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ARTICLE INFO ABSTRACT

Keywords: Forensic genetic frequency databases (FGFD) are used in estimating the probability of a DNA match in forensic
Forensic biobank investigations. They provide reference population data that can be used for statistical estimation for the rarity of
Comprehensive a genotype, haplotype or a DNA profile in a population hence giving probative value for forensic evidence.

EZ:;:IC genetic frequency databases Currently, three FGFD databases are recommended by the International Society for Forensic Genetics (ISFG)

for forensic use; the Y-Chromosome Haplotype Reference Database (YHRD), the EDNAP Mitochondrial DNA
Population Database (EMPOP), and the STRs for Identity ENFSI Reference Database (STRidER).

There is need to generate updated and comprehensive genetic frequency data for the Kenyan population in
compliance with ethical standards.

This study sought to develop a forensic biobank to facilitate generation of comprehensive genetic frequency
data for the Kenyan population. A total of 893 samples were collected from study volunteers in compliance with
prescribed ethical standards. The data set comprises 60.8 % Bantu, 24.9 % Nilotic, and 14.3 % Cushitic samples
closely mirroring current population structure in Kenya. The samples are currently stored in duplicate as FTA
cards and extracted DNA.

132 quality mitogenome reference data has been generated for the coastal region in Kenya. With the broad
consent obtained, the resource will be used to generate additional mitogenome reference data for other
geographical regions, Y-chromosome haplotype and autosomal STRs for inclusion in recommended forensic
databases as per revised guidelines. With the emergence of new technologies in forensic genetics, we anticipate
the resource will be valuable in forensic genetics validation studies in future.

1. Introduction provide probative value to DNA evidence [4]. When there is a match

between a suspect’s DNA and the crime scene DNA profile, these data-

1.1. Forensic genetic frequency databases

Forensic genetic frequency databases (FGFDs) are a collection of
allele frequencies from autosomal short tandem repeats (STRs), Y-
chromosome STRs (Y-STRs), and mitochondrial DNA haplogroups[1-3].
Unlike other forensic DNA databases such as the offender and crime
scene index, FGFDs do not have contributor information and are derived
from random individuals in a population. Their sole purpose is to
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bases are used to calculate the random match probability (RMP) [5];
RMP is the odds of someone else in the population having the same DNA
profile. Meaningful RMP and accurate statistical inferences can only be
made when the appropriate population specific forensic genetic fre-
quency databases are used [6].

Currently three high-quality FGFD databases have been endorsed by
the International Society for Forensic Genetics (ISFG). They include the
Y-chromosome Haplotype Reference Database (YHRD), the EDNAP
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Mitochondrial DNA Population Database (EMPOP) and the STRs for
Identity ENFSI Reference Database (STRidER) [7].

The amount of data in forensic genetic frequency databases is still
limited and there is inequity in data representation from diverse world
populations. Representation is skewed towards European and Asian
populations. African data is underrepresented accounting for 5.7 % of
data in EMPOP, https://empop.online/empop_stats, 8.9 % in STRidER
https://strider.online/frequencies and 12.3 % in YHRD, https://yhrd.or
g/pages/resources/stats.

Recently the ISFG revised recommendations for FGFDs in line with
ethical standards. Researchers and practitioners intending to submit
population data must meet the pre-requisite requirements for ethical
standards. In yesteryears, genetic frequency databases were operational
without strict observance of these international standards. However,
with the evolving ethical standards ecosystem, compliance with the set
guidelines is now mandatory, rendering some old datasets unsuitable for
inclusion in present-day forensic frequency databases [7,8]. This has
further compounded the issue of limited data. Furthermore, technolo-
gies have changed over time and new markers included, making it
necessary to update these databases. A good example would be the
EMPOP database. Before validation of next generation sequencing
(NGS) in forensic purposes, mitochondrial DNA analysis was focused on
the hypervariable regions (HVR) hence the data in EMPOP was pri-
marily for this region. However, recently entire mitogenomes are being
used in forensic investigations and hence the need to update the data-
base with whole mitogenome data [9].

1.2. Forensic biobanks

Biobanking for medical genetics and genomic research is well
established. However, there are few biobanks that have specifically been
developed for forensic genetics and genomic purposes [10]. Whilst
medical biobanks are meant for deciphering genetic basis of disease and
development of medical interventions, forensic biobanks are focused on
genetic markers that are useful in human identification and aiding
forensic investigations [10,11]. Depending on the consent obtained,
legislation and ethical guidelines, samples from a medical biobank may
be used for forensic purposes. Particularly, they can be used to generate
forensic genetic frequency data as the resulting database doesn’t include
personal data and therefore cannot be traced to specific individuals
[12]. However, collaborative research between forensic geneticists and
medical geneticists seldom occurs and sharing samples may not always
be feasible. This necessitates the need to have biobanks that are specific
for forensic purposes, particularly for countries that are yet to generate
forensic genetic frequency data [13,14]. Forensic genetics involves the
use of human subject samples and hence the need to comply with ethical
guidelines [15,16]. Recently the ISFG made compliance with these
guidelines a mandatory pre-requisite for submitting data to
quality-controlled databases, such as STRider, YHRD and EMPOP [17].
Establishment of forensic biobanks in countries yet to develop popula-
tion frequency databases may be a viable option for addressing the
current shortage of data in FGFDs. Furthermore, even for populations
that have already generated adequate frequency data, a forensic biobank
can be useful for validating new markers and technologies [18].

2. Material and methods
Ethical approval

The study was approved by the KEMRI Scientific and Ethics Review
Unit (SERU), under protocol number KEMRI/SERU/CBRD/PROP216/
044/4148. A research permit was obtained from the National Commis-
sion for Science, Technology & Innovation (NACOSTI), license no
NACOSTI/P/22/19201.
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2.1. Community engagement

The county government’s health department was the entry point and
engagements were through the County Executive Committee (CEC) that
is responsible for implementing policies and programs within the county
government. We were required to provide the county committees with
approved research protocols, Institutional Review Board IRB) approvals
and research permits from NACOSTI and pitch the research concept to
the committees or an appointed official to explain the essence of the
research study. Upon satisfaction, the CEC would issue an authorization
letter to conduct research in the county. Through the CEC, community
health volunteers and chiefs were assigned to us to facilitate navigation
of the county. The community health volunteers helped with creating
awareness on the project and also assisted in the identification of native
and indigenous communities in the county.

2.2. Informed consent

The study participants were presented with informed consent pri-
marily in Kiswahili (Kenya’s national language) and English (Kenya’s
official language). However, where required translation was done in the
native language to ensure that the participants understood and were
able to give informed consent. During the consenting process, the risks,
benefits and rights of the participant were explained. The participation
was voluntary, and participants had the right to withdraw participation
at any time. Monetary benefits were not given to participants. However,
a transport compensation fee was given to participants who had to travel
to the sample collection point. Each participant was given a copy of the
signed informed consent form. Broad consent for use of samples for
future studies was also sought.

2.3. Privacy and confidentiality

To protect the privacy of study participants, all the study samples
were anonymized. Personal information was de-linked from the sample.
To ensure restricted access to personal data, hard copies of the signed
consent form containing personal information were kept filled in cabi-
nets under lock and key.

2.4. Study design and study sites

The study design was a population-based cohort study. Samples were
randomly collected from consenting individuals from the 47 recognized
ethnolinguistic groups from different geographical locations in Kenya.
Participant recruitment was based on self-identified ethnicity. Samples
were collected from diverse populations from all the geographical re-
gions including coastal, western, Nyanza, Central, Eastern and Northern
region.

The coastal region samples were collected from the five counties:
Kwale, Kilifi, Taita Taveta, Tana River and Lamu. Samples were
collected from 18 ethnolinguistic groups present at the Kenyan coast
which included the Pokomo, Malakote, Boni, Sambaa, Makonde, Pare,
Shirazi, Segeju, Pemba, Mijikenda, Tswaka, Vumba, Wakifundi, Zegeu,
Taita, Taveta, Swahili and Bajuni. In the western region samples were
collected from the Luhya (Bakhayo, Banyala, Isukha, Banyore, Bukusu,
Idakho, Kabras, Kisa, Marachi, Maragoli, Marama, Samia, Tiriki, Tsotso,
Wanga) and Teso. In the Nyanza region samples were collected from
Luo, Suba, Gusii and Kuria. In the Rift Valley region samples were
collected from Kalenjin’s (Keiyo, Kipsigis, Lembus, Marakwet, Ogiek,
Pokot, Sabaot, Terik, Tugen). In the Central region samples were
collected from the Kikuyu, Meru and Embu. In the Eastern Region
samples were collected from the Kamba. In the Northern Region samples
were collected from the Somali (Ajuran, Degodia, Gurreh, Hawiyah,
Murile, Ogaden, Leysan) El Molo, Borana, Burji, Gabbra, Sakuye, Boni,
Waata/Waliangulu, Dahalo, Galla and Rendille.
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2.5. Sample size determination

A sample size of 20-25 was targeted per ethnolinguistic group. This
sample size was calculated based on recommendations on population
genetics and genomics studies [19,20]. Based on this, a total sample size
of between 940 and 1175 was targeted. For ethnic groups with
sub-tribes, 10 individuals per sub-tribe were targeted.

2.6. Sample collection

Samples were collected from consenting individuals who met the
inclusion criteria; male or female participant, adults or minors who are
maternally unrelated and belong to one of the 47 recognized Kenyan
ethnic communities. Sterile Forensic grade COPAN’s 4N6FLOQ swabs
(Copan Diagnostics, CA, USA) were used for the collection of epithelial
cells from the oral cavity of the study volunteers. The cells on the swab
were transferred on indicating COPAN™ nucleic card for long term
storage and the swab was used for DNA extraction.

2.7. Sample purification

The total DNA Genomic DNA (nuclear and Mitochondrial) was
extracted using Promega casework extraction kit and the DNA subse-
quently purified using the DNA IQ™ casework prokit for Maxwell ®16
following manufacturer’s instructions.

Briefly, each swab was placed at the bottom of a spin basket placed in
a labelled ClickFit Microtube and extraction mix consisting of 286 pl
Casework Extraction Buffer, 10 pl Proteinase K (18 mg/ml), and 4 pl
Thioglycerol added to each sample. The samples were vortexed vigor-
ously for 5 s and allowed to incubate at 56 °C for 30 min for cell lysis.
The lysed samples were then centrifuged at room temperature for 2 min
at 20,800 xg. The spin basket containing the swab was discarded and an
additional 200 pl of lysis buffer added to the lysate. The lysate was
loaded on the Maxwell® 16 cartridge and loaded on the Maxwell® 16
automated extractor for purification using a preset program that in-
cludes lysis, wash steps and DNA elution. The eluted DNA was stored at
-80°C.

2.8. Sample catalogue and biobanking

The extracted DNA samples were then stored at KEMRI's Sample
Management and Reference Facility (SMRF). This a physical biobank
that uses an inventory management system for efficient and secure
handling of samples. This system includes sample barcoding and elec-
tronic tracking, enabling accurate identification, cataloging, and
retrieval of each sample stored within the facility. The inventory system
is fully integrated with SMRF’s freezer units, which allows real-time
monitoring of sample locations, temperature conditions, and usage
status, ensuring that all samples remain under optimal conditions for
future research. In addition, duplicate samples were stored at room
temperature on FTA cards.

The sociodemographic, geographic and ancestry data gathered dur-
ing sample collection was transferred into the Human Genome Bio-
repository within the KEMRI Knowledge base, Data in this repository is
linked to barcoded sample identifiers, within KEMRI’s SMRF, where the
physical samples are securely stored. The biorepository has an intuitive
user interface that supports domain restricted data input and also a
change log for every access and modifications made.

The biorepository integrates Kenya’s Privacy and Data Protection
ACT of 2019 [21], adhering to secure data handling via practices such as
end-to-end encryption, role-based access, document version control and
a multi-tier authentication system to safeguard data. Access is strictly
regulated at different levels; users cannot download data directly but
may submit requests for data access.
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2.9. Mitogenome reference data

Using the extracted DNA, 132 mitogenomes from 5 coastal counties;
Kwale, Kilifi, Taita Taveta, Tana River and Lamu were sequenced using
NGS approach on the Illumina Miseq system [22]. Long-range PCR,
spanning the entire human mitochondrial genome (16,569 bp), was
performed using two primer sets to generate overlapping targets of
~8.5 kb. Library preparation was performed using the Colibri™ ES DNA
Library prep kit for Illumina Systems (Thermo Fisher Scientific, USA).
Fragments between 350 and 500 bp were targeted.

The libraries were pooled and normalized to a concentration of 4 nM.
The normalized libraries were denatured and diluted to 8 pM and 1 %
PhiX added as per the Illumina Miseq Denature and Dilute Libraries
Guide (MiSeq System Denature and Dilute Libraries Guide (15039740).
To generate paired-end sequence data, the denatured libraries were
loaded on the v3 Miseq 600cycle cartridge and sequenced on the Illu-
mina Miseq System (Illumina, Inc. San Diego, California).

Data analysis and haplogroup assignment were performed using the
CLC genomics workbench v.22 the AFDIL-QIAGEN mtDNA Expert
(AQME) plugin.

3. Results
3.1. Ethnolinguistic and geographical distribution

The participants were broadly classified as Bantu, Cushitic, and
Nilotic. A total of 893 samples are currently biobanked with the
following distribution. The total number of Bantus were 543 (60.8 %),
Nilotes 222 (24.9 %) and Cushites 128 (14.3 %) (Fig. 1). The Bantus
were further classified as Coastal, Western, Central and Eastern based on
geographical regions. The Coastal Bantus had the highest representation
at 286 (32 %) followed by western Bantus at 171 (9.63 %) due to
presence of sub-ethnic groups. Central and Eastern Bantus had a lower
representation at 86 (19.1 %), due to absence of sub-ethnicities. The
highland and plain Nilotes predominantly found in the Rift valley region
were represented at 84 (9.41 %), 79 (8.85 %) respectively, whilst the
river lake Nilotes present in Nyanza and some parts of western Kenya
were represented at 59 (6.61 %.) For the Cushitic group, largely found in
the North Eastern region, the Somali had the highest representation at
60 (6.8 %) owing to the sub-ethnic groups, while the rest of the Cushitic
ethnic groups cumulatively accounted for 68 (7.7 %).

3.2. Socio demographic characteristics
The sociodemographic data captured in the study included age,

educational level, employment status, marital status, and gender. The
mean age of participants was 41.9 years (Table 1).

% REPRESENTATION

W Bantu mNilotic ™ Cushitic

Fig. 1. Pie chart showing the percentage representation of the major ethnic
groups in Kenya.
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Table 1
Sociodemographic characteristics (Age, Education Level and Employment Status) captured in the study.
No Sociodemographic Characteristic Value
1 Age Distribution
Mean Age 41.9
Median Age 40
SD Age 15.4165
Min Age 17
Max Age 93
2 Education Level College Other Primary Secondary University N/A Total
Count 163 2 304 236 78 110 893
Percent % 18.25 0.22 34.04 26.43 8.73 12.32 100
3 Employment Status Formal Informal Self-employed Student Unemployed NA Total
Count 191 182 279 40 184 17 893
Percent % 21.4 20.4 31.2 4.5 20.6 1.9 100
In terms of education, 34 % attended primary education, followed by
26.4 % with secondary education, 18 % with college education, and . . o i
o -ondary L o 8 o Mitochondrial DNA Haplogroup distribution at the
8.73 % with university education. Additionally, 12 % of participants Kenvan Coast
were uneducated, and 0.2 % attended informal education (Table 1). Y
For employment status, (Table 1, most of the participants were self- o0
employed at (31.2 %), with formally employed accounting for (21.4 %), 50
informal employment was at (20.4 %), and unemployment, 20.6 %. 6
Students accounted for 4.5 % and 1.9 % did not declare their employ-
ment status. e
The gender distribution of participants was 43 % female and 57 % 20
male (Fig. 2). 10 I .
o ..

3.3. Mitogenome haplogroup diversity at the Kenyan coast

Diverse mitochondrial haplogroups were observed at the coastal
region, this was predominantly of macro-haplogroup ‘L’.

Diverse haplogroups were observed including L3, LO, L2, L1, L4, M,
L5, and N. 66 individuals clustered as L3 haplogroup making it the most
prevalent at 50 %. Twenty-eight individuals clustered as LO represent
21.2 % of haplogroups in this geographical region. Twenty-two in-
dividuals clustered as L2 account for 16.6 %. Haplogroup L1 and L4 each
had 6 individuals accounting for 4.5 %. Haplogroup M was observed in 2
individuals accounting for 1.5 % of all haplogroups Fig. 3. Fifty-seven
unique haplogroups were observed. L3 had 23 unique sub hap-
logroups with L3e3a having the highest frequency of 13.5 %. LOa2a2a
was the most frequent LO sub haplogroup with a frequency at 5.3 %.

Overall Gender Distribution

0

200 Gender

@ Female
@] Male

400

Fig. 2. Pie chart showing the percent gender distribution for data set present in
the biobank.

Percentage

L3 = L0 mL2 m Ll mL4 EM mL5 N

Fig. 3. Percentage Haplogroup distribution as observed at the Kenya coast.

L2albla had the highest frequency within L2 haplogroup at 5.3 %. The
remaining sub-haplogroups within the L1, L4, M,L5 and N had low
frequencies of between 0.75 and 1.5 % (Table 2).

The distribution of haplogroups and sub-haplogroups was heterog-
enous with clustering observed in some ethnolinguistic groups.

4. Discussion

The majority representation of Bantus at (60.8 %), followed by
Nilotes (24.9 %) and Cushites (14.3 %), reflects on the general popu-
lation distribution in Kenya hence equitable representation of the eth-
nolinguistic groups was achieved. With 87.7 % of the population having
gone through formal education, the literacy levels of the participants is
indicative of their ability to give informed consent. A mean age of 41.9
years reveals a largely middle-aged cohort that did not require a
guardian for consenting purposes. 73 % of the participants were
involved in an economic activity, this is significant especially for
vulnerable groups who may be coerced to participate in a study for
economic gain. In this study, the participants were not offered any
monetary compensation in exchange for samples. In our experience
community engagement and informed consent enhanced participant
willingness to volunteer in the study without financial incentives. A
near-equal distribution of male (57 %) and female (43 %) participants
demonstrates that there was gender inclusivity.

High quality mitogenome sequence data was achieved from this
study [22]. Analysis of 132 samples from the Kenya coast, revealed
haplogroups predominantly belonging to the macro-haplogroup L,
which is characteristic of individuals of African ancestry [23]. Hap-
logroup L3 was the most prevalent, consistent with previous studies
highlighting its prominence in African populations. In a previous study,
haplogroup L3 was also found to be the most prevalent in the Nairobi
database [24,25] In addition, the LO haplogroup considered sub-Saharan
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Table 2
Unique mitogenome haplogroups at the Kenyan coast and respective frequencies n = 132.
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1| 13e2b 00150 | LOfL 00225 Lic1al 00075 | Lab2al 00150 | Mialf 00075 | L5b2 00075 | Niala 0.0075

2 | 13dlata 00526 :‘ma'b' 00075 [NERSTSH) ‘ 00526 [ERISH) 00150 | L4b2a2 00150 | Miald 0.0075

3 | L3eda 00225 | Lof2a 00375 | L2a1 00075 | Lic2bla'b 00075 | L4b2a 0.0075

4| 1322 00150 LOaZaZa‘ 00526 N 00075 | Lic2a3 00075 | Lab2azb | 0.0075
;031b1a L2a1h 00451 | Lib2a 0.0075

6 | e1b2 0.0150 ;‘;2“16 00075 | L2b2a 0.0075

7 | 3blata 00225 | Loale 00150 | L2b2 0.0075

8 | L3fbsal 00375 | Loald 00075 | L2alal 0.0225

9 | L3d1ata1 0.0451 ;:albla 0.0075

10 | L3e1d 00225 | Loalb2a | 00075

1 | 13x1a 0.0075 | L0a2d 00150

12 | 13h1a2a1 00150 | Loa2ala | 0.0075

13 | 13h1b2 0.0075 | Lof 0.0075

14 | 13a1b 0.0075

15 | L3e5a 0.0075

16 | 13f 0.0075

17 | 13e1a3a 0.0075

18 | 3ela2 0.0075

19 | 13x1a2 0.0075

20 | 132*1 0.0150

21 | 13e1b2 0.0075

22 | L3bla11 0.0075

23 | L3d1d 0.0075

*Highlighted in black are the sub-haplogroups with the highest frequencies at the Kenyan Coast

African specific was found in relatively high frequency at the coastal
region in Kenya [25]. The L3e sub-haplogroup was found to have the
highest frequency, suggesting a significant maternal lineage contribu-
tion to the genetic makeup of individuals residing along the Kenyan
coast.

The distribution of haplogroups exhibited regional variations;
whereas LO prevalence was highest in Tana River and Lamu county. L3
was prominent in Kwale, Taita Taveta and Kilifi County.

The study also elucidated the relationship between mitochondrial
haplogroups and ethnolinguistic affiliations. For instance, individuals
identifying as Pokomo exhibited a higher prevalence of haplogroup L3
in Tana River County, while the Swahili population in Lamu County
displayed a distinct distribution with haplogroup LO being predominant.
The Taita, unlike the other ethnic groups in Taita Taveta, displayed high
prevalence of haplogroup LO. Interestingly while L3e was the dominant
sub-haplogroup when the entire coastal region is considered, Tavetas
are the only ones who typed as L3h and all the Bajunis clustered as L3d.
While LOa was the most prevalent LO sub-haplogroup, and present in all
the counties, LOf was primarily observed in Tana River and Taita Taveta
county with only 1 observation made in Kilifi. LOf haplogroup has pre-
viously been reported as being present in Tanzania but rare or absent in
other regions in Africa [26]. Taita Taveta borders Tanzania, and this
may explain the presence of this rare haplogroup in this county. LOf
apart from being observed among the Taita was also observed in in-
dividuals who self-identified as Pare who are indigenous to Tanzania. In
addition, haplogroups N1 and M1 are rare in African populations but
have been found present in Tanzania [26]. In the Taita Taveta county
dataset, this haplogroups were found in individuals that self-identified
as Sambaa and Chagaa who are also indigenous to Tanzania.

5. Conclusion

The established forensic biobank has equitable representation of

diverse ethnolinguistic groups from different geographical regions in
Kenya. This is expected to provide comprehensive datasets that capture
genetic diversity in the Kenyan population that can be used in gener-
ating forensic genetic frequency data. There has been previous effort to
generate frequency data for autosomal STR, YSTR and mitochondrial
DNA for the Kenyan population however the studies did not capture the
entire ethnic diversity in Kenya [27]. Furthermore, some of the data was
generated using fewer markers hence the need to update for the new
markers [28]. In addition, there have been technological advancements
including NGS that has eased whole mitogenome sequencing Prior to
this, mitochondrial DNA data in EMPOP was focused on the HVR data,
there is need to update the Kenyan data [24].The biobank is positioned
to provide research samples that can be used in generating inclusive
population specific forensic genetic frequency reference database for the
Kenyan population. Whereas we have focused on the coastal region
haplogroup diversity, it’s important to note that the forensic biobank
contains samples from other Kenyan regions that will be used to
generate a comprehensive mtDNA database as well as Y and autosomal
STRs reference databases. The biobank can in addition be used for
validation studies when new technologies and forensic kits become
available. The current size of the biobank can be increased to have larger
data sets. Larger data sets can in future be used for fine scale genetic
studies that can potentially contribute to the development of predictive
models for prediction of biogeographical ancestry in Kenya.
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