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Welcome

| am very pleused to infroduce Volume 2 of our UCD Science
Showcuse. The purpose of this publication is to share highlights
of recent UCD Science reseurch und educution with the
public, government dgencies, industry and university
colleagues dlike. We want to acknowledyge a cross section of
our ucudemics, whose work is described here. However, it
represents only a smuall sumple of the huge variety of reseurch
and educdational activities that take place in UCD. Such is the
fulent base that we could eusily have material for several
volumes of such stories per yeuar. Interviews feutured were with
Dr Claire O’Connell, sciehce writer and journdalist.

The UCD Collegye of Science covers core anhd applied
disciplines including biologicul, chemicul, yeoloyicul,
mathematical, physical und computer sciences us well s
finance, actuaridal sciences, Meteorology und biopharmaceu-
fical sciences. Disciplines ure represented through seven
Schools: Biology & Environmental Science, Biomolecular &
Biomedicul Science, Chemistry & Chemical Biology, Computer
Science & Informuatics, Geoloygicul Sciences, Muthematical

Sciences und Physics. In addition to schools playing dan
important role in educdtion programmes they act as host for
euch ucudemic in the wider university context.

Increusingly big questions reyuire unswers that draw on u
multitude of skills, often situated dut the inferface of disciplines.
UCD Scienhce ucudemics collauborate with colleagues in other
UCD Colleges or universities to look at green ehergy and the
environment, biomedical research, complex humerical
systems, hanotechnology, sehsors and the interfuce of biology
und technoloyy. | am very pleused to see hew colluborations
emerge und existing ones yield impactful outcomes.

Reseurch in the sciences is un expensive uctivity and | want to
gratefully acknowledyge the support our reseurchers receive
from the Irish state und its agencies, EU augencies, international
frusts, industrial sponsors and individudails.

Professor Joe Carthy
UCD Colleyge Principal and Dean of Sciehce
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Dr Sheila McBreen

Doctors, vets und rescue workers ure often on cull for
emeryencies, keepiny un eur out for the dlert that they are
needed. But how ubout being on cuill for the Universe? Dr Sheilu
McBreen’s work fracking mussive 'gumma-ray bursts' from distant
yguluxies cun meun droppiny everything at a moment’s notice,
day or hight, to follow un event,
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On cdJdll for the Universe

The gyummu rays cun fravel relutively unimpeded dcross the
unhiverse, und the intensity of the burst meuns it cun highlight u
distant galaxy for that short period, so it’s important to detect und
pinpoint the burst us yuickly us possible.

That’s why Dr McBreen is purt of u globul response hetwork that
jumps info uction when gummu-ruy sutellites orbiting the Eurth
detect u potentidl burst. "The sutellite sends information to Earth,
und then it is our job to fry und find out where the rays are coming
from and the kinds of galaxies they were in,” she says.

Dr McBreen und her postygraduate students ut UCD ure 'burst
udvocutes' with a Europeun teum bused ut the Mux Plunck
Institute for Extraterrestrial Physics in Germany, which tracks datu
from the NASA Fermi sutellite - they work in shifts with advocutes
in the USA to ensure someone is uvdiluble uround the clock.



Each year Fermi reyisters uround 250 gummau ray bursts, und
when one comes in, the on-cull burst udvocute unalyses the datu
und sends u report to others uround the world who muay be duble
to yuickly follow up with telescopes und other instruments and
yguther more informution ubout the event. *It’s exciting, you don’t
know whut is yoiny to huppen und you ure often up ut midnight
frying tfo remotely point u telescope,” suys Dr McBreen.

As well us beiny on cull for uctive events, her ohyoing reseurch
unulyses the dutu cuptured from interesting bursts to work out the
distunces the rays have travelled and to unalyse the chemicdl
signutures of these exploded sturs. *Overdll in the field we look to
put these pieces of informution foyether from us many bursts us
possible und yet u better overull picture of other guluxies,” she
expluins.

Closer to home, Dr McBreen is ulso looking at extremely rupid
gummu ray flushes produced by lighthing on Eurth, which were
initially reported by Fermi teum scientist Dr Jerry Fishman. And
there’s hopefully plenty more to come - dlony with Professor
Lorrdine Hunlon at UCD, Dr McBreen is working on Europeun
Spuce Ayency funded reseurch to develop tfechnoloyy for the
next generation of detectors: “As well us working on our science
toduy, we ure ulso work on something for the future.”

High-energy ustrophysics
Earth observaution
Lightning

Detector development
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Professor Peter Lynch

Ruin or shine, the weduther hus un impuct on our everyduy lives,
und muny of us listen keenly to the forecusts after news bulletins.
But did you know that maths plays a central role in figuring out
whether we dre going 1o heed wellies or sunglusses in the duys to
come? Toduy we cun predict weuther putterns reusonably well
four or five duys uheud, but it wush’t always so, expluins Professor
Peter Lynch, Professor of Meteorology at UCD School of
Mathematical Sciences. When he started work us u forecuster
with Met Eireunn in Shannon Airport almost four decudes uyo,
even the one-duy forecust was u bit dubious, he explains.

“Forecustinyg ut the time wus pretty awful,” he recdlls. “So the way
forward wus to use muthematical methods to model the
utmosphere. And Met Eireunn wus starting off with computer
forecusting - that wus u rapidly developing ureu und there were
u lot of inferestiny scientific chullenyes.”
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A brighter forecast for maths

The field hus since edrned some bragying rights, according to
Professor Lynch, becuuse weuther forecusting skill hus improved
- thouyh there ure still some challenges, purticularly around
rainfull. “Everybody wants to know if it’s going to be u dry duy for
the mutch next Sunduy, it’s still hard to answer that,” he says.

More recently, Professor Lynch hus been looking to improve locul
wind forecusts, which are of purticulur interest for wind farms. “A
wind furm is ut u specific locution, it might be on the side of u hill
und the locul fopoyruphy is yoiny to uffect the flow stronyly,” he
says, So Professor Lynch, Dr Conor Sweeney und PhD student
Jennifer Courthey want to improve the accuracy of prediction
with more appropriate statistical upprouches, and it stands to
help wind furm munagers plun how to use resources, he expluins.
“The eneryy yoes up us the cube of the wind speed, so u very
smuall change in wind speed cun muke u big difference in
uvdiluble enerygy - und even if it’s bad hews und there is no wind
tfomorrow, you wunt to know thut rather thun hope in vain.”



Hurricane Frances

Getting u hundle on the future is ulso important in the bid to
uddress climute change, und aguin muthematicual modelling
cun help to unticipute whut is goiny to huppen ut various scules.
Professor Lynch is working with Dr Paul Nolun, a computational
scientfist at Ireland's High-Performance Computing Centre
(ICHEC), to unulyse regional putterns in Ireland, particularly of
extreme ruinfull.

In addition fo his research and teaching in meteoroloygy, Professor
Lynch hus recently moved into the dreu of populurising muths
with his bloy (thutsmaths.com) und with regulur columns in The
Irish Times on the first und third Thursduy of each month.
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Dr Andrew Parnell

Few things in life are certuin. Yet we rely on uccurate information
to cope with climute chunye or to predict the course of u
diseuse. That’'s why Dr Andrew Parnell is using statistics to get a
better hundle onh uncertuinty, particularly in understunding
climate change und cuncer, und he is yetfting some startling
results.
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Bringinhg certainty fo an uhcertdin world

Many scientists, when presented with uncertuin datu, draw u
straight line of best fit - yet muny putterns in nature are non-lineur
and climate is a cuse in point, says Dr Parnell, who is analysing
dutu ubout seu level chunye ucross recent centuries.

“People huve often ussumed u lineur increuse, but seu level
doesn’t chunyge in u hice straight line and the meusurements
themselves muy not ulwuys have been uccurute,” he suys. "And
when we use our stutisticul models, we see recent rutes ure more
rapid than muny have ussumed - it is scary.”

Dr Purnell is ulso looking further buck in history at how rapidly
climute wurmed ufter the lust mujor ygluciution ended uround
20,000 yeurs ugo. He is unulysing levels of pollen und other
materidl in sediment cores drilled from luke beds.



Biy dutu

Stutistical Modelling
Fedture Selection
Machine Ledrhing
Bayesian Statistics

“Plunts cun act like thermometers - when it’s warmer certain types
of pollen get releused und luid down in these cores, but it’s hot
exductly in step with temperature, and dlso humans may have
disrupted environments,” he expluins. "So we dre using
mauthematicul methods to tuke thut uncertainty info uccount und
trying to work out the uctuadl speed of climute chanye.”

As well us looking buck, Dr Parnell is ulso looking to the future of
climate chunge. He hus just started working with Dr Cohor
Sweeney und with Met Eireunn on dutu from weather stations in
Irelund over the lust 60 yeurs: “We ure trying to work out how
extremes of temperuture und ruinfull und wind huve chunyed,
how that maps on to climate duta und what we can expect into
the future as the climate changes.”

[t might seem like a hon-seqyuitur, but another strand of Dr Parnell’s
work upplies stutisticul methods to pick out signuls of proteins in
blood sumples that are linked with more aygressive forms of
prostute cuncer. Working with Professor Steve Pennington, he hus
developed u hew stutisticul fool to unalyse potential ‘biomarkers’
that could ultimately help doctors decide the most uppropriate
freatment for putients.

“Prostute cuncer und climutology do sound like different ureus,”
udmits Dr Parnell. “*But you cun use similur mathematicul tools - in
climutoloygy you are trying to work out which types of pollen are
importunt for telling you ubout climute chunge aund in the
prostute you ure working out which proteins ure importunt to tell
you ubout the cunhcer chunyes.”
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Dr Miguel D. Bustamante

The maths of goihyg fo extremes

Large eurthgyuukes und devustuting hurricanes are thankfully
relutively rare events. But understunding more ubout the muths
behind such extreme events could help to improve how we cun
predict them - und it may even help with the more mMundune
weduther forecust too. Dr Miguel D. Bustumante is looking ut the
muths behind low-probubility events using the model of collidiny
vortices in fluids such us uir und wuter, und the work feeds intfo the
wider field of 'extreme events', us he expluins.

“Mathematically speuking there are situations where you cun
define extreme events like rogue waves or freuk waves, or
tsunumis, hurricunes - und they have to do with events which
have u small probubility to occur,” he says. "Hurricunes have u
smuall probubility and big earthquakes have a smdall probubility,
und it is possible to put them under the sume umbrella.”
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Energy Transfers in Nonlinear Wave Systems
Fluid Mechuanics und Extreme Events

Industrial Mathematics

By numericdlly simulating how these vortices collide und reuct
and by looking to predict 'singularity' where the object can no
lohyer be muthemuticully defined, it’s possible to unalyse physics
that would be too impructicul or costly to dccess with
experiments, he notes.

Through his work on the vortex model, Dr Bustamante hus now
presented u new way to mathematicully look at the singularity
problem: he reformed co-ordinutes to look ut the velocity field
divided by the muximum vorticity and found that this simplified
the equutions needed. He is how working on implementiny
numericul simulutions of these eyudutions in fwo und three
dimensions, und he hopes the work will enable more cupuble
computer progrummes predicting extreme events without the
need for more computing power.

Vortex models. The concept of singulurity wus ulso drumutised in the short film
‘Singularity Day’ http://www.youtube.com/wutch?v=UdutmuiiVFQ&feuture=youtu.be

“You just heed to write u hew code in the mupped co-ordinutes
und you would gain d lot in precision,” says Dr Bustumante, whose
resedrch is funded through Science Founddation Irelund, and
describes how the underlying upprouch could ultimately be used
to help inform unalyses of weduther, climute, eurthgquukes und
volcunoes: "It meuns improving the prediction power ut the sume
tfime us computing costs - that would be the promise we hope.”
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Professor John Walish

Terra firma - we refer to it as a reassuring place fo be, but in fruth
some parts of the Earth'’s surface are anything but stable. Pressure
builds up in the outer layers of rock that envelope the planet, and
when it releases, the resulting cracks, or faults, displace layers of
that rock.

The immediate effect can be an earthquake, explains Professor
John Walsh, Joint Director of the Fault Analysis Group at UCD
School of Geological Sciences, but in the longer term faults can
also offer conduits for precious underground resources - such as
minerals, water and oil - fo rise up closer to the Earth’s surface.

“A lot of oil is contained within particularly porous rocks, and those
in turn are covered in another layer of rock which prevents the oll
escaping upwards,” he says. "If you have a fault which offsets
those layers it can either make it more complicated to access the
oil or it can be a good thing, with the faults themselves acting as
a trap to the oil”
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Precise to u fault - mapping
cohduifs to uhderground resources

At present several companies fund the group’s work, including
Tullow Oil, which makes a 'significant contribution' fo the School
through supporting staff and research positions, explains Professor
Walsh.



Key research interests:

Study ureu: Moub, Utuh, USA

The UCD reseurchers huve developed computer-bused methods
to predict the flow of fluids through faults under the Eaurth’s
surfuce, und compunies ure using the soffwure to build up u
better picture of fuults in areus of potentidl interest. In 2010, the
group received the 2010 NovuUCD Inhovutfion Award in
recoynition of its successful commercidlisution uctivities und its
strauteyic und colluborutive reseurch links with globdl industry
purtners.

So how ure they building on thut success? The mission is to
continue studying the best fault dutasets und thus improve the
analytical software, and the teum is fravelling the globe in sedrch
of exemplary faults, expluins Professor Walsh.

"We unulyse these faults in detuil, their geometries und the nature
of how they offset the luyers,” he says. “This is giving us more
construints on whut fuults uctudlly look like so we cun better
predict whaut's huppening in the subsurfuce und how it's goiny
to impuct either flow of groundwuter or petroleum or the
geometries of minerul or coul deposits. It's ubout improving your
predictive cupubility so you cun find or extruct resources under
the ground more effectively.”

UCD Science Showcase 2
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Dr Patrick Orr

Imauyine, just for a moment, that you had X-ray vision und you suw
everyone us just their skeleton und teeth. How much detdil would
you be missing ubout their flesh, their hair und their colouring?

In the sume way, much of what we see of unimuils in the fossil
record is the hurd stuff: the bones, feeth und shells. Thut cun tell
us something ubout the unimuals they cume from, but if we knew
ubout the soffer muteridls - not to Mention the entirely soft-bodied
unimuls that luck u skeleton or shell - we could leurn so much
more.

Dr Patrick Orr from UCD School of Geoloyicul Sciences looks for

those unusuul instunces when the flesh, marrow or feuthers of
un unimul have been preserved for millions of yeurs,

UCD Science Showcase 2

Fleshing out the deftdils of animdal evolution

The reseurchers use electron microscopy to tuke u close look ut
these ‘'softer' fossils, und their findings dare offering hew
perspectives. For one, it uppeurs that some dinosuurs had pretty
flumboyunt colour schemes. Dr Orr und colleagues analysed
pigment bodies in fossilised dinosaur feathers from rocks in China
und worked out thut the dinosuurs - which lived in forested lunds
around 125 million yedrs ugo - sported dlternuting stripes of white
und reddish brown or yinger. "The colours themselves ure
inferesting, but so are the stripes,” says Dr Orr. *“We can start
thinking ubout whether the putterning muy have helped us
cumoufluye, or wus it for show.”



History of life on Earth
Evolution
Fossil preservation

Quulity of the fossil record
Ancient ecosystems

Fieldwork in Chinu studying 125 million yedr old luke sediments

Meunwhile, in Spuin, Dr Orr’s teum discovered preserved red und
yellow bone murrow from froys that lived more thaun 10 million
yeurs uygo, which wus u lundmuark finding and one that hus
prompted others to yo looking for marrow und muscle in the fossil
record, he suys,

Rocks in Morocco turned up unother frove of soft-bodied fossils
for the reseurchers - this fime showing u previously undocumented
richness in maurine life in the Lower Ordoviciun period uround 475
million yedrs ago. “This is important because it gives us u much
richer picture of biodiversity in the seu dt o time when
communities of orgunisms were becoming more complex,” says
Dr Orr.

He is how continuing to fill in the picture of evolution on Earth with
evidence from soft-bodied unimails - particularly marine creutures
- und the truces thut their uctivities und behuviours huve left
behind in rocks. *If you know where und how to look, these fossils
cun help us to understund u bigyer picture,” he suys.

UCD Science Showcase 2

14



Tin has a reputation us a chedp and functional metal - useful for
plating und for making duruble bowls und pots. But reseurch at
UCD is showing that tin’s talents could shine even more brightly in
the drive to build fuster und cheuper electronics.

“These feutures ure 'written' in the silicon with light, and if you cun
produce smuller feutures in the silicon then you cun muke
fransistors fuster and cheuper,” he says. “So the gyodl in industry is

UCD Science Showcase 2

Professor Padraig Dunne

The ‘hext big tin' for faster, chedper electronics

to be uble to use u light source uround 13.5 hunometres, resulting
in feutures below 15 nm in size. By compurison, green light has u
wavelenygth of 5560 nm."

Previous work at UCD, with physicists Dr Emma Sokell and Professor
Gerry O'Sullivan helped to single tin out as a useful source for
generuting lusers of this wuvelength, expluins Professor Dunne,
und purt of the science behind their upprouch hus been o better
understund how tin behuves ut un atomic level.

Each tin atom includes u cloud of electrons, und if you tuke some
electrons out of the cloud the remuining electrons reconfigure,
which in turn cun uffect the tin ion’s behaviour in u light source.
*If you cun understund how the electrons adjust, then you
uhderstund how these ions emit light and you can figure out
where they dre brightest and where they dre not bright,” says
Professor Dunnhe. “Then you cun staurt tdiloring the ions to be light
sources.”



Spectroscopy
Experimental Physics
Atoms & lons

Laser-produced Plasmas

But while tin can produce 13.5 nm light, at the moment it’s not
terribly efficient. So the UCD physicists ure tweduking the upprouch
to try und get more of the light they heed out for the power they
put in - und improving the luser-to-plasmu output by even u few
percentuyge points could offer enormous yuins, hotes Professor
Dunne.

“"We fire lusers ut muteriuls und we look ut the spectra cominy off
them when we chunyge the colour of the luser, the power density
und the ungle. And we huve recently started muking two
plusmus collide into euch other und hitting that with a luser,
becuuse the density of that colliding plasma is better for
upbsorbiny luser light than a solid turget would be.”

UCD cumpus compuny NewlLambdu Technoloyies is now working
oh commercidlising the luser-plusmu source technoloyy for use
both in the semiconductor industry und, in the heurer term, for
new und cheuper light sources in microscopy, expluins Professor
Dunne, who is the start-up’s Director for Business Development.
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The word ‘maghet’ may well conjure up un imuge of a horseshoe-
shuped bur picking up puper clips, but co-ordination chemist Dr
Gruce Morygun hus her eye on something considerubly smaller.
She is looking to harhess the utoms of metdllic elements, where
the spin of the electrons determines their mugnetic properties.
And by cleverly engineering trunsition metuls, she is openiny up
new possibilities - including how to store information more
effectively on electronic devices.

“Af its heart any electronic device is un assembly of chemiculs,
that, through stute changes, processes und stores information,”
expluins Dr Morgun, who is u Senior Lecturer ut UCD School of
Chemistry and Chemicdl Bioloyy. "There is ulways a demand for
increused processing speeds und for higher storuge cupucity,
und industry is how looking to yet down to the moleculur level to
do that.”
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Dr Grace Morgan

Sinhing hew solutions with maghetism

“"We work with u set of tfrunsition metul complexes where you cun
store informution inside the Mmolecule - by chunying the
femperature we cun switch between a high-spin and low-spin
arrangement and this lets you munage the information in your
device.”



Spintronics
Magnetic switchiny
Dutu storuye
Molecular memory
Quantum funneling
Spin loyic

At the moment Dr Morgun uses the metul maunganese for the spin
switching and published a paper in 2012 dbout its spin fransition
in the prestigious journul *‘Angewundte Chemie’. Her lub is how
desighing u chemicual framework around the metal. "It is like a little
tap you cun turn on spin,” she says. “And if you cun decorate the
ligund around the metul, you can make it info u hano-object
which ih turh makes it eusier fo engineer.”

Dr Morgun is ulso looking to enyineer ‘soft mediu’ switches usiny
ionic liyuids, where muynets could be used to ‘write’ the
information into the chemistry. *We cun put the switches on u
nuno-fluidic surfuce und Munipulate them with magnetic fields,”
she expluins. "Different droplets will have different spin stutes, so
they will respond differently. But this is quite difficult to uchieve.”

Dutu storuge will soon be ut the level of u single molecule

As these trunsition metdls flip between spin stutes, they ubsorb
heut, but they don’t become hot - u phenomenon known us
phuse fransition - und Dr Morgun is working with industry to explore
how they could help to control heut in devices.

“The chdllenges now ure to engineer these muateriuls so that they
operute over muny yedrs without degradation and that they will
work aucross u range of temperutures, whether they are in Alaska
or Austrulia.”

Her ldb is ulso exploring how to enygineer frunsition metuls so they
cun “pull” curbon from the utmosphere, und thus provide material
for makiny fine chemicuils, “It’s a free source of curbon and it’s
the findl sink for fossil fuels that are burnt: if you recover that und
muke fine chemiculs that would be very useful for indigenous
industry.”
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Dr Paul McCabe

[t's a macubre thought, but dedth is a part of life. At a cellular
level, individuadl cells need to die off in u controlled way to sculpt
und renew tissues und to stop the spreud of diseuse.

While plenty of resedrch goes into the dedth processes of animal
cells, Dr Puul McCudbe is looking to understund how ‘programmed
cell deuth” is confrolled in plants, with o view to better
munugement of infection or stress.

"It looks like every single plunt cell hus a speciul mechanism that
it can activate to kil itself,” says Dr McCube, who is u Senior
Lecturer ut UCD School of Bioloyy und Environmentul Science.
"And plants use it us they develop and diso to protect themselves:
if a plant cell recoynises u diseuse-cuusing puthoyen it switches
on the deuth proyrumme. It busicully sucrifices itself us well us
killing the puthogen to protect the rest of the plant.”

UCD Science Showcase 2

Exploring the benefits of dedfth in plants

He works with Professor Fiona Doohun on whut happens to plants
when they ure infected with the funyus Fusurium gramineurum, u
costly puthoyen of wheut, burley, corh und rice.

“The funhyus infects these food crops with molecules culled
mycotoxins,” expluins Dr McCube. “But we don’t know much
ubout whut they do.”

His lub found that when plunt cells ure exposed to the fungul
toxin, u curiously complex relutionship emeryes, he explauins. “Af
low levels the mycotoxin seems to stop the cells from switching on
programmed cell death but if you redlly ramp up the mycotoxin
it does start to kill the cells. So it seems to Munipulate und play
with these cell deuth programmes.”



Plants

Food

Wheut
Mitochondric
Deuth

Hedlthy und diseused wheut heud

In purdllel, Dr McCube’s lub is exploring the roles of cell deuth in
u mutudlly beneficidl interaction between d nitrogen-providing
ulgu cdlled Nostoc und plunt cells. Ahd he is looking ut how cell
deuth levels could dlso auct us u proxy for stress tolerance -
resedrch in his lab found that whedt seedlings that can withstand
high sult conditions have high levels of programmed cell deuth,
which seems to be linked with hardiness in the harsh soil.

“So perhups if you have lots of bred lines you don’t know which
of these dre sdlt tolerant und which are salt sensitive, we could
do u very quick screen of seedlings for programmed cell deuth,
which would be fuster than a whole plunt analysis,” he says.

*I think it's fundumentdlly important that we understund
progrummed cell deuth in plunts,” he says. *If you know whut is
happening und how the process is targeted by threats like
puthogens, you could potentidlly strengthen plants against
attack.”

UCD Science Showcase 2
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Dr Fred Cummins

Those are some of the questions exercising cognitive scientist Dr
Fred Cummins, a Senior Lecturer at UCD School of Computer
Science and Informatics.

In recent years Dr Cummins has developed a particular interest
in joint speech, where two or more people voluntarily say the
same thing at the same fime. Distinct from conversation or
oratfion, we fend to engage in joint speech where there is a

UCD Science Showcase 2

Wheh fwo (or more) voices joih ds ohe

common purpose or infention, he explains. "We tend to speak in
unison in situations of great social importance - like religious rites,
swearing collective oaths or if we are protesting in a
demonstration, where we are saying ‘| am along with these
people’. It provides a strong expression of group purpose, or
belief. Joint speech challenges us fo understand our selves af a
level beyond the individual.”

Dr Cummins takes several approaches fo the study of joint
speech, including observing chanting in houses of worship and
on the street and also analysing brain scans to see how brain
activity is different when we speak singly or together. In work
together with Professor Sophie Scott and Kyle Jasmin at University
College London, it has been found that the brain shows distinct
pafterns of activity when we commune through speech.



Joint speech
Chant
Prayer
Coordination

Intersubjectivity
Speech
Rhythm

Dr  Cummins is currently developing computerbased
tfechnologies to harness the power of joint speech, though he
points out that joint speech itself has been used as a fechnology
fo preserve information for thousands of years. *It has provided a
means of keeping certain texts alive, such as the Vedic scripts,
which have a 3,000 year old history, but for most of that, the texts
were not written down - they were all preserved syllable by syllable
through having a particular technique of chanting together,” he
explains.

“"Now | am looking to develop new technologies for joint speech.
Imagine if you had a digital petition online and instead of signing
it you spoke it, so the person receiving it listens fo the voices of
thousands of people. Or imagine after Fukushima or 9/11 a
community comes fogether and creates a collective recording
as a tribute, and this passes around social media. It would bear
a significance that goes beyond passing a message - everyone
is saying the same thing.”

UCD Science Showcase 2
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Dr Kathy O’Boyle

If there's a problem to be tackled, many heads are often better
than one. And, thanks to the Peer-Assisted Learning (PAL)
programme in UCD, first-year chemistry students can now get their
heads together in constructive, guided study sessions to tackle
the more challenging parts of the course.

"Peer-assisted learning is a form of learner support for all students,”
explains Dr Kathy O’Boyle who, as Vice Principal for Teaching and
Learning at UCD College of Science, was very involved in the
development of this programme.
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Wheh students learn from students

The approach, which was originally developed in the United
States in the 1970s, is now being used in first-year chemistry
modules in UCD where two peer leaders drawn from higher years
work with a group of younger students. PAL doesn’t provide
additional material in the way that a tutorial would, instead it
encourages the students to identify areas of the course that they
find challenging and to tackle it with their shared knowledge,
explains Dr O'Boyle.

"The PAL leaders are not meant to provide direct answers,” she
says. “Through probing questioning and through breaking topics
down info smaller elements, they help the student group get to
grips with the basic concepts. It can be a challenge - the students
are used to asking a question and getting a quick answer and
they can initially find it frustrating having fo work it out themselves.”



But by collaborating fo solve the problem - or at least figure out
what they need to do fo address it - the students get fo practice
speaking the language of the subject, and research from Europe
and the US suggests that this deepens their learning and
enhances their grades, according to Dr O'Boyle.

The PAL leaders benefit too. They undergo a two-day fraining
course in facilitation fechniques and group management
strategies and they learn how to ask questions so that the
students in the PAL group will think their way to answers. And so
far there has been no shortage of volunteers. "At the moment we
are getting more students frained up as leaders than we actually
need fo run alongside the programme,” says Dr O'Boyle.

It's early days yet but the results are now feeding info research
about the impact of the approach on student engagement and
grades. "We would like to roll PAL out further so that all first years
experience PAL in at least one module, because it benefits both
the first years and also the students in the years above, who
develop leadership skills.”

Dr O'Boyle and Ms Aoife FitzGerald (Student Advisor) frained as
PAL supervisors with the UK National Centre for PASS, University of
Manchester.
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Dr Mike Casey

Sometimes taking a standard format and flipping it around can
lead to new and perhaps better ways of doing things. So when
Dr Mike Casey started to think about the limitations of the
standard chemistry lecture, he furned it on its head.

"Around five years ago | became much more aware of the
limitations of the fraditional pedagogy of giving a lecture,” says
Dr Casey, who is a Senior Lecturer at UCD School of Chemistry and
Chemical Biology. "The lecture definitely has its place, there is no
question, and it can be done very well, but at the same time it
doesn't tap into all the possibilities, so | began reading the
literature and trying fo make the lectures a bit more engaging.”

For one thing, he got the first-year undergraduate students to
engage more actively with the material: he encouraged them to
have discussions and solve problems during class instead of
simply receiving the information. *l think because they are
engaging with the material and doing problems, it is better for
their learning,” says Dr Casey.
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Power fo the students: furhiny
the chemistry lecture around

More recently he has been expanding that inferactivity by pilofing
a 'fipped classroom' model, where the students prime themselves
with the lecture material before the class.

In practice this helps the students to understand fundamental
concepts, such as how buffers work, which in turn can help
prepare them for the practical elements of the course too.
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He has also been harnessing the power of software to get
students thinking about the nuts and bolts of chemistry using an
online tutoring programme. “The students have to draw chemical
structures and reaction mechanisms,” he explains. “The software
is able to analyse their answers in a chemically infelligent way
and give them feedback.”

Dr Casey credits the UCD Centre for Teaching and Learning with
catalysing his interest in this area, and he is now attending
conferences and researching more ways to make learning
inferactive. "That is making me aware of the possibilities but also
of the limitations of what is currently available,” he says. "There are
opportunities fo go much further here.”

And as Dr Casey infroduces the more interactive and 'flipped'
modes to larger numbers of students, he is struck by how well the
students work tfogether.

“The thing that has the biggest impact on me is the recognition
of the importance of that peer interaction,” he says. *I am
convinced of the value of getfting students info the habit of
coming tfogether into groups and collaborating.”

UCD Science Showcase 2
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Dr Patricia Maguire

If you were on the quiz show "Who Wants to be a Millionaire” and
you had to choose what subject to study at college, would you
know whether fo click a, b, ¢ or d? When you have to make a
choice like that, it helps to have a good foundation in the options.
So for first-year (Stage 1) students, an infroductory module on
biomedical science offers just that... with a bit of game-show
inferaction thrown in.

Now in its third year, the second-semester module offers students
a smorgasbord of the basics in biochemistry, genetics,
microbiology, neuroscience and pharmacology, explains co-
ordinator Dr Patricia Maguire.

"Among the most popular degree courses in UCD Science are
neuroscience and pharmacology, but this module gives the first
years starting out a flavour across the biomedical subjects,” she
says. "The key here is they can experience all those subjects
before they make their choice, and no matter what they go on to
study they have this foundation across the subjects.”
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Who wants fo be g biomedicdadl scientist?

"In the first lecture | use the questions to find out how many
students have studied biology at school and what their interests
are - it's a real icebreaker,” she says. “Then as we do the course
the students answer questions on what we have just covered - it
is noisy but fun, and it gefs them talking to each other about
science.”
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"My colleagues also use videos as student learning aids and
there’s even a bespoke book that we have specially prepared for
this course”

"These methods make the classes more inferactive - the students
will sftop me and ask about something I've just said, and | usually
have a queue at the end of the lectures fo ask questions,” says
Dr Maguire. "And we keep the topics relevant: in one lecture | talk
about the toxicity of paracetamol. It's straightforward
pharmacology and they get it

Dr Maguire, who is a Senior Lecturer af the School of Biomolecular
and Biomedical Science, also tells the students about her
research info platelets and the cardiovascular system. "l think that
is really beneficial that even at this early stage the students get
fo hear about the research that is being done at UCD," she says.

UCD Science Showcase 2
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Dr Keith Murphy

L s. :'

The brain and nhervous system have cruciadl roles in the body, so
their hedlth is u big issue. And conditions that involve their
deyenerution (including Alzheimer’s diseuse und multiple
sclerosis), or other presentutions such ds schizophrenia und
depression, pose chullenyes for treuttent,

Dr Keith Murphy und his feum dre tuking u grussroots upprouch
to identifying hew possible treuttments, by getting to yrips with the
biology of how the brain works, and how the biology chanhyes in
diseuse or dysfunction.

“This is u field where there is u redlly big heed ut the moment
becuuse we huven’t hud improved druys to freut u lot of brain
und nervous diseuse for yuite u lony time now,” says Dr Murphy,
who directs the Neurotherupeutics Reseurch Group ut UCD
School of Biomoleculur und Biomedicul Science.
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A grassroots dpprodch fo freating brain disedse

The reseurch group tukes u buck-to-busics upprouch to develop
new treatments for mMujor devustuting brain and nervous system
diseuses, he expluins. The ideu is to Mine into the bioloyy of
function und dysfunction to find key molecules thut cliniciuns
could meusure to diughose diseuse, or thut could be targeted in
freutment.

Ruther than focusing on a particular diseuse, the Neurotherapeu-
fics Reseurch Group homes in oh important bruin functions that
are often compromised in disedses - in particular memory and
leurning, he expluins: “"Becuuse memory yoes wrony in lots of
diseuses, the ideu is that if you understund the drivers of memory
you cunh develop druys that help in those diseuses.”
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They ure now focusing in on daround 20 of those proteins to
develop suites of potentiul 'biomarkers' thut could help to improve
the diagnosis of bruin diseuse, und help to monitor how u patient
is furing on treatment,

The UCD reseurchers ure dlso developing u hew potentidl
freatment for mulfiple sclerosis, which looks to boost repuir of the
insulating sheath daround nerves that gets dumaged in the
condition.

Dr Murphy, who is a Senior Lecturer of Pharmucoloyy, feaches
pharmacoloyy to unhdergraduate students atf UCD, und he
conhsiders it un importunt busic component in biomedicine.

*I think that is important for the students to learn how drugs work
und how they dre developed, even if they don’t go on to
specidlise in phurmucoloyy,” he suys. “As u biomedicul reseurch
scientist you nheed u yood uppreciution ucross severdl
disciplines.”

UCD Science Showcase 2
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Dr Kay Nolan

The doy might be man’s best friend, but could canine genes dlso
be u friend to yenetic reseurch? Thoroughbreds cun offer u
relutively cleun cunvus to go looking for genes thut ure linked with
diseuse, explains Dr Kay Nolun, a Senior Lecturer ut UCD School
of Biologyy und Environmental Science.

“Euch breed is u closed yenetic populution, so there is less
genetic diversity within the breed thun in the outbred doy
population or in the human population,” she says. *And dun
individuul breed muay have either its own simple yenetic diseuse
due to u mutution in U single yene, or it muy be susceptible to u
more complex diseuse thut hus to do with multiple yenes und
perhups environmental factors.”
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Cuh doy ygenhetics provide hew leads
for human disedse?

The work on the Jupunese Spitz breed focuses on u muscular
dystrophy that presents as muscle wedkness und abnormal gait
that worsens over time, und Dr Nolun und Subelu Atenciu
Fernundez discovered the underlying mutution.

"We developed u struightforward test bused on DNA from sulivu
swubs thut could identify curriers or individudls with the mutution
for the condition,” says Dr Nolun. "We huve mude thut test
avuiluble to the public, und this could facilitute breeders in
breeding the mutution out of the populution.”

At u more fundumentul level though, further reseurch intfo the
findings could ulso feed into our understunding of humaun
muscular dystrophy, she adds.

“The fuct thut some doys have mild symptoms und others have
very severe symptoms is interesting becauuse that is ulso true in
humaun musculur dystrophy,” she suys. *If you knew the busis for
that it could potentiully open up hew uvenues for therapy.”
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Dr Nolun is ulso working on the yenetics of u type of bruin
inflummution that cun dfflict Greyhounds in purticular, “The
uffected doys become blind und they huve weird circling
behuviour, and previous work ut UCD hus indicuted there’s u
ygenetic component,” she suys. “This is interesting because brain
inflummution seems tfo yo out of kilter in muny neuroloyicul
disorders in humuns, so it’'s a hot fopic, but it's hard to get a
handle on the gyenes involved in humans becuuse of the yenetic
diversity in the populution.”

Dr Nolun und colleugues huve now identified u region of interest
in the Greyhound genome thut seems to be ussociuted with the
brain inflummation, und the plan is to explore it in detuil to teuse
out the yenes thut ure present: "The ideu is that becuuse the
breed hus u more limited genetic pool than humuns, it might be
eusier to find the underlying yenetic predispositions in the doys.”

UCD Science Showcase 2
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Professor Pat Guiry

Over billions of yeurs, plenty of nedt solutions have evolved in
nature. And with the right know-how, we cun harness some of
those nuturdl ‘fixes'. For Professor Put Guiry, Professor of Synthetic
Orgunic Chemistry, nature inspires at a chemicul level.

“I'have un interest in medicinul chemistry, in the development of
druys,” he suys. "Nuture hus ulreudy provided humankind with so
muny different Moleculur architectures that have ulreudy shown
u diverse urruy of biologicul properties.
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| Building on hature’s chemistry

So where does ohe yo looking for such naturdal inspiration? Marine
ulgue have recently proven to be d rich hunting ground for
chemists. One project, which saw Professor Guiry’s yroup working
with colleugues ut Dublin City University, took sumples of ulgyue
growiny off the west coust of Irelund. The researchers split the
dlgue info crude chemicul fractions und tested the fractions for
bioloyicul uctivity to 'sniff out' un interesting compound, expluins
Professor Guiry. “We kept following the biologicul activity until we
isoluted u pure compound, then we ure uble to use spectroscopy
to find out whuat its structure is,” he suys. The isoluted compound
could huve upplicutions in Moduluting the immune system, und
the UCD chemists aure how muking versions of the molecule in the
lab.

That wusn’t the only ulgu to come up trumps - during unother
recent project in Professor Guiry’s lub, one of his students hoticed
un inferesting by-product when muaking a toxin thut is haturally
produced by u blue-green dlgu. Thut uvenue led the scientists to
muke u hew set of molecules, two of which huve shown ‘yuite
exciting activity’ aguinst microbes, he explains.
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Of course, such compounds heed the right
conditions to form, und the devil is in the detdil: the
slightest change in the three-dimensional shape of u
chemicul cun make dll the difference. So Professor
Guiry’s lub specidlises in using environmentully
friendly chemicul ugents culled cutulysts to precisely
build complex orgunic compounds. “There’s ho
doubt from un economic und environmental point
of view the catdlytic approach to making these
molecules will be of enormous benefit,” he says.

Using the approuch, resedrchers in Professor Guiry’s
group recently cracked u tough nut in chemical
synthesis: how to muke isofluvanones, u cluss of
plant compounds that have potential anti-cancer
and  unfi-inflummatory  activities.  “They are
notoriously hurd to muke, but with u lot of hard work
und dedicution by the students we developed u
new Method for mukiny them through u process of
asymmetric catdlysis,” he expldins.

Professor Guiry is dlso applying his expertise in
cutdlysis in the Science Founddation Ireland-funded
Synhthesis & Solid State Pharmaceutical Centre. Led
by the University of Limerick, the Centre is bringing
acudemic institutions und compunies toyether to
work on therapeutic druy synthesis.
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Dr Claire O’Connell

Dr Cluire O’Connell is u science writer und journdlist. She studied
science ut University College Dublin, starting her undergraduate
degree in 1988. She specidlised in Botuny und then went on to do
a PhD in UCD with Professor Finian Martin in the Department of
Pharmucoloyy, studying gene expression and morphology in
mummary glund development.

In the late 1990s she did post-doctordl research ut the University

of Glusgow (fruit flies) and the University of Sydney (human brdin
putholoyy) before leuving the lub und working in e-learning for

severdl yeurs,

She switched to jourhdlism and has been confributing to The Irish

Times and other outlets for more than seven yeuars, She dlso holds
u Muasters in Science Communication from Dublin City University.
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