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COVID-19 Epidemiological Variatior

However, other Mortality rate

Diversity of sy caused by ¢ ic differences

Diversity of symptoms in COVID-19

@ studies conducted inside China reported a higher

factors such as age,

compared to studies outside china (51%)

gender. patients’ ey e Namerfptens Moty rate
medical itic
may also affect China Asia 91175 (4739) 520%
severity ?“d mortality ® Studies conducted inside China reported a lower
rate of COVID-19 Thaland sia 3746 (59) 160% percentage of people with shortness of
breath (33%)as compared to studies outside
Sogopar nsa 3 000% china (57%)
U Oceania 275390081 asox
® Studies conducted inside China reported a
: § . . lower percentage of people wi
NewZedird Cceania 10415 130 diarrhea (4%)as compared to studies outside china
Worldwide mareality oo urope 1098320 @5301 320%
ik Some studies reported unique symptoms
v seigam Europe 21091008101 340%
@ Astudy from Singapore reported rhinorrhea
- urope 542789 37479 690%
@ Astudy from Taiwan reported rhinorthea and
v Nortn America 8702750 2257061 260 myalgia
e Nort America 2220731100261 aso0% We point out that diversity of
: : symptoms may be because of
South America 540885457397 200 genetles differences between
people; for example, ACE1 and
South Ameica 1102052 2930 300% 'ACE2 polymorphisms.

Source: John Hopkins Coronavirus Resource Center (28./10/2020)
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ACE1 i

Angiotensin-converting enzyme 1 (ACE1), like ACE2, is involved
in the control of blood pressure through RAS, converting Ang-1
to Ang-Il. Researchers found that there is a negative
correlation between ACE1 D-allele frequency and COVID-19
severity.

MHC-1

Polymorphisms in MHC-1 allow some variants to better express
T-Cell epitopes than others. This results in a differential
between the magnitude of the immune response between
individuals carrying different versions of MHC-1. Certain

have been i ified to be more ible to
coronavirus infection, while others are protected from
SARS-CoV infection.

GENETICS X COVID-19

INF . S | . 1

Interferons (INF) are proteins secreted by host cells to initiate
antiviral defenses in other cells. Researchers found
loss-of-function variations in 13 locis related to Type | INFs in
patients with life-threating COVID-19.

Toll-like (TLR)are ible for activation of
interferons. Researchers found 2 TLR7 variants in 4 patients
from 2 families with severe COVID-19. Since the TLR7 gene is
located on the X chromosome, men are more likely to be
affected by these variants.

ACE2

Different polymorphisms of the ACE2 enzyme have different
binding affinities to the spike S1 protein on SARS-Cov-2. It was
initially believed that if patients were taking ARBs and
ACE-inhibitors, the body would upregulate ACE2, and therefore
COVID susceptibility and severity would increase, however,
subsequent trials have proven that there is no significance to
this hypothesis.
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The Covid-19 host genetics initiative

Collaboration, honesty, fairness and trust. The Covid-19 host genetics initiative is a
collaborative initiative of hundreds of scientist and research groups from all
around the world. Currently there are 221 registered studies involved in the
initiative, many of them data contributors. The aim of the eis to “provide an
environment to foster the sharing of resources to facilitate Covid-19 host genetics
research”. The initiative thus connects researcher asking similar questions about
the genetics of Covid—19, expanding the pool of data and knowledge necessary
for future discoveries.

Knowledge of the genetic factors that control Covid-19 susceptibility, severity and
disease outcome are critical for prevention of serious cases, treatment and
development of medications and/or vaccines. The many opportunities such
genetic discoveries confer are thus evident, here we come up with ideas on how
such genetic data and discoveries can be further utilized.

Prevention of severe clinical outcomes -
“Gene-counseling”

High-risk individuals could be identified based on genetic determinants and

more closely, pi ing severe from ing. Simple
DNA samples, either saliva or blood test, could be taken and genetic determinants
of Covid-19 susceptibility could be screened for. Patients could even take their
own samples, in the safety of their own home, and send them for analysis. Results
could then be offered online, making patients and health-care workers aware of
high-risk individuals and would allow preventive measures to be taken.

coveries o Fight the Pandemic

susceptibility, severity and outcomes key factors in prevention, treatment and vaccine development

23andMe

Company that offers genetic testing in order to trace ancestry and traits.
Individuals buy “saliva collection kits” and send their DNA samples back to the
company, which offers shipping worldwide. Customers get results in 3-5 weeks.
Such genetic tests, using saliva of patients, could equally well be conducted to
screen for Covid-19 genetic determinants.

deCODE BreastCancer™ - genetic tests to evaluate the
risk for developing breast cancer

deCode genetics, a genetics company located in Iceland, launched a genetics test
in 2008, screening women for the risk of developing breast cancer. The test is a
DNA-based laboratory test that requires only a blood-sample or saliva. Preventive
measures could then be made according to the results.

In 2018 deCode genetics then launched a website where people could find out
whether they had a prevalent mutation in the Icelandic population, the 999del 5
mutation in the BRCA2 gene, commonly leading to breast cancer. Consequently,
preventive treatment could be started much earlier and the risk of developing
breast cancer could be lowered. Similar online result-giving, via website for
example, could be used for genetic counseling in Covid-19.
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reatment, Vaccine Development and Vaccine Distribution

| Does “one size fits all” apply to vaccines?

Vaccine development - Genetic
determinants of Covid-19 susceptibility and
severity shed light on vaccine efficacy

L ing the natural i P findividuals infected
with Covid-19 is crucial in development of vaccines. Differences in
immune responses between individuals showcasing asymptomatic,
mild or severe symptoms are especially important. For example,

ic or mild-symptom individuals seem to produce smaller
and less effective amounts of antibodies,

Thus, genetic determinants of Covid-19 susceptibility and severity not
only indicate clinical outcomes, identifying those who will develop
more severe symptoms and those that will develop milder ones, but
also those that will show a stronger immune response and those that
will respond less. Therefore, knowing more about the genetic
determinants of Covid-19 susceptibility and severity also gains insights
into vaccine efficacy.

COVAX - vaccine distribution

“The initial aim is to have 2 billion doses available by the end of 2021,
‘which should be enough to protect high risk and vulnerable people, as
well as frontline healthcare workers.” - COVAX

Genetic determinants of Covid-19 susceptibility and severity will be a
key factor in evaluation of high-risk individuals and those in higher
need of vaccines, host genetics in Covid-19 are thus of great
importance in vaccine distribution.

CRISPR/CAS13 - a possible therapeutic
option for Covid-19

CRISPR is a gene engineering technique with the ability to target and
cleave certain DNA/RNA sequences. Although this method involves
the genetics of the virus, rather than the genetics of the host, itis a
promising method of inactivation of the Sars-CoV-2 virus and thus a
possible therapeutic option for Covid-19. The CRISPR/Cas13 method,
in particular, has been showing such promise in fighting the virus. The
gene engineering technology is able to identify and degrade
intracellular viral genomes and resulting mRNASs.

Sars-Cov-2 is a RNA virus, and with CRISPR/Cas13 its RNA genome

could be targeted and inacti ing severe of
the disease,

CRISPR/Cas9 - Gene therapy to increase the
occurrence of less susceptible variants

Gene editing (CRSIPR/Cas9) can be used to alter the genetic
information pertaining to COVID-19 and decrease binding affinity to
SARS-CoV-2. Amino acid residues integral to the virus' interaction with
ACE2 can be identified and the respective codons can be altered to
replace said amino acids with alanine to weaken and destabilize the
viral binding mechanism.
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What is a retrovirus?
Retroviruses are viruses so named for their ability to
perform reverse transcription. They are able to infect
humans and cause a number of diseases. The most famous
retrovirus is perhaps HIV, two species of lentiviruses which 3. Reverse transcriptase produces complementary DN;
infect mostly CD4* T helper cells3. Infection with HIV thus degraded. The two cDNA strands form a week bond
leads to alow CD4* T helper cell count, and as T helper cells@ll 4. cDNA is integrated into the host cell’s genome, facilit
are vital to an effective immune response, HIV infection known as the provirus, and can stay dormant for a p
leads to a weakening of the immune system known as AIDS, 5. The provirus is transcribed to produce mRNA and vi
making the body vulnerable to opportunistic infections!4l. 6.  mRNA is translated to produce viral proteins using ¢
Another example of a retrovirus is the Human T- are transported to and embedded in the host cell me
lymphotropic virus type 1 (HTLV-1), responsible for remain in the cytoplasm.
neoplastic diseases such as adult T-cell leukaemia/ 7. Viral capsid proteins polymerize and encase viral ge
, i y such as HTLV-1- new viral nucleocapsids.
associated myelopathy and uveitis and opportunistic 8. Viral nucleocapsids bud off from the host cell, surrot
infections such as Strongyloides stercoralis in the process, which has now become the viral enve
hyperinfection!®l. HTLV-1, in contrast to HIV, induces an 9. New viruses are activated through the cleavage of vi
immunostimulatory response in CCR4* T cellsl®l. glycoproteins and host receptors are cleaved, releasi
ready to infect new host cells.

The retroviral reproductive cycle

. Aviral glycoprotein on the surface of the retrovirus |

2. The viral envelope fuses with the host cell membran
the enzymes and RNA contained within.

Untreated HIV infection is a life-threatening health problem and many different therapies for HIV/AIDS focusing mainl|

the host viral load below a detectable and tran: -able limit and do not ensure complete eradication of the vi

immune system and anti-retroviral drugs!'7). As a result, patients must take antiretroviral drugs continually as the viru
of the emergence of vi ance to drugs. Therefore, there has been interest in investigatin;

provirus in a latent phase. As a contrasf nd-Lock strategy, the goal of Shock-and-Kill strategy is to trig

system and combination of antiretroviral drugs/18li191120],

SHOCK AND KILL
BLOCK AND LOCK The most common approach i
Several epigenetic strategies that can permanently lock the virus in a latent phase infected cells. There are sever:

have been investigated: —
One class of LRAs are inhibito1

A drug potentially useful in the Block-and-Lock strategy treatments for HIV is (HMT)!*%L These enzymes usu
didehydrocortistatin A (dCA), a specific and potent inhibitor of Tat, which can increase the expression of that
recruit other transcription factors to induce sustained transcriptional elongation cells isolated from patients on
from the viral promoter LTRI®], As Tat has no cellular homolog, usage of dCA should| effective in other studies!?*. H
not have significant cross-functional effects as is the case with many strategies that chromatin modifier inhibitors!
target gene regulation. cells tested ex vivol?7l,

The next important class of LF
affecting the protein kinase C |

Other alternative methods include targeting agents that act in reactivation of the
provirus, such as histone demethylases (HDMs). Their role has been shown in

human cy galovirus (HCMV), a widesp pathogen that can remain in its Protein kinase C plays a role ir
latent phase for extended periods of time and reactivate in immunocompromised transcription factors at the lor
patients. The potential usage of various HDM inhibitors have been described and of latent provirus. Activation ¢
further experiments are being carried out!18l, of NFkB which causes increast
Promising PKC agonists are bc
occurring?®) and synthetic ing
prostratin and phorbol-13-ste
NF-kB by IKK-dependent phos
degradation of IxBal?%. In ano

As this epigenetic Block-and-Lock strategy is more sustainable than having to
constantly deal with reactivated viruses emerging from reservoirs, scientists are
searching for future alternatives. Of interest are natural mechanisms, such as X
chromosome inactivation, where specific genomic modifications are applied, which
can be identified and potentially utilized. One method of identification is by turnin; myristate 13-acetate (PMA) o1
our attention to bacteria. Bacteria, such as Listeria monocytogenes, Mycobacterium |l in NF-xB activation/!l.
tuberculosis, or Helicobacter pylori can utilize the recruitment of histone [ Rt
deacetylases (HDACs) to repress gene expression by deacetylating specific amino
acids on the histones of specific genes[2], If we will study these mechanisms of
chromatin modifying thoroughly, we can use this knowledge to create new
epigenetic strategies - we can for example direct some of these chromati
modifying enzymes to histones that are associated with the provirus.

Targeted
HDAC comple:

Another strategy for the permanent silencing of retroviral proviruses could be DNA
methylation. There are known instruments, such as Zinc finger nucleases, TALENs
or CRISPR-Cas9 platforms that can direct specific cytosine methylations(22l,
However, their lack of specificity can result in off-site effects, so further research is
needed to refine methods that involve these enzymes. A genetic tool dCas9-
DNMT3ACD has recently shown lower levels of this effect in some research, though
not in others/?2. Alternatively, we propose the usage in vitro synthesized modified
histones. As the histones with different modifications can already be synthesized in
vitrol23], working out methods for introducing them into living cells and directing
them to specific genes could help in investigating the effects of possible histone
modifications on infected cells.

HDAC complex

sing area of research, though there is much
implemented as a treatment option. Currently,
ome is the lack of specificity and f
e consequences for the

2, our tlented, humro pa 3 s n hisposte
instudents with different langua L
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N PERSPECTIVES IN THE TREATMENT OF HUMAN RETROVIRUSES

Dong Ngoc Ha, Dewey Lin, Gega Karanadze, I BO ’\BQO

Tereza Maxerova, Simonas Melaika and Yerassyl Muratov

Retroviruses are responsible for many infections and deaths worldwide, with HIV/AIDS alone responsible ~ we continue to develop new alternative or additional therapeutic strategies to cART to fight retroviruses. A

for 690,000 deaths in 2019 due to the disease itself or the resulting complications!!. Over many years of preliminary approach is to target the mechanism of viral entry into a cell. After all, the virus cannot infect a .

human effort to cure retroviral infections, researchers developed many approaches to tackling the virus. cell it cannot enter. Alternative approaches include the targeting of nucleic acids involved in the replication I ntE r rI attﬂn a I:

These days, a combination of antiretroviral drugs called combinatorial antiretroviral therapy (cART) is cycle of retroviruses, both RNA and DNA. Two of these possible approaches, known as the “Block and Lock” : i,

being frequently used to effectively suppress viral replication, reduce rates of transmission, and improve and “Shock and Kill” approaches, involve alteration of viral transcription frequency of the provirus in the B Io log y D | }Fm I:I I ad
patients’ life expectancy by prolonging the onset of AIDSI?. However, because of the existence of retroviral ~ host genome. While the Block-and-Lock approach attempts to silence the provirus within the host cell’s

reservoirs in bodies of patients, HIV-infected people on cART must continue to take the medications for genome, hopefully indefinitely, the Shock-and-Kill approach, on the other hand, is centred around the

the entirety of their lives, which can lead to great personal expenses, the development of viral resistance controlled reactivation of the provirus in infected cells in order to eradicate latent viral reservoirs. Finally, I} 20 20
and the onset of toxic side effects. Because of these limitations, it is imperative that introduction of genetic modifications to a patient's own cells can help to tackle the retrovirus.

e ety PREVENTING VIRAL ENTRY
Retroviruses have an RNA genome which is coated with nucleocapsid proteins and ] ; ; ) I ) . ) . o

During antiretroviral therapy, a strategy utilizing a combination of both penetration and replication targeting drugs allows the usage of small doses of different drugs
packaged into the viral along with RNA ! .
(e ) Il YA PO R et smmsaad) | | to treat the infection. A low concentration of cell-targeted suppressing molecules will not cause critical harm to the host, but can have a potent effect in reducing viral
E— ca:ci s by the phni’phyolipi il eavelons, Erbed e load. Although this may not completely stop the infection, it can give the patient’s immune system an opportunity to establish controll®l. By using host-targeting as well
viral envelope are viral glycoproteins, Viral glyeoproteins have a multitude of functions, as virus-targeting drugs in tandem, excess damage to host cells can thus be prevented.
such as regulating host cell entry and viral assembly during replication!”].

the retrovirus binds to a host receptor protein.
: cell membrane. The viral nucleocapsid degrades, releasing|
in.

lementary DNA (cDNA) from the viral RNA. Viral RNA is
1a week bond and enter the cell’s nucleus.

genome, facilitated by integrase. The integrated cDNA is
ormant for a period of time without being transcribed.

e mRNA and viral genomic RNA.

roteins using cellular apparatus. Viral envelope proteins
he host cell membrane. Viral capsid proteins and enzymes

Oftentimes, viruses first utilize nonspecific electrostatic interactions with negatively charged sugars on the cell surface membrane for attachment before binding to a
specific receptor that can facilitate viral entry. For example, many viruses, including HIV, first bind to sugars on heparan sulfate proteoglycans (HSPGs)[Il10]l11],
Hence, it is possible to inhibit these interactions by utilizing trap particles that mimic these molecules. One strategy utilized by Cagno et al. involved utilizing
nanoparticles carrying long flexible linkers that mimic HSPG to bind to multiple viral sites, thus irreversibly changing the structure of the virus(12, This strategy has
been noted to lose effectiveness in vivo, due to low bioavailability[ 1314,

SU (surface, GP120)
TM (transmembrane, GP41)

encase viral genomic RNA as well as viral enzymes to form A potential solution is to localize the antiviral action by improving drug delivery through the application of nanotubes. This would also minimize the contact of
cytotoxic elements with blood and allow us to achieve pinpoint localization. A caveat is that we must be certain of the location of viral accumulation, e.g. in lymphoid

tissues where HIV proliferation mainly occurs.

PR (protease)
RT (reverse transcriptase)
IN (integrase)

10st cell, surrounding themselves with host cell membrane
 the viral envelope. This forms the new viruses.

cleavage of viral glycoproteins. Bonds between viral
sleaved, releasing the viruses into the extracellular matrix,

LJ001 is a small molecule that oxidizes unsaturated phospholipids of both cellular and viral membranes!'5. This can affect the shape and fluidity of the membrane,
preventing fusion. When both cellular and viral membranes are exposed to LJ001, only the latter are significantly affected, likely damaged lipids are quickly replaced in
the cell membrane by cellular mechanisms, something viruses are unable to dol*¢l. Lj001 is thus effective in vitroas an antiviral agent. Unfortunately, in vivo ~efficacy
was low due to the short elimination half-life (~ 4 hours) and low serum concentration of the compound. LJ001 also requires the presence of light tobe  activated,
\ting its use in vivol16l,

A potential solution is to utilize the FRET mechanism. The carrier of the drug can contain a fluorescent molecule with the emission
spectrum needed for LJ001 activation. Furthermore, we can produce the "donor" antibody molecule, which sticks to the target viral
) ) o : ) _ : : particle. After exposure it would activate nearby LJ001 or its companion molecule. Considering Stoke's shift, the exposure radiation
focusing mainly on the inhibition of retroviral proteins have been developed since di scovery of H_I\L However, these treatments only decrease c must fit in the higher frequency than visible light. The safest option is UV radiation, but even this precedes potential oncological
he virus from the body. This is because retroviruses can stay in the latent form in infected cells for several years, hidden both from the e, P 5 iy (Tl s of N e e e netic
1ly as the virus can reemerge from reservoirs in infected cells after removal of the therapy. Moreover, prolonged treatment could increase

gating possible epigenetic strategies that could evade these drawbacks. One strategy, called Block-and-Lock, aims to permanently lock the

to trigger the exit of viruses from latency into their active form so that the infection can be completely eradicated from the body by immune

KILL
on approach in Shock-and-Kill strategy is introduction of latency-reversing agents (LRAs) into
here are several classes of LRAs that have been inv

\s are inhibitors of epigenetic modifiers, such as histone deacetylase (HDAC), DNA methyltransferase (DNMT) or histone methyltransferase
¢ enzymes usually modify histones or DNA in a way which leads to lower expression of the modified segment, their inhibition should thus
rression of that segment. A HDAC inhibitor called vorinostat can successfully increase production of viral RNA of HIV-1 in memory CD4* T
»m patients on antiretroviral therapy[2%l. Some other HDAC inhibitors such as panobinostat in particular show themselves even more

r studies?5]. However, the fact that viral DNA can be incorporated at many different places in the host genome often hinders the effect of
ifier inhibitors(26l, Also, in vitro experiments using different cultured cell lines often fail to predict the effect of the LRA in infected patient
ivol?]

tant class of LRAs are compounds \ 4 RNA INTERFERENCE
>tein kinase C (PKC) signaling pathway. _ w ; - RNA interference (RNAI) is a mechanism commonly used in cells to regulate
HEgpORILR FeeEEmiy Clf i ek b gene expression via controlled degradation of certain mRNAs[3). In RNAi
ctorsatthe long terminal repeat (LTR) i -~ therapy, SiRNAs (small interfering RNAS) or shRNA (short hairpin RNAS) can be
1s. Activation of PKC leads to activation . . used to degrade either viral RNA or host RNA which serves as a template for
zauses increased transcription of LTR. - [y i - production of proteins associated with retroviral reproductive cycle, RNAi has
agonists are both naturally : : Aclive D T Oing nected o=l nleced ol already achieved notable success in treatment of some acute viral infections!*]
[ApnRiEHE R, N CRETL e o - and it is now on its way to being applied in the fight against long-term retroviral
>horbol-13-stearate cause activation of infections.
ependent phosphorylation and
kBal39, In another study, phorbol 12-
etate (PMA) overperformed prostratin
tionl31.

i o i I (3] Wi
[ f

One approach in antiretroviral RNAi therapy is to induce the degradation of
retroviral RNA genome via the introduction of antiretroviral siRNAs!38l. Ideal
target viral sequences are those that are highly conserved and crucial for viral
reproduction to prevent the emergence of drug resistance by mutation. These
sequences should also be present at all stages of viral RNA splicing to make the
therapy as effective as possible. The effectiveness of RNAi therapy can be also
increased by targeting multiple viral sites at oncel3”). Another approach is to
target mRNAs of host proteins which take part in the retroviral reproductive
cycle. These target proteins are for example CCR5 and CXCR4 coreceptors
utilized for viral entry, LEDGF/p75, Importin-7 and Chaperonin which serve as
cofactors in integration of viral DNA into host's genome, cellular proteins which
interact with viral Tat protein and other proteinsl?®), Targeting host structures
reduces the likelihood of the emergence of retroviral drug resistance, but also
carries the risk of negative side effects to uninfected host cells due to collateral
exposure.

Another class of LRAs are interleukins. When patients 8 Toll-like receptor agonists may also as
were treated with highly active antiretroviral therapy i LRAs. The activation of TLR-7 by
together with interleukin-2, the number of resting GS-9620 agonist both stimulated
CD4+ T cells containing HIV in the blood was induction of latent HIV and enhanced
measured to be significantly lower than in patients antiviral adaptive immunity response as a

- - . T . - 33]034] \
who were receiving antiretroviral therapy alonel32l. response to production of type I interferons(331(34], 1! GENE THERAPY USING CRISPR/CaS9

Autologous transplantation could be used also for
introduction of cells modified by the CRISPR/Cas9
system, a genetic tool derived from the prokaryotic
immune system. A promising target for modification
using the CRISPR/Cas9 system is a gene coding for
CCRS, a co-receptor for viral entry. When the

Alot of other molecules have been demonstrated to act as effective LRAs['9. However, there are still
problems to be overcome to create an effective Shock-and-Kill strategy. /n vitro experiments using
cultured cell lines often fail to predict the effect of the LRA on infected patient cells tested ex vz
There are many different cell types which can serve as latent HIV reservoirs!*®). Signaling agon

their own, such as PMA, interleukins and TLR-7 agonists in general induce a significantly lower
transcription level compared to T cell receptor stimulation(1?). A combination of several LRAs will
probably be needed to create a successful Shock-and-Kill therapy.

An important step in the process

of drug delivery. In case of RNAi therap y
approaches have been proposed, such as the use of tissue specific serotypes of
adeno-associated vi ‘AAV), antibodies and nucleic acid aptamers which
undergo receptor-mediated endocytosis, and targeted lipid nanoparticles.
However, each of these approaches has several limitations. Thus, probably the
most effective approach is to perform modifications on cells ex vivo and then
transplant these modified cells into patients[3%l. In case of RNAi therapy, the most
common way to introduce genes coding small RNAs into cell lines is by
transduction. For example in one study, the lentiviral vector coding ant

shRNA was transduced into CD34+ HPCs and CD4+ T-lymphocytes derived from
a patient, and then transplanted back into the HIV-infected patient!3°l.

into induced pluripotent stem
Is (iPSCs), the resultant cells exhibited
resistance to viral entryl*?l. The great potential
of this therapy is also supported by two reported
[ of successful H remission after
transplantation of C 32 hematopoietic
nitor stem cel m allogen

Lcom
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The Age Gap in Inmune Response:
Causes, Effects and Implementations

It is said that the elderly have a weaker immune system, how can we use biology to explain the skyrocketing
death rates in this age group?
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Immune-
Senescence .

Inflammation of endothelial cell lining
in capillaries activates fibroblasts,
allowing viral and cytokine entry into
the bloodstream.

In an aged or weakened system, a range of complications result in delayed
response of immune system and inefficient clearance.

It has been observed that ineffective response is caused by a range of factors
differing between age groups, and is the resulting trigger for lethal symptoms.
Biological research was done to discover the causes of disparity between age
groups in SARS-COVID-2 immune response. Analysis of causes can help
inform of educated policies and actions taken for future coronavirus outbreaks.

Slow cytokine signals and defective
leukocytes with limited receptor
repertoire decreases efficiency and
causes greater viral replication.

Cytokine storm then initiates
microvascular clotting, causing a range
of lethal symptoms like hypoxia and
organ failure.

JT.

Healthy

Innate Immunity

Alveolar macrophage (AM)
response varies drastically
through aging.

A healthy immune system
contains more anti-inflammatory
AM than pro-inflammatory.

Adaptive Immunity

Hyperinflammatory cytokines produced by
activated macrophages in an aged immune
system induce production of granulocytes.
Granulocytes then produce more cytokines,
creating a positive feedback loop. [5]

Decrease in T-cell receptor repertoire in
older individuals may be caused by
accumulated exhaustion from pathogens,
such as telomere shortening at the
chromosomal level in viral specific memory
T cells, inducing cell senescence.

Post-infection

| Increase in AM reduces pro-anti state conversion

pliability, weakening cytokine response after TLR
activation.

A significant increase of pro-inflammatory AM causes
prolonged activation of monocytes and neutrophils,
which is the leading cause to lung damage.

Along with thymus atrophy through aging, it
also causes lymphopenia, exhaustion of
other cell types, and accumulation of
memory B cells, leading to defective
immune-surveillance.

Understanding specific affected elements
of the immune system promotes
opportunities for therapeutic research
and drug development. For example, the
use of of interleukin-7 as a growth factor
for naive T cells. The addition of T cells can
help prepare the aging immune system and
provide for sufficient T cells to fight
pathogens.




Chromatin relocation, modification over a lifetime can have negative impacts on the immune
system. There is abundant evidence showing how changes to the epigenome by pathogens
can weaken immune memory and function.

Epigenetic Factors

e  For example, MERS-CoV uses DNA methylation to silence
genes encoding for MHCs. This destructs the antigen
presentation process of hostimmune cells.

e Ina similar manner, SARS-CoV-1 methylates histones and long -

non-coding RNAs through activation of interferon-response
genes.

Inflammaging

It was observed that elderly patients rapidly
descend into systemic hyperactivation and ' '
hypercoagulation of vascular tissue.

Secondary hemophagocytic

lymphohistocytosis (SHL) is caused by

specific interleukin molecules like IL-6. It I
secretes fibrin which produces D-dimer, a et
major inducer of vascular inflammation. Such
inflammation increases in direct proportion As

Cytokine Storm
D-dimers increase with age.

Signal Transduction

—_—

3 . x

This information provides specific
information on how scientists can
target particular molecules that
hampers normal immune system
functions. In the field of pathogenic
diseases, such insight can aid in the

development of drugs. For example,
* Tocilizumad (Actemra) is a drug used
to block IL-6 receptor activity,
prohibiting signal transduction. This
decreases the risks of cytokine storm
and death within the elderly.

No Signal
Transduction

Discussion and Implementation

Thus, from using the biological knowledge of genetics, scientists
can deduce changes in the epigenome caused by certain viruses.

For example, a study can be done to measure DNA methylation
age of immune cells and other cell types throughout the infection
process of SARS-CoV-2 - this way, we can find out of the
epigenome in older patients impacts disease severity. This is also
an understudied topic that may provide valuable evidence for
developmentin drug trials.

Such age disparities researched in this project demonstrated the need for different therapeutic and prevention strategies
for individuals of different age groups. Biological research provides for a plethora of advantages, for example we can arrange
individual treatment methods for each age group because of their immunological response differences, We can predict
symptoms and outcomes of treating methods as well as create new treatment methods more efficiently. Of course the most
relevant thing for us is medication and vaccine creating. The history showed us use of the past research so we can assume
right now we are doing the great job for future pandemics. Faster vaccine creation, more improved modeling systems for
pandemics. Overall our research showed the need of implementing this knowledge in future epidemics. The biological

overview of this problem can help them to be more efficient.

Researchers can implement these aspects of biological knowledge
in prediction of symptoms and pharmaceutical development. We
are even using other viruses as research material for SARS-CoV-2
treatment methods.[2]

For example, dexamethasone is a type of corticosteroid medication
which was thought would help with influenza[3] and now it is
officially prescribed to COVID-19 patients. Another good example
is remdesivir, medication which was created for HCV and RSV
treatment and it is now used for SARS-CoV-2 patients.(4]
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1 B O 4 Using Biology to propose methods to prevent spread of Dengue
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A SYHPTOMS

Using Biology to propose methods
to prevent spread of Dengue

-IBO Challenge 2020 International Group Project-

Nilushi Dhanapala (Sri Lanka) and Sadiyar Gafarov (Azerbaijan)

-What is dengue? A brief description-

+ Dengue fever is a mosquito borne disease caused by the dengue
virus, an RNA virus of the Flavivirus genus.

+ There are five main serotypes of the dengue virus : DENV-1, DENV-2,
DENV-3 etc.

+ The main vector of the disease is female mosquitoes of the Aedes
genus mainly Aedes aegypti species.

* The symptoms such as high fever, headache, vomiting and a
characteristic skin rash typically appear after three to fourteen days
after the infection.

* In some cases the disease may develop into severe dengue or dengue
hemorrhagic fever resulting in bleeding, low platelet levels and blood
plasma leakage and may further proceed to dengue shock syndrome
which is characterized by dangerously low blood pressure.

Why is prevention of dengue important?

« Dengue is common in more than 120 countries, mainly in
Southeast Asia, South Asia and South America. About 390 million
people are infected annually and approximately 40,000 die each
year.

+ An efficient vaccination has not yet been introduced to prevent
spread of the disease.
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Alternative ideas for dengue vector control by genetic engineering.

* Controlling the vector Aedes aegypti mosquitoes is the most
effective way of preventing dengue.

Genetically engineering female dengue vector mosquitoes to
carry genes which express gene products that act as inhibitors
to the activity of Reverse transcriptase enzyme or any such
enzyme essential for the viral genetic material replication,
using the Crispr-Cas9 technology.

This will enable the prevention of viral replication within the
mosquito. Thus the viral load within mosquitoes can be
controlled to reduce the viral transmission to humans .

The introduced gene must be engineered in a manner that
makes the carriers of the gene evolutionarily selected over
those who do not carry the gene. So that the gene is

continuously passed on to future generations.
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Alternative ideas to control dengue vector by using chemicals

Using special pesticides in order to prevent
spread of mosquitoes in city and village areas.
Using pesticides only in human populated area
will prevent disease and save mosquitoes
because of their ecological role.

Usage of chemicals which prevent their
growth such as hormones. They can also be
manipulated to make mosquitoes sterile and
avoid their proliferation in large numbers in
densely populated areas.

Using growth hormones in mosquitoes to
promote early maturation and shorter life
span will result in shorter time period of viral
maturation within mosquitoes and lower
ability of viral transmission to humans.
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MATHEMATICAL DISEASE MODELLING

Project by: Arian Hasani, Elizabeth Rae Peralta, Kjartan Kristjansson and Kvpun Towes

What is mathematical disease modeling? What constitutes a good disease model? The compartmental model

Mathematical dise rou ise del cc g aria b One of the mos and convenient mathematical mc
epidemio € ) ptions. Most "primitive” mode sis ing how t i behave is the Comp.
= the SIR model model. Thi 'S population into differ
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variable is the basic compartment model
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Image 1

Human-animal transmission modeling

Factors that affect disease transmission models

Limitations of Disease Transmission Modelling

Many of the most deadly diseases in human history were
converged tthrough animals. Some examples being the
black

death, swine flu, rabies and now most notoriously,
COVID-19.

These diseases have all been projected with
compartmental

models closely related to the aforementioned SIR model
An example is the anthrax model. This disease is caused
by the

bacteria Bacillus anthracis and can infect both humans
and animals the model uses the dynamics of the SIR
model however, it accounts for both susceptible animals
and humans transmitting the disease.

Therefore, the rate of infection in humans or animals is
(Ih+Iv)B

with other constants and variables being mostly the same.
The model contains 7 compartments which are further
illustrated in image 2:

Susceptible vector (Sv)
Infected vector (Iv)
Vaccinated vector (W)
Recovered vector (Rv)
Susceptible human (Sh)
Infected human (Ih)
Recovered human (Rh)

Sources:

There are different factors that affect disease transmission models. One
of

these factors is demographics.

Respiratory diseases, according to past studies, generally show a
similar trend wherein younger populations generally show reduced
susceptibility to the disease due to the fact that children are

generally less exposed. Another contributing factor as to why

children are less susceptible is because of the production of
non-specific antibodies from other respiratory diseases. Although
different diseases show different trends with respect to younger age
groups, older age groups have similar findings. Older age groups
typically show increased susceptibility to diseases because of their
weakened immune system, among others. Aside from age, social status,
population distribution, and population growth all contribute to
disease transmission, with the latter currently used by Centers of
Disease Control in different countries for early detection of

outbreaks. The environment

is also a major factor in disease transmission modelling. Climate
conditions as well as the mobility of the population determine how

fast a virus moves within a population or an area. The evolution

of the disease also plays a part in disease modelling because any major
evolutions to a pathogen’s genetic code will set back any
developments made against the pathogen.

Disease transmission models help with the mitigation and surveillance of
different diseases all around the world, but it does have its

limitations.

Although disease evolution can be predicted, the nature

of the mutations is random, making it hard to create accurate models.
The pathogen is not the only that is constantly evolving. The world
population is also constantly changing. It is also heterogenous,

meaning that studies conducted on a particular population may not
have the same conclusions as that of another population. With this,
there also needs to be multiple sources of information for models to

be as accurate as possible.

Different disease models may also differ in findings, where status-based
models have different results as compared to history-based or
individual-based models.

Lastly, one of the biggest problems of those in the field of public health is
that real time scenarios are often different from scenarios predicted by
the models, meaning the process in creating these models should be
further developed.

Davies, N. G,, Klepac, P., Liu, Y., Prem, K., Jit, M., & Eggo, R. M. (2020). Age-dependent effects in the transmission and control of COVID-19 epidemics. Nature Medicine, 26, 1205-1211
Kucharski, A. J., Andreasen, V., & Gog, J. R. (2016). Capturing the dynamics of pathogens with many strains. Journal of Mathematical Biology, 1-24. doi:10.1007/s00285-015-0873-4

Parham, P. E., Waldock, J., Christophides, G. K., Hemming, D., Agusto, F., Evans, K.J.,

Transactions B, 370(1665), 1-17. doi:https://doi.org/10.1098/rstb.2013.0551
A. Huppert .8 G: Katriel (2013). Mathematical modelling and prediction in infectious disease epidemiology . Clinical Microbiology and Infection. Volume 19, Issue.11,999-1005:

Michael, E. (2015). Climate, environmental and socio-economic change: weighing up the balance in vector-borne disease transmission. Philosophical
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Figure 1 : Graphical Abstract (1)
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The Roles of Nanobiotechnology in Combatting Infectious Diseases

Authors: (alphabetically ordered )
Basel AlKanjo (Syria), Harri Martinnen (Finland), Huyen Linh Ha (Vietnam), Matic Smoli¢ (Slovenia)

Abstract :

Infectious diseases present public health challenges worldwide. The
current COVID-19 pandemic, caused by severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2), has been a global issue
nowadays. With the alarming COVID-19 outbreak, there is an urgent need
to develop efficient methods for the treatment, detection, and possibly
prevention of spreading of this virus. In this regard, researchers shed light
on the applications of a new field of science called nanobiotechnology that
could offer promising solutions for many challenges concerning infectious
diseases. This paper focuses on the reliability of nano-applications as new
approaches for confronting the global Covid-19 pandemic. Thus,
nanobiological intervention is discussed in terms of designing effective
nanoparticles to counter the conventional limitations of common antiviral
and biological procedures.
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Figure 1 : Graphical Abstract (1)

Detection of Infectious Viruses :

Nowadays, Global pandemic of COVID-19 is an immerse problem. This arouses many research groups to work on the
diagnosis of viral particles. It is now admitted that the RT-qPCR is the most accurate test for diagnosis the COVID-19,
however, the usage of this method is based on the detection of the genetic material of virus, which could be in some cases
undetectable due to its degradation or limitation. So, in order to avoid false either positive or negative results that can
occur by using such standard detection methods for COVID-19, the usage of hnology in viral diagnosis, based on
the detection of native viral particle, has shown to be a promising approach.

Firstly, gold nanoparticles can be used for COVID-19 detection since they possess specific optical and electrical features
making them suitable as detector probes against virus, and these Au NPs are furthermore known for a special
phenomenon called surface plasmon resonance (SPR). Due to the interaction between Au NPs with the guest particles the
effects of SPR are changed and can be therefore used as a signal for biosensor applications. For example, detection
method based on colorimetric assays can enable COV detection using Au associated with various entities such as double
stranded DNA that specifically binds to COV or by using Ag NPs attached to acpcPNA, which remain dispersed in the
presence of complementary COV derived DNA, giving rise to a detectable color change.

Secondly, as mentioned before, silver nanoparticles could be alternatively applied in detection techniques, since their
optical properties are quite similar to those of Au NPs. Ag NPs are now used in different metal nano-arrays, which
improve the plasmatic activity with the assistance of Raman labelling with active components.

Thirdly, attaching specific anti-viral antibodies to magnetic beads and then separating the target from a sample by
applying a magnetic field (magnetic bead-based immunoassay)
could be also used for detection of COVID-19. In the past,
MnFe204 magnetic beads have already been conjugated with anti-
influenza antibodies to detect viruses. The target complex was then
conducted visually based on fluorescence intensity. Likewise,
another method proposes immunoassay to detect the IgG antibodies
against HBV antigens and similar approaches could be potentially
used for detection of COVID-19. Additionally, fluorescent Zr QDs
and magnetic nanoparticles are in the process conjugated with ' ] o— = 1
antibodies that specifically bind to COV. As a result, in the ta: Ly . Y

presence of COV, a particular fluorescent complex is consequently b LR l:&f— Q @“
formed and furthermore isolated magnetically and discerned by
fluorescence measurements .

Fourthly, an alternative type of COV diagnosis can also rely on the
usage of nano-traps, which capture and concentrate corona viruses, leading to improvement of their stability and
furthermore facilitating their detection over a long period of time. Moreover, some references also report the possibility
of COV detection with use of biosensor made out of carbon electrodes that contain gold nanoparticles (Au NPs)
associated with viral spike proteins. Comparably, other approach proposes the use of field-effect transistors (FET) coated
with graphene sheets attached to antibodies that are able to recognize COVID-19 spike proteins thereby allowing the
detection of these proteins in different medias — phosphate-buffered saline, culture medium, clinical samples.

Lastly, nanotechnology could be used to further improve already existing widespread methods and could be therefore
easily implemented. The PCR technique is currently the most broadly-used method for COVID-19 detection. The
efficiency of PCR, which is based on the synthesis of cDNA from genomic RNA and is followed by amplification, could
be improved by using NPs. In general, reverse transcription PCR would be carried out in the presence nanoparticles,
improving the efficacy of the polymerase chain reaction. Consequently, this would result in a better sensitivity, and help
avoiding cross-contamination with other viruses.

All in all, it seems pertinent to say that using nano-materials can change for the better our existing COVID-19 -detection
methods by either allowing specific COVID-19 binding at nanoparticle’s surface or improving PCR efficacy, generally
leading to better sensitivity compared with other detection methods. Nevertheless, it is important to note that costs,
durability, and environmental effects of materials used should be considered before their general application.

Figure 2 : One Type of Detection Procedures (

Treatment of Infectious Diseases :

A nanomedicine strategy is a powerful equipment to evolve new medical
applications against infectious diseases and improving COVID-19
therapeutic management .

One of the most exceptional properties that NPs acquire is their high
surface to volume ratio due to their tiny size, which accommodates for their
special physical , chemical, and biological properties. Recently,
nanomediated combination therapy , which uses NPs as carriers for the
antiviral drugs , have shown immense promise in nanomedicine activities
against viral diseases. Nanocarrier based therapeutics offer several
opportunities to overcome the limitations and difficulties of current
antiviral therapy applications. Many fundamental challenges can be solved

Figure 3 : Antiviral Mechanism of Nanoparticles )

by nanocarrier based antiviral drugs delivery. NPs have been shown to be efficient for the delivery of therapeutic moieties
such as drugs, vaccines, siRNAs and certain peptides. They are widely used to deliver hydrophobic compounds which
alone exhibit poor solubility in the blood. Connecting the right therapeutic candidate to the right nanocarrier is crucial and
essential for the commercial success of nanomedicine applications against the SARS-CoV-2. Using NPs assisted therapy
that can act as a delivery system has many benefits. Firstly, it can readily cross biological membranes in which most drug
agents cannot cross alone, including cell membranes. This remarkable property gives NPs the capability of fighting
against intracellular pathogens.

Some NPs contributes in promoting body immune responses to detect viral antigens and fight against the viral infection.
Nanoparticles have shown their ability to target both adaptive (T cells, B cells) and innate immune systems
(macrophages, monocytes, neutrophils) at the cellular level. Modulating APCs using nanoparticles could be very
important, particularly for COVID-19 vaccine strategies.

The great effectiveness of NPs reveals up in homeotherapy; Targeted nanoparticles provide an improved rate of
endocytosis which better ensures delivery of a therapeutic nanoparticle dose into the target cell, as a result ,it can lower
the required dosage for the treatment of patients , being cost effective , and also reducing side effect risks by restricting
the entry and distribution of the drug reagents into only the target cells.

Nanomaterials have been regularly applied in as antiviral agents , including :NPs which can act as receptor antagonists ;
efforts are being made to find certain NPs which can serve as antagonists for the ACE2 receptor that coronaviruses utilize
to enter into host cells. Silver NPs and certain kinds of nanopolymers exhibit inhibitory effects for many essential steps in
the viral replication cycle, such as reverse transcription, negative and positive RNA strand synthesis, virion budding, etc..
It is further possible to target a specific cellular and intracellular sites involved in the pathophysiology of SARS-CoV-2
using nanomediated medicine applications.

Prevention of Infectious Diseases Spreading :

Scientists had been actively inventing protective equipments that can limit the spreading of infectious viruses .

Firstly, protective customs against infectious viruses include eye protections, face masks, lab coats, gloves, and boots that
are made from metallic nanoparticles and silver NPs. These products have the ability to remove virus-size particles
resulting in their antiviral and antimicrobial functions as they could minimize air
filter pressure and enhance the filtration process. These features allow today's
technology to produce reusable masks which preserve intact nanomembranes,
exhibit filtration efficiency, and are water resistance after washing many times.
In addition to that , these products also minimize financial pressure in production
since they use cellulose nanofiber made from waste plant materials such as sugar
cane bagasse and other agricultural products, they are also able to produce large
quantities just in little time.

Secondly, Nanomaterials-based coatings are currently used for several = = ==
applications and different products are now available. Various nanomaterials, Figure 4 : SARS-COV-2 Replication Cycle )
such as silver, bismuth, or titanium nanoparticles, have been developed for coating surfaces. They support the prevention
applications in terms of reducing the attachment of pathogens and disrupting the structure of pathogens.

Thirdly, sanitizers made from NPs, for example silver salts, are safe for sanitizing purposes and have the capability to
inactivate the viruses on surfaces and reduce the presence of SAR-CoV2. Other facilities, like air filter and wound

dressing, which are made from NPs ,are also able to reduce or remove viral particles.

Adjuvants which are made from NPs play an important role in stimulating immune responses in order to enhance the
vaccine's effects. For example, gold NPs stimulate IgG response using nanovaccines made from spike S of SARS-CoV2,
Nanocarriers -based delivery systems such as metal oxide NPs, liposomes, and dendrimers protect nanovaccines from
premature degradation, increasing stability of nanovaccines” structure.

Nanovaccine candidates include: Lipid NPs which encapsulate mRNA-based vaccine that encodes for a full-length

stabilized spike protein of SARS-CoV2 or a DNA plasmid encoding the spike protein.

Conclusion and Future Directions :

The nano-based technology system currently presents novel approaches to overcome conventional challenges and has
thus attained significant attention in confronting infection pandemics. However, there are still some limitations involved,
especially in biosafety and nanotoxicity. Despite many advantages, some nanomaterials exhibit poisonous effects on the
cells which might interfere with normal metabolism, cause the improvement of some bacteria’s fitness, and alter bacterial
metapopulation of the human body. In addition, some NPs are toxic at a particular level of its concentration, therefore,
suitable doses of these compounds must be in careful consideration.

Although there are still many challenges and barriers to achieve full potential and effectiveness of nanomedicine, the field
seems to be promising against Covid-19 pandemic. Consequently, future directions should explore the possibilities of
improving conventional applications by using advanced research in nanobiotechnology.
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Finding the permanent cure for HIV?

Dayoub Aows, Syrian Arab Republic
Kim Dale, Republic of Korea
Munasinghe Samidhi Manthilani, Sri Lanka

Prelog Ivo, Slovenia

The Two Lucky Humans Who Have Escaped From HIV

N\

London Patient:
Adam Castillejo

2nd) parvon Cured of NV thaoks
0 sl ool W amaplant

Understanding The Genetic Basis For HIV

Resistance

e CCR5-A32deletion is a naturally occurring mutation, resulting in HIV resistance

e Canbe homozygous or heterozygous

¥ Hgure 7.8 The geoetic basis for HIV resistance.
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A Cure for HIV? CRISPR may be the Answer!

We're thinking of creating a virus that can enter ONLY the cells
which express the CCR5 receptor; the virus will act as a vector for
the actual cure.

We consider doing that by implanting the CRISPR-Cas9 and its
guide RNA genes into that virus.

The virus can’t be copied in the cell so that it doesn’t destroy the
lymphocytes in the body; it can only be given to the patients by
blood injections under medical supervision.

If we could achieve that, we would have given the cells of the body
the ability to transcribe and translate the CRISPR-Cas9 and its
guide RNA genes and take action of destroying the viral genome

CRISPR-Cas9 Protein

Gene Edited Twins and Ethical Concerns

November 2018: First gene edited babies (twins) were born in China

CCRS5 gene was disabled (not in the same way as naturally) — effects cannot be predicted

Global backlash
DNA changes are passed down the generations

CRISPR is not perfect — can alter important genes

Literature and Sources
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GAN PHAGE THERAPY SOLVE ANTIBIOTIC RESISTANCE ?

WHATIS ANTIBIOTIC RESISTANCE ?

ANTIBIOTICS

are medicines that help stop infections caused
by bacteria. They do this by killing the
bacteria or by keeping them from copying

themselves or reproducing.

ability to defeat the drugs designed to kill

continue to grow.

PHAGE THERAPY --- A PARTICULAR SOLUTION TO ANTIBIOTIC RESISTANCE

Phages

Bacteriophages or phages are bacterial viruses that
inv=dea bacteri=! cells and in the case ~f lytic ph=anes,

IBO Challenge 2020 Part 2
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ANTIBIOTIC RESISTANCE EFFECTS OF GROWING RESISTANCE STATISTICS
happens when germs like bacteria develop the e Treatment become ineffective

e Higher medical costs
them. That means the germs are not killed and e Prolonged hospital stays
.

Increased mortality

RO >

Each year in the U.S., at least 2.8 million
people get an antibiotic-resistant infection,
and more than 35,000 people die.
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DISCOVERY OF BACTERIOPHAGES AND EARLY PHAGE
THERAPY

Bacteriophages were discovered independently by Frederick
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Phages

Bacteriophages or phages are bacterial viruses that
invade bacterial cells and, in the case of lytic phages,
disrupt bacterial metabolism and cause the bacterium
to lyse.

Main characteristics

NOT cells

Have no cell structure

Can’t grow, move and feed outside of host cell
Reproduce inside living cell

Made up of a core of DNA or RNA surrounded by
a protein coat (capsid).

Virulent bacteriophages - Lytic cycle

Virulent bacteriophages happen to be those that play in
our interest. This bacteriophage type uses the lytic
cycle for replication.

Lysis or lytic cycle is a cytoplasmic viral replication
process in which the bacteriophage injects its genetic
material into a host cell, which allows this genetic
material to replicate, producing many new phages.
Once the host cell is filled with new bacteriophages, the
host cell raptures from within, releasing the newly
formed phages.

e It is important that the bacteriophages that are
used for phage therapy are all virulent phages

MAJOR ADVANTAGES

e Reduction of bacterial resistance.

Pt

Entry of

Synthesis of
and proteins

DISCOVERY OF BACTERIOPHAGES AND EARLY PHAGE
THERAPY

Bacteriophages were discovered independently by Frederick
W. Twort in Great Britain (1915) and Félix d’Hérelle in
France (1917).

The first reported application of phages to treat infectious
diseases of humans came in 1921 from Richard Bruynoghe
and Joseph Maisin who used bacteriophages to treat
staphylococcal skin disease. The bacteriophages were
injected into and around surgically opened lesions, and the
authors reported regression of the infections within 24-48 h.

PROPHYLAXIS AND TREATMENT OF BACTERIAL

INFECTIONS IN HUMANS

e Completed phase 2. Significant reduction of P.aeruginosa
load from baseline in phage group of patients in UK

e Pyophage treatment was applied via nebulization,
P.aeruginosa reduced in cystic fibrosis patient in UK

e Bacteriophages cocktail as a prebiotic treatment for
gastrointestinal disorders was tested in USA
Completed phase 2. Pathogenic bacteria decreased in
patients with urological infections treated Pyo
bacteriophage (S. aureus, E.coli, Streptococcus spp.,
P.aeruginosa) in Georgia

e Completed phase 1. No safety concerns with WPP-201-(S.
aureus, E.coli, P.aeruginosa) treatment for venous leg
ulcers were found in USA.

Because phages and bacteria are both living organisms they both evolve at the same time. So when a bacterium has developed a resistance against a phage it will also develop a mutation

that will thwart the bacterium’s resistance.

e Auto “dosing”.

When phages kill bacteria they can increase in number specifically where hosts are located. So phages themselves contribute establishing the phage dose.

e Minimal disruption of flora.

On one hand, because of their host specificity phages only minimally impact health-protecting normal flora bacteria.Indeed they can infect from only few strains of a bacterial species to more
than one relatively closely related bacterial genus. On the other hand, many chemical antibiotics are prone to induce superinfections since they eradicate a huge amount of bacteria

(pathogene or not).

e Bactericidal agents.

Bacteria that have been successfully infected by obligately lytic phages are unable to regain their viability. However, certain antibiotics are bacteriostatic (such as tetracycline) That means
that bacteria may more readily permit bacterial evolution towards resistance.

PROBLEMS OF PHAGE THERAPY AND POSSIBLE SOLUTIONS

o Phages have a limited range: one type of phage can only target a few kinds of bacteria.

1. Use phage proteins: It's effective against more types of bacteria, but loses most of the advantages of phages. Consider evolving phages against the resistant strains, then collecting

proteins produced, to negate the effects of evolution of the bacteria against the protein.

2. Rapidly identify the type of bacteria causing the infection, then use the corr
aren’t widespread enough to be used in most clinical settings. Technological advancements may eventually lower the cost of the process, solving this problem.

phage

¢ Phages may induce allergic reactions in the body or be eliminated by antibody production of the body.
1. Purify phages, and consider selecting for phages with a lower probability of causing antibody production and allergic reactions: It has been shown by past research that it
can be done. Antibody production should not be a major issue, because the time for antibody production by the body is long enough for the therapy to take effect.

e Difficulties in finding active phages.

it: It enables effective targeting, but the techniques and equipment

1. Suitable phages can be found by screening through natural habitats: Sewage water, pond water, etc. yields various types of phages, and can be isolated and cultured in the lab.
2. Consider genetically modifying existing phages: It is prohibited by law to use genetically modified phages for human therapy, but an extensive understanding of the phage
genome should enable us to genetically modify phages to reach desired effects.

e Producing ph of a

quality for clinical use.

Phage preparations need rigorous purification before human usage, to prevent unwanted immune reactions. This means that production may be slowed by limited production sites that

guarantee quality.

o Phage therapy needs more research in order to prove its effect, and laws need change to enable extensive research and human trials of the phage therapy.

CONCLUSION

To conclude, phages seem to be one of the best known alternative to antibiotics even if there are some issues that need to be solved. The biggest problem phage therapy is facing is probably the
lack of knowledge, even if there were discovered before antibiotics. However all the advantages offered by phage therapy have led to pleading in favor of the establishment of a global phage

production for clinical use.

1. Sulakvelidze, A., Alavidze, Z., & Morris, J. G., Jr (2001). therapy. agents and 45(3), 649-659.
8/AAC.45.3.649-659.2001
2. Loc-Carrillo, C., & Abedon, S. T. (2011). Pros and cons of phage therapy. 1(2), 111-114. https://d 10.4161/bact.1.2.14590

3. Hyman P, Abedon ST (2010). Bacteriophage host range and bacterial resistance. Adv Appl Microbiol.; 70:217-48. doi: 10.1016/S0065-2164(10)70007-1.

4. Matsuzaki S, Rashel M. (2005). Bacteriophage therapy: a revitalized therapy against bacterial infectious diseases. J Infect Chemother, 11:211-219. DOI

10.1007/510156-005-0408-9

5. Maciejewska, B., Olszak, T., & Drulis-Kawa, Z. (2018). Applications of bacteriophages versus phage enzymes to combat and cure bacterial infections:
an ambitious and also a realistic applicati jed

102(6), 2563-2581. https://doi.0rg/10.1007/500253-018-8811-1

6. Barghouthi S. A. (2011). A universal method for the identification of bacteria based on general PCR primers. Indian journal of microbiology, 51(4),
430-444. https://doi.org/10.1007/s12088-011-0122-5

Authors: Chien-Yi Chen, Berard Isaure, Azhybaev Baktynur
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2 A O 1 Can the physiological response to microplastic exposure be used to determine their impact
on an ecosystem?

Facilitator

Diego Maldonado de la Torre (Mexico)

Competitors

Jessica Yu (Canada)

Jiti Janousek (Czech Republic)
Jonatan Hghne (Denmark)
Marie Toussaint (Belgium)

|

2A01: Jessica Yu (CA), Jifi Janousek (CZ), Jonathan Hohne (DK), Marie Toussaint (BE). Facilitator: Diego Maldonado (MX) ‘

Introduction
Plastics are one of the most prevalent sources of ocean pollution, making up to 80% of all marine debris throughout our oceans (“IUCN Issues Brief," 2018). However,
microplastics — plastic pieces less than 5mm — are becoming a special field of concern, as their impacts aren’t widely known yet. These contaminants are known to sink
into the seabed and accumulate, potentially harming the biodiversity of the benthic community. Since aggregation of organic material and bacteria “biofouling” may result
in the density of seafloor microplastics becoming several magnitudes higher, benthic fauna may be particularly vulnerable (Haegerbaeumer et al., 2019).

Microplastics are still an emerging field, and thus, little is known on how physiological responses of organisms translate to real-life shifts in their population diversity. Our
proposed study aims to find out whether behaviours of benthic organisms in the Monterey Bay towards microplastics in controlled environments correspond to shifts in
their biomass in natural habitats; furthermore, we proposed linear modelling statistical analysis to discover whether such relationships are significant.

We embedded sediment trays with various levels of microplastic contamination and observed their colonization by benthic organisms. From species observed in the
control trays, three representative species were chosen to assess the influence of microplastics on their population and total biomass in a controlled aquaculture
environment. This data was subsequently compared to the impact of microplastics on abundance and biomass these organisms experienced in the sediment trays.

Monterey Bay, our chosen area of study, is situated on the Californian coast. A large part of this marine area is federally protected and called the Monterey Bay National
Maritime Sanctuary. Within this sanctuary, there are extensive kelp forests and one of North America’s largest underwater canyons (Monterey Bay National Marine
Sanctuary, 2019). The substrate found in the bay is mostly soft, similar to most of the Californian coasts, but there are also patches of hard, rocky substrate ("Mixed Soft
Habitat," 2008). The microplastic abundance in the Monterey Bay water column varies from 3 to 17 particles per m3, with depths ranging between 5 to 1000 meters

(Choy et al., 2019). Fig. 1 An indication of the biodiversity of Monterey Bay, GBIF.org (04 November
2020) GBIF Occurrence Download https://doi.org/10.15468/dl.nb6jbu

Hypothesis
We hypothesized that the reaction of an organism exposed to a particular type and concentration of microplastic would remain similar regardless of the setting. Thus, under similar environmental conditions, species most
severely impacted by microplastics in a laboratory would experience a stronger decline in biomass and abundance in their natural habitat. We define “impact” as both species’ physiological responses, and how much they
decrease in biomass during our laboratory trials.

Our hypothesis is based on the assumption that total organism diversity and biomass would decrease under the conditions of microplastic pollution. In their studies, Martins et al. (2018), Troost et al. (2018), Bosker et al.
(2019), Redondo-Hasselerharm et al. (2020), and many others showed a clear decline in general organism population, and thus total biomass, in the presence of microplastics.

Methodology

\Within an ar~~ of seaflr~ Incated i~ “anterev P~V (Fig. 2* 4 locatir~~ in a 4x4 ~+id were rh~<en for mi~raplastic ~~'"ition as=~~sment. <~™oles of -~ sedimer*~ were tal~~
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2 A o 2 Research on Mapping the Biodiversity of Microorganisms Living on Garbage Patches

Facilitator

Alexandra Nora Piti
(Hungary)

Competitors

Dante Bosgoed
(Netherlands)

Hoshgeldi Hallayev
(Turkmenistan)

Qian Yao (China)
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Topic 1 Infectious Diseases

Topic 2 Biodiversity and Oceans

Topic 3 Genome Editing

Topic 4 Evolution
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2 A O 4 Zooxanthellae Translocation

Facilitator

Edwin Alejandro Chavez Esquivel (Mexico)

Competitors

Anara Hussaini (Afghanistan)
Ani Harutyunyan (Armenia)
Ondrej Pelanek (Czech Republic)
Tobias Spliid Hansen (Denmark)

Anara Hussaini, Ani Harutyunyan,
Tobias Spliid Hansen, Ondrej Pelanek
Facilitator: Edwin Alejandro Chavez Esquivel

INTERNATIONAL
BIOLOGY I
QLYNMPIAD @.V.

Coral Reefs in a Changing Climate

Coral reefs have the highest biodiversity of all types of
ecosystems in the world. They harbour more than a quarter of
marine fish species even though they only cover 0.1% of the
ocean benthos.

Coastal communities around the world depend on them for
fishing and for sheltering from erosion and harsh waves. A
2015 WWEF study estimated that losses related to climate
change influence on coral reefs will be up to 500 billion US$
per year. The biggest threat to corals worldwide is global
warming. (IUCN, n.d.)

Corals and Zooxanthellae Our Experiment

Corals have developed a symbiotic relationship with the algae We propose testing the feasibility of translocating zooxanthellae from
i i o e e reef corals in warm sea< to reef corals in colder <eas. To do this we
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Corals and Zooxanthellae

Corals have developed a symbiotic relationship with the algae
zooxanthellae which synthesize carbohydrates and provide energy for
the corals which in turn shelter them and provide them with nutrients.

When corals are exposed to high temperatures, they expel the
zooxanthellae and “bleach”. Most corals will not recover from bleaching

and full recovery of the reef can take a decade by which time new

extremes may have killed off some reefs completely (JCU, 2019). Some
species of zooxanthellae allow corals to tolerate temperatures as high as
34-36°C. One such species is Symbiodinium thermophilum (Hume et al.,

2015).

Our proposed solution

It is already known that corals with different clades of zooxanthellae
have different heat tolerance. There is also evidence that over time
corals will swap to heat tolerant symbionts by themselves (Baker et al.,
2004), however the current rate of climate change means that most
coral reefs will not achieve this before it is too late.

We propose translocating heat tolerant zooxanthellae from reef corals in
warm seas to reef corals in colder ones to promote the spread of these
zooxanthellae and thereby heat tolerance in these corals.

oy g - 3 \ -
A7 ._\‘ -,L g “ ‘0‘
31‘ Irs ’: Re? S e s
High temperatures cause corals to expel their symbiotic partners and bleach. In
nature, few corals are able to recover from this while the rest die. In the
controlled laboratory conditions we can ensure that corals get the chance to

repopulate with better fitted symbionts.
Picture source: Australian Institute of Marine Science. Scott reef 2016.

Prospects of the Investigation

Our experiment is designed to be proof of concept for our proposed
solution to climate change effect on reef corals.

s AL T, TR i, . . <. R

Our Experiment

We propose testing the feasibility of translocating zooxanthellae from
reef corals in warm seas to reef corals in colder seas. To do this we
have designed an experiment testing the effectiveness of translocating
the highly heat tolerant Symbiodinium thermophilum to a variety of
corals of other seas.

¢ Collecting zooxanthellae

o Collect water from benthos near corals known to be associated
with Symbiodinium thermophilum in the Arabian Gulf.

o Divide the collected water into many groups (just a few
zooxanthellae in each) which are supplied with nutrients and light
at a 30°C to promote growth of heat tolerant zooxanthellae and
inhibit that of non-heat tolerant zooxanthellae.

o Sample the groups after some days and sequence them by qPCR
to determine which have a mix of zooxanthellae and which contain
only the desired species.

o Mix the groups containing only the desired zooxanthellae to ensure
genetic diversity in the new population. This will be the stock
population.

o Transferring the zooxanthellae to reef building corals

o Collect corals of different species from different sites around the
world and acclimatize them in lab with their in situ temperature.

o For every species of corals 3 groups will be made. One group will
be the positive, unbleached control. Another group will be the
negative, bleached control. And the final group will be bleached
and exposed to Symbiodinium thermophilum.

o All samples are treated with antibiotics.

o Aquarium temperature is slowly raised by 5°C over 14 days and
then maintained at that temperature to achieve bleached corals.
Except for the non-bleached control which is maintained at the in
situ temperature.

o Non-control corals are exposed to the stock population of
zooxanthellae for 4 weeks at the corals’ in situ temperature with
good water circulation. Then follows five days where they are not
exposed to any zooxanthellae.

o Sequencing by gPCR is performed to detect the presence of any
unwanted zooxanthellae.

Measuring performance of the corals

o We divide each of the three groups into two which will be exposed
to two different temperatures. One temperature is the current
average yearly in situ temperature of the corals. And the other is
the highest average yearly temperature that scientific models
predict the corals in situ within this century.

o Measure the acquired heat resistance by measuring the growth
(circumference of the base and the height of the coral) every 5

sueadQ pue Aysiaaipolg g o1do] seseasig snonosyu| | o1do]
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For our proposed solution to be feasible our experiment must at the very days for a month.

least show that the corals are successfully repopulated with the
zooxanthellae. Ideally the repopulated corals will have a highly increased
heat tolerance as well as having high growth at lower temperatures to be
able to compete with naturally occurring corals and zooxanthellae and
spread in the natural habitats.

If the experiment is successful, further research into the effectiveness of
translocation of different zooxanthellae species in different corals, even
non reef corals, would be highly relevant to preserve as many coral
communities as possible.

Predictions for our Experiment

We expect to find that some coral species are able to be repopulated with
the zooxanthellae species and others which are not.

We expect that the newly introduced zooxanthellae will cause highly
increased growth at the higher temperature but reduced growth at the
lower temperature compared to the controls.

References: Baker, A. C., Starger, C. J., McClanahan, T. R., Glynn, P. W. (2004), ‘Corals’ adaptive response to climate change’, Nature, 430(741) [online], Accessible online:
https://doi.org/10.1038/430741a; Hume, B. C. C., D’Angelo, C., Smith, E. G., Stevens, J. R., Burt, J., Wiedenmann, J. (2015), ‘Symbiodinium thermophilum sp. nov. a
thermotolerant symbiotic alga prevalent in corals of the worlds hottest sea, the Persuan/Arablan Gulf’ Scientific Reports, 5, article number 8562.; IUCN, last checked 29/10/2020,
S: . . resources/issues-briefs/coral-reefs-and-climate-change; James Cook University, last checked 29/10/2020, published 20/4/2019
https://www.jcu.edu.au/news/releases/2019/february/how-long-does-it-take-coral-reefs-to-recover-from-bleaching
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2 B O 1 THE SMALL SAVIORS OF OUR EARTH?

Facilitator

Anastasiya Valakhanovich (Belarus)

Competitors
Kittitach Rattanawannachai (Thailand)
Mander Van Roy (Belgium)

Sauni Ruwanima Malavige (Sri Lanka)
Vitor Logi bérisson (Iceland)
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2 B O 3 The Great Amazon Reef System

Facilitator
Mithun Diumantha Samaranayake (Sri Lanka)

Competitors
Cheng Yat Tan (Singapore)

Rafsan Rahman Raayan (Bangladesh)

The Great Amazon Reef System oo
50

Group 2B03: Tan Cheng Yat (Singapore), Rafsan Rahman Raayan (Bangladesh) ’f‘, 43
Facilitator: Mithun Diumantha Samaranayake (Sri Lanka) ool

Background

The Location and Competing Uses

The Great Amazon Reef System (a.k.a. GARS,
Amazonian Reef, Amazon Reef) is one of the largest
known reef system. It has a length greater than 1000 =
km, an area larger than 9300 km?, and is suspected to
be larger.

GARS was first suspected to exist in 1970s, due to the
presence of fish native to coral reefs found. This
suspicion, however, was not widely acknowledged due
to it being at the mouth of the Amazon River.

Figure 1: 2016’s map of GARS, major structures
highlighted in orange

GARS was first confirmed to exist in 2012, with the first paper being published in 2016. It is
located in the Atlantic Ocean, off the coast of French Guiana and northern Brazil, though it is
suspected to be larger than documented. At the moment, it faces various environmental
threats.

Paradox and Potential Explanations

Reefs systems are typically not found at the mouth of rivers due to various factors such as high
acidity, low salinity, high turbidity and turbulency. The Amazon River is the river, accounting for
a fifth of the riverine discharge into the world’s oceans. As such, it is highly unusual for GARS
to be present at the mouth of the Amazon River. Paradoxical, even.

Firstly, the low salinity and high acidity of riverine discharge interferes with marine biogenic
calcification, which is the secretion of calcium carbonate structures by mollusks, rhodoliths
and corals.

2 HCO;™ (aq) + Ca?*(aq) - CaCO0s (s) + CO, (g) + H,0 (1)

It is suggested that the depth of the reef (30 — 120 m) allows it to be below the layer of
freshwater discharge, where the salinity is higher, and the acidity is lower.

" — - —

The coast of Brazil is an economically important zone. Here, much fishing occurs - A potential
catch of 200 - 275 thousand tons a year is estimated for this region

At the same, blocks are being explored by the oil companies for oil. In the past decade, Brazil has
sold over 80 blocks, 20 of which have begun drilling and production of oil.

Lastly, GARS is located at the mouth of the Amazon River, which already plays a major role in
influencing the environmental conditions of the reef. Any activities upstream (e.g. logging,
landslides, pollution, fertilizer runoff) may result in consequences downstream.

Threats Faced

I ) S U U N N S N i

IBO Challenge 2020 Part 2 | IGP Deliverables

that *=i<s a iyely r dis firs ishe: er i s b

-




and corals.
2 HCO;™ (aq) + Ca?*(aq) - CaC0s (s) + CO, (g) + H,0 (1)

It is suggested that the depth of the reef (30 — 120 m) allows it to be below the layer of
freshwater discharge, where the salinity is higher, and the acidity is lower.

W — - ——

Depth alone, however, is unable to explain how GARS
manages to exist despite turbid waters. Riverine
discharge carries high amounts of sediments, which
while can sustain detrivores, have the detrimental
effect of causing sedimentation of the seabed, and low
light  penetration.  Zooxanthellae and  other
photosynthetic  microorganisms  experience low
photosynthetic rate, causing low oxygenation of waters.

Currently, there is no consensus as to an explanation, but a popular one is seasonal plumage -
depending on location, there are periods in the year where there is sufficient light penetration
for photosynthesis. This is supported by correlation of southern parts of the reef experiencing
greater biodiversity. In fact, perhaps our answer lies in the composition of the reef.

Reef Composition ‘

One interesting observation is that the reef is predominantly
rhodoliths rather than corals. Rhodoliths are marine red algae that
resemble coral. They secretes calcium carbonate structures but not
attached to substrate. This is a potential explanation as to how the
reef exists, due to rhodoliths being hardier. In fact, GARS has even
been suggested to be a new class of biome.

Example of a rhodolith

The sponges of GARS appear to be adapted to the environment they are in. It is common to find
sponges with narrow atrium and high pumping, adaptions to contend with strong currents and
high suspended sediments. At the same time, other growth forms adapted for light capture,
steady current and sediment resistance have been observed, such as the large, erect and cup-
like massive structures of Geodia spp. as pictured below.

The main food source of these sponges (and other organisms such as corals) are theorized to be
very small picoplankton and mesozooplankton in riverine discharge.

The biodiversity of GARS has been called lacking, but a 2016 paper has documented 61 species
of sponge, 73 species of fish and much more. This number has only risen across the years. Rare,
unique or even new animals include:

Lutianus alexandrei: a newly
discovered snapper species

Lepidoctopus joaquini: a newly
discovered octopus species

Pythonichthys sanquineus:
the rare Caribbean mud eel

___aCMts 5 WIMMe. € Sen o O aTT Con___aTE Stn €5 Dy _aUSKS; Ol []
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landslides, pollution, fertilizer runoff) may result in consequences downstream.

Threats Faced

Given that this is a relatively recent discovery (first published paper in 2016), there has been
few steps taken to reduce the severity of threats to the reefs, due to a lack of understanding.
However, there are three readily apparent threats:

1. Oil Drilling

Qil drilling is notorious for having severe
ecological impacts, especially in spillage or
accidental releases. Oil is opaque, it reduces
light penetration into the reef below from
already poor to poorer.

Greenpeace, amongst other activist groups,
have been petitioning for the Brazilian
government to hand out oil blocks more
judiciously.

2. Overfishing

Fishing can directly or indirectly affect the biodiversity,
by disrupting the ecological balances and food webs.
This is especially true for unsustainable fishing
methods, that can be hard to enforce against. An
example would be trawling, a method of fishing where
nets are dragged across seabeds. Trawling can
indiscriminately kill organisms, dislodge corals or
disrupt the reef

The Brazilian government have been implementing
various instruments to control over-fishing. Examples
include seasonal fishing bans to marine reserves.

3. Climate Change

Climate change is a particularly big issue to reefs systems, not
just limited to GARS. It is a systemic issue with multiple issues
that pose threats to reefs.

Firstly, increased carbon dioxide levels in end lead to ocean
acidification, which reduces/diminishes marine biogenic
calcification. This is especially an issue in GARS given the already
acidic riverine discharge and the fact that the calcium carbonate
structures formed by rhodoliths are not affixed to the seabed,
relying on gravity and weight instead.

Secondly, rising sea temperatures lead to metabolic stress on
the organisms. Photosynthetic rate is already poor due to river
plume, much less with increased temperatures. Furthermore,
ejection of zooxanthelle from corals may occur, leading to coral
bleaching.

So what'’s being done? Globally, there is an increased awareness
of how our various practices contribute to climate change and
steps are being taken to reduce our impact.

A comparative example of
coral bleaching

and
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2 B O 5 Biological Thinking :
To discuss ocean biodiversity in a 'serious' way

Biological

Facilitator

Maria Janine Juachon (Philippines)
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Competitors
Arthitaya Sima-Aree (Thailand)
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Chi-Sheng Huang (Chinese Taipei)
Nizamuddin Mohibi (Afghanistan)
Xanta van Ruiten (Netherlands)
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3 A o CRISPR CGBE1-based editing on CD34+ stem cells to grow Bombay blood group compatible
red blood cells
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The resulting RBCs will express the h antigen on their
surface like the Bombay or hh blood group.

Validation of CRISPR editing
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surface like the Bombay or hh blood group.

Validation of CRISPR editing

leukoreduction filters [10], and as a result, the clusters
will be captured by the filter and h cells will remain.
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editing was most observed on base 6 of the protospacer [5],
thus, the gRNA sequence was shifted to accommaodate the
position of intended mutation.

gRNA sequence: 5'-GCCTACCTGGCTGGCGG-3'

Delivery of base editor and gRNA

Gene modification through CRISPR/Cas9 has been previously
shown to be successful in CD34+ hematopoietic stem cells [7]. To
generate a sustainable and generative supply of H-antigen-free
reticulocytes, cells derived from the CD34+ cell line will be
subjected to electroporation-assisted transfection of either the
synthesized cantrol ar base editor plasmid and the gRNA plasmid.

Bulipg swouso ¢ a1do]

Enrichment by FACS and verification of
on- and off-target mutations by whole
genome sequencing

Dayid

Fig 3. Growing and filtration of RBCs
The growing process camprises three stages: start of culture, expansion,
and differentiation. This is then followed by the filtration of RBCs.
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Introduction

Genome editing is a process where the objective is to modify the DNA of a living organism by inserting
or deleting specific regions. This field is relatively new and has a lot of potential. For example, it can be
used to treat monogenetic disorders by inserting a functional gene in place of the non-functional one
[11.The subject of this poster is mitochondrial DNA (mtDNA) genome editing. The mtDNA is a small
circular DNA, which shows bacteria-like traits and can be found in all of our mitochondria. It is inherited
from the mother because the tail of the sperm, where the father's mitochondria can be found, does
not enter the oocyte [2].Severe diseases can derive from mtDNA mutations, leading to
neurodegenerative disorders or cancer [3]. Mitochondrial disorders are affecting 1 in 5000 adults in
the world [3]; thus, it is really important to study this topic deeply to enhance the life of these people.
Unfortunately, the accomplishments in mtDNA editing are pretty scarce. The CRISPR-Cas9 method that
is widely used in genome editing does not exist in mtDNA editing yet, but there are some promising
works [4], for example, transfecting the organism with a plasmid that encodes for proteins that will be
expressed and translocated to the mitochondria through the regular cell transport system [5]. Our
work proposes a different way of making mitochondrial genome editing possible that has not been
attempted before. In this poster we are focusing on the use of MITO-porter as a delivery mechanism
for CRISPR-Cas9. MITO-porter is a liposome, which is a spherical vesicle that consists of one
phospholipid bilayer. With this liposome, scientists were able to carry molecules into mitochondria via
cell membrane fusion [6].The rest of this proposal is organized as follows: experimental, where the
treatment and control conditions are described; methodology, where the details of the techniques
used in the experimental section are explained; and finally, conclusion, where the proposed
experiment is put in perspective with the field at large.

T B T S
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Experimental

Yamada et. al. have already demonstrated the efficacy of a MITO-porter in transporting GFP into the
mitochondrion [6]. The purpose of this experiment is to determine the best way to apply this
system to deliver CRISPR-Cas9 [7] for mtDNA editing.
Materials:
e Hela cells
e MITO-porter: A liposome designed to transport cargo into the mitochondrion. (Composition and
preparation is described in methods) See figure 2 for more information.
Green Fluorescent Protein (GFP)
MitoFluor Red 589
Control cargo: GFP
Cargo 1: DNA “edit” Plasmids
o These plasmids contain both the DNA that encodes the Cas9 Protein (using the
mitochondrial codon system), DNA template for the guide RNA, and DNA repair template for
BFP
Cargo 2: RNA encoding the Cas9 Protein and guide RNA, and a separate DNA repair template for
BFP
Cargo 3: The Cas9 Protein, guide RNA, and DNA repair template for BFP
o See figure 3 for more about cargo
Experiment: Our experiment will have 1 control and 3 experimental groups. First, the control group
will consist solely of GFP. That is, GFP will be packaged into the MITO-porter by itself. Confocal laser
scanning microscopy can then be used to determine if GFP was effectively delivered into the
mitochondria (the mitochondria will be counterstained with MitoFluor Red 589). Next, for each
~rimer* " ~roup. il pac’ acare” Coged v SRR irt te MITT ter, G770 vl be




works 4], for example, transrecting the organism with a plasmid that encodes for proteins that will be
expressed and translocated to the mitochondria through the regular cell transport system [5]. Our
work proposes a different way of making mitochondrial genome editing possible that has not been
attempted before. In this poster we are focusing on the use of MITO-porter as a delivery mechanism
for CRISPR-Cas9. MITO-porter is a liposome, which is a spherical vesicle that consists of one
phospholipid bilayer. With this liposome, scientists were able to carry molecules into mitochondria via
cell membrane fusion [6].The rest of this proposal is organized as follows: experimental, where the
treatment and control conditions are described; methodology, where the details of the techniques
used in the experimental section are explained; and finally, conclusion, where the proposed
experiment is put in perspective with the field at large.

Figure 1: Normal morphology of a mitochondria observed

with transmission electron microscopy [10] reaches mitochondria [6]

o These plasmids contain botn the DA that encodes the Cas9 Protein (using the
mitochondrial codon system), DNA template for the guide RNA, and DNA repair template for
BFP
e Cargo 2: RNA encoding the Cas9 Protein and guide RNA, and a separate DNA repair template for
BFP
e Cargo 3: The Cas9 Protein, guide RNA, and DNA repair template for BFP
o See figure 3 for more about cargo
Experiment: Our experiment will have 1 control and 3 experimental groups. First, the control group
will consist solely of GFP. That is, GFP will be packaged into the MITO-porter by itself. Confocal laser
scanning microscopy can then be used to determine if GFP was effectively delivered into the
mitochondria (the mitochondria will be counterstained with MitoFluor Red 589). Next, for each
experimental group, we will package a cargo, tagged with GFP, into the MITO-porter. GFP will be
used to determine whether the cargo has been delivered into the mitochondrion properly (a yellow
signal from MitoFluor Red + GFP should be observed). Afterwards, the cells will be incubated for a
few generations, and we will look for the presence of BFP with a fluorescent microscope. A
successful experiment will show yellow under a fluorescent microscope in the first generation of
cells, and blue after a few generations if the CRISPR-Cas9 system correctly incorporated the donor
DNA. If green is present, but blue is not, this indicates that the cargo was unsuccessful in
incorporating a functional BFP gene in the mitochondrial genome. If neither green nor blue is
present, the MITO-porter failed to deliver the cargo into the mitochondria. In any case, the
mitochondrial DNA will be purified, PCR will be run to amplify the region of interest, and the DNA will
be sequenced to look for the presence of the BFP gene (or forms of it).

Figure 2: Brief description of how MITO porter

Methods

MITO-porters (liposomes) are prepared with a lipid mixture (DOPE:PA:STR-R8 in a ratio of 9:2:1) by a
hydration method [6]. This consists of hydrating a lipid film by evaporating an organic solvent in which
lipids were dissolved. We obtain pieces of bilayer which we transform into liposomes by extrusion. The
cargo is encapsulated in an agueous phase. (see figure 4) To verify proper encapsulation, we separate
the liposomes from the free GFP-labeled cargo by centrifugation and calculate the encapsulation
efficiency by measuring the fluorescence intensity emitted by the liposomes vs. the free solution
[6].The cell culture is incubated with MITO-porters which are uptaken via macropinocytosis. Then, the
MITO-porters escape the macropinosome into the cytoplasm, fuse with the outer membrane of the
mitochondria due to the fusogenic activity induced by PA, and finally the cargo diffuses from the
intermembrane space to the mitochondrial matrix.Distribution of GFP and BFP will be measured
through fluorescent microscopy. We will use these fluorescent tags to detect localization of our cargo
in the cells.PCR and DNA sequencing will be used to analyze the resulting modifications on mtDNA.

Figure 4: Liposome preparation using hydration method [11]

Work cited:
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Figure 3: The three different cargo types
not including the BFP DNA template [7]

Conclusion

This work proposes a way to test a delivery system that could be used to insert CRISPR RNPs
to mitochondria to edit mtDNA. This tool is an advancement in genome editing because it will
allow us to edit mtDNA using CRISPR, which was previously nearly impossible due to the
inability to deliver it to the mitochondria. This work has implications in research [8] and clinical
settings [9] because it provides an alternative method to prevent or treat mitochondrial
disorders, and could be used to bring the CRISPR-Cas gene editing system to mtDNA where
such methods to make such precise changes are still in their early stages. Although CRISPR-
Cas9 has been used widely in research, there remains ethical and safety-related concerns
regarding its application, especially on human subjects. Therefore, this novel tool should be
under the same level of scrutiny as existing genome editing methods. Additionally, it is relevant
to check the specificity and accuracy of this delivery system and its potential unintended |
effects on nuclear DNA. Future work should involve analyzing the aforementioned aspects,
using the new technique on animal models to study the effectiveness of mtDNA editing and
trying other delivery systems to introduce genome editing tools in the mitochondria.

9. Zekonyte U, Bacman SR, Moraes CT. DNA-editing enzymes as potential treatments for heteroplasmic mtDNA diseases. | Intern Med. 2020 Jun;287(6)685-697. doi: 10.1111/j0im.13055. Epub
2020 Apr 27. PMID: 32176378; PMCID: PMC7260085.

10. CNRUScience Photo Library/Getty Images

11. Figure reproduced from Avant Polar Lipids

Abbreviations:
« MIDNA mitochondrial DNA

« CRISPR: Clustered Regularly Interspaced Short Palindromic Repeats Repetitive
o Cas: CRISPR associated protein

 GFP: green fluorescent protein

o BFP: blue fluorescent protein

 DOPE: 1,2-dioleoylsn-glycero-3-phosphatidylethanolamine

« PA:phosphatidic acid

o STRRE: stearyl octaarginine
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INTRODUCTION

Crocus sativus (Figure 1) is a

plant from the Iridacae family N
widely known for its use in the %
production of saffron as a spice. ‘,*
We chose to work with this *
species mostly because of the
pharmacological effects it has ‘
got, especially in curing o
neurological and many other Figure 1
diseases (Ashktorab et al.,

2019).

Genetic engineering of this species can be
done with the help of CRISPR (clustered
regularly interspaced short palindromic
repeats) (Adli, 2018). This a family of DNA
sequences found in the genomes of
bacteria. To create a genome editing tool,
the endogenous CRISPR pathway utilizes 2
principal components (Figure 2): the Cas9
nuclease and a guide RNA (gRNA). The
guide RNA targets the double stranded DNA
to be cut. The Cas9 nuclease and gRNA
form a Cas9 ribonucleoprotein, which can
bind and cut a specific DNA target in the
genome.

{.w"' - w“ A.Q‘;_
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Figure 2

HYPOTHESIS/AIMS

Our hypothesis is that the production of
saffron could be upscaled with genetic
engineering and chemical substances.

The aims of this project are to:

1. Increase the productivity of saffron by
inducing polyploidy.

2. Make the flowering time of saffron less
dependent of the ambient temperature
and photoperiod.




Stevan Bogdanov
3A05 international Biology Olympiad 2020

bativus to a super plant - with the magic of genetical engineering

DISCUSSION

Saffron crocus blooms only once a year and unlike most spring-blooming plants, saffron crocus does not blossom until autumn.
For example, in China, the daughter corms begin to grow at the end of January and mature at the end of May and subsequently,
enter a dormant period until mid-August. During the period, the corms are dug out from the soil when the leaves turn yellow and
wilted and moved into the door to store. Experiencing the high temperature treatment in summer (ranged from 23 to 27 °C), the
buds are broken up from dormancy in the middle of August and the floral primordia begin to initiate. When the average room
temperature falls to 15-17 °C in mid-autumn, most apical buds are in blossom.

The potential candidate gene, the enhancing of which would reduce the
dependance of this plant to the external conditions is the LFY gene.
This is a transcription factor that promotes early floral meristem identity
in synergy with APETALA1 which is required subsequently for the
transition of an inflorescence meristem into a floral meristem, by an
immediate upstream regulation of the ABC classes of floral homeotic
genes, activating directly APETALA1.

Yermalizotion  VINVEN

‘:@2’_’_@}—7— i

The LFY gene can be enhanced by the technique of using CRISR "";\"

= B BN 1]
(explained in the introduction), which is expected to promote flowering G5 S 1 - Q . et 3
directly, without causing interfering in other genetic pathways of the Gltbereliin * i ‘\\
plant. As seen on Figure 3, modifying other genes is potentially more /-' Sy 3
risky, furthermore proving that the most reliable “candidate gene” is in A 4 (S )'\' R L
fact the above mentioned LFY. _— Iye

With the above mentioned methods, Crocus sativus can become a plant
with little to no effect of the outside factors to its flowering. However,
there is another problem which needs to be overcome as well. The
amount of the active substance produced by this plant is too little, and it —« yuwmmws ss wommmmms == Conm smtor st momsms
is possible to uprise it as well. Doing it with genetic engineering can
affect the plant in many pathways, so the safer way to do it is
introducing polyploidy with chemical substances, such as colchicine.

o lehdsie sad

Figure 3

Crocus sativus is a sterile triploid (2n = 3x = 24) cultivated species, of unknown origin from other diploid and polyploid species in
the genus Crocus (Iridaceae). By adding colchicine to this plant, we can potentially double its ploidity, resulting in producing more of
its product. This has been done to other species successfully. The mechanism is the following: the colchicine prevents the
microtubule formation during cell division, thus the chromosomes do not pull apart like they normally do. The end result is a cell that
now has double the number of chromosomes that it would normally have.

Polyploid plants are generated in an effort to create new plants that have new characteristics. Even though there are some
downsides (sometimes the polyploidy plants are sickly and not viable), in general the polyploid plants are expected to have larger
leaves and flowers.

In ordinary saffron crocuses, each flower produces only 3 stigmas, and tt takes
an enormous amount of flowers (between 15,000 - 16,000 flowers) to produce

1 kilogram of saffron. However. using this chemical or others similar to it should
increase the organs of Crocus sativus - including their stigmas, where saffron is
produced and harvested from, thus cutting down the number of flowers needed
for producing a kilogram of the product by half.

Figure 4

CONCLUSION

Combining genetic engineering with other
methods - like using chemical substances is
a way to:

1. Get more of the product of Crocus sativus
and get it more frequently in places where
it already grows (which could be implied in
my region in the Republic of North
Macedonia and the Hellenic Republic)

2. Make Crocus sativus grow and flower in

places where it was never able to
because of the local temperatures (one of
the example being the territories of the
northern hemisphere relatively close to
the Pole).

The production of this plant is highly
important as it is widely used in the field of
medicine. To be more concrete, the extracts
of its, mostly safranal and crocin, have
been and still are used to treat a wide range
of conditions, among which are:
neurological, inflammatory and
cardiovascular diseases.

Figure 5
-
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1. Introduction

Aging is the process of gradual decay of organisms. Due to accumulation of unrepaired
damage, the mortality rate increases sharply with years. Hypothetically, most organisms have

1] before age, so natural selection doesn't affect organisms past this.
Consequently we see many ways in which the biological system breaks down. In this booklet we
will examine a possible method of extending life past its natural limits: the extension of
telomeres

Telomeres shorten after DNA replications. They consist of TTAGGG-repeats and associated
proteins. When these are used up, the DNA starts losing important information, causing
senescence', the biggest contributor to aging. This prevents excessive cell division and is thus
an extra check against tumors.

Telomerase consists of an RNA template and a reverse transcriptase called TERTZ. It is used
to extend the telomeres? and is involved in gamete production and required for development of
several cancers?. The ion of the TERT-pl i p of

TERT in somatic cells is repressed by the binding sites for several repressors, some but not all
of which are known2. To upregulate it these binding sites can be methylated or the repressors
disabled. Other pathways of extending telomeres exist as well. These so called ALT-pathways
exist in several telomerase-negative cancers but little is known about them?.

Effects of the increase in telomere length may be a higher chance of cancer as well as an
increased cellular lifespan. A typical cancerous cell requires active telomerase to divide
frequently?. Thus the risk of cancer might be partially mitigated by a one-time extension. Still the
risk of cancer would increase with telomerase activity and this would become a bigger problem
with time. Cell types with a higher rate of division might benefit the most from telomere
extension. In fact, some cells of the immune system employ telomerase to enable the many
divisions needed in fighting pathogens®.

CRISPR is rapidly becoming the standard for gene editing. It was first discovered in bacteria
where the CRISPR-Cas system functions a an immune system against viruses®. The Cas-
protein can be provided with a single guide RNA which allows it to recognise a specific
sequence and make a double stranded cut with very high accuracy®. This allows it to knock
down a gene with very high effectiveness. A DNA template can also be provided which can then
be incorporated at the location of the cut®. The Cas protein has been used experimentally for
several years and has also been edited. Variants exist today that can edit the epigenome
through selective methylation of DNA®. As the technology improves the possibilities will no
doubt increase as well.




Cell cultures have become the prevalent technology providing basic information on cells
prolif i i iation or product ion under strictly it Cells,
isolated from human tissues, can be in vitro and on. Often these cells
are limited in the amount of divisions, making repeating results more difficult. A solution often
used is cell lines of cancerous cells. Different conditions allow cultivating different types of
human cells in cultures consisting of single type of cells, or even in highly organised
agglomerates resembling real tissues or organs®.

Organoids - three-dimensional complex tissue cultures, are self-organising miniaturized
versions of a organ’. They are able to realize physiological processes similar to that in the
human body?. Organoids also provide us with more information on how cells are interacting
within a tissue or organ and how changes in cellular processes can affect the whole organism.
Organoids are derived from the pool of stem cells that can give rise to the different cell lines of
the organ®. Researchers can also influence the development by applying specific active
molecules, such as proteins involved in determining the cell fate or just by cultivating precursor
cells in different artificially created environments®. Organoids thus provide a much needed
intermediate between cell cultures and living organisms.

2. Methods

To evaluate the effects of telomere extension on human physiological processes such as aging
or possible cancerogenesis, manipulations are carried out on organoids. The reasons for this
decision are the moderate turnover rate', relative ease of cultivation and the involvement in
physiological aging processes. A kidney organoid is created consisting of genetically modified
cells with Normal age-related changes in the kidney include a decrease
in the relative abundance of mesangial cells, which results in the impairing of glomerular
filtration rate'". This is something that can be measured as a quantity of age in the organoid by
staining for specific markers like CD44'2. The presence of abnormal growth can be detected by
simple microscopic comparison.

In order to cultivate such a organoid the Takasato multi-step protocol is used'3, since it allows to
achieve the highest heterogeneity of cells within the organ. The human iPS cell line CRL1502
will be genetically modified and then cultivated into a mature organoid*3.

The telomere length can be determined using terminal restriction fragment analysis. This
technique uses a restriction enzyme that cuts often but not inside the repeated sequence of
telomeres. This digested DNA is put into gel electrophoresis and a complementary nucleic acid
probe is added for detection™.

To lengthen telomeres, the repressors of the TERT gene should be downregulated. A CRISPR-
sp-dCas9-KRAB complex'® can be used to silence the genes coding for these repressors in a
highly specific manner™. In this experiment rAAV, the standard vector for gene therapy, will be
used to carry the complex'”:'8. Specifically, pAnc80L65 plasmid and AAV2 would be used to
target mesangial cells due to its high specificity and efficiency®. As rAAV can only accommodate
around 4.8 kb of DNA, the long sequence coding for the protein domains is to be splitted into 2
vectors?. This will be inserted in the cell using hybrid AAV dual vector strategy?': the two
separated AAVs open at their inverted terminal repeat (ITR) and either undergo homologous
recombination, or undergo concatemerization and subsequent transplicing where /TRs are
removed?2. The original sequence would be restored after both approaches. This doubles the
opportunity of transgene regeneration. The mentioned plasmid and other helper plasmids will be
inserted into HEK293 cells, generating AAV2 carrying the crucial sequence.

Figure 1. General scheme for experimental setup

Dual AAVs have a relatively low immunogenicity, so it

would also be useful in gene therapy. With the aid of an

SgRNA, the CRISPR-sp-dCas9-KRAB complex binds to

the transcription start site of the TERT repressors and

prevents them from being expressed, as the complex
can halt RNA polymerase progression by steric
hindrance®. As a result TERT is activated and telomeres

will be extended. This effect will be temporary as the

complex will eventually be broken down.

Figure 2. Crucial sequences inserted in the rAAV variants

Figure 3. Plasmid used for
carrying coding sequences?*

3. Hypothesis

HO: Increased expression of TERT doesn't affect the lifespan of cells. This could be explained
by the complex protein network involved in this process which would downregulate telomerase
via different pathways.

H1: Increased expression of TERT results in ing of in ial cells, which
leads to a greater number of cell divisions and a longer lifespan for the organoid.

We will perform a statistical test comparing edited cells to the control group using p < 0.05 to
rule out coincidence. All data will be published.

Expected negative effects are i chances of 1 and uncontrolled

cell division causing disturbance of normal kidney structure or its physiological functions.

4. Future Developments

iving organisms: The next logical step if the results indicate increased cellular age would be
to apply this treatment to a living model organism, such as Mus musculus.This would provide us
with a better model of how telomere lengthening actually affects aging.

Negative feedback: The action of this experiment is genomically scarless and reversible. A
negative feedback system using similar techniques might be developed that targets repressors
and prevents the excessive extension of telomeres. This could help in cancer treatments.

Cyclical expression: A possible way to avoid excessive lengthening and transformation as a
result of our treatment is adding a molecular switch, that would restrain it to express only in at
certain times in the circadian rhythm or even more rarely by using annual molecular signals.

Clinical approach: Age-dependent impairment of glomerular filtration rate may be caused by

numbers of ial cells. Ir their renewal rate would help in therapy of
nephropathy. What's more, this technique can be extended to other cell types. This would be a
powerful treatment for multiple diseases and could lead to a cure for aging itself.
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- Yeast biosensor

A v S ‘
R e R )
A mechanism which is already tested(t) utilizes GPCR R P" b
from S. cerevisiae - STE2. With genetic engineering, - ‘ .
these receptors can be replaced with homologous —- i
mating receptors of various pathogenic fungi. When a Lo} e

particular fungus is in a sample, it produces
pheromones which would activate the pathway of
STE2. For the visible on-site detection, lycopene
biosynthesis is used. Specific pheromones from specific
fungal pathogens can be detected with nanomolar
specificity by STE2, which then activates a pathway
leading to the activation of Crtl gene expression - Crtl
is an enzyme necessary to catalyze the last step in
lycopene formation. Lycopene can be detected by the
naked eye. Thus, we have a biosensor.

Campteer
vmiv?a

A potential improvement of this already tested
biosensor could be to connect the enormous diversity
of binding sites in T-cell receptors with the
convenience of yeast biosensor. By inserting the
variable domain of TCR to STE2 this could be
accomplished. Such sensor model could detect an
almost infinitely enormous variety of pathogens.

“the role of this picture is only to present our idea. We realize that TCRs cannot just be attached to STE as the picture shows
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Yeast general cloning methods can be used to transfer our
STE2 homolog genes and lycopene biosynthesis genes into
the yeast genome

The insertion of functional modified versions of STE2 into
the yeast genome needs to be accomplished by inserting
them with TDH3 promoter (which gives the gene g high
expression rate) and STE2 terminator. Crtl gene needs to be
engineered to have FUS1 (a promoter that is regulated by
the STE2 pathway) promoter as the other enzymes \(crtE and
crtB) - constitutive promoters like TEF1 and PGK1.

The addition of TCR variable domain on STE2 might be
accomplished by integrating it specifically within th
substrate-binding region of the GPCR. CRISPR-guided\DNA
insertion could be helpful to perform such specific
integration. However, many problems must be overcome
like how will such modification affect the conformation of
STE2, how should the TCR variable domain DNA should \be
modified to fit in the STE2 gene? Those problems could\be
resolved by integrating the TCR DNA in various parts of the
substrate-binding region of the STE2 gene and with
different methods and to study the resulting engineer:
protein. If the protein doesn’t fold correctly, it wj

the cell membrane its activity might

could be analyzed by in vitro exposjng the system to the
antigen of the TCR and observing Whether the yeast cell
accumulates lycopene.

Application

Here is a list of pathogens that could be detected using our
biosensor model and possible target proteins:

>

SARS-CoV-2 - a coronavirus that causes severe acute respiratory
syndrome, a potentially fatal respiratory disease, mainly affecting the
lungs. It contains spike proteins, namely the Spike protein S1 and the
Spike protein S2.

Pneumocystis jirovecii - a yeast-like fungus, and the causative organism
of Pneumocystis pneumonia. It expresses a surface protein, namely
‘Major Surface Glycoprotein’

Clostridium Botulinum - a human pathogenic bacteria, and the main
causative agent of Botulism, a fatal disease in humans affecting the
nervous system. It expresses a protein on its cell wall, which is secreted
by it often. The name of thetprotein is Botulinum neurotoxin type A.
Dengue virus type-1 - one of the common 3 types of identified dengue
viruses. It causes dengue fever in humans. It expresses many surface
proteins, notable among which are the Envelope protein E and the
secreted protein prM

Borrelia burgdorferi - a human pathogenic bacteria that causes Lyme
disease and is spread by ticks. It contains an outer surface protein,
named Outer surface protein A (ospA).

Haantan orthohantavirus - the causal organism of Korean hemorrhagic
fever in humans and is spread by infected mice and rodents. It contains
some surface glycoproteins, namely the Glycoprotein N and Glycoprotein

C.

Epstein-Barr virus - the causative agent of mononucleosis or ‘glandular
fever’. It expresses some surface proteins, one of which is Envelope
glycoprotein GP350.
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Dunaliella salina is a green micro-alga found in high salinity waters. Under unfavorable

SQDG sQD2 DAG  erra TAG environmental conditions, it accumulates large amounts of lipids. These organic molecules
(CrDGTT4) are important for cell function, including energy storage, cell membrane structure and
fluidity, and serve as signaling molecules (Hannun & Obeid, 2008, Moreau et al., 1998 as
activate SQD2 Promoter cited in Huerlimann & Heimann, 2013). Applications that are based on lipids mainly depend

on neutral lipids, in the form of triacylglycerides (TAGs)(Hu et al., 2008, Harwood & Jones,
1989, as cited in Huerlimann & Heimann, 2013). These TAG molecules are the major

Reverse Transoription feedstock for biodiesel production. The purpose of this paper is to provide a brief overview
normal of our experiment proposal on how we can enhance the TAG content in Dunaliella salina
transcription enhanced followed by a description of a method for mass cultivation.
P starvation
Combine PCR Plasmid To increase the production of TAG in Dunaliella, the response of the unicellular green

Buffer
microalga Chlamydomonas reinhardtiito nutrient stress conditions can be taken

<18 " merol -
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Reverse Transcription
normal
transcription enhanced
P starvation
Combine PCR Plasmid

Buffer

* 15M glycerol

+ 30mM Tris-Cl (pH 7.5)

+ 6mM CaCl2

Dunaliella

salina e 4

Electroporation at 1000 V/cm

keep inice for 5 min keep in ice for 5 min

keep in a liquid culture

medium for 24h medium containing antibiotics selection

lipid extraction

control group

t- test

treatment group

INCUBATION UNDER P STARVATION

D. salinais capable of producing large amounts of
carotenoids to protect against light. For this feature
in 1966 the USSR began to actively cultivate it. The
most active production of carotenoids occurs
under conditions of high salinity. Due to the
abundance of B-carotene, which is vitamin A
precursor, D. salinais a popular pro-vitamin A food
supplement and cosmetic additive.

The cells do not have a rigid cell
wall, which makes the organism
susceptible to osmotic pressure.
To maintain osmotic balance, it
produces a lot of glycerol.

PR ~u <1 PR “tiny,

feedstock for biodiesel production. The purpose of this paper is to provide a brief overview
of our experiment proposal on how we can enhance the TAG content in Dunaliella salina
followed by a description of a method for mass cultivation.

-y - 1 vres are niay

To increase the production of TAG in Dunaliella, the response of the unicellular green
microalga Chlamydomonas reinhardtiito nutrient stress conditions can be taken
advantage of.

In C. reinhardtii (and all green algae), TAG is synthesized from diacylglycerol (DAG),
catalyzed by diacylglycerol acyltransferase (DGAT). DAG is also used to create
sulphoquinovosyl diacylglycerol (SQDG), photosynthetic membrane lipid.
Sulphoquinovosyldiacylglycerol 2 (SQD2) catalyzes this reaction. During phosphate
starvation, SQD2 promoters in C. reinhardtii are up-regulated and, what's important,
enhance the overexpression of DGTT4 (a type of DGAT in C. reinhardtii), leading to the
increased TAG accumulation (Goncalves et al., 2016; lwai et al., 2014).

In order to apply this mechanism to Dunaliella, we first amplify the SQD2 promoter and
DGTT4 cDNA using PCR. After that, we insert them into plasmids containing a drug
resistance marker. We keep the D. salina cells, plasmids and the buffer (15M glycerol,
30mM Tris-Cl pH 7.5, 6mM CaCl2) on ice for 5 min. Then we proceed with electroporation
(recommended 1000V/cm at a capacitance of 220 uF). After that, the cells are kept on ice
for 5 min and are afterwards added in a liquid culture medium for 24h. Next, the cells are
plated on a medium containing antibiotics for selection. After we selected the cells that
took up the plasmid, we put them under the same conditions as the Dunaliella control
group (we may have to shock the control group at 1000V/cm too, because electroporation
seems to trigger some TAG formation due to stress). We keep both the control group and
the treatment group under the same (P-starved) conditions and see whether the TAG
concentration increased because of the inserted plasmid.

D. salina would be cultured in modified Johnson's medium as described in Lv et al., 2016 at
the salinity of 6% NaCl. The phosphorus deprivation condition would be achieved by
replacing KH2P04 with KCI.

For the mass cultivation and harvest of Dunaliella salina it is suggested to use the vertical
flat plate photobioreactor (Khadim et al., 2018). The cultivation would be performed under
semicontinuous mode with inoculum concentration of 0D680 = 0.1, light illumination of
100pmol/m2s, and aeration of 1L/min. The composition of the culture medium would
follow the one used in the experiments. The cells would be harvested by flocculation using
NaOH or FeCI3 (Pirwitz et al., 2015). It is also suggested to perform extraction with SDEP
(Simultaneous Distillation and Extraction Process) method (Dejoye Tanzi et al., 2013).

Metabolic engineering through genetic manipulation represents a promising strategy for the
overproduction of algal oils (TAGs or other lipids). Further understanding of TAG production
is essential for achieving higher oil yield and is necessary for the biofuel industry. Through
this experiment, we wanted to test whether the Dunaliella cells accumulate more TAGs
under P starved conditions when introduced to the SQD2 promoter and DGTT4 cDNA.

Criical
rg/10.3389/fmicb. 2015.00912.
a, A, & As (018). M
10.1007/10811-017-1050:,
arvesting D
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Treating melanoma with the |

3B01: Akramzoda Nazira Jamshed, Seita Kawamoto, Majd Nasra, Ema M

INTRODUCTION

Melanoma is not the most common type of skin cancer (Figure
1), but it is the deadliest one. Early diagnosis happens rarely
because melanoma is often thought of as a benign mole. With
rising trends of tanning salons and excessive sunbathing, along
with insufficient sunscreen use, melanoma becomes more and
more dangerous.

The DNA damage of melanoma cells is usually associated with
UV light rays, which are able to change DNA in an undesirable
way due to its high frequency, although those mutations can be .
inherited or happen spontaneously (Mufioz-Couselo et al., 2015). Figure 1
Point mutations happen when single nucleotide changes in DNA.
If not corrected by repair mechanism, mutation persists and
sometimes even passes to the next generation.

Somatic point mutation V60OE of the BRAF gene occurs in more
than 80% of melanoma patients (Meijija et al., 2020). This gene
plays an important role in a cell’s cycle, division and growth. When
adenine is substituted with thymine at nucleotide 1799, amino acid
valine (V) is being substituted for by glutamate (E) at codon 600,
hence the name is V600E. As shown in Figure 2, it is located on
chromosome 7, at position q34. Eventually such a mutation leads
to a loss of BRAF inhibition and causes malignant cell growth.

s

Scientists had invented a technique called genome editing, by
which targeted changes in organism’s genome can be made. The
CRISPR/Cas9 method is by far the most popular. It is also
affordable, precise and easy to use.

CRISPR (clustered regularly interspaced short palindromic
repeats) is a site near which the complementary sequence of
interest is inserted (guide RNA or spacers; Figure 3). Cas9 is an
endonuclease which searches for complementary sequence of
gRNA and cuts from PAM (protospacer adjacent motif), which is )
located near gRNA complementary site (Adli, 2018). Together they Figure 2
can correct errors in human genome, such as V600E. In order to

treat melanoma, the knock-out of mutated gene should be

performed.
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Figure 3

Liposomes are spherical vesicles

HYPOTHESIS & AIMS

We considered that gene therapy using C
effective approaches to melanoma. Gene
effect, is at high risk and therefore it is dif
deal with this problem, we thought that w
therapy in which the effect is as local as |
ointment is one of the best ways. Ointme
topical medications, and if CRISPR / Cas
may be possible to expect sufficient medi
likelihood of side effects.

By establishing this treatment method, we
treatment method for melanoma patients
role of the target gene in melanoma deve
selected the intracellular delivery method
gene. We also discussed the advantages
and possible side effects.

The Ras/Raf/MAPK pathway is an impo
differentiation (Anand et al., 2020). From
protein gives positive stimuli for two sign:
apoptosis and other to cell proliferation. ”
cell proliferation. Our aim is to knockdow
stop proliferation with the use of CRISPFk

00 Lo
e 8 GROWIN factor
Heass
h-.-s—:L Y 4 Ras
Oonam =5 focny - i
. GoP
.
)
i R
N e
L) -
elmte——" v
—=
Ty
> NI
JUun
— pOORSK{
Nuckeus FOs
Tob N
Figure !

enclosed with phospholipid bilayer,

thanks to which they are soluble in both
water and lipids. They are derived from

biological membranes, hence the

success rate of cell entrance is very high.
When used in the CRISPR delivery, they

should be either positively or neutral

charged in order to be attracted to the

inside of a cell which is negatively

charged relatively to intercellular liquid.

CRISPR/Cas9 implementation

Near the BRAF sequence there is a guanint
PAM site (Figure 6) which can be recognize
endonuclease. Our goal is to knockdown tt
sequence instead of changing the wild type

Figure 7 shows that the number of “out of te
responses for Cas9 is lower than for the Cp
et al., 2020). That means that Cas9 can che
WT sequence too, but the same research h:
that Cas9 can tolerate various type of mism




liposomal CRISPR/Cas9 ointment
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Why liposomes?
Liposomes (Figure 8) make great transporters
because they can transport both hydrophilic
and hydrophobic substances. Also, they are tiposome tor Drug Detivery

very unlikely to cause immune reaction.

Which way should liposomes be
designed?

CRISPR/Cas9 is hydrophilic and can easily be
transported by a liposome. Our idea is to put a
modified liposome with CRISPR/Cas9 into an
ointment. Also, glycoproteins on the surface
should be used as receptors. Hence,
liposomes should have specific topical ligands
which would bind to cancer cell receptors. An
example of overexpressed receptor on
melanoma cells is melanocortin receptor-1
(Rosenkranz, 2020).

Figure 8

What type of ointment would deliver most efficiently?

An ointment should have consistency that would make application easy. Also, it must
be made of non-toxic materials. Due to amphiphilic properties of liposomes, it does
not matter whether material is hydrophilic or not.

We could use a hectorite gel which has already been used to deliver CRISPR/Cas9
(Niu et al., 2020). Hectorite is soft, greasy, alergene-free white clay mineral occurring
in volcanic ash and tuff. If needed, hectorite would be mixed with oils to achieve ideal
viscosity.

What are advantages and disadvantages of liposome CRISPR/Cas9 ointment?
In comparison to other delivery methods, the ointment seems to be the most
convenient solution. It provides local delivery of gene modifying tools into the
cancer cells which minimizes off-target effects. Furthermore, a patient can apply it
at home, which comes in handy during pandemic times.

Properties of liposomes make them look like a promising CRISPR delivery agent.
The ointment will not harm the healthy skin, unless patients are allergic to specific
ingredients, hence they should be tested before. The synthesis of liposomes is low
cost compared to the price of alternative delivery methods such as gold
nanoparticles.

On the other hand, liposomes can be absorbed through the skin and can
pass through blood vessels. Also, there are very few studies about this
way of CRISPR delivery, hence its safety and success rate is
questionable. Additionally, many studies on both animals and humans
should be done, which might arise ethical dilemmas.

Multiple studies have confirmed the relationship between melanoma
development and the V60OE mutation. However, it is not present in 100%
of melanoma cases, hence a patient should be tested for the mutation
prior to the therapy. Furthermore, cancer is generally caused by many
genes. Therefore, even if this mutation is corrected, there are a lot of other
genes which may cause melanoma growth.

CONCLUSIONS

With a described method, it could be possible to stop melanoma from
spreading which is of great because skin cancer is notorious for its
metastatic potential. However, it has both good and bad sides. We agreed
that advantages of our idea outweigh disadvantages. Finally, we came to a
conclusion that this method should be tested on animals first since there are
no records of the CRISPR/Cas9 melanoma ointment study found in
scientific papers.

Pros
e Application is simple and can be done at home
e There should not be any immunological reactions which would
inactivate the drug or cause any harm to the patient’s body
e Liposomes should lead to a high delivery rate and minimize off-target
effects
e Liposomes are cheap compared to other delivery options

Cons
e Patients should be tested for the BRAF mutation first (cost approx.
400 USD) before the therapy (Dalal et al., 2018)
e Unexpected off-target responses can still happen
Application of the ointment might be messy
e Alack of medical supervision may lead to dangerous consequences.

Adli M. (2018). The CRISPR tool kit for genome editing and beyond. Nature communications, 9(1), 1911.
https://doi.org/10.1038/541467-018-04252-2.

Anand A Dalal, Economic analysis of BRAF gene mutation testing in real world practice using claims data:
costs of single gene versus panel tests in patients with lung cancer, PubMed.gov, 2020, accessed from
https://pubmed.ncbi.nlm.nih.qov/29516752/.

Gang Niu et al., An effective vaginal gel to deliver CRISPR/Cas9 system encapsulated in poly (B-amino
ester) nanoparticles for vaginal gene therapy, THE LANCET, EBioMedicine, 30/10/2020, accessed from

https://www.thelancet. ticle/P11S2352-3964(20)30272-3/fulltext.

Meijija Yang et al., Targeted Disruption of V600E-Mutant BRAF Gene by CRISPR-Cpf1, ScienceDirect,
2020, accessed from hitps: ticle/pii/S2162253117

Mufioz-Couselo, E., Garcia, J. S., Pérez-Garcia, J. M., Cebrian, V. O., & Castan, J. C. (2015). Recent
advances in the treatment of melanoma with BRAF and MEK inhibitors. Annals of translational medicine,
3(15), 207. https://doi.ora/10.3978/].issn.2305-5839.2015.05.13.

and in 1 Receptor, PubMed Central, 26/10/2020, accessed

from https: ncbi.nlm.nih. MC4064721/.
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Abstract

Chromosomal segregation errors during meiosis and mitosis in gametes and early embryonic can generate (numerical
abnormalities) that cause miscarriage, congenital disorders and Trisomy an extra for example, Down syndrome, Patau
syndrome and Edwards syndrome, is the most common type aneuploidy in neonates. Recent experimental studies have shown that trisomies can be restored to the normal
diploid state using genome editing. One potential chromosome therapy for aneuploidies is inserting the XIST (X-inactive specific transcript) gene to the additional
chromosome. XIST gene is normally located on the X chromosome and is responsible for dosage compensation in female mammals, however, when integrated into an
autosome, XIST gene transcriptionally represses most genes across that chromosome. Although XIST expression has not been found toxic and proved effective in cell
proliferation and also viability in earlier studies, there are still some limitations which make this method not suitable to apply in clinical practice. Our goal is proposing a
XIST-based in vivo gene therapy system for treating trisomies, using Down syndrome as a model. Transfection will probably take place shortly after birth or even in utero if
possible.

Introduction

Negative effects of trisomies are likely due to large-scale disturbance of genomic networks and the imbalance of expression of many genes, rather than overexpression of
certain ones, as has been shown for Down syndrome. Little is known about genes crucial for DS pathogenesis, especially for complex manifestations ke intellectual
disabilities, and even less is known about other rarer and more severe disorders. This makes treatment impossible given current technologies. A far better alternative is to
directly turn off the whole chromosome or knock down transcription from all three copies, instead of smaller-scale standard gene therapy approaches. The latter seems
better, since there is uneven dosage compensation demonstrated for DS cells, in which expression of Chr21-linked genes increases, on average, 1.2-1.4 fold instead of the
expected 1.5 2 Several methods of doing this are being developed, mostly pertinent to Trisomy 21

One of them is Cre-dependent recombination, where two sister chromatids get split into a dicentric and an acentric products which get eliminated during cell division, after
the insertion of inverted loxP sites into one of the three chromosomes®. However, because products of recombination are eliminated during division, we believe that this
treatment is unlikely to affect non-dividing cells. Furthermore, it has been reported that Cre-dependent recombination in mammalian cells inhibits growth and increases the
tisk of abnormal formation and loss*, limiting its application to only generating disomic cells in vitro.

Another method is to insert a negative selection marker into one of chromosomes. For example, when treated with ganciclovir, cells with a thymidine kinase gene are most
likely to survive by losing a chromosome on which the gene is located®. In some studies it was also reported that trisomic cells may spontaneously become euploid when
reprogrammed into iPSCs®. In many cases they can outnumber aneuploid cells because of growth advantage’. Such methods are proposed to be useful for generating
diploid cells in vitro for allogenic transplantation, for instance, bone marrow stem cells for patients with Down syndrome, who have disturbed hematopoietic stem cell
proliferation and a 10- to 20-fold increased risk of leukemia.

One of three chromosomes can also be eliminated using CRISPR/Cas9 system by either making multiple DSBs in this chromosome or excising its centromere region®:”.
This method, however, requires a vector large enough to accommodate Cas9 and a set of sgRNAS or their cDNAs. We also believe that Cas9 may also accidentally
introduce off-target DSBs and promote mutagenesis, as not all cut chromosomes or their parts get lost.

A relatively new way of correcting trisomy is knocking-in XIST transgene into one of three chromosomes?. XIST (X-inactive specific transcript) initiates X chromosome
inactivation in female eutherians by producing long non-coding RNA that coats the whole length of chromosome from which it is transcribed, interacting with chromatin
regulatory complexes, silencing X-linked gene expression and turning it into a Barr body. Using this pre-existing inactivation system will result in dosage compensation of
most genes, return their expression to normal levels, and normalize neural®® and precursor cell ation in vitro. Extra tums into a
condensed “Barr body”, without affecting X chromosome silencing.

However, not ll genes are silenced, which indicates specificty of XIST to certain DNA sequences. There is currently a lack of evidence on whether autosome inactivation
can occur in all differentiated cells after XIST insertion, although it has been demonstrated to be possible for mature fibroblasts and neurons? *°. Moreover, itis yet to be
proven whether such inactivation is stable and lasting. Due to the large size of XIST cDNA (14 kb for the short splicing isoform and 19 kb for the full one), such a method
requires an appropriate delivery vector. Another limitation is possibilty of insertions into two chromosomes at once, resulting in monosomy and cell death

Among the approaches considered above and which are theoretically applicable in vivo, XIST has possibly the most surmountable limitations and allows achieving needed
effect on gene expression with least possible impact on the genome. Thus, in our project we will focus on XIST-based silencing of the additional chromosome. In this paper
we will suggest possible ways of overcoming restrictions described previously. We will also propose a design of the procedure, of
trisomy disorders and available technologies. Building on that, we will predict possible effects of the therapy in reverting trisomic phenotypes.
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Figure 1. Main approaches of trisomy rescue. A. Eliminating extra chromosome using Cre recombinase after inserting a gene cassette with inverted LoxP sites. B. Selection for chromosome
loss using neomycin and ganciciovir, C. Knocking-in XIST transgene to silence D. Eiminating y g it using
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n vivo treatment for trisomy-related disorders
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Methods

In this section we will discuss possible ways to preprocess XIST, deliver it to cells in vivo, insert it into a chromosome effectively, make sure there are no multiple insertions
and perform gene therapy.

E-repeat and escaping silen

XIST structure and interactions have been extensively studied during last years. It was recently discovered that the E-repeat in its last exon is insufficient for overall
chromosome silencing but is necessary for maintaining proper level of expression of genes that escape repression’. It is possible that removing it will make silencing more
effective without negative side effects.

Discussion

Possible applications and benefits

While new methods and technologies are constantly being proposed, developed and used for curing genetic disorders caused by single-gene mutations or defects, a class
of trisomy-related diseases still does not respond to any treatment, despite affecting about 0.3% of live births and accounting for 35% of spontaineous abortions®. A logical
step of solving this problem s bringing gene therapy to higher, chromosomal scale, which we believe will be done in the recent future.

In this project we have proposed a system of Baculovirus-based delivery and ZFN-based integration of XIST into the genome of the fetus in the beginning of the second
trimester of gestation via injection into the umbilical vein. We believe it can be capable of reducing or even eliminating most disorders caused by non-mosaic presence of a
full third autosome. More specifically, in the case of Down Syndrome, based on existing observations we can predict that normalizing expression of (a) CAF1A, CBS and
GART may improve DNA synthesis and repair and thus general growth; (b) DYRK1A will improve neural cells differentiation and mental development; (c) ETS2 will improve
(remove increased risk of leukemia); (d) CRYAT wil reduce risk of cataracts; and (e) IFNAR and SOD1 will improve immune system functioning?. However,

Figure 2. Human mature 19-kb XIST RNA consisting of 6 exons; conserved repeats A-F: involved in protein recruitment and chromosome covering.

Transgene delivery

As mentioned earlier, XIST has several splicing isoforms including 19 kb-long and 14 kb - short INcRNA. The latter is proved to be capable of silencing, as it was
successfully used for the inactivation of Chr212 However, its size with homology shoulders and nuclease still makes delivery with traditional gene therapy vectors such as.
adenovirus, AAV or lentivirus impossible.

We believe Herpes simplex virus (HSV) can be used for this purpose. HSV allows delivery of 30 to 100 kb of dsDNA into the nucleus. However, during its Iytic cycle, HSV
expresses 3 classes of genes: immediate early (IE), early and late. Producing any of IE genes is enough for a vector to be cytotoxic. This obstacle can be overcome by
either using the latent state of the virus to express transgenes or depriving the vector backbone of all IE genes. Since the latent state of HSV is not well studied and is
known to ocour only in neurons, we believe the latter is more feasible.

One approach to cancel viral gene transcription would be by introducing conditional mutations, thus making viral transcription impossible in a transfected organism. Another
approach is to transfer those genes into a complementing cellline. The end point of such transfer is an amplicon vector—a plasmid containing transgenes, viral origin of
replication and packaging signals, amplified in a cell line containing viral genome that is made unable to be packaged in a capsid. This allows an exceedingly large capacity
of approximately 100 kb'™. Such an approach is also convenient for engineering surface glycoproteins and proteins of a vector: WT HSV infects epithelium cells and
neurons by first binding to heparin sulfate on the cell surface and then to HVEM (a member of TNF receptor family), nectin 1, nectin 2 or 3-O-sulfated heparin sulphate, so
its tropism has to be broadened.

Another large dsDNA virus used in gene therapy is Baculovirus. It infects Hymenoptera and is initially unable to replicate in mammalian cells. Baculovirus enters the cell via
endocytosis, phagocytosis or macropinocytosis, binding with lipid rafts™. Though not as well documented, the list of cell types known to be susceptible to infection is
growing. Although transduction of cells of hematopoietic origin is inefficient, it can be boosted by pseudotyping and integrating cell-penetrating peptides into its surface.

The main limitation of using such vector is cellular antiviral

response caused by lots of unmethylated CpGs in a large

viral DNA molecule, which also often appears in cytosol
XIET and rucieane (unlike HSV genome which is protected by a capsid).
CONSTULT With viral Moreover, there were reports that the virus may alter
wm a~a transcription in the host cell. Those problems can be solved
rophcaten ‘.7‘.“ in a fashion similar to one described earlier: by creating a
complementing cell line with viral genes that cannot be
encapsulated. For example, infecting a cell with baculovirus
and then excising its replication and packaging signals—this
will make recombination with a transgene-carrying plasmid
impossible as well. A big insertion may also make it unable
1o fit in the capsid. After that, transfecting the cell line with a
desired construct will provide us with a safe transfection
vector.

For these reasons, we believe amplicon-like technology is
the most flexible, universal and safe approach for geting a
vector for delivery of XIST construct. The downside,
however, is low viral particle yield. Because baculovirus
doesn't infect humans, it is more preferable (see
Figure 3. Approximate scheme of vector generation system Transduction procedure).

Integration into the genome

Previous studies have shown that XIST transgene insertion into the DYRK1A locus in two and three alleles occurred effectively, while the transgene insertion into only one
allele was rare'. Furthermore, silencing one of three chromosomes can potentially reveal recessive or imprinting disorders, particularly when both remaining homologous
chromosomes are inherited from the same parent (in case of uniparental disomy)™®. These problems could be solved by chromosome sequencing, finding unique sites for
XIST integration and designing target specific Zinc Finger Nucleases (ZFNs).

Amethod we deem suitable for choosing proper site for XIST insertion could be targeted haplotyping. It relies on cell-free fetal DNA (GfDNA) that originates from placental
trophoblasts and can be detected in maternal blood. Although the size of cDNA is only 150-300 bp, the entire fetal genome is stil represented and cfDNA can be used for
fetal genome sequencing, reducing the risk of fetal loss and maternal morbidity associated with invasive prenatal testing'®. This non-invasive diagnosis technique requires
blood samples from both parents in order to targeted locus amplifying of selected sequence. Targeted sequencing of cffDNA from maternal plasma, comparing the maternal
plasma DNA sequencing data with the parental genomic DNA data and using a series of bioinformatics filters enable predicting fetal gene inheritance'”: . In this way, the
most appropriate chromosome for XIST knock-in could be picked and multiple insertion or uniparental disomy could be avoided.

Zinc Finger Nucleases (ZFNs) can be designed to target desired sequences up 36 bp and it is highly specific because a sequence of this size will usually display
substantial divergence from even the most alike genomic site'®. Moreover, ZFNs have the ability to carry large genes such as XIST? and can be used for gene insertion in
vivo®, thus, it is suitable for gene therapy. Although of-target cleavages of ZFNs sometimes occur, precision of these nucleases can be improved by alterations of ZFNs
architecture™.

Transduction procedure

Since trisomy harms the individual most during prenatal development, the biggest effect would be achieved by in utero transduction. Not only will it imit development of
defects at an early stage, but it will also greatly increase efficacy of transfection?'. Trisomies usually can be detected during 9-10 weeks of gestation using cffDNA analysis
and 10-14 weeks using chorionic villus sampling, so injection of vector in the umbilical vein can take place in the beginning of the second trimester.

The fetus has a significantly lower cell count, so effective transduction will be able to be achieved with low concentrations of viral particles. Moreover, many of its cells are
stem cells, which are highly susceptible to transfection and integration of transgenes into their genome due to high division rate (unfortunately, this also increases the risk of
double and triple insertions, so careful choice of integration site is required). These cells are also proved to be able to silence chromosomes with newly added XIST genes;
there is no lack of such data unlike for differentiated cells (see Discussion). The immaturity of the blood-brain barrier will make delivery to brain more effective, while
immaturity of the immune system will lower the chances of inflammation and strong immune response against the virus. However, the fetus may acquire tolerance for this.
virus in the future, so we believe it is better to use a virus that never infects humans, i.e. Baculovirus.

Since this procedure is invasive, there is a risk of pregnancy loss or infection®, but it is quite low as injection in umbilical vein are ultrasound-guided, routine procedures...
Another significant risk is possibly transfecting mother's cells. We think this may probably be excluded in case of targeting the vector to stem cells or cellular trisomic
markers.

preventing heart defects and thymus underdevelopment is unlikely as they mostly develop during the first trimester.

Other human full trisomies are highly lethal during gestation and first years of life and thus much less studied. Proposed therapy may increase viability in this case, but it is
hard to evaluate the effect.

What also limits possibility of such evaluations is small amount of data describing development of pathologic phenotypes, especially during intrauterine development. From
this perspective, a system of delivery and integration of XIST into cells in vivo is a highly valuable tool. Inducibly silencing the third chromosome during different stages of
development, for example, in primate models, can provide researchers with a lot of information and shed a new light on pathogenesis of aneuploidies.

and new
Suggested XIST-based gene therapy for treating trisomies in vivo overcomes several current limitations, however, this method stil requires some refinements.

First, XIST integration is only suitable for correcting ful trisomies and it is unable to cure partial trisomies. Parial trisomy occurs when an additional chromosome
fragment is inserted into the other chromosome?, therefore, knocking-in XIST would result in monosomy which s fatal. This problem could be solved after more closely
studying XIST interactions and sequences specific for genes that do not need to be silenced, thus, further research s required.

Moreover, because the amount of cfiDNA depends on the gestation period, the progression of the pregnancy, presence of matemal diseases, body weight and other
factors, extracted amount of cfDNA can be not sufficient for sequencing and invasive methods like chorionic vilus sampling or amniocentesis may still be needed"”.

In addition, if in utero transduction is applied, there is a slight chance that adverse effects on both mother and fetus may occur. It may possibly result in a miscarriage or
an infection, transfection of mother's cells and higher frequency of off-target and double insertions because of rapid fetus cell division®.

According to previous research™, it was thought that XIST-based gene editing or chromosome silencing was impossible in somatic cells, with the exception of some
limited effects in certain cancer cells or a subset of mouse hematopoietic cells™, until it was found that human neural cells retain “chromosome plasticity” to induce
formation of heterochromatin. No direct results about using XIST in other cell types exist, hence, tests of XIST-induced chromosome silencing in various cell types
should be performed in the future.

Recent studies show that few genes remain active even after XIST inactivation of additional chromosomes. Moreover, there is a chance that the extra chromosome in
the nucleus may disrupt nuclear organization and specific chromatin contact points and impair gene expression regulation’. More analysis needs to be conducted in
order to determine which genes escape silencing and what are phenotypic effects of nuclear disorganization.

Much aditional research is needed in order to further understand and improve XIST knocking-in for correcting trisomy and overcoming above mentioned limitations.

Conclusion

Here we have suggested what can be done to use X-inactivation system for trisomy therapy. Our proposed system is based on sequencing chromosomes of the fetus,
choosing an insertion site, injecting baculoviral vector containing XIST, homology shoulders and ZFN gene into the umbilical vein for directed insertion into one of three
chromosomes. Although in utero transduction comes with some dangers, when developed in the future it will provide valuable benefits and new possibilties, which are very
much needed for trisomy therapy. We believe that it can significantly reduce the effect of trisomy on individual's health, weakening manifestations of Down Syndrome and
possibly even making other trisomies viable. More research is needed, however, to increase its safety and better understand XIST functioning for further modifications.
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Nutrient deficiency is a serious problem for the world. For instance, up to 40 -
50% of the world’s population will at some point suffer from a disorder caused
by mineral or vitamin deficiency [1]. Nutrient deficiencies can cause a myriad of
disorders and diseases, ranging from more physical ones, to more
psychological ones. In some instances, it may even cause death.

Since before the turn of the century, scientists have looked to Genetically
Modified Organisms (GMOs) to solve nutrient deficiency by using methods
such as agrobacterium transformation and particle bombardment.
Unfortunately, the long experimental phase, coupled with the need for intense
safety testing has so far limited their widespread application.

Nonetheless, GMOs are likely to rise in prominence in the near future, both
due to an increasing educated population, and the rise of new technologies
like CRISPR that allow ease and accessibility to gene editing.

This poster will focus on three instances in which genetic engineering has
been used to supplement crops with nutrients. In each of the three instances, a
brief overview of the problem and the genetic engineering process will be
covered, along with any relevant results. Lastly the benefits and disadvantages
of genetic engineering will also be discussed

Golden rice
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Methionine Supplementation of Corn

Problem

* Methionine is one of 9 essential amino acids, but it is mostly found only in

meat [14].

Unfortunately, millions cannot afford to consume meat, leading to

Methionine deficiency in the developing world

Without Methionine, the body is unable to absorb Zinc and Selenium [15].

Additionally, Methionine is also needed for growth and tissue repair [16].

* Methionine is also needed to rear livestock, with billions of dollars worth of
Methionine added to corn feed, to supplement the lack of this amino acid
in feedstocks [17].

.

Why Maize?

e 1) Most common commodity crop for human consumption.
o Methionine supplementation for those that can ill-afford meat.

e 2) Maize functions as feedstock to reer livestock for human consumption.
o Reduces cost of feedstock -> Reduces cost of meat.

Genetic Transformation

o An E.Coli gene that produces the enzyme
3-phosphoadenosine-5-phosphosulfate reductase is inserted in Maize.
[er

o — “wired “~tive 817

International

112020

Figure 7: (A)Chemical structure of Polyglt folate, (B) Bi of folates
in plants; GTP, Guanine triphosphate; DHNPt, Dihydroneopterin; HMDHPt,
6-hydroxymethyldihydropterin; PABA, p-amino benzoic acid; DHP, Dihydropteroate;
DHF, Dihydrofolate.[27]

Results

e 3.3- and 2.4-fold increase in the two different lines was observed.

e In 100g portion, as high as 268 and 325 ug of folate was found, which
represents 67% and 82%, respectively, of the recommended daily
allowance (RDA) for an adult.[27]

e 5-CH3-THF, was the enhanced folate which is the better source for folate
compared to the folic acid as it is already fully reduced.[28]

Figure 8: Total pteridine(part

of folate) accumulation in

AtGCHI-expressing bean
~ds; see” ~ ~—each

ology Olympiad




uke CRISFR wiat allow ease and accesswility to gens editing. 3 = <ESu.

; . . . ) N e 1) Most common commodity crop for human consumption. e 3.3- and 2.4-fold increase in the two different lines was observed.
This poster will focus on three |nst‘ances in which genetic engineering has o Methionine supplementation for those that can ill-afford meat. « In 100g portion, as high as 268 and 325 g of folate was found, which
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rief overview of the problem and the genetic engineering process will be Reduces cost of feedstock -> Reduces cost of meat
covered, along with any relevant results. Lastly the benefits and disadvantages ° . allowance (RDA) for an adult.[27] "
of genetic engineering will also be discussed e 5-CH3-THF, was the enhanced folate which is the better source for folate
Genetic Transformation compared to the folic acid as it is already fully reduced.[28]
Golden rice e AnE.Coligene tha.l produces the enzyme o A ) Figure 8: Total pteridine(part
3-phosphoadenosine-5-phosphosulfate reductase is inserted in Maize. of folate) accumulation in
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Problem with vitamin A def|0|ency L - Figure 4: Assimilative sulfate seeds; seeds from each

primary transgenic line are

reduction in plants. Sulfate is *
compared to Wild type(WT)

e Vitamin Ais found in animal products and fish. It's also derived from

Carotenoids found in plants.[5,6] - o reduced to sulfite either by APS seeds, 3 differont lines.

e Vitamin A is needed for a functioning Immune system, normal vision and o reductase (APR) via the|primary S(Saltillo), C(Cafe) and
reproduction.[2] Vitamin A deficiency (VAD) increases the risk of childhood (solid :’m“’s)""; € a'fe’_’l‘a‘_"’e D(Duranga) were tested;
infections, is the main cause of preventable blindness in children, and ’ - ::f:;a;%zzh;e;‘:ﬂ)?;: Z::g: ?sag |[r2|t;|]cate standard
leads to night blindness and a higher risk of maternal mortality among s - PAPS reductase (PAPR) [18].
pregnant women.[3] -

-

e VAD is highest in Africa and southeast asia.[3] As many as 230 million A = = » .

g BRI o Discussion on Nutrient Supplementation via

children are at risk of clinical or subclinical VAD worldwide.[4]

Why Rice?

e Vitamin A deficiency is highest in countries where rice is the major food
source[4]. A high rice consumption is found amongst poor people in south
east asia. Some of their rural populations have a diet that contains up to

Genetic Engineering

e Done using agrobacterium to infect immature maize embryos.
e Afew transgenic lines were produced and inbred to produce lines with the
highest 10-kDa &-zein levels (indicative of Met).

Benefits
Alleviates nutrient deficiency, especially for those in the developing world.

80% rice.[7] e Food produced with higher nutritional content.
Results ] " " ) !
R R e Lower cost incurred from health issues resulting from nutrient-deficiency
Genetic transformation o Key Result 1: 57% Increase in Met in Corn Kernels. e Higher manpower productivity.
e The golden rice project started more than 20 years ago. One of the first e Key Result 2: Feeding trial with the transgenic high-Met PE5 maize shows
steps was to prove that the plant endosperm had the multistep carotenoid that the transgenic feed promotes significant weight gain compared with Disadvantages & opposition
pathway needed (figure 1). [4] nontransgenic kernels. e The publics fear of GMO, especially in the developing world
e [t turned out that the production of carotenoids in the endosperm is halted e Unknown long-term impacts to health.
by the absence of certain enzymes along the pathway (see figure 2). Their e The ultimate cost of GM product may be more expensive than the
job was then to fill a biosynthetic gap. [7] alternate nutrient supplements.
e They found that the two transgenes required to make Golden rice are 1: A e Potential for economic monopoly by a small number of GM companies.
plant gene for phytoene synthase (PSY) which uses the plants GGPP to e The dosage for a healthy amount, need to be figured out or problems
form phytoene, and 2: A bacterial gene that codes for carotene desaturase associated with overdosage of nutrients may arise.

(CRTI) negating the need for multiple steps in the pathway. together PSY
and CRTI make lycopene from the plants own GGPP. (figure 2) [7]

The pathway beyond lycopene was found active in the wild type rice Our opinion
endosperm, based on the fact that, after insertion of only those two genes,
a- & B-carotenes and xanthophylls where found in the GM plants. [7]

The problems with transgene escaping and Hybridization with wild weeds.

e We agree with the notion of implementing GM foods that are deemed fit for
consumption, as it will not negate or affect the choice of eating non-GM
varieties by those that are more skeptical of GM.

We believe the knowledge of GM will need to be more widespread among
A —— e s S — plant B101 in mol% determined with three diets consisting of corn the public, for more to realise the benefits of safe and approved GMO

- IR itseihce after prc.:leirf hydiolysisiand supplemented with methionine (normal), of food.

1 - o aat column.[18] transgenic segregant from PE5-B101. [18] clusio

| s v . In this poster, we investigated how genetic engineering can be used for

' A BN Folate Supplementatlon of Bea nutrient supplementation of crops. In particular, we looked at how the genetic
- one A modification of three different types of crops: Rice, Maize and the Common

Problem Bean, can tackle the deficiency of Vitamin A, Methionine and Folate,
respectively. Here, the three crops were specifically chosen due to the

Figure 5: Met contents of
transgenic plants PE5-B101 and
RE3-B101 and non-transgenic

Figure 6: Feeding trial on chicks carried out

Figure 1: The carotenoid pathway. IPP:  Figure 2: The inserted gene (left) and the e Folate plays an important role in the replication of DNA and normal cell

Isopentenyl-diphosphate, DMAPP: pathway In WT rice grain (right) the enzymes in formation and growth, but is not synthesized in human body and found evelepcelciihegeonsuppichlatoundiitciword:
dimethyl-diphosphate, GGPP: green are functional, and products and only in plants and bacteria.[19] In this work, besides studying the motivation behind the genetic engineering
Geranylgeranyl-diphosphate [7]. enzymes in blue, are effectively absent [7]. e Folate malnutrition is a worldwide problem associated with the onset of of these crops, we also looked at how the different GMOs were modified and
i o megaloblastic anaemia[20], neural tube defects[21],an increased risk of the results behind such modification.
e In GR2, the second and final version, a PSY gene from maize is used. It y " . L
) ) N i cardiovascular disease, certain cancers[22] and neuropsychiatric . . - - .
wields the highest outcome of previtamin A: 37 pg/g carotenoids (where 31 disorders.[23] Our studies on Golden Rice, on Methionine supplementation in Maize and on

the Folate Biofortification of Common Bean are reflections of current
research, serving as glimpses into a future where GMOs can be successfully
incorporated to solve nutrient deficiency, prevent medical complications, and

Hg/g was B-carotenes) In GR1 the outcome was only 1,6 pg/g. The CRTL
gene is from the bacterium Pantoea ananatis.[7]
e The genes were inserted with agrobacterium, which were added to a petri

Annually 260,100 NTD-affected pregnancies occurring worldwide resulting
in early death and lifelong disability.[24]
NTD affected pregnancies can be prevented if women consumes enough

dish with rice embryos to infect, successfully transferring the genes. they T e . save lives.
N ) folic acid prior to or during early pregnancy.[19]
kher=ltieniciossbiedivithliccallylUssdliicsisons 181 Although we hold much promise for such a future, there are some potential
Why Bean? bioethical, and educational drawbacks that needs to be considered in kind.
e sETe - e Ny R a— e The common bean is the most consumed legume in the world. Whether it's the potential of transgenic escape, or possible long term effects
e Itis cultivated as a subsistence crop by rural populations in which folate on health, it is important for us to truly understand the risks behind each
' ' ! o ’ [ru— l . fortification efforts are difficult to implement. geneticaly engineered plant. Only then can we appropriately weight their
o It already contains significant amounts of folate which makes the individual benefits and disadvantages. And hopefully then can we implement
modifications more easier. the safest technologies, as literally millions of lifes, both human and wild, will
Figure 3: The gene sequence that was inserted to make GR2 (7). o ltis already the subject of biofortification efforts with iron and zinc.[25] depend on our decisions, whatever they may be.
Results
e 100 - 150 g of GR2 (60g dry weight) can provide 60% of the recommended Genetic Transformation
intake of vitamin A.[9] e Common bean is transformed by the particle bombardment, only method o
o GR2 plants give as much food as a WT plant.[8] The only meaningful that has produced stable transgenic lines in this species.[26] R e
biological difference is the level of beta-carotenes and other provitamin A e The embryonic axes were bombarded with the pAHAS-AtGCHI vector. j
carotenoids in the grain.[9] e The vector contains the genes Arabidopsis thaliana GTP cyclohydrolase 8 e —
® Golden rice is waiting to be approved by more countries before it's globally | (AtGCHI) and Arabidopsis thaliana acetohydroxy acid synthase(AHAS). Iz o b
available. The first Asian country to approve was the Philippines.[10] The o The AtGCHI gene increases the folate synthesis by overexpressing one
US FDA approved it in may, 2018, Canada in March 2018 and Australia of the biosynthetic routes of folate. u e

and new Zealand in February 2018.[11]

e Golden rice is in the process of being released for use in Bangladesh, as
the first country. but there is a hold up because of opposition to GM food.
[12,13] A study was done in 2019 to further test the safety of golden rice, in
an effort to appease them.[13]

The AHAS gene was kept to confer resistance to imidazoline herbicides. "
Tungsten particles coated with 8 pg of pAHAS - AtGCHI linearized with
Kpnl was bombarded utilizing a high-pressure Helium microparticle
acceleration system.

e The transformed embryo was placed in elongation medium 1 and then in
elongation medium 2 and later it was acclimated [27]

Boumm o b opapEs
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CRISPR-Cas9 Method

The discovery of CRISPR-Cas9 gene editing has revolutionanised modern biology. Its
importance has recently been highlighted by the awarding of the 2020 Nobel Prize in
Chemistry to Emanuelle Charpentier and Jennifer A. Doudna, two pioneers of the method.

Background
The first time CRISPR (Clustered Regularly Interspaced Short Palindromic Repeats) was

identified was in oli in 1987 by Yoshizumi Ishino. He was analysing a gene involved in

phosphate metabolism when he noticed unusual repeated sequences. It was later realised

that these CRISPR sequences are involved in bacterial adaptive immunity.

CRISPR associated (Cas) genes encode proteins that snip bacteriophage DNA into small fragments. These fragments are then inserted into
CRISPR arrays between the short palindromic repeats, becoming protospacers. The CRISPR loci are then transcribed into long pieces of

CRISPR RNA (crRNA). The palindromic repeats in this crRNA are complementary to tracrRNA which attaches causing a Cas9 'scissor protein’ to
also join the complex. The long molecule is then cleaved into individual effector complexes by RNase IIL. If the bacteria is reinfected by the same
virus, the protospacer RNA sequence will bind the viral DNA as long as it has a protospacer adjacent motif (PAM). This causes the effector
complex to bind and the Cas enzyme to cleave the viral DNA which usually kills the pathogen. Jennifer Doudna and Emmanuelle Charpentier

realised that this technique could cleave almost all DNA and in 2012 used CRISPR for gene editing for the first time, changing biology forever.

The Gene Editing Mechanism

CRISPR allows researchers to quickly and effectively conduct site-specific DNA cleavage and thereby targeted genome editing. Before CRISPR
one had to use methods like zinc fingers that required much work for adapting to a specific sequence, but with CRISPR one only needs a
complementary RNA. Researchers artificially synthesise a guide RNA strand which is complementary to the desired DNA code. The guide RNA
is attached to a Cas9 protein, guiding it to the complementary site where it can cleave the DNA. After the cleavage, the DNA can be left to self-
repair which usually leads to the gene being knocked out. Alternatively, researchers can develop a DNA template which the cell will use while

repairing the cleaved genome, enabling them to insert, repair or edit the desired genome.

Implications

Despite only being discovered recently, CRISPR gene editing has already been used in fields from biofuel development to gene therapy. As it
expands, it has the potential to improve treatment of inherited diseases and those that are caused by somatic mutations such as cancer. In a
ble HIV
resistance. The focus of our poster however is not on humans but plants and how CRISPR is being utilised to improve crops in a host of

ndemned move, Chinese researcher He Jiankui even edited the genomes of two human babies with CRISPR to confer p

widel

scientifically fascinating and globally important ways,

urrent Research
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Crop Production and Food Insecurity

One of the main branches of agriculture, crop production can be defined as the cultivation of plants for food and fibre. It provides employment for

hundreds of millions of people and of course supplies nourishment for the worlds growing population. When working in crop production we must
aim to improve and maintain three aspects: feeding a growing population, providing a livelihood for farmers, and protecting the environment. This
will become increasingly difficult as anthropogenic climate change intensifies, the world population grows to between 9.4 to 10.2 billion by 2050
(United Nations, 2018), die

e meat and soil erosion intensifies

s change to favour more carbon and water intens

Food Insecurity

The Food and Agriculture Organization of the United Nations states that “A person is food insecure
if they lack regular access to enough safe and nutritious food for normal growth and development

-
and an active and healthy life.” It estimates 521 million people suffered hunger in 2018 (UN, 2020).

13
i
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Indian farmers harvest kharif (summer sown) rice
Challenges facing plants: Pests and Pathogens

Damage caused by pe
Increased globalisation is leading to faster spread of these pathogens while environmental stress
due to climate change leaves crops more susceptibel to them. Examples of these organisms are:

Food insecurity is one of the major challenges we face and, as crop production is the main global

source of food, its improvement can have a dramatic impact while shortages can be devastating,

s and pathogens is one of the greatest challenges in crop production.

« The Tobacco mosaic virus (TMV): The TMVs' genetic material is a single stranded RNA shaped
as a helical rod. It is named after the mosaic mottling it leaves on infected leaves.

« Aphids: Small insects that suck sap out of plants phloem, draining the plant of its resources
while also acting as disease vectors and leaving easy pathways for pathogens to enter the plant.

« Golovinomyces orontii: A fungus that causes the disease powdery mildew whereby the spores of

nthesise.

Tomato Mosaic Virus, Jack Kelly C the fungus covers the leaves of plant leaving them unable to photos

Plant Defences
Plants have evolved various defence mechanisms against these pests and pathogens. These include:
« Physical Defences: Plants produce protective layers to defend against infection and herbivory. These layers include tough impermeable bark
in woody plants which contains lignin, a substance that gives sturdiness and rigidity to cells, protecting their stems. Leaves are covered by a
waxy cuticle, forming a barrier against pests and pathogens and preventing water loss. Also, some plants have evolved spikes, thorns, prickles

and trichomes: sharp structures that causes physical pain to herbivores. Trichomes even ej cing

t toxic compounds into an organism after pie

them.
Chemical Defences: Plants can produce a wide range of toxic compounds to deter herbivores from consuming them as well as antimicrobial
compounds which kill pathogenic bacteria, viruses and fungi.

s it into short-

RNA Silencing: If a plant cell is infected by a virus, endoribonucleases recognise the virus' double stranded RNA and proce:
interfering RNA strands (siRNAs). The siRNAs join with proteins to form a RISC complex that then cleaves complementary viral RNA and/or




widely He Jiankui even edited the genomes of two human babies with CRISPR to confer possible
resistance. The focus of our poster however is not on humans but plants and how CRISPR is being utilised to improve crops in a host of
scinating and globally important ways,

Current Research

CRISPR-Cas9 technologies have already begun to overtake other genome editing technologies
like TALENs and ZFNs as they are simpler to design and implement, have higher success rates.
are more versatile and are cheaper. The CRISPR-Cas9 technique and its derivatives have been
used to edit the genomes of nearly 20 different plant species with agricultural applications from
Cucumis sativus (cucumber) to Linum usitatissimum (flaxseed) (Ricroch et al., 2017). The studies

undertaken fall into two main camps: functional studies in model organisms and ‘proof of

concept’ studies which describe specific applications of CRISPR-Cas9 and its derivatives to
improve crop stress tolerance, yield and nutrition. The most studied organism is Oryza sativa

(rice), the primary crop of over half of the world population and, thanks to its small genome, a

model crop for monocots (Jaganathan et al., 2018).
The first ever CRISPR meal: Spaghetti and roast vegetables
cooked with a brassica (cabbage) deletion mutant.

Functional Studies

By knocking out certain genes with C

9 proteins, researchers can observe the loss-of-function phenotypic and hence work out

the function of those genes. This strategy has been used in a variety of model plants and not only helps us better understand the natural world

but has direct applications to crop improvement. For example, targeted deletion of AP1, SVP, and TFL1 genes in Arabidopsis with CRISPR-Cas9
i type (Liu et al., 2019). CRISPR-Cas9 has also been used
to inactivate genes related to nitrogen fixation symbiosis in the model legume Lotus japonicus (Wang et al, 2016). This improves our

helped elucidate their role in floral including brancl and

understanding of the genetics behind one of agriculture’s most important processes and may allow us to edit legume genomes to improve
nitrogen fixation or potentially even transfer symbiotic nitrogen fixation to non-leguminous crops (Mus et al., 2016).

Disease Resistance
CRISPR-
generation of
£z

he main tecl

9 has been used to edit crop genomes to improve resistance to viral, bacterial and fungal pathogens. nique is the

ISPR-mediated targeted mutations in the plants’ genomes. This mostly involves modifying susceptibility genes (genes which

ilitate the infection process).

« Bacterial pathogens, like rice bacterial blight, caused by Xanthomonas oryzae pv. oryzae (Xoo). can decimate crops. Analysis of 63 Xoo

strains shows each strain has one or more variants of genes coding for TALE proteins. Each TALE protein induces at least one of the three
host genes SWEET11, SWEET15 and SWEET14 which encode sucrose transporters. These transporters increase rice disease susceptibility by
giving Xoo access to nutrients from the plant’s leaves. By editing the sequence of SWEET genes with CRISPR-Cas9, researchers were able to
induce resistance to at least 95 Xoo strains, freeing the rice from bacterial blight (Oliva et al., 2019).
Fungal resistance has also been conferred. Researchers in Italy and South Korea have used CRISPR-Cas9 to modify susceptibility genes in
and apples, i ing resistance to the destructive fungal pathogen Golovinomyces orontii (powdery mildew) (Malnoy et al.,
2016). CRISPR-Cas9 has even been used to edit mildew susceptibility genes in hexaploid bread wheat, conferring broad-spectrum heritable
resistance to G. orontii (Wang et al., 2014). This is particularly i ive as all 3 genes (
allopolyploidy) had to be edited.

genes resulting from

Similar methods have been used for viral pathogens. For example, the susceptibility gene elF4E was disrupted in Cucumis sativus
(cucumber), conferring resistance to a host of viruses (Chandrasekaran et al., 2016). There is also another technique available for viral

resistance. As discussed, CRISPR are a family of DNA sequences which allow prokaryotes to respond to viral infection by detecting and

DNA from bact s which have previously infected them. This ancient defence mechanism can therefore be harnessed
through the integration of CRISPR-encoding sequences that target and interfere with viral DNA into the plant genome. This method was
trialled in A i is and N. i (a toba like model plant), conferring resistance against Beet Severe Curly Top

Virus (Ji et al., 2015).

Herbicide Resistance

Herbicide resistant crops allow farmers more flexibility in spraying herbicides, allowing them to apply during the growing season. This also

enables the adoption of conservation tillage (leaving last year’s stubble before and after planting) to reduce soil erosion. Traditionally herbicide

resistance has been achieved by transformation with genes from encoding herbicide-degrading enzymes or transformation

with mutant versions of enzymes in essential biosynthetic pathways that are insensitive to the herbicide. (Han & Kim, 2019) These mutant
ly with CRISPR-C: (ALS) gene has
been base-edited for example, conferring resistance against the herbicide tribenuron and likely all all sulfonylurea herbicides (which inhibit

ALS). (Tian et al., 2018)

biosynthetic genes can also be generated more quickly and pre« The watermelon

tolactate synth:

Climatic Stress Tolerance

As the effects of climate change become increasingly severe, it is more
important than ever to produce crops that can survive harsh
environmental conditions like drought and heat stress. CRISPR-Cas9
can help by generating improved variants of genes which assist and
knocking out genes which inhibit environmental response.
Researchers knocked out the negative thermoregulatory SIMAPKS
gene in tomatoes for instance leading to mutants who, under heat

stress, exhibit less severe wilting membrane damage and elevated

transcription of heat stress transcription factors and heat shock

Six-week-old tomato plants of simapk3 mutants (middle and right) and WT (left)y ~ proteins (Yu et al., 2019). Developments like this can help prevent

exposed 1o heat stress deforestation and wetland draining by increasing productivity from
existing agricultural land.

Improving Yield and Nutrition

Increasing crop yield will lead to greater productivity from existing land and hence reduced wetland draining and deforestation as well as
higher profits for farmers. For example, researchers used CRISPR to disrupt the SIIAA9 gene which inhibits parthenocarpy (production of

seedless fruit without ferl

ilization). This led to the rapid breeding of parthenocarpic tomatoes which respond better to fluctuating
environments (as they don't require pollination) and have much greater industrial value (eg. in sauce production). (Ueta et al., 2017).

them.

“hemical Defences: Plants can produce a wide range of toxic compounds to deter herbivores from consuming them as well as antimicrobial

compounds which kill pathogenic bacteria, virus

and fungi.

RNA Silencing: If a plant cell is infected by a virus, endoribonucleases recognise the virus' double stranded RNA and process it into short-
interfering RNA strands (siRNAs). The siRNAs join with proteins to form a RISC complex that then cleaves complementary viral RNA and/or
supresses viral protein translation. (Wu et al., 2019)

Signalling ally species: Plants have developed a signal method to call for the help of other species in times of need, these signals can be
chemical or electrical or due to movement by changing the plants inner water pressure. For example, when a plant is being infested by

caterpillars it can send signals to a parasitic wasp which will come and lay its eggs in the caterpillars.

The Arms Race and Other Challenges

Plants and their pests and pathogens are constantly coevolving defences and anti-defences in an arms race with huge implications for food
insecurity. Millenia of plant domestication have actually ‘disarmed’ our crops. Bitter-tasting chemical defences and harmful physical defences
have been directly selected against while selection for large organs and higher productivity has diluted chemical defences or reduced their
production where growth and defence trade off metabolically (Moreira et al., 2018). For crop production to the meet its future demands while
minimising environmental damage it is vital that we produce new disease resistant crop varieties. Disease is not the only threat to crop production,
however: water and phosphorous scarcity, extreme weather and soil erosion will put further stress on crop production. CRISPR gene-editing has a
huge potential to address these challenges by producing crop varieties with better yield, nutrition, disease resistnace and abiotic stress tolerance.

Future Developments and Ethical Concerns

Future
Before the ClI

ISPR revolution, scientists had to use non-targeted classical breeding approaches that took much longer and were often ineffective.
As described in more detail in the Current Research section of the poster, CRISPR has already been shown to effectively improve a variety of crops
in different ways from developing geminivirus resistance in tobacco relative plants to increasing amylose content in rice. It is likely that gene

editing and plant breeding techniques will continue to improve as research into CRISPR edited crops grows into the next decade. With the

growing world population and rapidly changing climate, the of these crop improving will probably prove to be one of

the main scientific endeavours of the 21st Century.

The CRISPR editing techniques themselves continue to be improved to reduce the risk of off target DNA cleavage. improve efficiency (increasing
the proportion of organisms whose genes are cleaved) and target cleavage at multiple sites. In the future we will almost certainly also see new
approaches to breeding that combine the knowledge of centuries we have in classical breeding with the speed and preciseness provided by
CRISPR-based technologies. Examples thereof on which research has already been conducted include (Zhou et al. 2020):

* reducing the number of ,selfing steps* needed for haploidization

« allowing easy fixation of hybrid vigour by allowing plants to skip the second meiotic division
« removing self-incompatibility from certain species, which allows for inbred lines.

These breeding technologies will provide the ability to produce new lines within short periods of time, far below the usual decades required by
classical breeding technologies. Furthermore, CRISPR provides great flexibility in the kind of improvements that can be made, due to its versatility
and near universality. Further research is necessary for many of these technologies to become commercially viable but the race is on. As research
in this field further accelerates, we expect an explosion of patent requests as proof of concept studies become commercialised. It is likely that
within the next few decades CRISPR edited plants will become part of many peoples' daily diet. It is crucial before this happens that the scientific
community and public engage in an honest and well-informed discussion about the potential and risks of these developments.

Ethics

There has been great public discourse regarding the usage of genetic engineering in food, particularly
surrounding transformation of plants with genes from other species. Although, from a scientific
standpoint, most concerns (such as horizontal transfer of edited genes and transfer of newly inserted
s restrictive

genes to food consumers) are backed by little evidence, campaigners have succ
regulations such as a de facto moratorium on GMO approvals in the EU since 2001. Fortunately,
CRISPR allows
campaigners. As these plants do not contain genes from other organisms and could have arisen in
nature, they are also not considered GMOs and hence freed from many regulations. In 2016, the US
Food and Drug Agency for example declared they would not regulate a CRISPR-edited Agaricus
bisporus mushroom. (Kim et al. 2016).

entists to develop transgene free genetically edited crops, allaying the fears of some

A protest against agribusiness giant Monsanto.

Nonetheless there are still some ethical objections. Some religious individuals are opposed to 'interfering with God's creation’ while other people

see a slippery slope to human genome editing. There are also concerns that herbicide-resistant plants could increase the use of herbicides despite

all their negative effects on the environment and hence also lead to faster evolution of

to monopolies of big agricultural companies who then own every step of the agricultural production, namely the seeds, the land and the herbicides.
against environmental conditions might also distract from the real challenge of anthropogenic climate change.

in weeds. Herbici istant seeds can also lead

On the other hand. herbicide resistant crops allow farmers to kill perennial weeds with herbicides and hence plough less often, reducing soil

erosion. Meanwhile, genetically edited disease resistant crops may allow farmers to spray significantly less

such as fungicides. In addition, improving crop yield and stress tolerance allows greater productivity from existing agricultural land, reducing the
need for deforestation and wetland draining. Gene editing could also lead to hardier crops which keep better and hence reduce food waste. These
environmental benefits, combined with the health benefits of better nutrition and economic benefits of higher productivity provide a strong case
for the development of CRISPR edited crops. As the human population continues to grow, dietary habits continue to change and anthropogenic
climate change becomes more severe, CRISPR crop improvement may become increasingly viewed as not only beneficial but essential.
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4 A o 2 Investigating the effects of species and habitat on the color response of birds
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Investigating the effects of species and habitat on
the color response of birds

Background:

It is noted that birds respond to colors innately- little chicks in Iceland avoid crossing brightly
colored lines. This leads to our question: what affects how birds react to different colors?

Hereditary traits are passed onto offspring through genes. Members of one species are more
genetically similar than organisms of different species so if color sensitivity of birds is more
correlated to their species, this trait is hereditary.

However, there is also a chance that birds in cities respond to colors differently to birds in
the countryside regardless of species. This can either mean their color response has
convergent evolution in different habitats or it is a learnt trait that is not based on genetics.
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Experimental design

Example of an experiment

Bird species: Ruby-throated hummingbird (Archilochus colubris)

Install 5 birdfeeders of each colour in each environment (urban environment and
rural environment)

A total of 30 bird feeders in each environment

Bird feeders are designed for the beaks of the A. colubris and appropriate food is
inserted into the feeders

Sensors pick up how many feed from each feeder

The data will show if environment is a factor, or if birds are naturally drawn to a
certain colour because of genetics

Real life application

Depending on the results, there are different possibilities for us to use the results. No matter what, the
results will aid humanity to coexist with nature

3

If the results show that the environment is

K3
<
2

o

If the results show that evolution is the

cause behind the birds’ responses to the cause behind the birds’ responses to
colour colour
> We can use the knowledge and apply it to > We can make assumptions about how
newly discovered species by looking at newly discovered species will respond to
how its closest relatives respond to colours colour by studying their environment

We can help birds to survive in urban areas by using colours to either attract to certain areas or to repel them from other
areas.

In Iceland, yellow lines were painted along roads as it arctic tern chicks were found to be less likely to cross the yellow lines
than white lines, and thus fewer chick were hit by cars.

For birds to coexist with people, understanding their responses to colour could help. Farmers often have trouble with birds
attacking their crops and result to shooting them. A better alternative would be to use colour to repel birds.
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4 A o 3 Introduction and Microevolution of New Gut Bacterial Species : An Eco-Evo-Devo Approach
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Introduction and Microevolution of New Gut Bacterial Species:
An Eco-Evo-Devo Approach
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4 B O 2 Human Evolution
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4 B O 3 Evolution of Neurodegenerative Diseases

Facilitator P awar, d\

Tymofii Sokolskyi (Ukraine) 'ﬁe 2 &o_n\

Competitors \
Basil Habiballah (Saudi Arabia) ™
Garima Rokaya (Nepal)

Heidi Berg (Norway)
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Heidi Herg, Basil Habiballah, Caarima Bokava
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4 B O 4 EVOLUTION

Facilitator

Yasna Yeganeh (Iran)

Competitors
Chengjun Shao (China)
Rozina Haidary (Afghanistan)
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Evolution is the change in the characteristic of species that is based on the idea that Over the long
all species are related to each other and gradually changed over time. term, not getting

enough sleep can
lead to neurotoxin
buildup that even

Nowadays during corona virus pandemic we are all more attached to our cell phones
and technology because of quarantine and we don’t know how technology is

flecting h voluti lly h in. ]
affecting human evolution specially human brain make it harder to

So i this presentation we are studying how technology affecting human brain, get good sleep
How technology effect human brain The disruption to

our sleej
Microwave radiation from electronic devices can affect the human Y P

A schedule might

brain: how \ leave you
* Mi (MW) are the waves with the wave length roughly Technology distracted and
ranging from | mm to 1 m (frequency between 0.3 GHz to 300 GHz). impair your

effect human memory next day
+ MW are non-ionizing electromagnetic radiations, which induce a lot of biological ) \ )
effects that are of great concern to human health due to their increasing use in daily brain \ /
life. \

+ MW generally produce heating effects, alter chemical reactions, induce electrical

\ A poor night
currents and cause DNA damage in the tissues and cells of biological system.

sleep caused by
smart phone light
can make it
harder to learn.

« Epidemiological studies have revealed that there is an increased risk of brain tumors
among analogue cellular phone users and there are several research using rats to
explain the specific cffects of MS on the brain. And it is almost proved that chronic
exposure to low intensity MW caused an increase in DNA single strand break and
Brain cell damage in developing rat brain. And we can infer from it that what
happens to humans when we are exposed to the equivalent radiation.




evolution

CELL PHONE EFFECT HUMAN BRAIN

Cancer is a term used for discases where abnormal cell is divided without control and are able to

invade other tissue. All cancers begin in cells. Cells grow and divide in a controlled way to produce

more cells as they are needed to keep the body healthy. When a cell is death it will be replace with a

new cell and when this process goes abnormally brain tumor comes to live.

There are 2 types of brain tumor

I:gliomas  2: acoustic neuromas

« Cell phone significantly increased the risk of gliomas. Regular use of cell phone can increase
risk of gliomas. A study have found that regular use of a cell phone by adult can significantly
increase the gliomas by 40% with 1640 hours or more of use.

Cancer is most likely to form on the side of the head that is more likely used for calling.

Temporal lobe and glioma risk.

+ Recent French study found evidence of an increased risk of glioma and temporal lobe tumors.

Increased risk for glioma and acoustic neuroma.

Study by Hardell research group found a consistent pattern of increased risk for glioma and
acoustic neuroma associated with use of wireless phones. Other studies have found that cell
phone may increase risk of thyroid cancer, melanoma risk, oral cancer parotid malignant
tumors, leukemia breast cancer and many more.

An American research have found four women with breast cancer that all patient carried their
smartphones against their breast in their brassicres.

TIME SPEND ON SMART

PHONE

1 MORE THEN

24HRS

M 16-20 HRS

M 11-15 HRS

510 HRS

™14 HRS

Biological solution

Biology open doors for all problems and can solve all that problems,

Scientist edit a living bacteria gene using syntactic biology. after injecting bacteria into a patient who showed tumor shrinkage. Coley’s toxin as it come to be
known was tried out on nearly a thousand patients to varying degrees of success.

Biological therapy is a treatment that uses patients immune system to kill the cancer cell. It is used to prevent or slow various tumors growth and spread of
cancer. Because of fewer “toxic side effect” in comparison to other cancer treatment.
How biological therapy works

Biological therapy enforces immune system to identify cancer cell as abnormal as often cancer cell aren’t recognized as abnormal beside it can hold the ability
to hide as well.

1. It persuade immune system to atiack cancer cell for instance stimulate chemicals injection in patients body. Or sample of ones immune system cell could
be trained to fight cancer cell and then reintroduce to patient bodly.

2. Making cancer cells casicr to your immune system to identify. Biological therapy can target the cancer cells, turning off and on cell signals that can help
avoid the immune system.

BIOLOGICAL SOLUTION

A study done by Stanford university school of medicine revealed that synthetic proteins recognize overly active biological
pathway can kill cancer cells while “sparing their healthy peers’. The approach called RASER (Rewiring of aberrant signaling

to effector release) by rescarchers depend on 2 proteins.
First Proteins is activated in presence of a “always on” growth signal that is often found in cancer cell.

The second is a programmed response to cell death by researcher.

These research were done in laboratory. However researcher believes the result will leads to a new type of cancer therapy.
Where synthetic proteins delivers highly targeted and customizable treatment, to avoid side effects on current cancer

treatment, in a way that cancer cell will be killed without harming normal cell.

Because faulty signals levitate cancer cell using synthetic biology we can use these faulty signals into to our benefit.

« Signals from receptors

Receptors are proteins that provide a series of signals or waves that most cancer rely on. In normal patient

cases these signaling is used for recovery of injures, where as in cancer patient these waves are cither
overexpressed or changed in a way that deliver *constant unwarranted signals for growth the two
receptors EGFR and HER? often drive growth of brain cancer.

Many cancer drugs work by blocking signals from receptors. However these drugs can not differentiate

between cancers cell signaling pathway and abnormal signaling. Using synthetic biology researcher have

designed a synthetic proteins that contains customizable “cargo’ series that can do particular task.

When first protein is attached to ErbB receptor it cuts the second protein and cargo is released into cell.
“when the receptor protein is on in cancer cells the released cargo protein accumulates over time.

It eventually stack enough to have on effect on cell. This way we can change the receptors state to the

choice of cargo proteins this way we can use a RASER cargo for cancer treatment. Which is much more

to traditional that kills all cells

effective in
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Nurturing biology lovers and their friendships
in the beautiful nature of Nagasaki

Every year at IBO, I become acquainted with the people, nature,
and culture of the host country. I learn the traditions, wisdom,
and nature of each country that have accumulated over the long
course of its history. Most students would’ve come to Japan for the
first time. We wanted all students to fully experience the traditions
and culture of Japan, which were nurtured in a humid climate sur-
rounded by the sea, and to foster biology lovers and their friend-
ships from all over the world.

Nagasaki, the planned venue for this year, is surrounded by a
beautiful sea and is a perfect environment for one’s first experience
in Japan. I really wanted students to see this beautiful sea. I wanted
them to see the sunset over the sea. I thought it would be wonderful
to see the nature of Nagasaki in the background of the memories
that fostered friendships with friends from all over the world. But

then, the coronavirus came to us.

Hiroshi Wada
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About the Logo

International
Biology Olympiad

Our logo is inspired by mizuhiki, a traditional Japanese
craft where colored rice paper cords are woven, knotted,
and braided into intricate patterns and designs. The cords
are conventionally made from washi, a type of unique,
durable, and versatile paper made in Japan. Often used to
commemorate special events or life milestones, you can
find mizuhiki at traditional weddings (where it can be seen
decorating a womanss hair), at holidays and festivals (where
it often adorns New Year’s decorations), and on washi enve-
lopes that contain money or cards to mark a time of cele-
bration or grief. It can also be used to help tie up the hair of
sumo wrestlers or decorate the wigs of kabuki actors.

The type of knot featured on mizuhiki varies depending
on the message one wishes to convey. For our mizuhiki-in-
spired logo, we chose to feature five strings, which repre-
sent the five rings of the Olympics. The cords are woven
together to form a cherry blossom, which, aside from being
an important national cultural symbol, also represents the

186 Thoughts Behind IBO2020 Nagasaki
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concept of encounters, farewells, and strong, warm bonds.
At IBO 2020, we strive to create an event where future
world-leading biologists can gather, nurture deep friend-
ships, and inspire each other to better the world.
(Kentaroh Honda, IBO2007 Former Competitor)




Schedule

Date

3 July (Fri)

4 July (Sat)

5 July (Sun)

6 July (Mon)

7 July (Tue)

8 July (Wed)

9 July (Thu)

10 July (Fri)

11 July (Sat)

Competitors Jury

Reception Venue: Hotel Nikko Huis Ten Bosch
Opening Ceremony and Welcome Party Venue: Arkas Sasebo, Sasebo City, Nagasaki

Lab Instructions Practical Exam Translation
Exam Rehearsal Arkas Sasebo

Cultural Workshop
Nagasaki International University (NIU)

Practical Exams Theoretical Exam Translation

NIU Arkas Sasebo

Cultural Workshop (cont'd) Theoretical Exam Translation

NIU Arkas Sasebo

Theoretical Exam IBO Educational Conference:

NIU On the relevant use of new technologies in Life

Sciences Education

Cultural Workshop Arkas Sasebo

Cultural Night (SASEBO Night)

Excursion #1 Excursion

Atomic Bomb Hypocenter Park Choose one from “Nagasaki City,”
Unzen Volcano, etc. “Volcano,” and “Ocean”

Nagasaki City & Unzen City Nagasaki Prefecture

Excursion #2 Results Review, Ranking

White Beach SASEBO - Scientific Activity of General Assembly Meeting

Shore Exploration in the Biology Olympiad Arkas Sasebo

Shirahama Beach, Sasebo
White Beach SASEBO Free
Poster Session

Arkas Sasebo

Closing Ceremony and Farewell Party Arkas Sasebo and Hotel Flags Kujukushima Nagasaki

Departure Day
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White Beach SASEBO

Seaside Activity and Shore Exploration in the Biology Olympiad

Opportunity to collaborate
internationally over nature exploration

Our planet is suffering. We must do something now,
but nobody is a superhero; our problems are beyond
the ability of any single person. It is time to collabo-
rate with each other, and we thought it is not a bad
thing if this IBO could provide our smart students
one of their first opportunities for international col-
laboration. This idea excited us a lot.

We also believed that by sharing a common goal,
the students might be able to cultivate deeper rela-
tionships. Students who are too shy to play card games
with other competitors may be much more excited
in the field. Considering those goals, we planned
our project, White Beach SASEBO, where groups of

188 Thoughts Behind IBO2020 Nagasaki -
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students would make presentations stemming from
their experiences in the field. The venue, Nagasaki,
was an ideal place for that.

In the field, I wanted students to experience that real
nature is far beyond the textbook. We wanted them to
feel that they knew very little about biology in com-
parison to the many questions we still need to answer.
We decided that the task of the students would be to
find research questions. In science, finding a question
is more important than finding an answer. In fact, in
many cases, when you find a question, you already
know its answer. Changing unknown unknowns to
known unknowns is more important than changing
known unknowns to known knowns!

Although we couldn’t do this in Nagasaki this year,

let’s explore nature more! (Hiroshi Wada)







White Beach SASEBO—Species Guide

White Beach SASEBO

Seaside Activity of Shore Exploration
in the Biology Olympiad

Species Guide

Aquatic Species  Terrestrial Plants  Insects

Jaf
Beach True Whelk
(Page 10)

Aquatic Species

Anor
squam
Shioya Venus Clam
Page 10)

In preparation for the international fieldwork activity at Shirahama Beach
in Sasebo City, Nagasaki, IBO2020 created a species guide that introduced
aquatic and terrestrial species found locally in the area.

Creator: Siri McGuire, IBO2020 Secretariat Office
In collaboration with: Yoshiharu Kawachino

Crabs, Shrimp, Amphipods, Barnacles Echinoderms starfish, Sea Urchins, Sea Cucumbers.

Barnacle” (Page 14)

Aquatic Species Aquatic Species
- R -




Cnidarians Jellyfish, Sea Anemones

Aurelia aurita Actinia equina
Moon Jellyfish (Page 16) Beadlet Anemone (Page 16)

Bristleworms

Spirobranchus kraussii Sabellidac
Blue Coral-Worm (Page 16) Feather Duster Worm (Page 17

Tunicates

Padina arborescens

Aplidium pliciferum
i Ocean Fan Algae (Page 17)

Manju Sea Squirt (Page 17)

Aquatic Species

Where to find it: On rocky shores of the
upper intertidal zone. Usually attached
o rock surfaces and the cracks in rocks
What it looks like: It has a flat or slightly
conical shell. The shells are 5 cm long
with radial black lines on the surface that
look like pine tree needles.

More about this species: It is one of the
largest and most common species of
limpets found in Japan. They feed by
grazing or scraping the algae off of rocks
using a tongue-like structure called a

Where to find it: Attached to rock

surfaces near the high tide line along the

coast

‘What it looks like: The shell i typically
3-4 cm long and is flat to slightly conical
in shape. The shell has a distinct pattern
that resembles the foot of a cormorant.
More about this species: When the fide
is low, they do not move, and when the
tide is high, they go around and search for
food. Like other limpets, they possess a
particularly strong radula

Where to find it: Attached to rocks in the
intertidal zone along the coast or near a
tiver mouth

What it looks fike: The shell s usually
about 10 cm long. It is characterized by
the many spine-like projections it has on
is shell

More about this species: The spiny
projections on the oyster shels are quite
sharp. Please walch your siep (o avoid
injury

Aquatic Species 6

Argynnis hyperbius Where to find it In coastal areas,
grasslands, and nearby wooded parks
from June to August.

What it looks like: The picture shows a
female Indian Fritillary. Males lack the
bluish-white bands at the edge of the
wing, Wingspans range from about 6-10
m

Indian Fritillary
URIOEADES
(Tsumaguro-hyoumon)

More about this species: Its emergence
period is from April-November. It feeds
on various flowers during that period.
Though the larvac feed on violets, s cggs
tend o be laid on other species.

Where to find it: Various habitats Vanessa indica
throughout Japan, perched and sun-bathing Indian Red Admiral
on trunks and roads. I is seen year-round FHEFI\ (Aka-tateha)
because aduls live through the winter

What it looks like: The wingspan is around
5.5:6.5 cm

More about this species: This species flies
very quickly and is difficul o catch. Adults
feed on the sap of trees in addition to
flowers. Lanvae are seen everywhere from
urban areas to mountains and eat Japancse
False Netle

Cyrestis thyodamas Where to find it: Near evergreen trees
Common Map. alongside creeks and valleys. Rarely seen
A AT F a7 (shigake-chou)  in open fields.
What it looks like: Its wingspan is about 5
cm wide. It has a very distinct pattern that
you can see from afar. The Japanese name,
Rocky Cliff Butterly” s derived from the
pattern on its wings.

More abou this species: The larvae eat
Inubiwa (Ficus erecta). When descending
o the ground to rest at the ip of a lea, i
spreads out its wings and stops, making it
easy to observe the patiern on its wings.

Insect Species

Vhere 1o ind it In urban areas and in Zizeeria maha
gardens with bright grasslands. Pale Grass Blue
TYRYYS (Yamato-shijimi)

What it looks like: Its wingspan is
usually less than 5 cm. The Japanese
name compares this butterfl 1o the size
and shape of Shijimi clams,

More about this species: The larvae eat
the leaves of creeping woodsorrel (Oxalis
comiculata). This butterfly has recently
been observed expanding its range into
northern Japan due to climate change. It
belongs to the family Lycaenidae, which
is the second largest family of butterdlies.

Locusta migratoria Where to find it: In riverbanks, vacant

Migratory Locust lots, and reclaimed land between July and
/YIS Tonosamacbata) 0T R

colors, from brown to x:v’egu and can
grow Up 10 6.5 cm long, It resembles the
Kuruma grasshopper (Gastrimargus mar-
moratus), but Kuruma grasshoppers have
awhite band on the wing.

More about this species: It eats plants
such as rice plants and sedges. It changes
between two phenotypes (with diferent
sizes and coloration) depending on shifis
inits population density

Atractomorpha lata
Piggyback Ride Grassh
A27/%9% (Onbu-batta)

Where to find it: Can be seen in home
gardens or in grasslands.

What it ooks like: It comes in two color
types, green and brown. The female is
much larger than the male.

ore about this species: This species gets
its name because the male rides on the
back of the female grasshopper before
and after mating to prevent other males
from approaching the female.

Insect Species

Where to find it: On top of a rock or
stone in the intertidal zone along the
coast of an ocean inlet or an estuary

it looks like: The shell length is usu
ally about 10 cm. It can be distinguished!
from Saccostrea kegaki by the lack of

spiny projections on ts shell

s shell edges are very sharp.

More about this species: Though native

to the Pacific coast of Asia, this species
has been introduced in North and South
America, Australia, and Afica. In some
Jaces it is known as an invasive species

Where to find it: Clinging to rock surfaces
along the ocean coast

What it looks like: It s about 6 cm long,
with a shel divided into eight pieces
called “valves"” that are arranged in a row
and surrounded by a skirt called a girdle

More about this species: Chitons are
a primitive type of mollusk and often
resemble living fossils. In Japanese, the
name means “kneecap shelliish” because
if you remove it from the rock, it wil curl

Knet

like a kn

Where to find it: Attached to rocks along
rocky ocean coasis in the Western Pacific

looks like: This species is 4-5 cm
long with rows of spines on it surface. Its
& plates or “valves” appear narrower than
the Japanese Chiton (sce above) and are
surrounded by a thick skirt or “girdle.”
More about this species: This species
grazes on algae attached to rocks using a
tongue-like structure called a radula

Aquatic Spe:

Where to find it: On 10p of a stone or in
the gaps between stones on the beach.
Wha it looks like: s shell s about 2.5
cm in diameter and is usually covered
with green algae (Pseudocladophora
conchopheria

More about this species: Snals of this
family (Turbinidac) are called “turban
snails” and have thick shell lids called
operculums that are made mostly of
calcium carbonate (compare with “top
snails” like Mondonta confusa below).

t: On top of a stonc or in
the gaps between stones on the beach.
What it looks like: Adult shells are about
2.5 cm in both length and diameer. It has
a characteristic cobblestone pattern on its
shell which gives it its name.

More about this species: When the tide
tiscs, they become active and feed on
algae. Unlike the the calcium-carbonate:
shelllids of turban snas, top snals (Tro-
chidae) have a corneous shelllid made
from a protein called conchiolin

Where to find it: Living in groups on top
of rocks or in the concave areas of rock in
the intertial zone.

What it looks like: ls shell is about 1.7
cm long, 1.4 cm in diameter, and has
small, millet-like bumps on ts surface.
More about this species: They usually

five on land, are resistant to drying, and
dislike water. At high fde, they go along
the wet rocky surface eating seaweed

Aquatic Species

Where to find it: Growing on the gravel
or sand surface near the spring high tide
line (the highest tide-line of the year)
What it looks like: It is a perennial plant
that grows 30 - 50 cm tall. It leaves

are 8-17 cm long, thick, hairless, spoon-
shaped, and occur at the base of the plant
1t has a stem that supports a large number
of small yellow flowers that bloom
between July-October.

More about this species: It has been
decreasing nationwide due to the
disappearance of mudilats.

Where to find it: Growing on sandy or

rocky surfaces at the shore.

‘What it looks like: The stem i long and is

cither sprawled on the ground or wrapped
around other objects. The leaf is compound
and consists of three leafles. It has reddish-
purple flowers between June-August that
ook just like sword bean flowers. The fruit
is big, ranging from 5-10 cm across.

More about this species: It is a legume of
the family Fabaceae. Members of its genus,
avalia, are called jack-beans.

Where to find it: Growing on cliffs and
sandy areas on the shore.

What it looks like: It is a perennial plant
that i 15 - 50 cm in height. The leaves
grow from the bottom of its stem, are 6
cm long, and are hairless, thick, and shiny.
Stems grow densely together. The lower
part of the stem is woody. The flowers have
five petals, are pinkish-purple, and are
densely attached to the top of the stem. The
flowering period s from June - November
More about this species:
commonly planed in gardens

his species is

Terrestrial Plant Species

it: Can be found in gardens, lawns,

Where to fin
igh dians, and sunny grasslands.

parks, hi
What it looks like: It is an orchid species whose
small, pink flowers bloom from June-August. The
flowers bloom on stems that are 10 - 30 cm tall. The
flowers are spirally twisted around the stem.

More about this species: There are both left-handed
and right-handed spiralling patterns, but the winding
direction is not fixed

Where to find it: On sandy or gravel
shores, sprawled along the ground.
What it looks like: It s a vine that grows.
along the ground. Leaves are almost
circle shaped, 2-3 cm across, and are
thick and shiny. Flowers that appear from
May-June are pink, lavender, and white.
More about this species: I is a perennial
plant that can be found in temperate:
regions around the world. It occasionally
will wrap itelf around a vertical object
and grow higher.

Terrestrial Plant Species




Japan Cultural Workshop

We planned to welcome you with a variety of cultural workshops and activities that were
carefully designed to showcase many aspects unique to Japanese culture. Each workshop
booth was going to be staffed by Nagasaki International University volunteers and former
Japan Biology Olympiad competitors (SCIBO @) page 202).

Cultural Workshop Special Activity

Tea Ceremony

Overview

In this workshop, you would have participated in and
learned about sado, which is a traditional Japanese tea cere-
mony. However, sado is about much more than tea: accord-
ing to Nagasaki International University, the host of this
workshop, sado contains many aspects of Japanese culture,
including calligraphy, flower arrangement, incense, and
pottery. For the tea ceremony experience, you also would
have learned how to sit in the traditional seiza style on a
tatami floor, both of which are unique to Japanese culture.

Sado and Nagasaki International University (NIU)

The hospitality, grace, and dignity one can learn from the
tea ceremony is the “spirit of NIU;” and is an embodiment
of the university’s founding principles. Because of this,
NIU requires students to take a course about the history,
meaning, and importance of the tea ceremony, so that stu-
dents can take that “spirit” into whatever fields or profes-

L

sions they choose.
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Cultural Workshop Special Activity

Zazen Meditation

Overview

In this special activity, we planned for you to first expe-
rience zazen (which means “seated meditation”) at a
zazen hall in Saihoji Temple, located within Sasebo City.
According to the vice priest of the temple, this is an activity
that people of all religious beliefs can enjoy. After the zazen
experience, we planned to show you some facilities of the
temple. The temple is also in possession of some samurai
armor, which some people would have had the opportunity
to try on and take photos with. Afterwards, we planned to
treat you to the temple’s special Japanese premium soft

cream with some Japanese fruit juice.

Buddhism and Zen in Japan

Buddhism has had a large influence on Japanese history
and culture ever since it was introduced to Japan in the 6th
century. Participation in its traditions is common among
the vast majority of people in Japan. Weddings, funerals,
memorial services, celebrations, and zazen sessions are
some of the many services that Buddhist temples provide
for people in their communities.

Zen Buddhism is one of the many schools of Buddhism
found in Japan. Zen emphasizes the importance of med-
itative practice to gain insight into the nature of exis-
tence. Around the 13th century, Master Dogen, a Japanese
Buddhist monk, established the Soto branch of Zen
Buddhism, which is the largest of the three major schools
of Zen found in Japan. Among many examples of Soto Zen
temples in Japan is Saihoji Temple, where one of IBO2020’s
Cultural Workshop Special Activities would have taken
place.
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Japan Cultural Workshop

Wearing
Traditional Clothes

Competitors would have been able to choose and
wear various traditional clothes of Japan, such as
kimono, yukata, Judo wear, and Kendo (traditional
sword-fighting) gear. In addition, they would have
been able to take some photos at a special photo
booth and bring them home as souvenirs.

Experiencing
Japanese Calligraphy

Competitors would have been shown how to write
their own names in Kanji (Chinese characters)
based on a sample written and provided by a master
calligrapher.

Nagasaki in Kaniji
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Playing Traditional
Games in Japan

Competitors would have played traditional Japanese games,
such as Shogi, Hanafuda, Hyakunin-isshu, Kendama, Daruma-
otoshi, Hagoita, and Koma with the help of Japanese university

volunteers.

g

Making Traditional
Crafts in Japan

Competitors would have made small traditional crafts from

Japan, such as Kumihimo, Mizuhiki, Origami, Tsumami-zaiku,

and brought them home as souvenirs.

Learning Japanese
Dance

Originating in the Okinawa and Amami regions of Japan, Eisa
is one of the most well-known and popular traditional dances
in Japan. With the instructions of local dancers at NIU, com-
petitors would have learned how to dance Eisa, with a possibil-

ity to perform on stage during the cultural night.
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Excursions

Competitor Excursion

Along with Hiroshima, Nagasaki is one of two cities in the world that
experienced the atomic bombing. To remember this, we planned the

competitor’s excursion to first visit the Hypocenter Park (the exact place

Hypocenter Park (the exact place where the bomb

where the bomb was dropped) and the Nagasaki Atomic Bomb Museum.
was dropped)

After that, competitors were going to visit Mt. Unzen, an active volcano
in southern Nagasaki, and the Shimabara castle at the foot of the volcano.

Jury Excursion

To accommodate the various interests of our worldwide jury members,
we prepared three different excursion packages to enjoy the beautiful
nature and culture of Nagasaki.
After visiting the Nagasaki Atomic Bomb Museum, jury members
could have chosen to visit:
1.The Kujukushima Archipelago and Shirahama Beach, where competi-
tors would have conducted their fieldwork activity,
2.Mt. Unzen, an active volcano, and Shimabara Castle, or
3.Tanada (step-like rice fields) and a hidden, historic pottery town in the

mountains.

The Kujukushima Archipelago

Shimabara Castle Tanada (Step-like Rice Fields)
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NAGASAKI MAP

The Kujukushima Archipelago

Historic Pottery Town

Tanada (Step-like Rice Fields)

Shimabara Castle

Hypocenter Park
Nagasaki Atomic Bomb Museum

Mt. Unzen

SASEBO AREA MAP

Farewell party venue

Hotel Flags Kujukushima Nagasaki

White Beach SASEBO venue
The Saikai National Park

Jury meeting and opening ceremony venue

Arkas Sasebo

Exam venue

Nagasaki International University
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About International Volunteers

After years of participation in the IBO, one thing became
clear to us: the positive impact of IBO alumni on the IBO
community and how important it is for the future of this
event. However, the opportunities for IBO alumni to “come
back” to the event were limited; some became jury mem-
bers after a while, but only a certain amount could do that
every year.

When we were thinking about a good way to involve
more IBO alumni in the event, we learned that the IBO2019
in Hungary recruited some of their team guides internation-
ally, mostly from IBO alumni. We were delighted to hear the
news and thought that we could continue and expand this
trend during our event. This idea became more realistic when
we realized that it was impossible to find enough Japanese
volunteers due to their conflicting academic responsibilities;
the IBO2020 period was not going to overlap with the sum-
mer vacation of Japanese university students.

There were some obstacles that initially concerned us.
First, Japan was located far away from a lot of participat-
ing countries, which made their travel expenses extremely
high, especially during summer. Second, some organizers
showed concern that internationally recruited volunteers
would not be able to properly introduce Japanese culture,
which was traditionally one of the main duties of team
guides in the IBO.

In late July of 2019, more than 11 months prior to the
[BO2020, we announced the opportunity to the alumni
community. Despite our concerns, this quickly received a
lot of interests, not only from the alumni, but also from
some former volunteers in the previous IBOs. In the end,
we received 133 applications from more than 35 countries
and regions across the world. By February 2020, our vol-
unteer coordinators accepted 69 volunteers by reviewing
all of their applications and interviewing more than 100 of
them via Skype.

It is worth noting that every single applicant was full of
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passion (and even love, for some) towards IBO. Many of
them, if not all, wrote on their applications that the IBO
was “the best week of their life” As the host country, we
would like to once again show our utmost appreciation to
such enthusiasm and strongly believe that the IBO com-
munity must cherish it as our wonderful asset.

After reading the applications, nobody in our organi-
zation was concerned about their lack of knowledge in
Japanese culture. Rather, we were extremely excited that
our international team guides would be able to act as a role
model for competitors, not only by sharing their advanced
biological knowledge, but also by offering some emotional
support as someone who had been through the same
nerve-wrecking IBO process.

By the time we accepted all the volunteers, however, the
COVID-19 pandemic was starting to take over the entire
world. Due to a series of sudden changes in our plan caused
by the rapidly changing situation, we had to admit that we
burdened the international volunteers greatly at multiple
occasions. At every step of this painful process up until the
cancellation of the IBO2020 Nagasaki, we appreciated their
patience and understanding towards our operations.

Because of all the pleasant interactions with the volun-
teers, we kept seeking ways to still involve them in our new
event, the remotely held IBO Challenge 2020. When we
decided to organize the International Group Project follow-
ing the exam, we didn’t think twice to create a supporting
position and offer it to the accepted IBO2020 volunteers.
Even though their responsibilities were vastly different
from the team guide position, more than half of them reg-
istered to become facilitators for the group project.

We cannot stress enough that the IBO alumni are the
future of this wonderful IBO community. Although we
could not host a physical event this year, we truly hope that
we can keep offering them active roles in our community.

(Taiga Araki, IBO2012 Former Competitor)



Team Guide Leaders

EI'!I
i

£

e .

Ayaka Eguchi Eichiro Kanatsu Fumika Hemmi

Tomoyuki Wakashima Uzuki Horo Yuki Koshida
IESO2017 Former Competitor
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About International Volunteers

Team Guides

Alexandru Golic Alfred Petersson Alisia Zink Chun-Wei Liu
(Sweden) (Sweden) (Germany) (Chinese Taipei)

David Barnabas Balogh Dumitrita Ungureanu Elena Lacroix Hsiang Ting Wu
(Hungary) (Moldova) (Belgium) (Chinese Taipei)

T
o, -
\\

Kai-Na Chiu
(Greece) (North Macedonia) (Australia) (Chinese Taipei)

loannis Stouras Iskra Jovanovska Jessica La
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Katherine Lister Magdy Mekdad Otso Lauri Tapio Nieminen Shermane Yun Wei Lim
(UK) (Romania) (Finland) (Singapore)

Aino Kilpeldinen (Finland)
Alkmini Zania (Greece)

Anna Li (Hungary)

Chen-Yu Lu (Chinese Taipei)
Daniel Istvan Papvari (Hungary)

Dilshan Weerasinghe (Sri Lanka)

" Doéra Katalin Juhasz (Poland)
Tai-Yi Chen Zack Dominic Orlina

(Chinese Taipei) (Philippines) Harper Kirschner-Sroka (Bulgaria)

Ivan Georgiev Georgiev (Poland)

Jaromir Hunia (Poland)

Joseph Aguilar (USA)

Ma Luisa Aurora Saenz Pascual (Philippines)
Muhammad Salman (Pakistan)

Saad Khan (Pakistan)

Sai Campbell (Australia)

Shristi Kunwar (Nepal)

Sin-Yuan Chien (Chinese Taipei)

Vahini Jessica Moodley (South Africa)
Zipei Tan (China)

Zi Lin Wang
(New Zealand)
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About International Volunteers

Jury Guides Workshop Guides (SCIBO Volunteers)

SCIBO: Student committee of International Biology Olympiad in JAPAN

i
=1l

Yotaro Sueoka Ayami Yamanaka Ayana Tanino Haruki Ishida

Ren Ishida Kazuyuki Sanada Kohei Oshima Kou Takahashi

Appreciate the moment.

Masahiro Sakono Mito Hotta Ryo Suda

Find wonder in every day!
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Executive
Committee Members

Masato Shibuya M. D.
Ryohei Yufu Ryota Akino Ryotaro Fukue

Jun Yatsu

Shigetaka Toba Shunsuke Ono Takaya Koga

Catch the dream.

Kyoko Matsuzaki

e

Toshitaka Imaki Yu Suzuki Yuki Tukakoshi Yuya Takeshita
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Event Summary

Overcoming Obstacles for the Success of the IBO Challenge 2020

This year’s IBO, the 31st International Biology Olympiad
2020 Nagasaki, Japan, was held as a remote event called
the IBO Challenge 2020. We sincerely congratulate all the
students who participated in this event after many prelim-
inary rounds.

Originally, the event was scheduled for July 3-7, 2020,
with Nagasaki International University (Sasebo City,
Nagasaki Prefecture) as the main venue. However, since
February, the COVID-19 pandemic spread rapidly across
the globe. Under such circumstances, the IBO Organizing
Committee thought about how to hold this year’s
International Biology Olympiad. By the end of March, dis-
cussions with the IBO2020 Organizing Committee con-
firmed that the event would be held as a remote contest,
not in Nagasaki.

Although the type of event changed drastically, we were
still committed to fulfilling the four objectives we set our-
selves as the host country: (1) provide an opportunity for
the young generation of the world to test their abilities, (2)
provide a place for the continuity of IBO activities and stu-
dent-oriented challenges, (3) provide a place to encounter
new aspects of biology, and (4) develop next-generation
human resources and revitalization through international
exchange. With these objectives in mind, we finalized the
content of the remote event in close cooperation with the
IBO Steering Committee.

However, this was the first attempt by a host country to
conduct an IBO international contest remotely. Because of
this, we faced many issues, such as fraud prevention and
fairness when testing, differing communication conditions
and environments, operational management challenges
due to time differences, and remotely held practical exams
without any lab equipment and materials.
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We were able to overcome all of them with the cooper-
ation of all the staff members of the Secretariat Office and
faculty members nationwide. The contest was held with
the participation of 53 countries and regions, which far
exceeded the initial estimations. We would like to express
our sincere gratitude to the students, jury members, and all
the people concerned from each country for their partic-
ipation during the extremely difficult situation caused by
the spread of COVID-19.

Students, you are the hope of our society. Please keep
doing your best. Please take on a big challenge. I look for-
ward to seeing the success of all the students.

Dr. Makoto Asashima
President, the IBO2020 Organizing Committee

3B i

IBO Trophy

The IBO Trophy, a compli-
mentary gift from Her Royal
Highness, Krom Luang Nara-
dhiwas Rajanagarindra, to
circulate from one IBO host
country to another annually.




From the Secretariat Office

The Right People in the Right Place

The IBO2020 Secretariat Office was established in April of
2018 and will soon end its short, three-year duty in March
2021. Thanks to our beloved Ryoichi, we enjoyed the priv-
ilege of using an office in the Tokyo University of Science,
located in the heart of Tokyo. On the fifth floor of the same
building, Ryoichi was working relentlessly on the duties of
being the IBO Chairman as well as his own experiments.
Under the director, Mitsuko Kudo, four staff members of
the Secretariat Office played a supportive role, each utiliz-
ing their own expertise: Taiga Araki and Siri McGuire for
international outreach and coordination, Ryoko Utsumi for
logistical operations, and Kimiko Takeuchi for accounting.

Most of you may recognize the name “Taiga” at this
point. He has been a part of the Japan Biology Olympiad
community since participating as a contestant in IBO2012
in Singapore. I officially recruited him in the summer of
2019 when he was working at a tech company in Tokyo
after graduating from university in the USA. Since he was
already looking for another opportunity in his life, he
gladly joined the office - fate really does exist! Utilizing his
English ability, he took care of a wide variety of tasks, such
as coordinating the registration process, publishing exam
guidelines and timetables, and most importantly, commu-
nicating with country coordinators and facilitators. His
experience as a former IBO contestant and his attention
to detail were a great help in the organization of this event.

There was another IBO alumnus who greatly contrib-
uted to the event: Kentaroh Honda, a former contestant
of IBO2007 in Canada. While working full-time at a dif-
ferent company, he generously devoted his entire summer
vacation to building and coordinating all exam-related
websites and platforms. To minimize the learning curve
of participants, he built the whole system by combining

existing services. During the exam period, he managed
the system both calmly and accurately, which led to the
success of the event. In fact, he was the very person who
proposed the idea of operating the event based on each
participating country’s local time zone. Even though that
meant the organizers had to stay up several nights in a row,
he prioritized the convenience of the participants. When
the jury members of some countries made logistical mis-
takes prior to the exam, he worked particularly hard so that
their competitors could still take the exam. His passion and
love toward the event as an IBO alumnus deserves special
recognition.

Ryoko, who supported our logistical operations, gave
birth to her daughter while preparing for the event! Even
while being pregnant, she found time to support the
Secretariat Office in various ways. Originally, she was
in charge of the cultural workshop during IBO2020 in
Nagasaki. Once we shifted to the remote event, she han-
dled the logistical operations of the International Group
Project while raising her daughter. Every night after the
baby fell asleep, she sacrificed her precious sleeping time
to work on tasks like summarizing the progress of all the
groups and creating a post-event report.

Siri, our only staff member with native English, enjoyed
working on many English-related tasks, from researching
and writing the ‘Japonica’ species guide to coordinating all
international volunteers. Although it was unfortunately
not used, a species guide for a beautiful beach in Sasebo,
where the group fieldwork activity was going to take place,
was her wonderful work as well. She was in charge of
proofreading (and sometimes creating) our English doc-
uments for both on-site and remote events. Thanks to Siri
and Taiga, the official language of IBO2020 became native
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From the Secretariat Office

English. As a director, I was extremely satisfied with this
achievement.

Our support staff member for accounting, Kimiko, fully
utilized her expertise to efficiently and accurately handle the
financial aspects of this event, which other staff members,
including myself, had little knowledge about. Although an
event like this tends to experience some financial issues, it
seems like this wasn’t the case for IBO2020 because of her.

I, the director of the office, specialize in communicating
life science research to the public. My life goal is to enter-
tain as many people as possible through the proper com-
munication of scientific papers. To achieve this goal, I have
previously used books, websites, movies, exhibitions, and
many other mediums. However, organizing an event this
big was relatively new for me.

The part I cared about the most as the director was deliv-
ering the organizers’ great passion for the event to the par-
ticipants in a visible way. I hope I succeeded in that task. As
the office nears its end, my stress level is finally starting to
decrease. While organizing the event was rewarding, I may

(s - OOEO

Mitsuko Kudo
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Taiga Araki

have to admit that sometimes I needed time to forget about
all the stress and enjoy working on things like designing
event gifts or editing this yearbook.

At the beginning of the preparation for IBO2020, I
defined the goals of the International Biology Olympiad as
1) high-quality biology examination, 2) the international
exchange of like-minded youth, and 3) immersive cultural
experiences in the host country. We are confident that we
achieved the first goal, and hope that we fulfilled the sec-
ond one through the online International Group Project.
As for the third goal, we struggled to achieve this because
of the nature of a remotely held event.

We truly wished that we could welcome you all in
Nagasaki. Our exam venue, Nagasaki International
University, was extremely generous and cooperative,
and was looking forward to hosting students from many
countries from across the world. Moreover, we believed
that Nagasaki was a wonderful city in which to host IBO
because of its rich and diverse natural features, from the
ocean (Kujukushima) to the mountains (Mr. Fugen). This

Ryoko Utsumi



is in addition to its unique culture and history, such as the
tea ceremony (Chinshin-Ryu ceremony), pottery (Hasami-
yaki), and its well-known history of the atomic bomb.
I would like to show our deep and sincere appreciation
once again to all of the stakeholders in Nagasaki, espe-
cially to Nagasaki Prefecture, Sasebo City, and Nagasaki
International University.

That being said, I believe you still had some other oppor-
tunities to experience Japan during the event. The accurate
and detail-oriented operation of the event with only five
staff members (all sleep-deprived, even!) is very much like
Japan, just like our dead-accurate train timetables. This
could be the biggest “Japanese cultural experience” we
could provide through this event.

Last, but not least, I would like to thank our president,
Dr. Makoto Asashima. Getting enough funding for this
kind of huge international event is always tricky and can
be full of people acting for their own personal financial
and/or political gains. However, he never cut corners and
raised enough donations solely through his pure passion

e

Kimiko Takeuchi

Siri McGuire

and enthusiasm for the event. Even when we experienced
financial problems due to the cancellation of the on-site
competition, he never gave up, just because he didn't want
to disappoint our competitors who were looking forward
to their turn to participate in IBO. On top of this, he was
such a pleasant person to work with. Once again, I would
like to express my utmost appreciation and respect to him!

Even though our IBO Challenge 2020 was held remotely,
a lot of countries and regions participated in the event. We
would like to truly thank the IBO Steering Committee,
the IBO Office, and all the NBO organizations around the
world.

IBO spirit never fades!

Mitsuko Kudo
Director, the IBO2020 Secretariat Office

k i
Kentaroh Honda
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Organizers

B EEFMA Main host

FINCERENFEA) > EVI2020RIBAE BREES
The 31st International Biology Olympiad 2020 Nagasaki Organizing Committee

REMEEN BARZEAMREE

Japan Science Foundation

W HAEFUA Co-host

EITZERFEEA RIARREE

Japan Science and Technology Agency

RIBEFAF

Nagasaki International University

EMRFEFRES
The Union of Japanese Societies for Biological Science

M 1BO challenge 2020 International Group Project (Dd»3tfe
Co-host (Only IBO Challenge 2020 International Group Project)

REMEEN 1)1 FARE B BERR PR

The Ocean Policy Research Institute, The Sasakawa Peace Foundation

B %MK Endorsing Institutions

NEREE

Ministry of Education, Culture, Sports, Science and Technology, Japan

Ministry of Health, Labour and Welfare, Japan

RIS

Nagasaki Prefecture, Japan

R
Sasebo City, Nagasaki

RIBEHEELZER

Nagasaki Prefecture Board of Education

RRERAE

Tokyo University of Science
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Dr. Makoto Asashima

Dr. Kenichiro Nakashima
Dr. Hiroshi Wada

Dr. Akito Arima*

Mr. Sadayuki Sakakibara
Dr. Hideo Mori

Mr. Naoki Abe

Dr. Yuichiro Anzai
Dr. Sadao Ishiwa

Mr. Mitsuru Imoto
Mr. Tsutomu Ueki

Dr. Yoshinori Osumi
Dr. Mitsuo Ochi

Dr. Tadamitsu Kishimoto
Dr. Ryuzo Sakakibara
Dr. Fumimaro Takaku
Dr. Tsutomu Tomioka
Mr. Norio Tomonaga
Dr. Ryozo Nagai

Mr. Akiyuki Nagase
Dr. Kyosuke Nagata
Dr. Keiko Nakamura
Mr. Houdou Nakamura
Dr. Yoshihiro Hayashi
Dr. Hiroo Fukuda

Dr. Motonori Hoshi
Dr. Tasuku Honjo

Dr. Seizo Miyata

Emeritus Professor at the University of Tokyo

Special Research Professor at Teikyo University

Honorary Fellow of National Institute of Advanced Industrial Science and Technology (AIST)
Academic Adviser of Japan Society for the Promotion of Science (JSPS)

Foreign Academic Member of Lithuanian Academy of Science

President, Nagasaki International University
Professor at Tsukuba University

President of Science Olympiads Promotion Council, Former Minister of Education,
Dean of Musashi Academy of Nezu Foundation

*Dr. Arima passed away on December 6th, 2020. He was a long-time leader of the entire Japanese
scientific community, and his contribution to the scientific Olympiads, regardless of the subject, was
tremendous as well. We would like to express our deepest condolences to his family.

Chairman of Japan Science Foundation
Professor Emeritus, the University of Tokyo

Administrative Director of Kyushu Bunka Gakuen and Nagasaki International University
Advisor of Japan Society for the Promotion of Science, Former Dean of Keio University
Deputy Director General at IBO Japan Committee

CEO, Nippon Wealth Life Insurance Company Limited

Standing Director, Japan Science Foundation

Special Emeritus Professor at Tokyo Institute of Technology, Nobel Prize winner
President, Hiroshima University

Chief Director at Senri Life Science Foundation, Professor Emeritus at Osaka University
Head of Nagasaki International University Faculty of Pharmaceutical Sciences
President, Japan Association for Development of Community Medicine

President of Nagasaki-Vietnam Friendship Association, Congressman

Mayor of Sasebo City, Nagasaki

President, Jichi Medical University

CEO, Nagase Brothers, Inc.

President, Tsukuba University

Director, JT Biohistory Research Hall

Governor, Nagasaki Prefecture

Director, National Museum of Science and Nature

Board Member and Vice-President of the University of Tokyo

Professor Emeritus at Tokyo Institute of Technology

Chairman of the Foundation for Biomedical Research and Innovation at Kobe,
Professor Emeritus at Kyoto University, Nobel Prize winner

Chairman of The Frontier Salon Foundation,
Professor Emeritus at Tokyo University of Agriculture and Technology
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Members Dr. Chiaki Mukai Specially-appointed Vice-Dean at Tokyo University of Science, Former Astronaut
Mr. Masao Murakoshi CEO, Murakoshi Holdings, Inc.
Dr. Kimiko Murofushi President, Ochanomizu University
Dr. Mamoru Mori Director at National Museum of Emerging Science and Innovation, Former Astronaut
Dr. Akiyoshi Wada Advisor at IBO Japan Committee

Presidents of 31 Member-associations of The Union of Japanese Societies for Biological Science
The Society of Population Ecology
The Society of Chromosome Research
The Japanese Association for the Study of Taste and Smell
The Genetics Society Japan
Japanese Society for Biological Sciences in Space
The Japanese Association of Anatomists
The Japan Society for Cell Biology
Japanese Society for Chronobiology
Japanese Association for Laboratory Animal Science
The Botanical Society of Japan
The Japanese Society of Plant Morphology
The Japanese Society of Plant Physiologists
Society of Evolutionary Studies, Japan
The Japanese Society for Neurochemistry
The Japan Neuroscience Society
The Japanese Biochemical Society
The Ecological Society of Japan
The Society of Biological Sciences Education of Japan
The Biophysical Society of Japan
The Physiological Society of Japan
Protein Science Society of Japan
The Zoological Society of Japan
The Japan Society for Bioscience, Biotechnology, and Agrochemistry
Japanese Society of Developmental Biologists
The Japanese Society for Comparative Physiology and Biochemistry
The Japan Society for Comparative Endocrinology
Japanese Society of Microbial Ecology
The Molecular Biology Society of Japan
The Union of the Japanese Societies for Systematic Biology
Japanese Society for Immunology
The Japanese Pharmacological Society
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Leucothea japonica

Meyersia japonica

Notholca japonica

Panulirus japonicus

Saccharina japonica

X o6 -

Lotus japonicus

Mimobdeiia japonica

Omphalotus japonicus

Parasteatoda japonica

Scolopendra subspinipes japonica

Luehdorfia japonica

Narke Japonica

Osmunda japonica

Perophora japonica

Ulnaria japonica

Mauremys japonica

Nipponia nippon

Oxycomanthus japonicus

Prasiola japonica

For IBO2020, we selected some species
that contained “japonica” in their scientific
name and used them as design motifs. We
attempted our best to include species from
as many phylogenic groups as possible
while keeping the selection interesting. We
hope you will enjoy learning about them.

Just like this, it would be interesting to
find species that contain your country or
region’s name in it.
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