NATURE INDEX | SAUDI ARABIA

THE GENDER DIVIDE

AGENTS OF CHANGE

The rights and roles of women in the
kingdom are evolving as growing numbers
pursue higher education in STEM subjects,

at home and abroad. But, for Saudi
Arabia’s knowledge economy to really
thrive, the ranks of women working in
science must increase. The Nature Index
spoke to five passionate researchers who
have taken up the mantle.

BY LOUISE SARANT

ompared with its neighbours in the Arabian Peninsula,

Saudi Arabia was late to invest in the education of girls and

women; as recently as 1970, only 2% of Saudi women were

literate, compared to 15% of men. Today, the kingdom has

almost closed the literacy gap, with 92% of women and
97% of men able to read and write. Indeed, according to the World
Economic Forum, Saudi Arabia is the fifth-most improved country
in the world in terms of the education gender gap.

According to the latest available UNESCO statistics, from 2015,
women represent 53% of all Saudi university students studying for
bachelor's degrees. In addition, thousands of women pursue degrees
in foreign universities as part of a government-funded scholarship
programme that guarantees 20% of its scholarships to female
recipients (see page S54). A more permissive culture at KAUST is a
departure from many Saudi institutions in terms of dress codes for
women, who are also allowed to drive on campus.

Despite the positive steps made in education, Saudi Arabia remains
stuckin the lowest echelons of the World Economic Forum's Global
Gender Gap report. The biggest gaps can be found in the areas of
political empowerment — the country has no women in ministerial
positions — and economic participation. Women make up 21% of
the workforce. That's up from just 14% in 1990, but it still places the
country 140th of 144 countries included in the report. Education and
healthcare traditionally absorbed most working females in Saudi
Arabia, but since 2005 fields such as banking, retail, design, and IT
have gradually opened up to women.

The number of women scientists working in Saudi Arabia remains
low. The percentage of female doctoral students is 34% — 19
percentage points lower than bachelor’s students. This ‘leaky pipeline’
effect, whereby women studying STEM subjects decide not to
pursue science further up the career ladder, is especially precipitous
in Saudi Arabia, where figures from 2013 show women make up just
23% of the country's researchers. But the phenomenon is apparent
throughout the world — in Japan, for instance, where women make up
a similar proportion of doctoral students as in Saudi Arabia, only 15%
of researchers are female.

Statistics, however, can reveal only so much. The Nature Index
spoke to five women working in science in Saudi Arabia to get a closer
understanding. Some were born and raised in Saudi Arabia; others
came to the country later in life. Some are at the beginning of their
careers, while others have been recognized with international awards.
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STINE BUCHMANN-M@LLER

Facilities director, Biosciences and Analytical
Core Labs, KAUST.

molecular biology at ETH Zurich in 2009, the Danish scientist

had no intention of taking the long academic route. “I was tech-
nically good and extremely determined to get my foot in the industry;”
she says. The bleak economic outlook that year severely limited her
opportunities, and she found herself accepting a position below her
qualifications: as a biomarker scientist for Novartis. But after a year her
technical aptitude propelled her to become head of the lab.

Four years into this position, she received a message from a head
hunter at KAUST in Saudi Arabia. “KAUST immediately sparked my
curiosity;” says Biichmann-Moller, who had never heard of the univer-
sity before. “After visiting the campus, seeing the core labs and having
discussions with potential colleagues, I realized that if I worked here, my
contributions would make an immediate difference”

Biichmann-Moller’s family is rich in strong female role models, and
so she does not consider herself a pioneer for her gender. “I am a sci-
entist: I focus on my work, I put my very best into it and so far, it has
taken me where I want to be,” she says. At KAUST, she became the Bio-
sciences Core Lab director, a position in which she applies her expertise
in next-generation sequencing, biomarkers, gene expression and stem

When Stine Biichmann-Meller completed her PhD in cell and
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NIVEEN KHASHAB

Associate professor of chemical sciences and
engineering, KAUST.

anon by her grandmother after her Saudi mother and Lebanese

father separated, the little girl would spend hours wondering about
her grandma’s collection of pills: how could swallowing these small,
colourful capsules make people feel better? As she got older and more
acquainted with how drugs were constructed, she “used to inspect the
drugs, look at their chemical structures and admire the power of these
compounds, once assembled, to cure,” says Khashab.

As an undergraduate at the American University of Beirut, Khashab
discovered the work of Richard Feynman, the American theoretical physi-
cist credited with inventing the concept of nanotechnology. “Feynman
introduced the concept of ‘swallowing the doctor’ by assembling a small-
scale surgical robot that could be swallowed by the patient, and I found it
fascinating;” says Khashab. She was enthralled by the idea of engineering
an atomic scale nanorobot that would target the disease and defeat it.

To obtain a PhD in this field, her only course of action was to uproot
and travel to the United States. “This kind of higher education and pro-
fessional training was not available in Lebanon then,” she explains. After
completing her PhD at the University of Florida in Gainesville, she moved
to Northwestern University in Chicago in 2006. It was here that she first
heard about KAUST over a cup of coffee with a professor.

“I was utterly intrigued and excited,” she says. “I had always wanted
to go back to the Middle East, but I thought I would never find a uni-
versity with the level of resources and high-end labs needed to continue
my research?” She interviewed for a position and soon moved to Thuwal
with her family.

Khashab had visited Saudi Arabia with her mother regularly while

As a child, Niveen Khashab had no interest in dolls. Raised in Leb-

cell regulation. A key part of her role is to
keep abreast of new technology to ensure
that the lab’s equipment remains cutting-
edge. “I convinced KAUST to purchase
one of the world’s most advanced genome
sequencing instrument;” she says. “The lab
team was worried at first that we did not
have enough samples, but now it is run-
ning day and night and is the most used
instrument in the whole lab.“

Biichmann-Meller’s role has become
increasingly managerial, with 22 full-time
employees under her supervision, but she
pays attention to the broad range of bio-
logical research going on at KAUST. Access to these labs is not restricted to
KAUST scientists and staff — other Saudi universities and even industry
can benefit from the core labs’ facilities, training and services. Biichmann-
Mopller sees this continual circulation of people through the facilities as
an opportunity to build important relationships that will ensure the labs’
sustainable growth.

In July, thanks to a major reshuffle of the core labs’ operational structure,
Biichmann-Mpgller was promoted to the position of facilities director for
the Biosciences and Analytical Core Labs. She now oversees a third core
lab as well — the newly established Animal Resources Core Lab. “I feel
fortunate to have great colleagues and to be in a position to bring them
new skills;” says Biichmann-Meller, who plans to continue sharing her
technical expertise at KAUST for the benefit of the Middle East’s research. m
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growing up, and had no apprehensions moving there to work. “It is home,”
she says, pointing out that 37% of all students at KAUST are female, well
above the world average for female STEM students (16%). KAUST is also
the only mixed-gender campus in the kingdom — females are allowed to
drive and to attend mixed lectures unveiled.

Nonetheless, Khashab is the only female associate professor in
KAUST’s chemistry department. She heads a lab of 12 postdocs and
graduate students in addition to five visiting students working on the
design, synthesis and applications of programmable nanomaterials.
Khashab’s research focuses on biomedical applications of nanotech-
nology, and she uses nanoparticles to package and deliver drugs straight
to the ailing cell while sparing healthy tissues. In this vein, in 2011 she
designed a mini-capsule capable of carrying a chemotherapy treatment
programmed to destroy cancer cells. Her lab is now testing these devices
in animal models.

In March 2017, Khashab received a LOréal-UNESCO Women in
Sciences Award for her work on innovative materials for drug delivery.
“When I got news that I was nominated, I thought it was a little far-
fetched,” says Khashab. “Not because I don't believe in my research, but
because I felt so junior compared to the others. This kind of recognition
gave me a big push, especially at this stage of my career” The award made
people take notice of Khashab’s work in nanotechnology, even piquing
the interest of people outside biomedicine.

Most recently, it was the oil and gas industry knocking on her lab door.
She has come up with intriguing industrial applications based on her
research. Nanoparticles, if engineered for the harsh and corrosive environ-
ment of oil wells, can aid the exploration of oil deposits. They can also help
provide accurate well imaging to show where oil is located and whether
two wells are connected.

While Khashab plans to continue her work on industrial sensing and
separation applications of her research, her long-term focus is still to
build controllable and biodegradable drug delivery vehicles. She believes
it could take a decade to reach clinical trials, but she remains intent on
pursuing her own version of ‘swallowing the doctor’ m

KAUST
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DALAL ALEZI

Assistant professor, KAU.

ing a doctor. But one day, a teacher demonstrated how to obtain

compounds of contrasting colours by changing atoms and bonds,
and Alezi was hooked. “As I grew older, I realized how important
chemistry was to our lives and to the well-being of our society, and
this is why I opted for this subject in college,” says the scientist, who
completed her bachelor’s degree at Makkah’s College of Education in
2004, and her master’s at King Abdulaziz University (KAU) in Jeddah
in 2010.

On September 23,2009, Alezi switched on her TV to follow the broad-
cast of KAUST’s inauguration ceremony taking place just north of her
home in Jeddah. “I vividly remember watching the ceremony, and listen-
ing to the king speak about his dreams and vision for the country. I knew
I'had to join,” says Alezi. She visited KAUST for the university’s ‘winter
enrichment programme’ shortly after. For two weeks, Alezi alternated
between academic lectures, workshops and visits to KAUST’s cutting-
edge labs. “T was amazed by the quality of the labs, so I immediately
applied to the chemical science programme.”

Since starting her PhD in 2012, Alezi has been fabricating novel metal-
organic frameworks (MOFs) at KAUST’s Advanced Membranes and
Porous Materials Research Center. The scientist is fascinated by the
design, synthesis and characterization of MOFs — synthetic materials
made up of metal ions bound together by organic ‘linker’ molecules such
as dicarboxylic acids.

“I develop porous materials to boost energy-efficient gas separation,
CO2 capture and cleaner gas for transport;” she explains. By altering the
metals and organic molecules used, researchers can tweak the shape,
size and function of the material to influence the adsorption of certain
molecules, like carbon dioxide or water vapour. MOFs are rendering
industrial processes of purification and separation of gas, fine chemicals

At school Dalal Alezi was an excellent pupil and dreamed of becom-
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and fresh water increasingly energy efficient and cost-effective.

For example, some porous materials can store enough natural gas to
power cars over the same distance as a tank of gasoline or diesel in a con-
ventionally fueled vehicle. “MOFs can help foster environmental sustain-
ability;” says Alezi.

She is pursuing what has become one of the hottest areas in Saudi science.
As the world’s largest oil-exporter, Saudi Arabia’s petroleum sector repre-
sents over half of the kingdom’s GDP, and research in this sector has been
declared a priority. For the past three years, chemistry has led the physical
sciences as a top subject area; the two combined account for 90% of Saudi
Arabia’s research output.

Since 2015, Alezi has been the lead author on three papers pu blished in
the Journal of the American Chemical Society; under the mentorship of
Mohamed Eddaoudi, aleading expert in MOFs and chemical science direc-
tor of the Advanced Membranes and Porous Materials Research Center.
One of her papers describes a MOF that can store methane at low pressures
and at room temperature. The processes of separation and purification of
gases, fine chemicals and fresh water currently account for 15% of global
energy production, so MOFs have the potential to greatly reduce industrial
energy consumption.

Alezi graduated from KAUST this summer, and will soon return to KAU
as alecturer to transfer the knowledge and skills she accumulated during
her PhD years. She plans to foster collaboration and research between the
two universities.

The first PhD holder in her family, Alezi did not have other women in
her field to set an example. But, she does not believe that this held her
back. “In my experience, inner strength is more important than outside role
models,” explains Alezi. She has presented her work at conferences abroad
and published papers in top-tiered journals. “Maybe I was just born at the
right time,” she says. m

RANAD SHAHEEN

Senior scientist, Developmental Genetics Unit, King
Faisal Specialist Hospital and Research Center.

the Saudi capital in 2005, because her husband landed a job there.

Shaheen, who had studied molecular genetics at the University of
Otago in New Zealand, and the University of Helsinki in Finland, was
not sure what to expect. “I was scared I would hit a wall in my career,
given the limited options of research centres here in Saudi Arabia,”
she says.

Shaheen, who had their third child soon after moving to Riyadh, spent
her first three years there writing papers related to her PhD thesis, which
she defended in late 2009. She also used this time to familiarize herself with
the kingdom’s research needs. The obvious high incidence of congenital and
genetic diseases caused by the entrenched traditions of intermarriages in
Saudi society seemed an obvious research area.

In 2008, she joined the King Faisal Specialist Hospital and Research
Center (KFSH&RC) as a research associate, and two years later was made
a post-doctoral fellow. KFSH&RC serves as Saudi Arabia’s prime research

N ablus-born Palestinian research scientist Ranad Shaheen moved to
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centre for genetic diseases, as well as for oncology, organ transplants and
cardiovascular conditions.

Now a senior scientist in human molecular genetics at KFSH&RC,
Shaheen focuses on genetic disorders of congenital development, par-
ticularly primordial dwarfism, a condition in which individuals are
extremely small for their age even as fetuses, and ciliopathies, a group
of disorders associated with genetic mutations affecting cilia structure
and function.

Shaheen’s work deciphering the complex relation between genes and
human diseases has translated into more than 80 published papers -
including nine in journals tracked by the Nature Index. Most notably,
her work led to the discovery of more than 50 novel Mendelian disease
genes, now listed in the Online Mendelian Inheritance in Man, a con-
stantly updated catalogue of human genes, genetic disorders and traits.

She even gave her name to a genetic disorder — a form of mental
retardation (Shaheen Syndrome) first reported in eight members of a
large multiple consanguineous Saudi family — that Shaheen and her
mentor Fowzan Alkuraya described in a 2013 paper published in the
Journal of Medical Genetics.

“I don’t think that people have fully grasped the immediate link
between consanguineous marriages and high levels of genetic disorders,”
says Shaheen; there are no nationwide programmes to raise awareness
in Saudi Arabia, she says.
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“But we do raise the point that intermarriage is the reason behind such
high rates of genetic disorders during counselling or when we meet other
members of the family;” she says. It has become increasingly common for
couples who know they carry a specific disorder to conduct a prenatal
testing to assess the health of the fetus. If the latter suffers from a defect
that cannot be treated and will cause great suffering to the child, Islam
allows abortion before 120 days; later on, abortion won't be permissible
unless the embryo presents a threat to the mother’s survival.

Asked about her plans, Shaheen feels there are many more genetic
discoveries to be made in Saudi Arabia — a prospect that is keeping
her at KFSH&RC. She maintains that her gender has not hampered her
ambitions. “More funds are directed towards women’s education, and
lots of Saudi females have gone abroad for their post-graduate studies in
the past 5 years,” says Shaheen. “I am sure we will see the impact of this
change in the next couple of years” m
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JASMEEN MERZABAN

Assistant professor, Bioscience,
Biological and Environmental Science and
Engineering Division, KAUST.

Sea fishing town of Thuwal in Saudi Arabia eight years ago, the

biologist and cell migration expert — born and raised in Canada
to Egyptian parents and hailing from Harvard Institutes of Medicine
— must have paused. On a sunburnt slab of sterile terrain, a cluster
of trucks and heavy-duty machinery were frenetically building what
has become Saudi Arabia’s leading research institute: King Abdullah
University of Science and Technology (KAUST).

Erecting 23 buildings on a 5.5 million square foot campus in just three
years proved a lesser challenge than the work Merzaban, her husband (a
fellow bioscientist) and a handful of other pioneering scientists had to
undertake to establish the university’s faculty back in the summer of 2009.
The scientific buildings were up, Merzaban says, but the labs were far from
being ready to start experimental work. “We arrived thinking that our labs
would be set up since we had previously sent a detailed list of all the tools
and instrumentation we would be needing,” explains Merzaban. Instead,
the entire faculty had to be established from naught.

She saw it as an opportunity: “You don't always get a chance to build a
whole institution from scratch!” she says. Putting her research temporarily
on hold, Merzaban rolled up her sleeves and dove into the unknown world
of administration. Inlieu of tracking adult stem cells’ migration from the
blood stream to specific locations in the body, Merzaban learned how
to set up committees and review institutional applications. “It is mind-
boggling, especially just coming out of a post-doc;” she says. “Ilearned so
much and I would not trade it for anything. I think I changed as a person,
I became more mature as a scientist.”

After three years, the labs in KAUST’s Biological and Environmen-
tal Science and Engineering division were fully functional; Merzaban is
now able to fully immerse herself in her core research. Her lab is seeking
to understand the complex migration patterns of haematopoietic stem
cells, T-cells (immune cells) and cancer cells to specific locations in the

When Jasmeen Merzaban first visited the outskirts of the small Red
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body, with the intention of inhibiting or promoting said migration for
therapeutic benefit. “If you have an infection, you obviously want your
immune system to respond and annihilate the threat, but in the case of
autoimmune diseases such as rheumatoid arthritis and psoriasis;” she
explains, “the natural response to protect against pathogens and injuries
is dysregulated and needs to be inhibited.”

Merzaban is particularly absorbed by the mechanism through which
a T-cell or B-cell travels to the site of an infection. This chain reaction is
triggered by the interaction between molecules lining the blood vessels
and counter-receptors, which leads to a rush of immune cells to the site
of infection. “As a result, if you knock out the receptors or the counter-
receptors during that first step, then none of the next steps are set in
motion and the immune response is inhibited,” she says. “However, you
need to be very specific and guarantee that the immune system is still able
to fight the infections we get from the environment.” While it is difficult,
she hopes that the research she and her colleagues are conducting will
help attain this specificity.

Merzaban says that her Arabic parentage and partial knowledge of the
culture were enough to overcome any doubts she may have had about
moving to Saudi Arabia. Her husband was offered a position at KAUST
first. “He was a couple of years ahead of me in his post-doc,” explains
Merzaban. She was subsequently interviewed for a position, “and after
talking it through with each other and with our families, we decided
to go,” says Merzaban. “It was a high-risk decision, it was a lot of hard
work, but I feel that the founding faculty members and I have contributed
something”

Women are in the majority in her lab at KAUST, and Merzaban fre-
quently collaborates with male scientists at other Saudi institutions.
“Science is an increasingly gender-neutral occupation,” she says. “What
nation you are tied to or your gender are insignificant compared to your
knowledge and what you do as a scientist” m
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