the north

African (Tunisia,Morocco, and Algeria)

initiative PerMediNA.20

The HPC located in Diamniadio,

which was the third highest perform-

ing computer cluster of its kind in Af-

rica at its acquisition in 2019, plays an

important role in this endeavor. The

facility has 10 terabytes of user data

storage, 1.1 petabytes of scratch stor-

age, and uses a high-performance In-

finiBand Enhance Data Rate intercon-

nection network for data archiving.

This TAQUEY supercomputer boasts

a total of 246 nodes across Skylake

(SKL; 80 GB of RAM per node),

Knights Landing (KNL; 128 GB of

RAM per node), and Graphics Process-

ing Unit (GPU; 80 GB of RAM per

node) partitions. It provides high-

speed, low-latency connectivity for

compute nodes and storage systems

with a bandwidth of up to 100 Gbps

per link. This substantial computa-

tional power and storage capacity
2076 The American Journal of Human Geneti
support large-scale genomic data pro-

cessing and analysis (https://cineri.

sn/carasteriqtiques/).

While local initiatives like SEN-

GENOME offer immense potential,

they also face inherent challenges to

establishing a global human genome

reference, particularly in data sharing,

data integration, and ethico-legal and

social barriers. Different initiatives

may employ diverse protocols, con-

sent and strategies, complicating ef-

forts for seamless data harmonization.

Additionally, effective data sharing re-

quires robust infrastructure and a will-

ingness to contribute to the common

good, which may be hindered by po-

tential competing interests.

However, these challenges are not

insurmountable. The global scientific

community is moving toward harmo-

nized platforms and standards, facili-

tating data integration and intero-

perability. Collaborations driven by

shared research questions and goals

incentivize data sharing, fostering a
cs 111, 2074–2078, October 3, 2024
win-win scenario for all stakeholders

involved.

In conclusion, local initiatives such

as SEN-GENOME are indispensable

building blocks toward achieving a

comprehensive human pan-genome.

By addressing the unique genomic

diversity of underrepresented pop-

ulations and empowering local com-

munities, these initiatives pave the

way for equitable and inclusive

genomic research. As we navigate the

challenges of data integration and

sharing, collaborative efforts guided

by a shared vision of advancing hu-

man health will propel us toward a

more comprehensive understanding

of the human genome.

SEN-GENOME’s compliance and

data management policy

A comprehensive informed consent

(see supplemental note) is adminis-

tered to participants in their native lan-

guage. The participants are provided

with detailed information about the

https://cineri.sn/carasteriqtiques/
https://cineri.sn/carasteriqtiques/


study, its purpose, procedures, risks,

and benefits. The consent forms are

reviewed and approved by an inde-

pendent ethics review board of

the university Cheikh Anta Diop. The

participants have the right towithdraw

from the study at any timewithout any

consequences. The project maintains

strict participant confidentiality by

anonymizing data, keeping personally

identifiable information separately,

and using secure methods to store the

data. The identifiable data are only

accessible to authorized personnel.

Consultationswith community leaders

and representatives are conducted to

ensure that the project and its proced-

ure respect local cultural and ethical

standards. Continuous feedback loop

with community leaders was main-

tained to address any concernsor issues

that arise during the study. All research

activities undergo a review by an ethics

committee to ensure adherence to

ethical standards. Independent audits

will be conducted to verify compliance

with ethical guidelines.

There is a governance board consist-

ing of local scientists, and representa-

tives from the Division of Human

Genetics at Université Cheikh Anta

Diop. The board meets regularly to re-

view project progress, address ethical

and governance issues, and make de-

cisions regarding data access and use.

There is a clear and transparent pro-

cesses for decision making, including

documentedmeetingminutes and de-

cisions. Stakeholders, including the

National Academy of Sciences and

Techniques of Senegal, are informed

of major decisions and changes to

the project. To ensure accountability,

the project set up regular reporting

to funding bodies, partners, and the

community on the project’s progress

and outcomes. Those reports allow

for stakeholders to raise concerns or

provide input on the project’s activ-

ities. A major emphasis of the project

is building local capacity through

training and development programs

for researchers and staff. This is partly

achieved by the involvement of local

researchers in all aspects of the project

to ensure knowledge transfer and sus-

tainability.
Thedatawillbe storedat thenational

HPC cluster inDiamniadio with robust

security measures. The infrastructure

uses advanced encryption methods

for data storage and transfer. The strict

access control mechanisms ensure

only authorized personnel can access

sensitive data. Multi-factor authentica-

tionand regularaccess audits are imple-

mented to prevent unauthorized ac-

cess. Standard backup and recovery

procedures are in place to prevent loss

in case of technical failures. There is

also a disaster recovery plan to ensure

data integrity and availability in the

event of a system failure, as well as reg-

ular security assessments and audits to

ensure compliance with best practices

and international data security stan-

dards. The National Data Center,

which oversees the HPC, has protocols

for responding todatabreachesor secu-

rity incidents that include an immedi-

ate notification of affected individuals

and stakeholders in case of a data

breach.

The project team, in collaboration

with the governance board, is respon-

sible for approving requests for data

reuse. All requests for data reuse must

be submitted with a detailed research

proposal outlining the intended use of

thedata. Then, theproposal is reviewed

by the project team to ensure align-

ment with the study’s goals and ethical

standards. Proposals are reviewed by a

subcommittee within the governance

board, which includes members with

expertise in genomics and bioethics;

the scientific merit, ethical consider-

ations, andpotential impact of the pro-

posed research is then evaluated. Addi-

tionally, proposals must also receive

approval from the National Ethics

Committee to ensure they comply

with national and international ethical

standards. Only authorized researchers

with approved research proposals can

access the project’s data. Access permis-

sions are grantedbasedontheprinciple

of least privilege, ensuring users only

haveaccess to thedata specified in their

approved research proposal. All per-

sonal identifiers are removed or anony-

mizedbeforedata sharingandreviewed

to ensure no residual identifying infor-

mation is present. Researchers must
The American Journal of Human Geneti
sign a data use agreement (DUA) that

outlines the terms and conditions of

data reuse. The DUA includes clauses

on data security, privacy protection,

and the prohibition of data sharing

with third parties without explicit

permission. A transparent process for

tracking data access and sharing is

maintained. Researchers are encour-

aged to share their findings with the

original data providers and the wider

community, ensuring that the benefits

of data reuse are disseminated. Any

publications resulting from the data

reuse must acknowledge the SEN-

GENOME project.

Participants receive comprehen-

sive information about the study,

including itspurpose, procedures, risks,

and benefits, in their native language.

The consent forms are reviewed and

approved by the independent ethics re-

view board of the University Cheikh

Anta Diop. Participants can withdraw

from the study at any time without

any consequences. With respect to

confidentiality and data anonymiza-

tion, the SEN-GENOME project main-

tains strict participant confidentiality

by anonymizing data, storing person-

ally identifiable informationseparately,

and using securemethods for data stor-

age. Identifiabledataareaccessibleonly

to authorized personnel. The project

consults the communities by engaging

with community leaders and represen-

tatives to ensure the project respects

local cultural and ethical standards. A

continuous feedback loop with com-

munity leaders addresses any concerns

during the study.
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