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ABSTRACT

Bioinformatics is increasingly essential across biology, agriculture, medicine, and environmental sci-
ences due to the growing demand for advanced data-driven research. In plant breeding, it enables
analysis of complex genomic datasets to enhance yield, resilience to biotic and abiotic stresses, and
nutritional quality. This study assessed awareness, understanding, interest, and perceived challenges
related to bioinformatics among plant breeding students in Nigerian Universities through an online
survey distributed via Google Forms. Responses were collected from Undergraduate, Graduate, and
Post-graduate students, with measures implemented to prevent duplication. Findings revealed high
awareness (83.7%) and substantial understanding of bioinformatics concepts (71.8%). Interest was
particularly strong among postgraduate students, with 89.7% recognizing its importance for the future
of plant breeding. Key challenges included insufficient interdisciplinary training, curriculum limitations,
and inadequate computational resources. Despite these barriers, 93.7% of respondents supported
introduction of dedicated bioinformatics courses. Students further anticipated that bioinformatics would
accelerate plant breeding through predictive modeling and contribute significantly to food security. The
findings emphasize the urgent need for strengthened bioinformatics education, faculty training, and
infrastructural support in Nigerian Universities to equip future plant breeders with essential computa-
tional skills.

Keywords: Bio information; Computational biology; Student awareness; Precision breeding.

INTRODUCTION

In recent years, bioinformatics has emerged
as a pivotal discipline at the intersection of
biology, computer science, and mathemat-
ics, offering transformative tools for data
analysis in various fields, including agricul-
ture. It is an interdisciplinary field at the

intersection of computational and biological
sciences that focuses on the analysis and in-
terpretation of large biological data sets
(Drew et al., 2023). Bioinformatics plays a
crucial role in advancing our understanding
of genetics, genomics, and personalized
medicine (Akintola ez al, 2024). It is im-
portant in modern plant breeding, enabling

J. Agric. Sci. & Env. 2026, 26: 71 - 82

71



A. A. LAWAL, G. B. MANGSHIN, O. R. ALAGBADA, O. DOGUN, R. A. OGENYT

the analysis of large genomic datasets to
accelerate crop improvement.

Crop Production remains a pillar of the
economy and livelihoods in developing
countries, especially Nigeria. With increas-
ing global challenges such as climate change
and food security, integrating bioinformat-
ics into plant breeding education is impera-
tive to equip future scientists with the nec-
essary skills for precision breeding and sus-
tainable agriculture. Bioinformatics is accel-
erating crop breeding by helping systemati-
cally leverage the genetic components of
agronomic traits (Perez-de-Castro et al,
2012; Abberton ez al., 2016). Crop sequenc-
es provide an important foundation for
identifying agronomically relevant variations
(Haifei ez al, 2018). With the aid of se-
quencing technology, scientists in plant bi-
ology have revealed the genetic architecture
of various plant and microorganism species,
such as proteome, transcriptome, metabo-
lome, and even their metabolic pathway
(Gomez-Casati ¢t al., 2018). Theretore, Bio-
informatics holds a big promise in address-
ing many of the problems that are facing
humanity today, including human health,
agriculture, and the environment (Lyall,
1996; Xue ef al, 2008; Weckwerth, 2011;
Harper and Armelagos, 2013; Ginsburg,
2014; Merelli ez al., 2014).

The credit for the first national bioinfor-
matics training awareness in Nigeria can go
to the region-wide training courses on mo-
lecular biology and bioinformatics orga-
nized by the West African Biotechnology
Workshops Series between 2002 and 2005
(Fatumo e a/.,2014). Bioinformatics-driven
undergraduate curricula, when carefully de-
signed, also have the potential to address
traditional STEM access and diversity barri-
ers (Elgin et al, 2021; Handelsman et al,

2022; The Genomic Data Science Communi-
ty Network, 2022). Providing early skill de-
velopment in bioinformatics, helps emerging
scientists advance their research potential
and primes them to seek out opportunities in
higher education and the technical workforce
(Porter and Smith, 2019).

Despite its growing importance, the level of
awareness, understanding, and interest in
bioinformatics among students in developing
countries, particularly Nigeria, remains un-
derexplored. However, adoption of bioinfor-
matics in Nigerian education faces multiple
challenges, including inadequate infrastruc-
ture such as limited computer facilities and
unreliable internet access, a shortage of
trained bioinformatics educators, and insuffi-
cient integration of bioinformatics into exist-
ing curricula. Limited awareness among stu-
dents and faculty, financial constraints, and
scarce opportunities for collaboration with
international bioinformatics networks further
hinder effective learning and application of
bioinformatics in the country. To address
this issue, it is crucial to establish a condu-
cive setting that nurtures professional
growth and scholarly prospects within the
locality (Mboowa e al., 2021). Hence, this
study evaluated the awareness, perceptions,
challenges and exposure of Nigerian students
to bioinformatics in plant breeding, to identi-
ty strategies for its effective integration into
education.

METHODOLOGY

The study employed an online survey distrib-
uted via Google Forms. Participants includ-
ed Undergraduate, Graduate, and Post-
graduate students enrolled in plant breeding
programs. To maintain data integrity, Google
Form was configured to allow only one sub-
mission per participant, thereby preventing
duplicate responses. The questionnaire sut-

J. Agric. Sci. & Env. 2026, 26: 71 - 82

72



PERCEPTIONS OF BIOINFORMATICS IN PLANT BREEDING...

vey link was disseminated through social
media platforms used by undergraduate,
graduate, and postgraduate plant breeding
students, as well as the official platforms of
the Nigerian Plant Breeders Association
(NPBA). Data collection was conducted
over a six-month period, from March to
August, 2024.

Participants were Plant Breeding students
enrolled in various tertiary institutions at
different levels of education in Nigeria. The
sample comprised 147 postgraduate stu-
dents (currently pursuing Master’s or Doc-
toral programs), 78 undergraduate students
(pursuing first degrees), and 72 graduate
students (those who have completed their
first degree but are not currently enrolled in
a postgraduate program).

Data collection

Participants were invited to participate in an
anonymous survey through google form.
The invitation to participate included the
informed consent, the purpose of the study
and the link to the survey. The online sur-
vey was available to the Participants for six
months. The questionnaire comprised sec-
tions on demographic information, aware-
ness and understanding of bioinformatics,
interest levels, perceived challenges, and
opinions on the future impact of bioinfor-
matics in plant breeding. The survey for the
study comprised 22 multiple-item questions
presented in a Likert scale format. (Likert,
1932). In total, there were 300 respondents’
data for the survey.

Data Analysis

Collected data were downloaded in Excel
format, coded and exported to Statistical
Package for Social Sciences (SPSS) statisti-
cal software for analysis. Descriptive statis-
tics, Cross-tabulation and chi-square tests
were used to examine variables, with signifi-

cance at p < .05 using Statistical Package for
Social Sciences — SPSS version 27.0.

RESULTS

Demographic Characteristics
spondents

Majority of the participants were males
(73.8%), while females accounted for 25.9%
(Table 1). The largest age group was 3140
years (36.9%), followed by those aged 25-30
years (27.9%) and 18-24 years (19.9%). Un-
dergraduates constituted 27.3% of the re-
spondents, graduates 23.9%, and postgradu-
ates 48.8%, while other categories represent-
ed only 1%. Exposure to plant breeding
courses, 36.9% had taken five or more
courses, 23.9% had taken 3—4 courses,
21.9% had taken 1-2 courses, and 15.9%
reported no exposure. There were significant
differences across all variables (Table 1).

of Re-

Awareness and Understanding of Bioin-
formatics

There was a high level of awareness of bioin-
formatics among plant breeding students.
Majority of the respondents (83.7%) had
heard of bioinformatics prior to the survey
(Table 2). Most participants, 71.8% accurate-
ly defined bioinformatics as “use of compu-
tational methods to analyze plant genome
data”. Very few associated it with traditional
breeding methods 7.0% misconstrued bioin-
formatics as traditional breeding methods
while 4.0% admitted they did not understand
any given definition. 64.8% of students rec-
ognized its comprehensive application, in-
cluding identifying genetic markers, analyz-
ing genomic data, and predicting gene func-

tion (Table 2).

Postgraduate students exhibited the highest
awareness (46%), followed by undergradu-
ates (21%) and graduates (17%) - Table 3.
There was a highly significant (p < .01.) as-
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Table 1: Demographic Characteristics of Respondents (N = 300)

x> p-value
Variable Category Frec%z)e ney P(((—):/t;;ent
Age Under 18 3 1 112.5
18-24 60 19.9 <.001
25-30 84 27.9
31-40 111 36.9
41-50 42 14
Gender Male 222 73.8 69.12 <.001
Female 78 25.9
Academic Level Undergraduate 78 273 138.48
Graduate 72 23.9 <.001
Postgraduate 147 48.8
Number of 28.46 <.001
Plant Breeding  None 48 15.9
Courses Taken
1-2 66 21.9
34 72 23.9
5 or mote 111 36.9

Table 2: Level of awareness and understanding of bioinformatics among plant
breeding students in Nigerian Universities.

Variable description Frequen- Percent-
cy age (%)

Have you heard about bioinformatics before?

Yes 252 83.7

No 48 15.9

How would you define bioinformatics in the context of plant

breeding?

Using computational methods to analyze plant genome data 216 71.8

Traditional breeding methods involving the use of biological organisms 21 7.0

The study of plants' genetic makeup and inheritance patterns 51 16.9

None of the above 12 4.0

What role do you think bioinformatics can play in developing
crops with improved yield, resistance to pests and diseases, and
nutritional value?

Identifying genetic markers associated with desired traits 63 20.9
Analyzing genomic data to understand plant physiology 33 11.0
Predicting gene function and metabolic pathways 3.0 3.0

All of the above 195 64.8
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sociation between academic level and

awareness of bioinformatics.

Student Interest and Perceived Im-
portance

Students demonstrated a generally high lev-
el of interest in learning bioinformatics for
plant breeding (Table 4). Nearly three quar-
ters of respondents (72.7%) expressed at
least moderate to extreme interest, with
45.8% reporting they were “extremely inter-
ested” and 26.9% “moderately interested.”

Only a small fraction (3.0%) reported no in-
terest. In terms of specific areas of applica-
tion, 43.9% of respondents expressed equal
interest in all key domains such as genome
wide association studies, comparative ge-
nomics, and gene expression analysis, indi-
cating recognition of bioinformatics as a
broad and integrated discipline. A substantial
majority (89.7%) believed bioinformatics to
be important for the future of plant breed-
ing, a perception that was highly significant
(Table 4).

Table 3: Academic Level with Awareness of Bioinformatics

Academic Level Yes No Total x> P-Value
Undergraduate 63 (21.0%) 18(6.0%) 81(27.0%)  23.437 <0.01
Graduate 51(17.0%) 21(7.0%) 72(24.0%)

Postgraduate 138(46.0%)  9(3.0%) 147(49.0%)

Table 4: Evaluation of students' interest,
bioinformatics in plant breeding.

perception, and perceived importance of

Variable description Frequen- Percent x> P-value
How interested are you in learning about bioin-

Not interested at all 9 3.0 171.60  0.00
Slightly interested 33 11.0

Neutral 39 13.0

Moderately interested 81 26.9

Extremely interested 138 45.8

What aspects of bioinformatics in plant breed-

ing interest you the most?

Genome-wide association studies 51 16.9 58.32 0.00
Comparative genomics across plant species 57 18.9

Gene expression analysis using RNA-seq 60 19.9

All of the above 132 43.9

Do you believe that bioinformatics is im-

portant for the future of plant breeding?

Yes 270 89.7 436.38  0.00
No 3 1.0

Maybe 27 9.0
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Postgraduate students showed the highest
extreme interest (32%), compared to gradu-
ates (7%) and undergraduates (7%) —Table
5. There was a highly significant association
between academic level and interest in bio-
informatics.

Challenges and Barriers to Integration

A total of 47.8% of the respondents be-
lieved multiple, concurrent challenges rather
than a single dominant issue were the chal-
lenges in integrating bioinformatics into

plant breeding education (Table 6). 26.9% of
respondents believed the major challenge is
“providing sufficient training and resources for stu-
dents and educators”, followed by “wpdating cur-
riculum to reflect rapid advancements in bioinformat-
2es” (13.0%) and “bridging the gap between biology
and computational science”  (12.0%). About
42.9% identified multiple barriers to adop-
tion, while 33.9% emphasized limited com-
putational resources, with ethical concerns
(14.0%) and breeder resistance (9.0%) less
frequently noted. A strong majority (93.7%)

Table 5: Interest Level by Academic Level (Cross Tabulation)

Academic Not Slightly Neutral  Very In- Extremely Total x> P-

Level Inter- Interest- Interest- terested interested value
ested ed ed

Undergraduate  3(1.0%) 21(7.0%) 18(6.0%)  18(6.0%) 19(7.0%) 81(21.0%) 84.545 < .001

Graduate 6(2.0%) 9(3.0%) 6(2.0%) 30(10.0%)  21(7.0%) 72(24.0%)

Postgraduate 0(0.0%) 3(1.0%) 15(5.0%)  33(11.0%)  96(32.0%) 147(49.0%)

supported introducing dedicated bioinfor-
matics courses in plant breeding, with most
(62.8%) favouring a comprehensive curricu-
lum covering genome analysis, statistical
tools, and programming skills (Table 6).

Respondents anticipated that bioinformatics
would accelerate breeding via predictive
modeling (16.9%), enable climate-adaptive
precision breeding (16.9%), and facilitate
niche-market crop development (5.0%),
with 60.8% endorsing all these outcomes
(Table 7). 61.8% believed bioinformatics
could drive the development of stress-
tolerant varieties, enhance nutritional quality
and breeding for specific environmental
conditions precision breeding. 77.7%
agreed that bioinformatics could improve

the efficiency of traditional breeding meth-
ods (Table 7).

DISCUSSION

The results from the study reflect a largely
positive disposition toward bioinformatics,
high levels of awareness, strong interest in
learning, and broad recognition of its role in
modern plant breeding. This is in accord
with the work of Fatumo ez al., (2014) who
reported that, awareness on Bioinformatics is
becoming more prevalent within the aca-
demia in Nigeria; so is the interest of new-
generation scientists in this emerging scien-
tific discipline. The significant association
between academic level and awareness
showed the impact of advanced studies in
deepening engagement and the eagerness of
integrating bioinformatics in plant breeding
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Table 6: Challenges and Barriers to Integration of Bioinformatics into Plant

Breeding Education

Variable description Fre- Percent-  y? P-Value
quency age (%)

What do you perceive as the main chal-

lenges in integrating bioinformatics in-

to plant breeding education?

Bridging the gap between biology and com- 36 12.0 101.52  <.001

putational science

Updating curriculum to reflect rapid ad- 39 13.0

vancements in bioinformatics

Providing sufficient training and resources 81 26.9

for students and educators

All of the above 144 47.8

Are there any barriers that prevent wider

adoption of bioinformatics tools in

plant breeding research and education?

Lack of access to computational resources 102 33.9 93.84 <.001

and expertise

Ethical concerns surrounding genetic modi- 42 14.0

fication

Resistance from traditional breeders to 27 9.0

adopt new technologies

All of the above 129 42.9

Do you believe there should be specific

courses or training programs dedicated

to bioinformatics in plant breeding?

Yes 282 93.7 497.04  <.001

No 6 2.0

Maybe 12 4.0

What do you think should be included

in such courses or programs?

Genome assembly and annotation tech- 39 13.0 239.76 <.001

niques

Statistical analysis of genomic data 54 17.9

Programming languages like Python and R~ 18 6.0

All of the above 189 62.8
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Table 7: Perceptions of Bioinformatics Applications in Plant Breeding

Variable description Fre- Percent- P-Value
quency age (%)

How do you think advancements in bioin-
formatics will impact the field of plant
breeding in the next decade?

Accelerating the pace of breeding through pre- 51 16.9 218.  <.001
dictive modeling 88

Enabling precision breeding for climate change 51 16.9

adaptation

Facilitating the development of tailor-made 15 5.0

crops for niche markets

All of the above 183 60.8

How can bioinformatics contribute to ad-
dressing global food security challenges
through plant breeding?

Accelerating the development of stress-tolerant 51 16.9 223, <.001
crop varieties 92
Facilitating precision breeding for specific envi- 39 13.0

ronmental conditions

Enhancing crop nutritional content through 24 8.0

gene editing

All of the above 186 61.8

What role do you think bioinformatics can
play in developing crops with improved
yield, resistance to pests and diseases, and
nutritional value?

Identifying genetic markers associated with de- 63 20.9 275.  <.001
sired traits 52

Analyzing genomic data to understand plant 33 11.0

physiology

Predicting gene function and metabolic path- 9 3.0

ways

All of the above 195 64.8

Do you think bioinformatics can enhance
the efficiency and effectiveness of traditional
plant breeding techniques?

Yes, by providing insights into genetic diversity 234 77.7 455.  <.001
and trait inheritance 28

No, traditional methods are more reliable 15 5.0

Maybe, but it depends on the specific crop and 39 13.0

breeding goals

Unsure 12 4.0
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to facilitate faster and more precise identifi-
cation of genetic traits, offering plant breed-
ers advanced tools for crop improvement.

Expression of interest in bioinformatics was
generally high with “moderately” to
“extremely” interested. This aligns with
Porter and Smith, (2019), who reported that
early skill development in bioinformatics,
helps emerging scientists advance their re-
search potential and primes them to seek
out opportunities in higher education and
the technical workforce. This is in agree-
ment with Dinsdale ¢ 4/, 2015 which re-
ported that integration of bioinformatics
learning objectives across undergraduate life
science degree programs can theoretically
address the issue of bioinformatics literacy.
The association between academic level and
interest in bioinformatics further confirm
that the interest in bioinformatics is signifi-
cantly higher among postgraduate students,
Consequently, the high level of interest em-
phasizes the growing demand for bioinfor-
matics knowledge in plant breeding, critical-
ly for addressing challenges such as crop
improvement, climate adaptation, and food
security. It also highlights the need for edu-
cational programs to align with this demand
by offering more specialized bioinformatics
coutses.

The significant level for challenges indicate
that these barriers are widely recognized
across academic levels and are major imped-
iments to the effective use of bioinformatics
in plant breeding. Integrating bioinformatics
in education faces challenges such as gaps
in resources, curriculum, and skills develop-
ment. Insufficient training and resources
were the most frequently cited challenge.
Hence, there is a need for upgraded infra-
structure and comprehensive bioinformatics
training programs for both students and

educators. These infrastructures include ade-
quate power supply or alternative power sup-
ply, internet connectivity and computer sys-
tems. Isewon ez al., (2022) also reported, lim-
ited opportunities, resource constraints, mi-
gration for Bioinformatics education and
career prospects and recognition are some of
the several factors that contribute to the
brain drain in bioinformatics in Africa. Ojo
and Omabe, (2011) also reported that ab-
sence of specialized bioinformatics curricula
is a prevalent issue in African universities,
where comprehensive programs or courses
that cater to the specific requirements of the
region are not readily available. The insuffi-
ciency of qualified personnel poses a con-
straint on the accessibility of bioinformatics
courses and the provision of guidance to stu-
dents (Giovannietal e a/., 2023). Insufficient
computational infrastructure and resources
pose a challenge to bioinformatics research
in numerous institutions in Africa (Rotimi e#
al., 2017). Addressing these challenges is cru-
cial for enhancing the integration of bioin-
formatics in plant breeding. A strategic in-
vestment in resources, educator training, and
curriculum updates can foster a more robust
understanding and application of bioinfor-
matics tools, which in turn will facilitate
more efficient and effective Breeding pro-
grammes.

Both the impact of bioinformatics on the
field of plant breeding and contribution in
addressing global food security challenges
through plant breeding were significant. It
implies the potential of bioinformatics to
drive future innovations in plant breeding.
With bioinformatics, breeders can make in-
formed decisions that not only improve crop
yields but also enhance crop resilience to
stressors like drought and disease, which are
becoming increasingly important as climate
change continues to impact agricultural
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productivity.

The challenges facing integration of bioin-
formatics into plant breeding is significant.
Lack of access to computational resources
and expertise are the key limitation in the
integration of bioinformatics tools in plant
breeding. Overcoming these barriers is cru-
cial for the continued development and in-
tegration of bioinformatics in plant breed-
ing. Solutions such as partnerships with
global research institutions, government
funding for bioinformatics infrastructure,
and ethical frameworks for gene editing can
facilitate the broader adoption of bioinfor-
matics tools in plant breeding. Effective
teaching and learning of bioinformatics in
Nigeria is predominantly affected by dearth
of qualified and properly trained trainers,
lack of funds and unavailability of basic in-
frastructure for bioinformatics training and
research (Ojo and Omabe, 2011).

CONCLUSION

Respondents demonstrated a high level of
awareness and positive attitudes toward bio-
informatics, with stronger engagement ob-
served at higher academic levels. However,
curriculum gaps, limited training opportuni-
ties, and resoutrce constraints continue to
hinder effective integration into plant
breeding education. Coordinated action by
government agencies, universities, and
funding bodies, through competitive remu-
neration, sustainable research support, and
professional recognition, is essential to
strengthen local expertise. By prioritizing
curriculum reform, faculty training, infra-
structural investment, and research collabo-
ration, Nigerian institutions can align with
global advances in genomics-driven agricul-
ture and fully harness the potential of bioin-
formatics for crop improvement and food
security.
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