GMJ.2025;14:¢3964

O RIGINAL
WARTICLE

www.salviapub.com

Received 2025-04-05

Revised  2025-05-27
Accepted 2025-07-27

Progress and Market Development of
Biotechnology in Saudi Arabia: A Survey

Asma Alyaemni '™, Nouf Alghamdji >

! Health Administration, College of Business Administration, King Saud University, Saudi Arabia
? Molecular Business Unit, Zahrawi Group, Saudi Arabia

Abstract

Background: Biotechnology is a transformative field with applications in healthcare, agricul-
ture, and industry. Saudi Arabia has prioritized biotechnology under Vision 2030, aiming to
diversify its economy and establish itself as a regional biotech hub. Initiatives like the Saudi
Genome Program and regulatory reforms by the SFDA highlight progress, yet challenges such
as workforce shortages, import dependency, and ethical concerns persist. This study examines
the perceptions of biotechnology professionals in Saudi Arabia regarding sectoral progress, reg-
ulatory efficiency, and market opportunities, focusing on genetic research, precision medicine,
and industrial biotechnology under Vision 2030. Materials and Methods: A descriptive-ana-
lytical design was employed, targeting 150 biotechnology researchers, industry professionals,
and policymakers via purposive sampling. Data were collected through a validated Likert-scale
questionnaire assessing regulatory adequacy, collaboration, local manufacturing, and import
challenges. Quantitative analysis was performed using SPSS  v20.0. Results: While 40%
agreed that SFDA regulations support genetic testing growth, 35.3% reported insufficient aca-
demia-industry-government collaboration. Optimism was high for local manufacturing (76.7%)
and Saudi Arabia’s potential as a regional biotech hub (83.4%). However, 67.3% faced import
barriers, and 87.3% noted delays hindering research. Genetic data privacy concerned 55.3%,
while 90.7% endorsed global partnerships for innovation. Conclusion: Saudi Arabia’s biotech-
nology sector shows promise under Vision 2030, with strong potential in local manufacturing
and regional leadership. However, regulatory harmonization, enhanced collaboration, and in-
frastructure investment are critical to overcoming import dependencies and workforce gaps.
Strategic policy interventions are recommended to sustain growth and innovation.
[GMJ.2025;14:3964] DOI:10.31661/gmj.vi.3964
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Introduction

Biotechnology is a multidisciplinary field
that utilizes biological systems and liv-
ing organisms to address challenges across
sectors such as healthcare, agriculture, and

industry. The global biotechnology market is
expected to exceed $837 billion by 2030 [1].
These technologies have influenced a wide
range of applications and have led to struc-
tural changes in various sectors. Countries
with established biotechnology ecosystems
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have integrated academic research, regulatory
policy, and commercial investment to foster
product development and technological ad-
vancement [2]. These systems facilitate inno-
vation through coordinated policies, stream-
lined regulation, and collaboration between
public and private stakeholders. Saudi Arabia
has identified biotechnology as a priority area
in Vision 2030, which emphasizes economic
diversification and the transition to a knowl-
edge-based economy.

This focus is evident in recent policy reforms,
infrastructure development, and funding allo-
cations intended to support biotechnology re-
search and commercialization [2, 3]. National
programs such as the Saudi Genome Program
and planned biotechnology zones in NEOM
illustrate the government’s ambition to estab-
lish the Kingdom as a regional biotechnology
center [4].

Saudi Arabia’s biotechnology sector focus-
es on genomics, personalized medicine, and
local pharmaceutical production, spanning
healthcare (Saudi Genome Program, biophar-
maceuticals), agriculture (CRISPR crops, ver-
tical farming), and industry (biofuels, biode-
gradable materials) [5, 6]. These efforts align
with global trends in sustainable development
[7] and are supported by regulatory frame-
works from the SFDA, though challenges re-
main in harmonization and approval efficien-
cy [8, 9]. Vision 2030 drives growth in bio-
pharmaceuticals and synthetic biology [10],
while desert agriculture and halal bioproducts
offer regional market opportunities [5]. How-
ever, constraints like skilled workforce short-
ages, import dependency, and limited private
R&D investment require targeted policy inter-
ventions [7].

The literature highlights Saudi Arabia’s bio-
technology expansion under Vision 2030 [2],
emphasizing regulatory progress and the need
for academic-industry collaboration [4]. Eth-
ical concerns, such as genetic data privacy
[11], and infrastructure gaps persist, alongside
opportunities in localized manufacturing [10].

Materials and Methods
This study employed a descriptive-analytical

design to investigate perceptions, opportuni-
ties, and challenges associated with the bio-
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technology sector in Saudi Arabia. The re-
search particularly emphasized developments
in genetic research, precision medicine, and
industrial biotechnology, all in the context of
Saudi Arabia’s Vision 2030 initiative [2].

Study Population and Sampling

The target population for this study consisted
of biotechnology researchers, industry profes-
sionals, policymakers, and academic experts
actively involved in the biotechnology and
genetic research sectors within Saudi Arabia.
A two-stage purposive sampling technique
was utilized to ensure the inclusion of individ-
uals with relevant expertise and experience. In
the first stage, key institutions (King Abdullah
International Medical Research Center, Sau-
di Biotechnology Society, and leading private
biotech firms) were identified. In the second
stage, participants were recruited based on
their roles and contributions to the sector.
Inclusion criteria required participants to have
at least one year of professional experience
in biotechnology or genetics and a minimum
qualification of a bachelor’s degree in a rel-
evant field. Individuals not meeting these
criteria, those working outside Saudi Arabia,
or those in unrelated sectors (like agriculture
without biotech applications) were excluded
from the study.

Potential respondents were identified through
professional networks (LinkedIn), contact
numbers, institutional directories (Saudi
Biotech Society), and government regis-
tries (Vision 2030 Biotechnology Task Force
members). An electronic consent form was
attached to the survey, outlining the study’s
purpose, confidentiality measures, and volun-
tary participation. Only those who provided
consent could proceed. Reminder was sent 7
days after initial distribution via WhatsApp,
email, and LinkedIn.

Out of 220 invitations sent (accounting for po-
tential attrition), 167 responses were received,
while 17 partial submissions were excluded
from the final analysis due to incomplete data,
yielding final 150 fully completed responses
(68% response rate).

Data Collection and Instrumentation
Data were collected using a validated, struc-
tured, self-administered questionnaire devel-
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oped specifically for this research, distributed
to biotechnology professionals in Saudi Ara-
bia. The questionnaire design was informed
by an extensive review of the literature and
strategic national documents, particularly
Vision 2030 priorities for biotechnology [5].
The instrument, the survey, consisted of two
main sections: the first collected demograph-
ic information, including gender, role, years
of experience, field of expertise, and institu-
tion type; the second assessed perceptions on
regulations, innovation, manufacturing, and
import challenges in 7 questions as shown in
Table-1. Participants rated their agreement
with statements using a five-point Likert scale
ranging from “Strongly Disagree” to “Strong-
ly Agree.” The reliability of the questionnaire
was confirmed with a Cronbach’s alpha of
0.795, indicating good internal consistency.

Table 1. Questions of the Survey Used in Study
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Data Analysis

The percentage of responses for each category
was converted into weighted average scores
per question by multiplying the response dis-
tribution by their respective numerical values
and summing the results, with higher scores
(closer to 5) indicating stronger endorsement
and lower scores (closer to 1) reflecting dis-
agreement, as shown below:

Average Score=(%Strongly dis-
agreex1)+(%Disagreex2)+(%Neu-
tralx3)+(%Agreex4)+(%Strongly agreex5)
Quantitative data were analyzed using SPSS
v20.0 (IBM SPSS Statistics, IBM, USA),
employing descriptive statistics (frequencies,
means, standard deviations).

Ethic Code
Ethical Approval for this study was obtained

Number Questionnaire Items
Are current SFDA regulations sufficient to support the growth of genetic testing in Saudi
1
Arabia
Is there enough collaboration between academia, industry, and government to advance
2
genetic testing
Do you believe local manufacturing of genetic testing kits would significantly reduce
3
costs for healthcare providers
Do you think Saudi Arabia can become a regional hub for genetic testing and precision
4
medicine
Have you encountered challenges in importing genetic testing products or reagents due
5
to regulatory constraints
Do you believe Saudi Arabia has the potential to develop and commercialize its own ge-
6
netic testing kits for global markets
Is genetic data privacy and ethical management a major concern for the expansion of
7
genetic testing in Saudi Arabia
Do you think increased collaboration between Saudi biotech companies and global ge-
8
netic research institutions would accelerate innovation in the country
Have you experienced delays in receiving imported genetic testing materials in Saudi
9
Arabia
Do you believe that importation delays significantly affect research progress in genetic
10
testing
11 Have delays in importation led to missed research deadlines or grant timelines
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from the Sub-committee on Ethics
Human and Social Research. King Saud Uni-
versity (IRB N0:596-25)

Results

A total of 150 participants responded to the
survey, that the majority were male (64.7%,
n=97), while 35.3% (n=53) were female.
In terms of primary roles in biotechnology,
most participants identified as researchers or
end users (73.3%, n=110), followed by sales
roles (9.3%, n=14), procurement (4.7%, n=7),
technicians (3.3%, n=5), and application spe-
cialists (2%, n=3), with smaller proportions
in quality assurance (2%, n=3), genetic coun-
seling (1.3%, n=2), chief operations officers
(1.3%, n=2), medical technologists (1.3%,
n=2), and other roles (1.3%, n=2). Regarding
years of experience, 80.7% (n=121) had over
five years, 12% (n=18) had 1-3 years, and
7.3% (n=11) had 3-5 years. Expertise distri-
bution included genomics (48%, n=72), clin-
ical research (24.7%, n=37), and other fields
(27.3%, n=41). Most participants worked in
governmental institutions (80.7%, n=121),
while 19.3% (n=29) were affiliated with pri-
vate institutions.

Survey Results

The survey reveals mixed perceptions re-
garding the sufficiency of current SFDA reg-
ulations to support genetic testing growth,
with 35.3% of respondents neutral and 40%
agreeing or strongly agreeing. Collaboration
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between academia, industry, and government
appears limited, as 35.3% disagree that it is
sufficient, while only 32% agree. Howev-
er, optimism exists for local manufacturing,
with 76.7% believing it could reduce costs,
and 83.4% seeing Saudi Arabia as a potential
regional hub for genetic testing. Despite this,
regulatory challenges persist, with 67.3% re-
porting difficulties in importing genetic test-
ing materials, and 87.3% stating that delays
impact research progress.

Concerns about genetic data privacy remain
notable, with 55.3% considering it a major
issue. Meanwhile, strong support exists for
global collaboration, as 90.7% believe part-
nerships with international institutions would
accelerate innovation. Import delays are a sig-
nificant hurdle, with 80.7% experiencing de-
lays and 76% confirming these delays affect
deadlines.

The highest agreement was observed for "Do
you believe that importation delays signifi-
cantly affect research progress in genetic test-
ing?" (M=4.35, SD=0.91), followed closely
by "Do you think Saudi Arabia can become
a regional hub for genetic testing and preci-
sion medicine?" (M=4.34, SD=0.89) and "Do
you think increased collaboration between
Saudi biotech companies and global genetic
research institutions would accelerate inno-
vation in the country?" (M=4.31, SD=0.79).
Conversely, the lowest agreement was report-
ed for "Is there enough collaboration between
academia, industry, and government to ad-
vance genetic testing?" (M=2.95, SD=1.12),

Average Score

Enough academia-industry-government collaboration

SFDA regulations sufficient

Genetic data privacy concerns

Local manufacturing reduces costs

3.99

Import delays miss deadlines

Global collaboration accelerates innovation

Saudi Arabia as regional hub

434

Import delays affect research progress

| 4.35

0 0.5 1

1.5 2 2.5 3 3.5 4 4.5 5

Figure 1. Likert Scale Responses (1-5) on Biotechnology Challenges and Opportunities in Saudi Arabia
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indicating a perceived lack of interdisciplin-
ary cooperation. Other notable findings in-
cluded strong support for local manufacturing
reducing costs (M=3.99, SD=0.98) and con-
cerns over importation delays affecting dead-
lines (M=4.14, SD=0.94). detailed scores are
shown in Figure-1.

Discussion

Saudi Arabia’s biotechnology sector is ad-
vancing under Vision 2030, with a focus on
healthcare, genomics, and industrial biotech-
nology to establish the Kingdom as a regional
biotech hub [2, 7]. The sector benefits from
a skilled workforce, with 73.3% of surveyed
professionals actively engaged in research
and 80.7% having over five years of experi-
ence. However, challenges persist, includ-
ing regulatory inefficiencies, only 40% of
respondents believe SFDA regulations ade-
quately support genetic testing, and delays in
biologics approvals, which take 14 months
on average [7, 8, 12]. Collaboration between
academia, industry, and government remains
weak, with only 32% of respondents agreeing
that partnerships are effective [4, 13]. Import
dependency also hampers progress, with 74%
reporting delays in securing genetic testing
materials, impacting research [14]. Despite
these hurdles, 76.7% believe domestic pro-
duction of testing kits could reduce costs,
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aligning with localization efforts like Saudi-
Vax and SPIMACO initiatives [5].

Optimism about the sector’s potential is high,
with 83.4% seeing Saudi Arabia as a future re-
gional leader in precision medicine, supported
by the Saudi Genome Program’s sequencing
of 100,000 genomes [4]. However, ethical
concerns over genetic data privacy (highlight-
ed by 55.3% of respondents) and talent short-
ages, such as only seven certified bioinformat-
ics professionals, pose significant barriers [11,
9, 12]. Heavy reliance on imports (94% of
equipment, 89% of reagents) and regulatory
delays further constrain growth, though foun-
dational achievements like mRNA vaccine
production offer promise. Addressing these
challenges requires accelerated licensing,
workforce development, and supply chain
investments. With targeted reforms, Saudi
Arabia aims for 5,000 annual patents and $5
billion in R&D by 2030, positioning itself as a
key regional biotech player.

Recent studies highlight critical gaps and
opportunities in biotechnology awareness,
education, and industry growth across dif-
ferent contexts. Alanazi (2021) found lim-
ited knowledge of biotechnology among
Saudi secondary students and teachers, with
educators criticizing the insufficient cover-
age of biotechnology in science curricula
[15]. Similarly, Uddin et al. [16] emphasized
the importance of public perception in bio-

Biotechnology items

70
60
50
40
30

10
0 II I | II | [}
q}\ © -

> & ¢ >
& & & & ‘2&4@%
S
00-06 \\:@;& R ‘%0 Q\\\ R 8)
S © 9

B Strongly disagree M Disagree

Figure-2. Biotechnology items

[ | I ] | ‘l
&

& R LN 3 &
S
) O S N <& D

& S P &

Q%’Q 043 \06 4}

P F P
S
Q

Neutral mAgree M Strongly agree

GM1J.2025;14:¢3964
WWW.gmj.ir



Alyaemni A, et al.

technology acceptance, noting that success-
ful commercialization depends on societal
awareness and regulatory support. In Saudi
Arabia, Prabhu [17] identified technological,
financial, and governmental factors as pivot-
al for biotech firm success, aligning with Vi-
sion 2030 goals. However, challenges such as
workforce shortages, import dependency, and
weak academia-industry collaboration persist,
despite optimism about local manufacturing
and regional leadership potential (Author,
Year). These findings collectively underscore
the need for enhanced education, regulatory
harmonization, and strategic investments to
advance biotechnology innovation and public
engagement.

Conclusion

This study analyzes Saudi Arabia’s biotech-
nology sector, highlighting its growth driven
by government initiatives and a skilled work-
force, with optimism about leadership in ge-
netic research and precision medicine. How-
ever, challenges such as regulatory delays,
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limited sector collaboration, and reliance on
imports persist. The regulatory environment
needs efficiency improvements and inter-
national alignment, while stronger academ-
ic-government-industry cooperation is essen-
tial for innovation. Stakeholders stress the
need for domestic manufacturing, workforce
development, and R&D investment to sus-
tain growth. With a 72.15% perception score,
the sector aligns with Vision 2030 goals, but
achieving regional leadership requires policy
reforms, investment, and international part-
nerships. Addressing these challenges can
strengthen Saudi Arabia’s position as a bio-
tech innovator.

Acknowledgment

Ongoing Research Funding program, (ORF-
2025-870), King Saud University, Riyadh,
Saudi Arabia.

Conflict of Interest

The authors declare no competing interests.

References

1. Khandekar P, Ghosh PK. Bioeconomy:
Different Countries, Different Strategies,
Multiple Benefits. Asian Biotechnology &
Development Review. 2023 Nov 1;25(3):
538.

2. Banjer H, Shami A, Horaib RB, Almutiri S,
Alnemari A, Althumali R. Biotechnology:
knowledge, perception and future in Saudi
Arabia. Biotechnology & Biotechnological
Equipment. 2021 Jan 1;35(1):12006.

3. Prabhu SL. EXAMINING THE FACTORS
AFFECTING THE SUCCESS OF THE
BIOTECHNOLOGY FIRMS IN THE
KINGDOM OF SAUDI ARABIA. SBS
Journal of Applied Business Research. 2025
May 21;1(1):70301.

4. Dabdoub F, Colangelo M, Aljumah M.
Artificial intelligence in healthcare and
biotechnology: a review of the Saudi
experience. J Artif Intell Cloud Comput.
2022;107:26.

5. AlKhalifah NS. The role of biotechnology
in developing plant resources in deserts
environment. InProceedings of 1st
International Conference on Water Resources

and Arid Environment (WRAEO04). 2004; :
S8.

6. Nesbitt E. Industrial biotechnology in China
amidst changing market conditions. Industrial
Biotechnology. 2009 Dec 1;5(4):2326.

7. Mindala DP, Bedi YS, Gupta SK, Gandhi
SG, Khan TA. Regulations for Health Care
Biotechnology Products in Major Markets of
the World. InBiotechnology BusinessConcept
to Delivery 2020 Feb 16 (pp. 131143). Cham:
Springer International Publishing.

8. LeeMuramoto MR. Reforming the
Uncoordinated Framework for Regulation
of Biotechnology. Drake J Agric L.
2012;17:311.

9. Sakura JD. International regulatory issues for
modern biotechnology. InSafety Assurance
for Environmental Introductions of
GeneticallyEngineered Organisms 1988 (pp.
267282). Berlin, Heidelberg: Springer Berlin
Heidelberg.

10. Jambulingam T, Ghani W, Sharma R.
Biotechnology industryphysician interaction
and OIG guidelines: Evidence from the
stock market. Journal of Commercial

GM1J.2025;14:¢3964
WWW.gmj.ir



Progress and Market Development of Biotechnology in Saudi Arabia

11.

12.

13.

14.

Biotechnology. 2010 Oct 1;16(4):31330.
Miller HI. UNbased biotechnology
regulation: scientific and economic havoc for
the 21st century. Trends in Biotechnology.
1999 May 1;17(5):18590.

Hakim Z, Kucukarslan S. Regulation

of biotechnology products in the global
pharmaceutical market: the case of the
European community and the United

States. Clinical therapeutics. 1993 Mar
1;15(2):44258.

Bowen WH. The History of Saudi Arabia.
3rd ed London: Bloomsbury Academic;
2024.

Lewi DM, Vicién C. Argentina’s local crop
biotechnology developments: why have they
not reached the market yet?. Frontiers in
bioengineering and biotechnology. 2020 Apr
9;8:301.

15.

16.

17.

Alyaemni A, et al.

Alanazi FH. Saudi students’ and science
teachers’ knowledge of and attitudes towards
biotechnology. Journal of Biological
Education. 2023 Jan 1;57(1):196213.
Uddin ME, Sultana S, Mahmud S.
Nonbiotech student’s perception of
biotechnology and its applications in a
university theology faculty student’s: a
brief survey study. Int J Agric Vet Sci.
2022;4(6):11629.

Prabhu SL. EXAMINING THE FACTORS
AFFECTING THE SUCCESS OF THE
BIOTECHNOLOGY FIRMS IN THE
KINGDOM OF SAUDI ARABIA. SBS
Journal of Applied Business Research. 2025
May 21;1(1):70301.

GM1J.2025;14:3964

WWW.gmj.ir



