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The Throne

By Malika Sharma

Part 1: Background Information

Many, many years ago the country of Genovia was ruled by the humble and honest King
Richard. He was a loyal ruler who listened to his citizens and implemented many new laws to
help the lives of many. He had been ruling Genovia, with his beautiful wife, four sons, and three
daughters by his side, for over 20 years. He has done a lot for his country, but along the way he
has also made a few enemies, one of which was the ruler of a nearby country called Runeba.
Recently, a war has erupted between Genovia and Runeba. King Richard has been busy at work
fighting in the war. Unfortunately, during the midst of the war, 58-year-old King Richard was
shot by the soldiers of Runeba and died on the spot. As sad as this was for the country of
Genovia and the royal family, there was no time waste. It was now time for King Richard’s
eldest son, Prince Julian, to fill his father’s shoes and win the war.

Prince Julian’s inevitable reign of Genovia was a highly popular topic ever since the day he was
born 29 years ago. His ultimate succession to his father’s throne had been something he had
always been told ever since he could walk. He was treated as a king before he was even
commemorated. So, the citizens of Genovia were very excited to see Prince Julian grow up to be
a promising first heir to his father’s throne. Prince Julian was kind, charming, and level-headed;
all traits that make up a good ruler.

The demise of King Richard took the country by storm. His assassination by the neighboring
country shook the entire country and the royal family. Fortunately, in a time of need, although
emotionally shaken, Prince Julian, now King Julian, shook himself off and rose to the occasion
to fight for his country. He eventually won the war, brought peace back to his land, and made his
country proud.

As time went on, the people of Genovia grew very fond of King Julian and started to look at the
future of the country with great optimism. However, only six months into his reign of Genovia,
King Julian was found dead at night in his bed by his butler. This shocking turn of events led the
country into absolute mayhem. Brawls flooded the streets. Crowds of people formed in
remembrance of the young late king. Chaos struck in the royal palace.

As per the post-mortem report, King Julian mysteriously died presumably due to cardiac arrest
because he suffered from Guillain-Barre syndrome (GBS), a rare disorder where the body's
immune system damages nerve [3]. This information, however, did not sit well with the citizens
of Genovia, one of them being you. You, alongside the millions of citizens of Genovia, found it



hard to believe that King Julian died by cardiac arrest via GBS because had the king or his doctor
known about the illness prior, they would have both started treatment as soon as possible. Also,
King Julian seemed like a healthy young man who was relatively very active and had no genetic
disposition to GBS. It was odd for this to come out of nowhere.

While some people accepted the fact that King Julian died by cardiac arrest, you, a professional
lawyer and bioinformatist, believed otherwise. You made it your mission to get to the bottom of
this case and find the true reason of King Julian’s death.

Part 2: What we know so far

You know so far that King Julian was not taking any treatment for his supposed GBS and that he
did not have a genetic disposition to any heart diseases that could have led to the cardiac arrest.
You also know that King Julian was an active young male who had regular doctor check-ups,
thus ruling out that any health issue had to play with the death of King Julian.

Knowing that King Richard, King Julian’s father, had a few enemies, you realized that there is a
good chance that King Julian did too. So, you start to take a deep dive into the life of King
Julian, the people around him, and their possible motives to kill King Julian.

King Julian had six younger siblings, all who grew up in the palace of Genovia, with a lovely
staff consisting of a secretary, assistant, maid, butler, chauffeur, and cook, all who also lived in
the palace. Knowing this information, you believe that searching everyone’s living quarters will
be the best place to start to get evidence for the case. As you make your way through the rooms,
you notice each person has a small vial of canned food hidden in random places of their rooms.
Whether it be on the nightstand, or in the closet, or in the vents, each room of a sibling or staff
member has a small vial of old canned food in them. Upon searching the first few rooms, you
think that maybe everyone likes always having a small snack in their rooms, but after finding a
vial in all twelve rooms, you become suspicious. You decided to take a sample from each vial
from each person’s room to see what is inside all of them. You find out that each vial consisted
of either fruits, green beans, seafood, spinach, tuna, mushrooms, beets, fish, or sausage. You find
this to be a rather random and interesting array of food to keep in your bedroom, so your
suspicion grew.

Part 3: Plan of Attack

Because you are fully confused with the vials, for a moment, you push the vials of food to the
side and start to put your focus back on the body of the late King Julian. You decide to take a
sample of his blood and run it through your bioinformatics tools to see if you can find anything
interesting on the molecular level. After doing so you find out that King Julian’s blood has traces
of Clostridium botulinum. Clostridium botulinum is an anaerobic gram-positive spore-forming
rod and is the most common cause implicated in reversible flaccid paralysis [1]. Other clostridial
bacteria can also produce the toxin leading to botulism, a rare but serious illness caused by a
toxin that attacks the body's nerves and causes difficulty breathing, muscle paralysis, and even
death [1]. Despite its potential fatality and rarity, the illness can masquerade as other illnesses



making diagnosis difficult. Botulism can result from the consumption of foods contaminated
with preformed botulinum toxin. The most common source is canned food [6].

The fact that the most common source of botulism is canned food raises a suspicion in your head
since you found many vials of canned food in everyone’s room in the royal palace. Now you
decide to use your bioinformatics tools, at hand, and take an even closer look at a molecular level
of the foods in the vials and compare them to the blood sample of the late King Julian (that

shows the prevalence of Clostridium botulinum) to see if any connections can possibly be made.

You produce the following data using National Library of Health NCBI:

Step 1: Run King Julian’s blood sample to see what it contains using NCBI:

KTO036213.1 Clostridium botulinum strain E-RUSS 23S rRNA (uracil-5-)-methyltransferase
(rumA) gene, partial cds

Step 2: Run all the vial samples (12) from everyone’s room to see what it contains using NCBI
and fill in the table with the name of organism (answers are filled in in red).

Table 1: Accession numbers of all vials of canned food in the rooms of the palace.

Sibling #1 CP070943.1 Clostridium botulinum strain ZJK-9 chromosome, complete
genome

Sibling #2 | AP024849.1 Clostridium gelidum DNA, complete genome

Sibling #3 CP004121.1 Clostridium saccharoperbutylacetonicum N1-4(HMT),
complete genome

Sibling #4 CP004121.1 Clostridium saccharoperbutylacetonicum N1-4(HMT),
complete genome

Sibling #5 CP016091.1 Clostridium saccharobutylicum strain NCP 258 chromosome,
complete genome

Sibling #6 CP073279.1 Clostridium beijerinckii strain CBEI chromosome, complete
genome

Wife CP016786.1 Clostridium isatidis strain DSM 15098, complete genome

Maid LN908213.1 Clostridium beijerinckii isolate C. beijerinckii DSM 6423
genome assembly, chromosome: [

Butler CP016086.1 Clostridium saccharobutylicum strain NCP 200 chromosome,
complete genome

Chauffeur CP018624.1 Clostridium chauvoei strain DSM 7528 chromosome,
complete genome

Secretary CP043998.1 Clostridium diolis strain DSM 15410 chromosome, complete
genome

Assistant CP053893.1 Clostridium beijerinckii strain ASCUSDY20 chromosome,
complete genome

Cook CP016087.1 Clostridium saccharoperbutylacetonicum strain N1-504,
complete sequence




Step 3: Now all you have to do is use the bioformatics tools to deduce who has a vial of canned
food that has the closest strain of Clostridium botulinum to the one that was found in King

Julian’s bloodstream.

Step 4: You started by going to the NCBI home page (http://www.ncbi.nlm.nih.gov/), and
clicked on the “nucleotide” link to search for the nucleotide sequences, as seen in the red box.
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Step 5: You then searched for the accession number KT036213.1 and hit the “Search”

button. This accession number represents the strain of bacteria found in King Julian’s
bloodstream. This then brought you to the page for the “Clostridium botulinum strain E-RUSS
23S rRNA (uracil-5-)-methyltransferase (rumA) gene, partial cds” as seen below.
https://www.ncbi.nlm.nih.gov/nuccore/KT036213.1
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Step 6: Once the results loaded onto the page, you were then able to click the “FASTA” button
at the top left of the page, as seen in the red box below. This opened a new window with the
FASTA sequence which allowed you to build a tree with a Bioinformatic program.

Clostridium botulinum strain E-RUSS 23S rRNA (uracil-5-)-methyltransferase

(rumA) gene, partial cds

GenBank: KT036213.1
FASTA | Graphics

Customize view

Analyze this sequence

Goto:™ Run BLAST
LoCUS KT036213 663 bp DNA linear BCT 14-JUL-2015 Pick Primers
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TITLE Phylogenomic profiling of Clostridium botulinum Group II isolates
using whole genome sequence data Full text in PMC
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PUBMED 26116673
REMARK Publication Status: Available-Online prior to print
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JOURNAL  Submitted (@9-JUN-2015) National Microbiology Laboratory, Public RUSS 238 rRNA (ur 7 oo
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R3E3R2, Canada anochmgmesnmin
COMMENT ~ ##Assembly-Data-START## Amazonia isolate 3, 16 otige
Assembly Method Posrst2 v. 2.1 Q  Clostridium botulinum 14860
Sequencing Technology :: Illumina ©)
##Assembly-Data—END## Nucleotide
FEATURES Location/Qualifiers B Clostridium botulinum
source 1..663 BKT015925 plasmic )
/organism="Clostridium botulinum" Nucleotide
/mol_type="genomic DNA" B  Clostridium Botulinum -
/strain="E-RUSS" StatPearls
/serotype="monovalent E"
/serovar="E1" See more...
/db_xref="taxon:1491"
/note="non-proteolytic;
group: II"
gene <1..>663
/gene="rumA"
CDs <1..>663
/gene="rumA"
/note="RumA"
/codon_start=3
/trans1_table=11
/product="23S rRNA (uracil-5-)-methyltransferase"
/protein_id="AKP63097.1"
/translation="EKQLQVLEDEIKDLFKEADVTTGEFLGVLGSSEQWEYRNKMEFT
FGDEEKGGDLSIGMHMRGKSFGIMTVDHCKIVDEDYRKIIRLTADYFGKQDLPYYRVM
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ORIGIN
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121 agatggaatt tacatttggt gatgaagaaa aaggtggaga tctttcaatt ggaatgcata
181 tgagaggtaa atcttttgga ataatgacag ttgatcattg taagatagtt gatgaagact
241 atagaaaaat aataagatta actgcagatt attttggaaa acaagattta ccatattatc
301 gagttatgaa aagagaaggg tatttaagac atcttgtaat aagaaaagct caaaatacag
361 gtgaaatatt agtaaatctt gttacaacta ctcaaataga ttttgatttg agtgaatatg
421 ttgaattact aaaatctcaa gactataagg gtacattagt atcaatacta catactgaaa
481 ataattcatt ctcagatgca gtaataccag aaaagataaa tgtattatat ggaagagatt
541 atatacaaga aaaattatta ggacttaatt ttaaaatttc accattctca ttttttcaaa
601 ctaacacaaa aggtgcagaa agcctttatt cattagttag agattttatg ggaagttcag
661 aaa



Step 7: After the sequence had loaded, you navigated to the “BLAST” button on the right and
run the blast which brought you to the selection page of the strains found in the vials of canned
food in the thirteen rooms.
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Step 8: Once the nucleotide blast page had opened, under “Choose Search Set” you selected
“Standard databases” for the database and “Nucleotide collection from the database” dropdown
menu. Under “Program Selection”, you selected the button to optimize for “Somewhat similar
sequences”. Then you clicked the BLAST button.
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Step 9: You then selected the strains belonging to the vials (as answered in Table 1) and ran the
“Distance Tree of Results” to obtain the phylogenetic tree.
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CP029329.1
CP027286.1
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LT799839.1

CP016786.1




Step 10: You observed the phylogenetic tree created and analysed the results.
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This tree was produced using BLAST pairwise alignments. more...
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It can be seen in the tree that the yellow highlighted strain is the strain found in King Julian’s
bloodstream which contains C. botulinum. The closest branch in the tree to the yellow
highlighted strain represents the sample that was closest to the strain found in King Julian’s
blood. Therefore, the strain closest to the yellow highlighted one is the vial from which King
Julian was most likely infected from.

Part 4: The Culprit

Because the sample with the accession number CP070943.1 was closest to the strain found in
King Julian’s blood, by using the table you made from earlier, you can determine that the vial
came from Sibling #1’s room. In other words, King Julian’s younger brother Prince Noah’s
room.

You then interrogate Prince Noah as to why he has the vial and what he did with it. Prince Noah
confesses that with the help of the cook, he had been adding pieces of the fermented canned fish
from his room into King Julian’s food.

C. botulinum grows best under low-oxygen conditions and produces spores and toxins [4]. The
toxin is most commonly formed when food is improperly processed (canned) at home. In this
case, the fish was improperly canned at home. The toxins formed were then added to King
Julian’s food. The toxin can then attack the body's nerves and causes difficulty breathing, muscle
paralysis, and even death, which lead to King Julian’s death in his sleep [2]. By adding this toxin
to King Julian’s food and thus killing him would lead to the succession of Prince Noah to the



throne. His lifelong dream of getting out of his brother’s shadow and into the limelight would
happen. By killing his brother, he wanted power.

Part 5: Some Questions to Guide you
1. Draw a quick sketch of the resulting tree, and briefly describe it.
a. Answer can be found within the document
2. How does this tree support that Prince Noah was responsible for King Julian’s death?
a. Answer can be found within the document
3. Why did the forensics team mistake botulism to Guillain-Barre syndrome (GBS)?

a. Both GBS and botulism are medical emergencies and can result in death from
respiratory muscle paralysis or complications of dysautonomia. Botulism can
cause death by paralyzing the muscles people use to breathe. Interruption of
pulmonary gas exchange for > 5 minutes may irreversibly damage vital organs,
especially the brain. Cardiac arrest almost always follows unless respiratory
function is rapidly restored [5].

Part 6: Importance of Bioinformatics

From this case study, I hope you understood the value of bioinformatics and got to see a practical
use of it. Bioinformatics is a multidisciplinary field that applies computational techniques and
methods to solve problems related to biology, genetics, and medicine. The importance of
bioinformatics lies in its ability to process and analyze vast amounts of biological data, which
has become increasingly important as the amount of biological data being generated continues to
grow exponentially.

Here are some ways in which bioinformatics is important:

o Advancing medical research: Bioinformatics plays a critical role in advancing medical
research by helping researchers to better understand the genetic basis of diseases and to
identify potential drug targets.

o Improving agriculture: Bioinformatics can be used to study the genetics of crops and
livestock, helping to develop new varieties that are more resistant to disease and better
suited to specific environments.

e FEnhancing drug discovery: Bioinformatics can be used to identify potential drug targets
and to predict how different drugs will interact with specific proteins and molecules in
the body.

o Understanding evolution: Bioinformatics can be used to analyze genetic data from
different species, providing insights into the evolutionary relationships between them.
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