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Artificial Intelligence

Systems: enabling fast

and efficient medical
diagnosis?

Recent studies have shown the capability of artificia |
Intelligence systems in medically diagnhosing
important diseases

Artificial Intelligence (Al) systems have been aroud for quite some time and are now getting
smarter and better with time. Al has applications ignultitude areas and is now an integral of
most fields. It is now strongly believed thatAl can be an essential and useful component of
medical science and research as it has immense potaitto impact the healthcare industry.
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Artificial Intelligence in medical diagnosis?

Time is the most valuable resource in healthcare anearly appropriate diagnosis is very
important for the final outcome of a disease. The cuent healthcare is often a lengthy and a time
and resource consuming process, delaying effectiviagnosis and inturn delaying the correct
treatment. Al can help to fill the gap between avaibility and time management by doctors by
incorporating speed and accuracy in the diagnosisfaopatients. It could help to overcome
limitations of resources and healthcare professnals specially in low and middle-income
countries. Al is a process of learning and thinkingist like humans through a concept called deep
learning. Deep learning utilizes broad sets of samgldata to create decision trees by itself. With
this deep leaning, an Al system can actually think just like humas) if not better, and therefore
Al could be deemed fit to carry out medical tasks. Véim diagnosing patients, Al systems keep
looking for patterns among patients with same illnesss. Over time, these pa#érns can lay the
foundation for predicting diseases before they arenanifested.

In a recent study published in Cell researchers have used artificial intelligence andhachine
learning techniques to develop a new computationalool to screen patients wih common but
blinding retinal diseases, potentially speeding dignoses and treatment. The researchers used an
Al-based neural network to review more than 200,000 eyscans conducted with a nofinvasive
technology that bounces light off the retina to crate 2D and 3D representations of tissue. They
—Ste te'Z5Ft f —f...Sec*—f L fZZ%tdt MSfeeStle T F Lk K1 %o f <ot T <o
problem is stored by a computer and applied to diffeent but related problems. For example, an
Al neural network optimized to recognize the discrete anatomical structuresf the eye, such as
the retina, cornea or optic nerve, can more quickland efficiently identify and evaluate them
when it is examining images of a whole eye. Such aopess effectively allows the Al sysim to
gradually learn with a much smaller dataset than tradional methods which require big datasets
and is expensive and timeconsuming.

This study focused on two common causes of irrevetsde blindness which are treatable when
detected early. Machinederived diagnoses were compared with diagnoses frotive eye doctors
or ophthalmologists who reviewed the same scans. laddition to making a medical diagnosis,
the Al platform also generated a referral and treatmet recommendation which not been done in
any previous study. Thus, this trained Al system actejlist like a welktrained ophthalmologist
and could generate a decision within 30 seconds amhether or not the patient should be referred
for treatment, with more than 95 percent accuracy. Faher, they also tested their Al tool in
diagnosing childhood pneumonia, a leading cause déath worldwide in children under the age
of 5, based on machine analyses of chestays. Interestingly, the computer program was abléo
differentiate between viral and bacteaial pneumonia with more than 90 percent accuracy. fis is
crucial because though viral pneumonia is naturallyid by the body after its course, bacterial
pneumonia on the other hand tends to be a more setis health threat and requires immediate
treatment with antibiotics.

In another major leag in artificial intelligence systems for medical diagnsis, scientists have
found that photographs taken of a retina (back oftte eye) of an individual can be analysed by
machine-learning algorithms or software to predict cardiovascular heart risk by identifying
signals which indicate towards heart disease. Thetatus of blood vessels in the eye which is
captured in the photographs was shown to accuratelyredict age, gender, ethnicity, blood
pressure, any prior heart attacks and smoking habitaeind all thesefactors collectively predict
heart-related diseases in an individual.
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The eye as an information block

The idea of looking at the photographs of the ey@tdiagnose health has been around for some
—<otd —ie ™MIZZ te—f Z<+Stt —$ Ppthe Bumart ¢yeschasi’lot bf Blood vessels

which reflect the overall health of the body. Thushy studying and analysing the appearance of
~Stet ,Z''t TFeefZe ™S f L fed [ et T ot pnc v EALf—— fo <ot
blood pressure, age smoker or nonrsmoker etc can be predicted and these are all impona

Cofco fot"e N §EFZ-8 " fe ot ct—fZie $tf -4

Cardiovascular disease (CVD) is the number one causkedeath globally and more people die of
CVDs compared to any other disease or cdmion. This is more prevalent in low and middle-
income countries and is a huge burden on economy anghankind. The cardiovascular risk
depends on a multitude of factors like genes, agehaicity, sex, in combination with exercise and
diet. Thankfully, mast cardiovascular diseases can be prevented by adeising behavioural risks
like use of tobacco, obesity, physical inactivityrad unhealthy diet and making significant lifestyle
changes to address the possible risks.

Health diagnosis using retinal images

This study conducted by researchers at Google ant$ iown health technology company Verily
Life Sciences, showed that an Artificial Intelligere algorithm was used on a large dataset of
retinal photographs of around 280,000 patients anchis algorithm was able to successfully
predict heart risk factors in two completely independent datasets of around 12000 and 1000
patients with reasonably good accuracy. The algohin used entire photograph of the retina to
basically quantify the association between the imge and the risk of heart attack. So, this
algorithm could predict a cardiovascular event 70 prcent of the time in a patient and in fact a
smoker and a norsmoker were also distinguishable in this test 71 perent of the time. Further,
the algorithm could also predict high blood pressures indicating heartondition and also predict
the systolic blood pressure-the pressure in the vessels when the heart beatsvithin a range of
most patients with or without high blood pressure.

The accuracy of this predidbn, according to authors is very similar to a cardivascular check in
the laboratory, where blood is drawn from the patiet to measure cholesterol levels looking in
"fPfZZ2t7 ™c—S —St "f—cfe—ie Scee'ZEike oSt f7&NatifxBimedical

Engineering could in most likelihood also predict occurrencef a major cardiovascular event

e.g. a heart attack in the future.

An extremely interesting and crucial aspect of thesstudies was that in both these studies the
computer can also td where it is looking in an image to arrive at a dignosis, allowing us to
—oette—fet —St it —cte " fe»ds §FWZTtatEF L. ~Z-¥S ™MET 0 ™S«
—St "t—cof6 L te=T¢,——1FT = —StAPT=SK" e ™ ZHe "S- Be —yads [Z %"
making the prediction. This understanding is importan not only to fully understand the machine

learning method in this particular case, but also fogenerating confidence and faith in this entire
methodology by making it transparent.

Challenges

It must be pointed out that such medical images come witits challenges since observing and
then quantifying associations based upon such images not straightforward mainly because of
several features, colours, values, shapes etc inege images. This sty uses deep learning to
draw out the connections, associations and relatiships between changes in the human anatomy
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(internal morphology of the body) and disease in thesame way as a healthcare professional

would do when he or she is correlating patierg symptoms with a disease. Also, these algorithms

LT —eZs TEt— " et —fe—ce%o ,tT PRI Zifo il ——co%od ‘7 oo
unclear how the various factors add up and, in somi@dividuals, it may be anyway necessary to

perform sophisticated tests, like coronary calcium CT scars identify the risks.

Despite discussions and challenges, Al has huge @otial to revolutionize disease diagnosis and
management by doing analyses and classifications inwing immense amounts of datahat are
difficult for human experts and it provides fast, cet-effective, noninvasive alternative image
based diagnostic tools. The most important factorsof success of Al systems would be more
computational power and more experience of the peopl Wth each developing Al for medical
diagnosis, healthcare delivery is improving signifiantly for potentially everyone. A probable
future is visible in which new medical insights andliagnosis would be achievable with Al without
human direction or oversight.

Source:

1. f7"efe>d foectZ & t— fZ844 trszA&Zl kf%o "ok %fe T L fEf, 23 <offei
Image feft F1' I 'Gelbtli&72, no.5, pp.11221131. DOI:
10.1016/j.cell.2018.02.010

2. 'Z<ed sfe t— fZAA trszA& T T e.a—Zf" M [ S TVte TE_cefZ -
'S — %" f'Se “<f Tt NEtdre Biemedical Engineeringvol. 2, pp.158164.
DOI;10.1038/s41551-018-0195-0
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A hopeful alternative
to antibiotics for
treating Urinary Tract
Infections

Researchers have reported a new way to treat
Urinary Tract Infections (UTIs) in mice without usin @
antibiotics

~J~=A.--~«“‘ -

= Urlnary Tract Infection (Uutl)

A urinary tract infection (UTI) is an infection inany part of the urinary system - kidneys, ureters,
bladders or urethra. Most of such infections attacland affect the lower urinary tract, which is the
bladder and urethra. UTIs are caused by microorgamss, generally bacteria which live in the gut
and then spread to the urinary tract. It is the mosttommon and recurring type of bacterial
infection and a person of any age or gender can deep UTI. It is estimated that close to 100
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million people acquire UTI every year and almost 80grcent of UTIs are caused by the bacteria
Escherichia col(E. Col). These bacteria live harmlessly in the gut but caspread to the opening
of the urinary tract and up to the bladder, where hey can cause problems.

UTlIs are recurrent in nature because bacterial popations from the gut are continually filling the
urinary tract with disease-causing bacteria. The syptoms include painful and burning sensation
when passing urine and these bacteria might also tval till the kidney causing pain and fever and
they may even reach the bloodstream. Such bacteriahfections are treated by using oral
medicines called antibiotics. Unfortunately, doctorsare running out of oral antibiotics to treat
such infections mainly because the bacteria which aae them are becoming more and more
resistant to these antibiotics with each passing daand thus majority of antibiotics that are
available at the pharmacy are not working anymore.

Antibiotic resistance is on the rise globally and we example which clearly shows where we have
failed is the rise in the resistant strains of théacteria E. Colisince it is responsible for causing
most UTIs. In such cases when the infection occuits treated with antibiotics on the first go but
when it occurs again and again 10 to 20 percent chses do not respond to the antibiotic which
was previously used. Thus, to treat reoccurring U] the doctors have no choice but to either
prescribe older, less effective antibiotics or haveo inject the medicine into the blood because
oral dose taken via mouth is not working anymore.

Alternative drug for UTlIs

A new study conducted by researchers at Washingtddniversity School of Medicine in St. Louis,

USA, shows a new way to treat UTIs without using #@ibiotics. The main goal is to block the

bacteria from adhering or attaching to the urinarytracts and thus treating the infection, making

this approach a completely novel way to tackle thproblem of UTIs and antibiotic resistance as

well by providing an alternative to our dependencyon antibiotics. When causing a UTI, bacteria

E. Colifirst latches onto the sugars on the surface of éhurinary bladder using long, hair like

o~ — . ——"Fe L fZZ2%1 <Z<ad StiefMSZ« $UEZZ¢T ffi.EAsSflesand—«<... o -
thus thrive and cause infection. The bacteria pilre therefore very important and the sugar to

which they connect to are of various kinds, thougti. Coliis seen to favour a particular sugar

called mannose.

The researchers created a chemically modified versioaf mannose, called mannoside and they
observed that when they released these mannosided)d bacteria via the pili grabbed hold of
mannosides molecules instead and hence they were swiegpvay as these mannosides were free
flowing molecules, finally getting flushed away withurine. Further, they also found that the sugar
%o fZf...—'ef f——f..Ste =" f1Sted "+ St—ffos—fr2cfSet'¢dta <ocZf"Z>a -
made galactoside against this galactose and they fodi that after pitting galactoside against
galactose, the bacteria latched on to galactosidestead of urinary tract-anchored galactose,
basically the bacteria got tricked! To test the sigificance of galactoside, onc&.Coliwas injected
into mice, galactoside or a placebo was injected. Was seen that number of bacteria in the
bladder and kidney dropped significantly. Both thes treatments together were most impactful,
with bacteria in the bladder dropped many-fold andm kidney they were nearly eradicated.

Therefore, these two different inhibitors have a sgergistic therapeutic effect because both these
processes are involved in the attachment process dung the infection. The bacterial pili which
attaches to mannose plays an important role in urinar bladder, while the galactose attaching pili

are more important in kidney. Not letting the bactera latching on to these sugars can help fight

this infection in bladder and kidney. The results tthis study, published inProceedings of National
Academy of Science of the USAf "+ Feo...'—"f%o<e%0 fot e—%o%otfe—ZS<f 4T ™M 18+
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to trick the bacteria and flush them out of the sygm. The pilus which have been used as a target
in this study are found in most strains oE. Coliand in other bacteria as well.

Theoretically speaking, the mannoside treatment codl also cause to flush away many other
bacteria, just like an antibody Kkills extra bacter along with the target. This can cause imbalance
and lead to growth of harmful bacteria and destructin of good bacteria. To understand what
actually happens, researchers measured the compositi of the gut microbiome after this
mannoside treatment. They found that mannoside treatmenhad minimal effect on other
intestinal bacteria which were not responsible forUTIs. This is in stark contrast to the massive
changes in the abundance of many microbial specieseseafter treatment of a bacterial infection
with antibiotics.

Very hopeful for future

The ultimate goal of this study is to manage and prewt the common problem of recurrent
urinary tract infections by providing an alternative to antibiotics. This assumes relevance
because its high time that the worldwide crisis of atibacterial resistance is suitably tackled.
Though, the strain of bacteria was not entirely etninated the results are nevertheless promising.
Since the bacteria is unable to stay in the body,is less likely to drive resistance because, unkk
antibiotics, the drug would not force bacteria to & or evolve resistance in order to survive.

These findings have been proved so far in mice andiman testing is the plan now. Since the first
step for many disease-causing bacteria is to bind sugar on a surface inside the body, this
approach could be applied to other pathogens besidd=. coli.By identifying other such proteins
that the bacteria is likely to use to attach to spafic sites, we should be able to design compounds
to inhibit their binding. However, before the galactoside enters human trials, furthemwork is
needed to show that it is not toxic and can be abdmed into the circulation when taken by mouth.
Nevertheless, esearchers are confident that they have taken an ingptant step toward
developing alternatives to antibiotics. Since mannade is not an antibiotic, it can be potentially
used to treat UTlIs that are caused by antibiotic-i@stant strains of bacteria as well.

A company calledFimbrion Therapeutics - co-founded by the lead authors of this study is
developing mannosides and other drugs as potentiaherapies for UTI. Fimbrion is working with
Phramaceutical giant GlaxoSmithKline on the precling development of mannosides for use in
combating UTIs in humans.

Source:

fZfs& fe<Z<'s T— fZAaéabassddisdovery-ef. glyceniithetic FmIH ligands asliibitors of
wf i =T"<fZ fTStec' e T—"ce% —"Proteedingg of.the Nettibnal-Acadedy of Sciendl:
10.1073/pnas.1720140115
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Graphene: A giant leap
towards room
temperature
superconductors

Recent ground-breaking study has shown the unique
properties of material graphene for a long-term
possibility of finally developing economical and

practical- to-use superconductors

A superconductor is a material which can conduct (ansmit) electricity without resistance. This

resistance is defined as some loss of energy whidtcurs during this process. So, any material
becomes superconductive when it is able to conduclegtricity, f— —Sf— "f"—<...—Zf” 1—t¢’
or condition, without release of heat, sound or anypther form of energy. Superconductors are
100 percent efficient but unfortunately, most materals require to be in an extremely low energy
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state in order to become superconductive, which basally means that they have to be very cold.
Most superconductors need to be cooled with liquidhelium to very low temperature of about -
270 degrees Celsius. Thus, any superconducting ammaition is generally coupled with some sort
of active or passive cryogenic/low temperature coohg. This cooling procedure requires an
excessive amount of energy in itself and liquid halim is not only very expensive but also non-
"Fef ™ f ZtA SE"ETVEA ete— . 'eTfe_Ufef LY 00 Y MCkstareinefficient,
have their limits, are uneconomical, expensive and inmpctical for large scale use.

High-temperature superconductors

The field of superconductors took a major leap in mid980s when a copper oxide compound was
discovered which could superconduct at -238 degreeSelsius. This is still cold, but much warmer
—Sfe Zc<*—<t StZc—e —Fe'f"f_-—"%e4 SS¢ ™ [fe— coiffdiatfe —

e—'f" et — =70 1717 tee  TEHTA ™M@ A %o SESPhoS <—+ 0S < %o
greater relative sense. Therefore, it occurred tocgentists that they could focus on eventually
Tcotcoe%o o —"F" et — =T TMS L BTl oL 11986 @)fhaviMg thE plus that

its available in plenty and is also cheap. High tengpature superconductors also have
applications where very high magnetic fields are regired. Their low-temp counterparts stop
™ ece% f— [ '—et tu —teZfe —tdZf .o fIZFco—"Tw%h%S 4 o' -Si>
make more stronger magnets. But high temperature supeonducting materials can work at
more than twice that field, and likely even higherSince superconductors generate large magnetic
fields they are an essential component in scanneind levitating trains. For example, the MRI
today (Magnetic Resonance Imaging) is a technique vah uses this quality to look at and study
materials, disease and complex molecules in the bodilso, other applications include grid scale
storage of electricity by having energy-efficient pwer lines (example, superconducting cables
can provide 10 times as much power as cooper wires tiie same size), wind power generators
and also supercomputers. The devices which are cagalof storing energy for millions of years
can be created with superconductors.

The current high temperature superconductors have thir own limitations and challenges. Apart
from being very expensive because of requiring a obng device, these superconductors are
made of brittle materials and are not easy to shapend thus cannot be used to make electrical
wires. The material also might be chemically unstablen certain environments and also
extremely sensitive to impurities from atmosphere andwater and thus it has to be generally
encased. Then there is only a maximum current that perconducting materials can carry and
above a critical current density, superconductivitybreaks down limiting the current. Huge costs
and impracticalities are hindering the usage of googduperconductors especially in developing
countries. The engineers, in their imagination, wowd really want a soft, malleable, ferromagnetic
superconductor which is impervious to impurities or applied current and magnetic fields. Too
much to ask for!

Graphene could be it!

The central criterion of a successful superconductois to find a high temperature
superconductor, the ideal scenario being room tempeature. However, newer materials are still

limited and are very challenging to make. There is ditcontinuous learning in this field about the

exact methodology these high-temperature superconduots adopt and how scientists could

arrive at a new design which is practical. One ohé challenging aspects in high-temperature

e—F7 et — =t <o —Sf— «—Te "t WMEfr73tFRTE"SE e —St FZF.. ",
to pair up. In a recent groumd-breaking study, it has been shown for the first the that the material

graphene has intrinsic superconducting quality andwe can really make a graphene

e—F7 L tet— =" <o =St of—fU<fZiIVf B edfa £ " (2" PDdsed fnaenal,
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was discovered only in 2004 and is the thinnest matel known. It is also light and flexible with

each sheet comprised of carbon atoms arranged hexamglly. It is seen to be stronger than steel

and also it expresses much better electrical condugity compared t* ...*""f"84 S—e& <—ie
multidimensional material with all these promising properties.

Physicists at Massachusetts Institute of Technologgnd Harvard University, USA, whose work is
published in two papers-2in Nature, have reported that they are able to tune the matel

graphene to show two extreme electrical behaviour fe fe <eo—Zf—"" <o ™MSc .S «— T+
any current to pass and as a superconductor in whicis allows current to pass without any
"feco—fe..td O0e—'1"Zf-——<..106 Wascreatdsstacked togetterrdtated slightly

f— f Oef%c<... fe%ZTd '~ séas ti%vetdymdy hekagorigl "heneyecendbf pattern
arrangement ™ fe tlef of fo ' _fe_fZ7> <otEZf AL T RfLr =< ¥¥O TV
electrons in the graphene sheets. And this did happ because graphene could conduct electricity

™ _§ et" "teco—fo..t fo —Sco OVEBE. £ % FtD PIEET%ofube— o1 — %o
distinct and there was no interaction with the neidnbouring layers. Therefore, they showed a way

to make graphene adopt an intrinsic quality to superconduct on its own. Why this is highly

relevant is because, the same group had previouslyrghesized graphene superconductors by

placing graphene in contact with other superconduehg metals allowing it to inherit some
superconducting behaviours but could not achieve wh graphene alone. This is a ground-
JEfeco% TE = LF . f—ef %o f Steddde SPTE i Tde M f ™MSZT
“ce— —<ot £7E" —Sf— %o ¢grididtivityi has-beeh achieved without altering or dding

other materials to it. Thus, graphene could be usetb make a transistor-like device in a
superconducting circuit and the superconductivity &pressed by graphene could be incorporated

into molecular electronics devices with novel funcnalities.

This brings us back to all the talk on high-temperatre superconductors and though this system
still needed to be cooled to 1.7 degrees Celsiugpgucing and using graphene for large projects
looks achievable now by investigating its unconvembnal superconductivity. Unlike the

e TFe—ctefZ e—F et — . —""ed W%fP'Stett i SfZ f<eE>, 5. —ST efces.
theory of superconductivity. Such unconventional awity has been seen in complex copper
oxides called cuprates, known to conduct electricjtat up to 133 degrees Celsius, and has been
the focus of research for multiple decades. Thoughnlike these cuprates, a stacked graphene
system is quite simple and the material is also undetsod better. Also, only now graphene has
been discovered as a pure superconductor, but the reial in itself has many outstanding
capabilities which are previously known. This workpaves way for a stronger role of graphene
and development of high-temperature superconductorshat are environment-friendly and more
energy efficient and most importantly function at roan temperature eliminating the need for
expensive cooling. This could revolutionize energyransmission, research magnets, medical
devices especially scanners and could really overbbhow energy is transmitted in our homes
and offices.

Source:
1. —fe ' f- fZaa trsza i """1Zf-2+1 fo-Hfigghs niagid-8nflecgraphene
«— 177 f —Nature;®0&10.1038/nature26154
2. —fe f' f— fZA& trsz& T o...' e fe—ef¥ oo fi%%0.24t %o . frSTef e —"F"Zf——¢

Nature, DOI:10.1038/nature26160
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Sustainable
Agriculture: Economic
and environmental
conservation for
smallholding farmers

A recent report shows a sustainable agriculture
Initiative in China to achieve high crop yield and | ow
use of fertilizers using an elaborate network of
researchers, agents and farmers

Agriculture is defined as production, processing, pmotion and distribution of agricultural
products. For several decades, agriculture was ofteassociated only with the production of
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essential food crops (wheat, maize, rice etc). Prasiy, it includes much diverse products and
goes beyond farming by including forestry, dairy, paltry and fruit cultivation. Agriculture is the

wf sy iod T f Lt—e—"sie f . tetes fetfaadie ASte ™SI fF f L f—e—">
because agriculture not only provides food and rawnaterial but also provides employment 3
e —ec—cte = f Zf"%t 1. fe—fW ISt Vel feAat 7 “tZ<¢S

people especially in the fast-growing economics irhe developing world where up to almost 70
percent of the population depends on agriculture, Wile for many countries export of agriculture
products is a main source of income. Agriculture igery crucial to ensure economic growth,
employment growth and food security for a nation.

Agriculture sustainability and productivity

In agriculture, productivity growth measured as Total Factor Productivity (TFP) growth is the

key to measure the economic performance of agriculturand is important to drive income. It
represents how efficiently the agricultural industry combines inputs to produce outputs by using
available resources. Obviously, these outputs andputs are adjusted according to produce and

costs based upon the demography. There have been eet improvements in this productivity

due to continuous growth in agricultural production (food, fuel, fibre and feed the 4fs) enabling

farmers to lead to better outputs. This higher prodativity has also at the same time raised farm
S'— e S‘Z7T co..fefed <o’ TET e Thadtefe flof L te—e_">Te %" ™_S

It is imperative to recognize that the prevailing agcultural practices of a vast number of
smallholder farmers, in developing countries like Cma and India, do not meet requirements for
sustainable productivity. To cater to the needs oh growing population worldwide, global food

production must increase by 60 to 110 percent over @05 levels by 2050 in order to meet the
demand. Also, various impact of climate change and @rmnmental degradation are already

makes farming more difficult and need to be factoredni, example agriculture itself produces
greenhouse emissions of up to 25 percent. Thereforigod security together with environmental

degradation are the two primary and closely linked ballenges which mankind will face in the
coming time. Thus, it is important to increase the &tiency of farmers while limiting the costing

and environmental impact to ensure that agriculture povides a sustainable food source for the
™7 tie o R fece %o "’—Zf—<‘°é'1

A recent report published in Nature shows an extensive collaboration of scientists fio
University of Pennsylvania, USA and China Agriculal University in successfully implementing
a long-term, broad-scale intervention that both improwed vyields and reduced fertilizer
application across China, marking it as a big stepwards sustainable agriculture. This effort,
which was enacted over a course of 10 years from 28 till 2015, engaged nearly 21 million
farmers across the country covering 37.7 million heetres of land.

The first step in this project was to assess the flierent factors which affect agricultural
productivity in various regions, these factors inalided irrigation, plant density and sowing depth.
These were used as the guide to spread best pra@g across several regions. So, no sharing of
agricultural tools was required, instead only infomation was gathered and scientific data was
pooled based upon the local conditions and agricultal needs. As a result of this programme, an
increase in yield was seen on average of more tha® percent, with maize (corn), rice and wheat
outputs growing by some 11 percent over this decadélso, the fertilizer use was lowered by 15
and 18 percent depending on the crop. The overusé nitrogenous fertilizers is one of the biggest
challenges in agriculture causing almostwo-—S«<”t *~ =St ™ "7 fje ec—""%ofe ‘727 ——
reduced fertility of soils, algal blooms in lakes ash ground water pollution. Therefore, these
practices saved the use of almost 1.2 million tons afitrogenous fertilizers leading tosavings of
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$12.2 billion. This led to the farmers making more mongefrom their land rather than spending
on it.

It was not as simple and straightforward as it may smnd, mainly because sharing and
encouraging the farmers to adopt certain good pradies is challenging because they have very

limited resources which they have invested into thei livelihood and their number is huge,

" eeco%o <o—' ecZZ<c'ee <o Sceof fot fFp’ZL—intefad "——4a —SF —e—S«
achieved and it was seen that the agricultural yidl showed huge improvement, and on the hand

other the use of fertilizers was decreased.

These practises have been around for quite some timbut the new thing about this particular
initiative was the enormous scale on which it was gaed out, and with close, massive, nation-
wide, multitiered collaborations between scientists,agents, agricultural businesses and farmers
(a whopping number of 1,152 researchers, 65,000 local agents and 1,30,0Q8gribusiness
personnel). The project was carried out in two parts. In theifst part, scientists and technicians
helped gain a sense of what agriculture in the regnh was like and what the farmers desired. They
devised strategies based upon weather, soil typeutrient and water supply requirements and
resources available. In the second part, agents @ragriculture business personnel received
—"fcocoe%o ‘o S'T™M _t ce'ZFefe— o cfoe_tweniie Stoet'efWotof—oc —Ste —7fce
farmers to apply these scientific agricultural pringples on the farms and also helped in designing
fertilizer products which matched the needs of thedrmers. In working closely together, data on
nutrient, pesticide, water and energy usagestc was gathered for further reach and to gain
insights researchers conducted a survey of 8.6 mitin farmers from 1944 regions across the
nation and found that the yields were improved by 1(ercent and also up to 50 percent for some
crops.

What made this study unique and also exciting at theame time is the larger scale on which i
was performed with successful collaboration giving god and sometimes unexpected results.
This programme must be monitored, updated and fine-tuned téhe needs of farmers in specific
regions while taking into account climate change. Ah about 200 million smallholdings which
are still not part of this programme in China must bérought in. Success of this nation-wide
intervention can mean significant learning terms of lhe scale of bringing such sustainable
management practices to a large section of a cowi’>ie " f"e<e%o .. ‘ee—ec—>a ‘4 «— o
applicable elsewhere andoroadly speaking, could be translated to Asia andib-Saharan Africa,
because demographically these countries have smallae farmers who cultivate maybe only a
few hectares of land but they are significant andaminating on the overall agricultural landscape
of the nation. For example]ndia also has a lot of small land holding farmersih 67 per cent of
them holding a farm of the size of less than one hect. India also has a problem of low yields
and high overuse of fertilizers and in countries ofub Saharan Africa both yield and fertilizer use
are low. This study throws light on the basic aspés of engaging farmers and gaining their trust.
However, one challenge that remains in translatingiis study beyond China to other countries is
that China has a well- developed regional infrastruare, while other countries like India do not.
‘A «— Z'tee T —7— —— «—jZFE tTe—<"t7> <o'tesq

This study shows how a sustainable agriculture prdise can produce economic and
environmental benefit balancing the double objective of adequate food production and
environmental conservation. It provides hope towardsmaking farming on smaller pockets of
land more sustainable through suitable management prices.

Source:
SteZco%o —< T— fZBA trszd 1 —Te— oY o— oMo LT 78 00 '~ eef77S' 211"
Nature, vol. 555, pp. 363366, DOI:10.1038/nature25785
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Tricking the body: a
new preventive way to
tackle allergies

A new study shows an innovative method to tackle
food allergy in mice by tricking the immune system
Into avoiding giving out an allergic reaction response

An allergy is when our immune system reacts to a forgh substance- called an allergen- by
treating it as an invader and generating chemicalsotdefend the body from it. The immune
response of the body here is called an allergic refon. The allergen cald be either a food item,
something we inhale, inject into our body or simplymake contact with via touch. Allergy is the
reaction that occurs and it could be coughing, snemg, itchy eyes, a runny nose and a scratchy
throat. In very severe case allerggan also cause rashes, hives, low blood pressureeathing
trouble, asthma attacks and even death. Such allécgliseases are affecting the lives of more than
one billion people worldwide and the prevalence oéllergy is expected to reach up to four bilbn
by 2050. Allergy affects not only individuals but Bo has a major socioeconomic impact because
of health care and loss of productivity. Till dateo cure is available for allergies and they can be
managed only by prevention and treatment of the symptms. Globally, it is a common disease but
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is generally overlooked. Different types of allergis like food allergy, sinusitis (allergic reaction
in sinuses), drug, insect, general allergies all netitute to the direct and indirect costs in an
economy while sgnificantly affecting the life of the sufferers. Bice no straightforward cure is
available, the impact of allergies is greater and #re is need to fully understand the disease
mechanisms, prevention and patient care to deal withllergies.

Food allergy is a medical condition in which exposwrto a particular food item triggers a harmful
immune response (or allergic reaction) in the body beause the immune system attacks proteins
(the allergen in these types of allergy) in the fod that are normally harmless and are not the
enemy. The symptoms of an allergic reaction to foodan range from mild (itchy mouth, a few
hives) to severe (throat tightening, difficulty breathing). Also, anaphylaxis is a serious allergic
reaction that takes place suddely and can cause death. A total of 170 foods, most them
harmless, have been reported till date to cause aflgic reactions with the major food allergens
being milk, egg, peanut, wheat, soy and shellfish.

Food allergy is one of the most devastating pes of allergies requiring considerable time to
manage and constant vigilance in patients especialthildren in whom food allergies are seen to
be extremely common. The only way to manage a foodeyy is to firstly watch out and avoid
consuming the food that causes problems and secondlyy learning to recognize and treat
allergic reactions symptoms. This tends to pose a hien for both the food-allergic individual and
his or her caregiver affecting their quality of lie. Most food-related symptoms occur within two
hours of ingestion; often they start within minutesand thus have to be managed very carefully.
This leads to many changes like planned meal preparah, social activity, anxiety issues etc. Also,
symptoms caused by a food allergy can range from mild life-threatening and unfortunately the
severity of each reaction is unpredictable.

Lot of research is happening to resolve food alleygcondition and maybe even prevent them;
however, most food allergy therapies are under studin clinical trials and none have been proven
yet for general use.

"Foote— <ot T f—"F o——7F> Sfe "EFPEFF FU ™ IMBZE" Yot > ece’Z
‘7 (ee—ef ese_te f of™ _"¢ o0& o 1 Sdeurnal-effAllergy and-Sitical
Immunology, researchers used mice bred to have a food allergfrom peanut, and
0"F " %" feotTO —St ec...fie coo—od ose_f» bt oS 4SS ttlwbdtedikg T
reaction to peanut exposure. Peanuts are among the ast common food allergen and if
consumed, they can trigger a life-threatening immuneesponse. Since peanuts are common,
people have to be extremely vigilant in their everydy food choices. The authors from Duke-NUS
Medical School in Singapore, say that their studg ia unique way to treat peanut food allergy.
Before this study, other approaches like desensitiion i.e. effectively treating or gradually
desensitizing people allergic to peanut - have beetarried out which have been labeled as time-
consuming and also risky. Their long-term efficacysialso questionable and such therapies are
yet to be officially approved for treatment.

An allergic reaction in the body basically resultdrom an imbalance of important messages
between cells (which are called cytokines). The abbrs focused on the The2-type cytokine
immune response. In this context it was understood tht whenever an expected (or appropriate)

immune response occurred, Th2 cells worked in tandem ith another Thl cells. On the other

hand, when an unexpected immune response occurred .i.@n allergic reaction occurred, Th2 cell

™ fe ettt MSZt -8t Ss . %2Za MSIPpA. .o MfetZ7Ff" —Sf
the imbalance was happening during an allergic reaictn to peanut. Based upon this observation
researchers found a simplistic approach towards restring the balance by delivering Thl-type

cells before the person comes in contact with thdlargen. The idea was not to have the imbalance

to take place, hence avoiding the allergic reactionn peanut-allergy mice, researchers delivered
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nanoparticles (which carried Thl-type cells) into the skin to the lymph nodes (whichs the place

where immune cells are produced). These nanoparticletsavelled into the body, delivered their
cargo-Th1l-type cells at the origin point of the immune response and completed the desired task
foocOoott —* —Sfed St focofZe ™S f@ "G SHIFTO—Bch ofooad ™ _&
allergic response when they were subsequently expesl to peanuts. Interestingly, this new
tolerance was seen to be longpsting, effective and only one dosage was enough fonya

o—, ot —fe— f&e—"F ¢ _St fZ Zvi "o Hebf " Sie’-i A-‘f:¢“é-4‘rv‘ﬁ:~,;v—i...ff oME0  f
wF—=F7 ™M T 0="<..0<* %0 ‘T —S{e%eec—eFSepe—348F FEZZL " Wo<... "Tf ...
not the suitable one and it should be not done.

These studies are conducted on mice, however suitaEbhuman studies need to be completed
before broader application can be assumed. It doesme with multiple challenges, for example
the authors themselves wereunable to use this approach for asthma therapy asraassive dose
of cells was required for the lungs and it turned ot to be ineffective. This approach could be
applied in a similar manner to other food allergensike milk or egg for example and also to dter
allergens like environmental triggers including dustand pollen. This study does raise hope for
preventing allergic reaction to peanut and other dérgens by intervening a typical path followed
> —ST L ttrie coo—ef ere_ted Sco £ Zfoddfall¢rgies which are seen to be
plaguing adults and children with no efficient preention or even a treatment strategy in sight.

Source: 5 5 5 5 5
*SZt> &4 -4 'Sea Zft>e a4 Swaa,Sff #a,"FSfea trsza T 17" %" f %
Immunity to Food Z Z 1" %Jpumshof Allergy and Clinical ImmunologpQ: 10.1016/j.jaci.2018.01.020

16 APRIL 2018 / WWW.SCIENTIFICEUROPEAN.CO.UK


https://doi.org/10.1016/j.jaci.2018.01.020

New hope for attacking
the deadliest form of
Malaria

A set of studies describe a human antibody which can
effectively prevent the deadliest malaria caused by
the parasite Plasmodium falciparum
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Malaria is one of the most severe public health prdéms worldwide. It is a life-threatening
disease caused by parasitesmicroscopic single celled organisms calle®lasmodium Malaria is
—Vfeeec——ft - 371 —S" —% S —Si. ¢t @ddgMmipleAdophielesnosquito.
Every year approximately 280 million people get affeéed by malaria in more than 100 countries
resulting in 850,00 deaths globally. Malaria is prdominately found in the tropical and sub
tropical areas of Africa, South Americand Asia. It is one of the most important tropical @rasitic
disease and the second most deadly communicable disesafter tuberculosis. The African region
carries a disproportionately high share of the glohl malaria burden with more than 90 percent
cases and deaths in this region alone.

Once bitten by a parasitecarrying mosquito, the parasite infects people andatises the symptoms
of malaria like high fever, chills, flulike symptoms, and anemia. These symptoms are particulg

dangerous for pregnant women and also children whaometimes have to suffer lifelong side
effects of the disease. Malaria can be preventeddrs also curable if its detected and treated with
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timely appropriate care, otherwise it can be fatal.There are two aspects to malaria research, one
is controlling mosquitoes and the other is to create drugs and vaccines poevent and control the
infection. An understanding of how a malaria infectin affects the human immune response can
help in the larger goal of creating vaccines to px&nt malaria.

Less than 100 years ag, malaria was endemic throughout the world includingNorth America
and Europe though now it has been eradicated in tlse continents. However, for humanitarian
cause, it is important that malaria research stays fevant because worldwide huge number of
people are affected by malaria and factually, three bibn people live in atrisk areas for malaria.
Multiple reasons have been cited why developed cotmes which face no occurrences of malaria,
should be committed to eradicating malaria in develojmg and poor countries. These reasons
include ensuring the basic human rights of every hunrabeing through justice and bolstering
world security and peace. The risk is not just hetdl wise, as it also affects the stabilization of
economies and populations in develping parts of the world with people at risk for malaia by
imposing high costs to both individuals and governmets. Thus, it is imperative for developed
nations to outreach and contribute to economic pragerity of not just these countries but also
their own as they are interconnected.

Progress in malaria drugs and vaccines

Though, targeted prevention and treatment over the écades has reduced the number of malaria
cases and also deaths, but the malaria parasite ivary tough enemy. The drug treatmentsften
have to be taken daily to be effective and can béfttult to access, particularly in poor countries.
Drug resistance is a major challenge for the knownnéi -malarial drugs hindering the control of
malaria. This resistance generally occurs because@h antrmalarial drug targets a particular
strain of the parasite and when newer strains origiate (because of the fact that some parasites
evolve and survive the attack by a drug), the drugare rendered useless.

This problem of resistance is compoundg by cross resistance, in which resistance to oneuj
confers resistance to other drugs that belong to #tnsame chemical family or having similar modes
of action. Currently there is no singly, highly eéfictive and longlasting vaccine to prevent malaria.
After decades of research, only one malaria vaccingalled PfSPZCVac, developed by the
biotechnology firm Sanaria) has been approved whictequires four shots over a series of months
and is seen to be only 50 percent effective. Why egines are mostly ireffective is because malaria
has an extremely complex life cycle, and vaccinesrgally work when the malaria infection is at
a very early stage i.e. in the liver. Once the irdigon moves to a later blood stage, the body is not
able to create protectiveimmune cells, and their antibodies and thus counterds the mechanism
of the vaccine rendering it ineffective.

A new candidate is here!

In a recent advancemert 2 in malaria vaccine research published in two papersn Nature
Medicing scientists have dicovered a human antibody that was able to protect e from
infection by the deadliest malaria parasitePlasmodium falciparum The researchers at National
Institute of Allergy and Infectious diseases, FreHutchinson Cancer Research Center, Seattle and
Center for Infectious Disease Research, Seattle, UBAve proposed this new antibody as a
potential candidate to not only provide short termprotection against malaria but they state that
this new compound might also assist in design of vames for malaria Antibody, in general is one
of the biggest and best defense mechanism of our bodhgcause they circulate throughout the
body and bind/stick to very specific parts of the mvaders the pathogens
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a weaker dosage of an earlier experimental vaccin&his volunteer was then exposed to
infectious malaria-carrying mosquitoes (under controlled conditions). t was seen that he was
not infected with malaria. Also, these experiments are done on mice and they were also not
infected, suggesting that CIS43 is highly effective preventing malaria infection. How this C1S43
actually works was also understood. The CIS4binds to a specific portion of an important
parasite surface protein blocking its activity anchence disrupting the infection which was about
to occur in the body.

This disruption happens because once CIS43 is boumal the parasite, the parasite is uniale to

ofet <= —=S"'— %S —St sece fof (ofd «SHZIFTLL ™MSE L fa o"F . —c'ed
preventive action makes the CIS43 a very attractiveandidate for a vaccine and could be useful

for health care workers, tourists, military personne or others who travel to areas where malaria

is common. Also, even if the antibody works only foseveral months, it can be combined with
anti-malarial drug therapy for mass drug administration fortotal elimination of the disease.

This is a very excitirg and revolutionary research in the field of malariaand discovery of this
antibody could be a turning point in terms of therautics for this disease. Interestingly, the
region on the parasite surface protein which bindgo CIS43 is same or conserved alnst 99.8
percent in all the known strains ofPlasmodium falciparumparasite thus makes this region an
attractive target for developing newer malaria vacaies apart from CIS43. This particular area on
the malaria parasite has been targeted for the firsime making it a novel study with scores of
potentials in the future. Researchers plan to furtar assess the safety and efficacy of the newly
described CIS43 antibody in human trials in the neduture.

Source:

1. $°<«727% <ofZ— t-& fZ&aa tremhantib@yprévents malaida infection by targeting
f of™ ec—f ° "—Zet"f «Z<—NatureMeticife’IOkL011088/nm.4512

2. ‘eS—f fe t—&4 fZaa trsza 1 ', 28 f—f »—ibkntatarif frifection through
t—fZ ,<otce%o —' =St .. <Nature MeditineDO):10.4038/nm.4513
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New innovatively -
designed low cost
material to combat air
and water pollution

Study has produced a new material which could
adsorb air and water pollutants and could be a low
cost sustainable alternative to the currently used
activated carbon

‘ZZ——<'e ofete " "Zfet o ZfoBa ™ Lefl&k f<"fofadt ——SF FeTc" oot
unsafe and unsuitable to use. Pollution is causedy bartificial introduction or entry of a
contaminant(s) into a natural environment. Pollutionis of various types; example land pollution
is caused mostly by household discard or garbage anthdustrial waste by commercial
companies. Water pollution is caused when foreignubstances are introduced to water include
chemicals, sewage water, pesticides and fertilizexs metals like mercury. Air pollution is caused
by particles in the air from burning fuels, like sot, containing millions of tiny particles floating
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in the air. Another common type of air pollution isdangerous gases, such as sulphur dioxide,
carbon monoxde, nitrogen oxides and chemical vapours. Also, apollution can also take the
form of greenhouse gases (such as carbon dioxidesulphur dioxide) and aid the warming of our
planet through greenhouse effect. Other type of ploition is noise pollution when the sound
coming from planes, industry or other sources reaats harmful levels.

Despite major efforts that have been made over recentears to clean up the environment,
pollution remains a major problem and poses continuingisks to health, affecting 0 million
people worldwide. The problems are undeniably greatst in the developing world, where
traditional sources of pollution such as industrialemissions, poor sanitation, inadequate waste
management, contaminated water supplies and exposurés indoor air pollution from biomass
fuels affect large numbers of people. Even in dewgled countries, however, environmental
pollution persists, most especially amongst poorer sgors of society. Though the risks are
generally higher in developing countries, whee poverty, economical constraints for adopting
technology and weak environmental laws combine to cae high pollution levels. This risk is
further compounded by unsafe water, poor sanitationpoor hygiene and indoor air pollution.
Pollution has detrimentd effects on unborn and growing children, and lifexpectancy may be as
low as 45 years because of cancers and other diseas

Air and water pollution is a silent killer and is tiought to adversely affect our planet and in turn
mankind. The air which webreathe has a very definite chemical composition wish is 99 percent
of nitrogen, oxygen, water vapor and inert gases.irApollution occurs when things that aren't

normally added to the air. Particulate matter- solid particles and liquid droplets found inthe air

and emitted from power plants, industry, automobilesand fires - is now ubiquitous in cities and
even suburban areas. Also, millions of tons of indtrgal effluents are released into the world's
waters every year. Both particulate matter and dyesare highly toxic to environment, ecosystem
and to humanity.

Various methods and procedures are routinely used fotackling air and water pollution,
including filtration, ion -exchange, coagulation, decomposition, adsorption etnd each of these
methods exibit different rates of success. When compared, adrption is considered most
feasible because of being simple, easy to operataving high efficiency, convenience to use etc.
Among the various adsorbents, in pollution abatementf air and waste water, ativated carbon
is the most commonly used adsorbent. Also called acated charcoal, it is a form of carbon
processed to have small, lowolume pores that increase the surface area availabfor adsorption
or chemical reactions.

In fact, activated carbonis the gold standard in adsorbents. Carbon has a tugal affinity for
organic pollutants like benzene, which bind to itsurface. If you "activate" carbon i.e. steam it at
1,800 degrees it forms little pores and pockets thaincrease its surface area. Péisides,
chloroform, and other contaminants slide into the hats of this honeycomb and hold fast. Also, no
carbon remains in the water once it's been thorougil treated. Water treatment plants in
developing countries like China and India routinelyuse actvated carbon. Similarly, activated
carbon has special properties which help in removingolatile compounds, odours, and other
gaseous pollutants from the air. The way it workssi quite straightforward. There are a few
downsides of activated carbon, firsthyit is very expensive and has a very short shelf &fas it can
only be used until its pores fill up- which is why you have to change the filter from timdo time.
Activated carbon is also difficult to regenerate agh its effectiveness decreases over tim&hey are
not effective at removing those contaminants which & either not attracted to carbons or
pathogenic bacteria and viruses.
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An economic and sustainable alternative

In a recent study published inFrontiers in Chemistry researchers have a ceged an affordable
low- ... e— foet e—e—fcof Zt of—t"<fZ "fLtfllBZca%x'P@ [STe™I™ (%"t
material produced from solid wastes and abundant orgaic natural polymers looks very
promising in terms of adsorbing pollutants in wastevater and air when compared to activated

LTt fet <o L tcoe% Zf,FZZiT fo fF-0TLOB S fLTMZO% IO fTe
combination of a naturally abundant raw material a polysaccharide called sodium alginate
which can be extracted from seaweednd algae with an industrial by product silica fume (by
product of silicon metal alloy processing). It wasynthesised very easily and consolidated by the
gelling properties of alginate and by decompositiorof sodium-bicarbonate controlled porosity
at low temperatures at different scale lengths.

For testing in the wastewater pollution, a blue dyavas used as a model pollutant. It was seen that
the new hybrid material adsorbed and removed the dyavith efficiency of about 94 percent,
which was very enouraging. Even very high concentrations of this dyevere removed. This
material displayed encouraging capabilities for traping particulate matter from diesel exhaust
fume. The study led byDr. Elza Bontempi from the University of Brescia, dly, concludes thathis
material was able to replace activated carbon veryfgciently in its capability to capture both fine
particulate matter in air and also organic pollutans in wastewater thus cutting down on the
pollution.

This is exciting work, as this new material is prodoed in a very innovative and inexpensive
manner from naturally abundant polymers and industrid waste by-product which is anyway is
fZ™fse Tco  f"T11Ta Sceo of™ of 1" fF " Ubfoha Yoo f*«F.T F»,f<TO <o o=
Z'™ . ‘eg0 sustaingble and regenerable and could actualljisplace the activated carbon

and become a preferred choice. It even consumed lesmnergy when being produced (the
OFe, ' T<tt6 tef"%> fot —S—e Zif te froligeS & ™Mt” f",°

This material is also self-stabilizing and does notequire a thermal treatment at high
temperatures and also can be scaled up for differergxperimentation. Ongoing tests further
indicate that it can be stored at ambient conditionsand it only becomes more stable over time
while not degrading at all. Thus, its highly versde and could have a wide range of applications
in air and water filtration. This generates huge hpe for combating air and water pollution and
protecting mother earth as well as mankind.

Source: 3 5 5 5 ‘
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N _e_fesf, 2% '77—— frrentiers ih-Chemisttyvd. 6, DOI; 10.3389/fchem.2018.00060
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DNA as a medium to
store vast computer
data: a reality very
soon?

A breakthrough study takes significant step forward
In the quest to develop a DNA -based storage system
for digital data.

Digital data is growing at an exponential rate toda because of our dependency on gadgets and it
requires robust longterm storage. It is safe to say that data storages islowly becoming
challenging because current digital technology isat able to providea solution. An example being
that more digital data has been created in the pastvo years than in all of history of computers,
in fact 2.5 quintillion byte {1 quintillion byte = 2,500,000 Terabytes (TB) = 2,500,000,000
Gigabytes (GB)Jof data is being created every day in the world. T& includes data on social
networking sites, online banking transactions, recals of companies and organization, data from
satellites, surveillance, research, development et€his data is huge and unstructured. Therefore,
it is now a big challenge to tackle huge storage gairements for data and its exponential growth,
especially for organizations and corporations who equire robust long-term storage.
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The options available currently are hard disk, optal disks (CDs), memory sticks, flash drives,
and the more advanced tapes drive or optical BluRagliscs which store roughly up to 10
Terabytes (TB) of data. Such storage devices thoudpeing used commonlyhave some obvious
disadvantages. Firstly, they have a losio-medium shelf life and they need to be stored under
ideal temperature and humidity conditions to be ableto last many decades and thus require
specially designed physical storage space. Almodt af these consume a lot of power, are bulky
and impractical and can be damaged in a simple falkome of them are very expensive, are often
plagued with data error and thus are not robust enogh.

An option which has been universally accepted by ganization is called cloud computing- an
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computing are security and pivacy issues and vulnerability to attack by hackes. There are also

other issues like high costs involved and limited @antrol by the parent organization not to

mention platform dependency. Nevertheless, cloud comyping is still seen a good alternative for
long-term storage. However, it looks like the digital inbrmation being generated worldwide is

certainly overtaking our ability to store it and even more robust solutions are needed to cater to

this data deluge while providing scalability to talke into acount the future storage needs as well.

CanDNA help in computer storage?

Our DNA (Deoxyribonucleic acid) is being considereds an exciting alternative medium for
digital data storage. DNA is the self-replicating ntarial present in nearly all living organisms and
is what constitutes our genetic information. An artiicial or synthetic DNA is a durable material
which can be made using commercially available oligacleotide synthesis machines. A primary
benefit of DNA is its longevity as a DNA lasts 10aimes longer than silicon (silicon-chip - the
material used for building computers). Amazingly, jusa single cubic millimetre of DNA can hold
a quintillion of bytes of data! DNA is also an ulacompact material which never degrades and can
be stored in a cool, dry place for hundreds of ceuties. This idea of using DNA for storage has
been around for a long time, in fact way back to 199 The main reason is the similar fashion in
which information is being stored in a computer andn our DNA since both store the blueprints
of information. A computer stores all data as Os @ahls and DNA stores all data of a living
organism using the four bases - thymine (T), guanin&), adenine (A) and cytosine (C). Therefore,
DNA could be called a standard storage device, juske a computer, if these bases can be
represented as Os (bases A and C) and 1s (basesntd &). DNA is quite tough and long-lasting,
the simplest reflection being that our genetic code the blueprint of all our information stored

in DNA- is efficiently transmitted from one generatbn to next in a repeated manner.

All software and hardware giants are keen on usingynthetic DNA for storing vast amounts to

achieve their goal of solving long-term archival oflata. The idea is to first convert the computer
code Os and 1s into the DNA code (A, C, T, G), ¢baverted DNA code is then used to produce
synthetic strands of DNA which can then be put int@old storage. Whenever required, DNA
strands can be removed from cold storage and theinformation decoded using DNA sequencing
machine and DNA sequence is finally translated bat binary computer format of 1s and Os to

be read on the computer.

—je 1%+ a$natjust a few grams of DNA can store quintilliobyte of data and keep it intact
for up to 2000 years. However, this simple understasing has faced some challenges. Firstly, it is
quite expensive and also painfully slow to write d&a to DNA i.e. the actual conversion of Os and
se —' —St ,fete 4 &4 &4 & HifefZodoOWM d—$+6 ‘o—* —St a «—
to find and retrieve files and requires a techniquecalled DNA sequencing - a process of
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determining the precise order of basesvithin a DNA molecule-after which the data is decoded
back to Os and 1s.

A recent breakthrougl? by scientists from Microsoft Research and the Univsity of Washington

Sf™t f...S<t™ 3t f 0"fet'e ... .. Tee0"fot e—f'f %o 6Sfe T Ortante "1 7> «

because it means that information can be transferretb or from place (generally a memory) in

which every location, no matter where in the sequenre, can be accessed directly. Therefore, using

this technique of random access, files can be redted fom DNA storage in a selective manner

as compared to earlier, when such a retrieval reqeed the need to sequence and decode an entire
Tf—fef— =" "<ot fof £8—"f...— FSHTE™MSKZE " "afe™™ F U0 fette [

further elevated whenthe fe‘—e— ‘= Tf—f <o .. "Ffefe fof 1. 'etsiSe6% fé 0."ffA7

reduces the amount of sequencing that needs to be . It is for the first time ever the random

access has been shown at such a large scale.

Researchers have also developed an algorithfor decoding and restoring data more efficiently
with more tolerance to data errors making the sequenog procedure also faster. More than 13
million synthetic DNA oligonucleotides were encodedh this study which was data of 200MB size
consisting of 35 fles (containing video, audio, images and text) ramgg in size from 29kB to
44MB. These files were retrieved individually withno errors. Also, authors have devised new
algorithms which are more robust and error tolerantin writing and reading the DNA sguences.
This study published inNature Biotechnology in a major advancement which shows a viable,
large-scale system for DNA storage and retrieval.

DNA storage system looks very appealing because st having high data density, high stability
and is very easy to store but it obviously has many challeges before it can be universally
adopted. Few factors are time and labouintensive decoding of the DNA (the sequencing) and
also synthesis of DNA. The technique does requingore accuracy and broader ceerage. Even
though advances have been made in this area, the ekéormat in which data will be stored in the
long-term as DNA is still evolving. Microsoft has vowedtimprove the production of synthetic
DNA and address the various challenges to designfuly operational DNA storage system by
2020.

Source

1. Yaniv Erlich and Dina Zielinski. DNA Fountain enads a robust and efficient storage architecture.
Science2017; 355 (6328): 950 DOI10.1126/science.aaj2038
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Remembering
Stephen Hawking

"However difficult life may seem, there is always
something you can do and succeed at"
Stephen Hawking

Stephen W. Hawking (19422018) will be remembered not just for being an accomished
theoretical physicist with a brilliant mind but also for symbolising the ability of the human spirit
to rise and triumph above severe physical disabilit of the body and ahieve what is presumed to
be the unthinkable. Prof Hawking was diagnosed witla debilitating condition when he was
barely 21 years old, but he showed resilience ovéris adversities and continued to engage his
mind in an attempt to theorize some of the itriguing scientific mysteries of the universe.

St «tdf 7 ,Zf..o S'Zte fef"%Ft T8 %o HfZ «Sttoe'” "FZf—-<"<—>4
objects black holes- thought to be the biggest enigmas of the known unerse - are extremely
dense, so dense that nothing escapes their huge gitg, not even the light. Everything gets sucked
into it. This is the reason black holes are calldalack holes because nothing cagscape its clutches
and also its impossible to see a black hole. Becauslack holes do not emit light or energy in any
form unlike all other cosmic objects, they would neveundergo explosion. This meant black holes
would be immortal.

Stephen Hawking giestioned the immortality of the black holes.
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o Sce Zt——t"7f<=¥ 512711+ 13§ poblshed éNaturein 19741, Hawking came up with
the theoretical conclusion thatnot everything is sucked into a black hole and bl&choles emit an
electromagnetic radiation called Hawking radiation, detailing that radiation can escape from a
black hole, because of the laws of quantum mechanicghus, black holes too would explode and
convert to gamma rays. He showed that any black holeill create and emit paticles such as
neutrinos or photons. As a black hole emits radiain one would expect it to lose mass. This in
turn would increase the surface gravity and so in@ase the rate of emission. The black hole would
therefore have a finite life and eventuallydisappear into nothing. This stuck down the longheld
idea by the theoretical physicists that black holegare immortal.

The Hawking radiation was thought to contain no useful information about viaat the black hole
engulfed because the information swallowd up by the black hole would have been lost forever
In a recent study published in 2016 inPhysical Review LetterdHawking showed that black holes
Sf t f SfZ' ‘" 1+'"— S f <" 5-enelgy.ofantumfeXditatons) dtound them which might
store the information. More research on this could perhaps leé&to an understanding and an
eventual resolution of the black hole information poblem.
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holes are too longlived to be observed today at their end.
Source:
1. Hawking S., 1974. Black rJoIe explosiond®ature, vol. 248, pp.§031, DOI:@0.1038/248030a0
2. f™ece% & T— fZA44 trsxa 1 ‘" — #lfiys’ Rev. lefval=1167284801,

DOI:10.1103/PhysRevLett.116.231301
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