


Dinosaurs are a group of reptiles that
first appeared about 245 mya. They
dominated the planet until an
extinction event wiped out a large

swath of life on Earth about 66 mya.
But, we now know that the Age of
Dinosaurs never ended. Instead, a
group of dinosaurs gave rise to a new,
small airborne form: BIRDS
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the understanding of eveiutionary
elatianships among organisms, as many
bt human genes are identical or similar to
hose of sther species.

Biointermatics uses

science 1o analyze biological data. BLAST
(Basic Lacal Alignment Seacch Tool) is &
bicinformatics tool that quickly and
eftectively compares gessmes to detect
genetic simiarities and dfferences.
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How can bioinformatics be used as a
tool to determine evolutionary
relationships and to better understand
genetic diseases?




BIOINFORMATICS FOR EVOLUTION
YASH MEHTA

=
THE FOSSIL & MORPHOLOGY

On the left is Figure 3. Our team of scientists uncovered the fossil specimen in Figure 3 near the
Liaoning Province in China. What observations can you make about it? Our scientists noticed a
long tail, two hind legs with long feet, and a ribcage. Additionally, the head was on top of a long
neck on the end of a backbone. If you noticed anything else, make sure you remember it, for it
could prove useful later on. This fossil is evidence of evolution because it provides physical
support for Darwin’s idea of descent with modification. Organisms descend from one common
ancestor, and each new generation evolves and has modified genetic and morphological traits.

Now that we’ve made some observations, where would you place the organism in the fossil on
the cladogram shown earlier?

Similarities in the bone structure between birds and the fossil provide further evidence of
evolution. If we take a look at the cladogram mentioned earlier and try to find an animal that
seems similar, it is evident that some morphological traits in this fossil place the organism on the
birds branch. It more closely resembles birds than animals like apes, insects, or crustaceans. On
the left is Figure 4. Shown is a generic bird that has been pulled from our database, and we can
see some similarities in the tail, body structure, legs, and feet. The fossil was likely an older bird,
or a recent ancestor of birds, and shows many morphological similarities. Morphological
\::{«p‘oi%\:\ 25«‘:: imif “i‘ similarities are a great way to add evidence to our argument that this fossil belongs on the bird
B b i gEaE iyt branch, however, we don’t have enough evidence just yet to justify the initial claim. That’s where
computational biology and the BLAST program come into play.
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BIOINFORMATICS FOR EVOLUTION

' THE CURRENT CLADOGRAM
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Figure 2 (left) is a cladogram. A cladogram is a
branching diagram that shows the cladistic
relationship between a number of species.
Cladistics is a method of classification of plants
and animals according to the proportion of
measurable characteristics that they have in
common. The higher proportion of
characteristics that two organisms share, the
more recently they diverged from a common
ancestor, meaning they are closely related. All of
the organisms are at the top of the figure, and in
the context of this cladogram, they are bolded.

The purple circle signifies the oldest common ancestor for all the organisms on the cladogram.
Each branching point represents new common ancestors that evolved as time progressed. Some

of the branching points are circled in blue.

In order to read a cladogram, we must start at the left side and move to the right. This movement
from the left to the right signifies time. That means that the organisms on the bottom left are the
oldest and have had the least evolutionary changes over time. The farthest right organisms are

recently evolved and have experienced the most change. There are characteristics along the base
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FINAL PLACEMENT
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Figure 5 | The finol clodogram shows the evolutionary relationship
between insects, crustaceans, crocodilions, birds, greot apes, and
rodents. Birds and Crocodilions are more closely related to each other
than any other onimal becouse they shored a more recent common
ancestor. This same relationship is present with insects and crustaceans
as 0 eat opes and rodents. The blue stort signifies the placement
0 e fossil on the cladogram, right on the bird branch, meoning that
this fossil has the most in comman with birds in terms of shared traits,
common ancestors, and other charocteristics.

The fossil was placed on the birds branch of the
final cladogram because of its strong nucleotide
alignment, morphological similarities, and other
evidence from computational biology processes.
When inspecting the fossil, scientists observed
many characteristics that were present in birds.
But this was not enough evidence to make a final
decision. Next, they looked at the nucleotide
sequences of three genes found on the fossil, and
after running them through the BLAST program,
discovered that these three genes were also
present in two species of birds and one alligator.
Conditions described in the beginning of the

experiment were met for this fossil to be characterized as a bird. Genes were
transferred from the organism in the fossil to modern bird species, morphological
similarities were present, and nucleotide sequences spread across different species of
birds showed strong similarities to those from the genes on the fossil.
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MISSING MYSTERY FOSSIL
ANGELA LANE

A fossil of a new chordate species was discovered in Liaoning Province in China.

Scientists knew little about the fossil but believed it was a new species. Fossils
are used as morphological evidence to categorize new species by comparing

anatomical characteristics. However, this fossil had a rare and exciting feature

Three genes were sequenced to learn more about this fascinating fossil. The

that would give the

scientists even more information to work with: soft tissue. '

. first gene with instructions for coding collagen, a protein structure found in skin -
and cartilage. The second was instructions for coding an enzyme that attaches |

S':ft tissue does not usually withstand fossilization, but its DNA can be
extracted. i /
d. DNA evidence can be used to compare the genes of different z ubiquitin, a small protein found in eukaryotic cells, to cellular proteins. The third |
3 was instructions to code for the mitochondria in cells. Genes are coded with |

organisms and identify similarities.
instructions of how to string together different amino acids to make a protein.
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Based on Gene 1, the organism most closely
related to the fossil organism is the Gallus
gallus, which is a chicken. The alignment
score for the Gallus gallus and fossil species
for this gene is 10822, which is very high, so
the alignment is very close. As well, the other
closely related organism in the presented

cladogram appears to be birds,

Based on Gene 2, the organism most closely
related to the fossil organism is the
Taeniopygia 8uttata, which is a tiger finch.

The ali score for the T:

Buttata and fossil species for this gene is
2235, which is pretty high, so the alignment is
close. As well, the other closely related

8 in the Jad

3ppears to be birds,

voucher WCS 850352 128 ribosomal RNA gene

is mitochondrion, complete e nome

Based on Gene 3, the Organism most closely
related to the fossil organism is the Alligator
sinensis, which is a Chinese alligator, The
alignment score for the Alligator sinensis and
fossil species for this gene is 1810, which is
somewhat high so the alignment is less close,
but still close. As well, the other closely
related organism in presented cladogram
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NEWLY DISCOVERED FOSSIL
JENNA LACY

great apes rodents

ians irds
crocodilians bin Sibosabls o
thumbs two specialize
- SOrs
palatal valve #(cathers inciso!

insects crustaceans i

exposed
mouthparts

two-parted limbs

they share their most recent co

vertebrae

1 common ancestor
s was closely related to the last © a

cd dertved traits of the 5
well, the cladogram shows shared d 3 wraits of the

the species reprasented are heterotrophs Because ey are OrEAnL

nces. But vertebrae
tritional requirements from complex organic substal But very
its autrition. uirer

w ped for one branch after the Speciation event that led 10 insects and
developed fo ion event that led 1o A
vere develope:

ans. Based on the image of the fossil, the 1033l does have a venebra, 5o o

heterotroph

s well, the image of the
should be placed on the right of that speciation event. As well, the image

3 ird with some
fossil appears to have the same structural physique as a bird with s

resemblance to a crocodile, so my prediction reflects that

s
L e
.
) se 2 equencing of human genes will allow
.- Identifying the precise location and sequencing &
: humans to better understand genetic diseases, S0 many human genes are
v humans : |
J B so if a single gene in a |
& e identical or similar to those found in other species a single g
5 species that is closely related to humans is found to cause a particular
; i :
N . disease, this gene can also be studied in humans, A \
> “C\ : : :
0 < |
. $ .

ROOM



‘Where does this
mystery fossil
lie on the
cladogram?

ot

| Insects |
7" |

IDENTIFYING AN UNKNOWN FOSSIL

—+ Vertebrae —

Vertebrates are organisms that possess vertcbrac.
Vertehrae evolved to protect and support the spinal
cord.

Insects and crustaccans do not have vertebrac,
suggesting that they are less closely related to the rest
of the species in this i i

ANYA SHARMA

— Fur

Fur is the hairy coat that mammals possess. Fur
evolved for warmth, decorative, and other purposes.

cladogram.
binds, rodents, and great apes are all vertebrates, they
share a more recent common ancestor that evolved
verieheac.

| Crocodilians  _ Birds _|
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After looking at the analysis
of this cladogram, it is clear
that the fossil can best be
described as a common

birds. N

By taking the sequences of
three genes found on this
fossil, and inputing it into
B“As’rymmmm
the DNA of this fossil to
those of other speeies. Data
was colleted on the species
with E values of 0.0 (the
lower the e value, the closer
the alignment) and the
highest max scores (the
highest alignment score
between the two sequences)
Gene 1: The fossil and a
chicken had a max score of
10,288.

Gene 3: The fossil and a
zebra finch had a max score
of 2,235.

Gene 4: The fossil and a
chinese aligator had a
max acore of 1810.

This data confirms the
close relationship betweer
the fossil and cocodillians

: and birds, as the more
. similar the DNA the more

closely related the species
are.
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HOW CAN BIOINFORMATICS BE USED AS A TOOL TO DETERMINE EVOLUTIONARY

RELATIONSHIPS
SMARANDA LUPU

?\ BLAST also constructed phylog

enetic trees for each gene and placed the unknown species tested near the species thz
g ecies tes 4 species that the :
SR e | The results given by the BLAST test shows that the

unknown fossilized speci
Phylogenetic Tree for Gene 1 Phylogenetic Tree for Gene 2 bird R R R
rd.

program found to be most closely aligned. The highlighted writing on each tree repre

A .7 e e —— The first two genes tested aligned with the Red e

crocodilians  pirds
Junglefowl and the Zebra Finch. "t

palatal valve 2R thumbs two specialized
The third gene aligned with a Chinese alligator. s o

insects  crustaceans o
Crocodilians and birds diverged from each other, and exposed :

therefore some genes of the unknown species align with motipaty’ X O P
bird species and others align with crocodilian species. \ vertebrae
The maximum values for genes one and three are higher
than the max value for gene four, meaning that the
unknown species is more related to birds than heterotroph
crocodilians. Using this information, a new cladogram
e can be constructed, placing the fossilized species on the

L o e e branch with birds.
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EXPLORING BIOINFORMATICS AND EVOLUTIONARY RELATIONSHIPS
TANVI MATHRUBOOTHAM




EVOLUTIONARY LINEAGE OF A MYSTERY FOSSIL
AYA SUGOI-MUNSON

lpathon: The Eonll specimen appeues o have a complen skeleton withjoited
i aning that this amimal ot Wkl had 8 vertebene, However, e it
Sorphological charscteristion can't be idersificd as either spocific 10

iam or birds, e hypothes
ot e aflrthe ot o veehese Lo 520 e b

Species with Most Similar Gene  Maximum Score Protein Produced
Sequence Value
Gallus Gallus (red junglefowl) 10288 0o Alphia 1 (V) collagen

Tacniopygia guttata (sebra Fi 0 Ubiquitin conjugating
finch) eneyme E2Q1

Alligator sinensis (Chinese Y Alligator sineasis

Figure 1: This table shows the species with most similar gene soquences, the maximuem
alignment scare, the o(xpect) value, and the protein produced for the three genes. The specics
with the most gene sequence alignments for gene | is the Gallus Gallus, of red junglefowl, an
ancestor 10 the chicken. For gene 3, the Tacniopygia gustata, or zebea finch, has the mast

e macmu scores and cladograins pruvided by
& BLAST foe genes 1, 3, and 4, the original hypothesis is decidedy lacorreet. While
Jooking s the morpbological characseristics akoe suggests St e new specics

Ties om the branch with crocodilisns and birds, further svestigation with DNA
BACK alignments, For gene 4, the Alligator sincnsis, or Chinese alligasor, has the most alignments.

otherwise. As the for the two species ¢

The maximum score is the highest alignment score for matched nucleotides or amino acds,

were higher than the maximum score for the crocadilian, the Chinese alliga: A
- o o
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o o gme 1, howeer i i sl 1 deermising e i of e - s’ pindoriperbarerinmh e TO species are. The e value is the number of that by valoes
that are less than | x 10 have an error rate of less than 0.01%. As all the e values are 0.0, there
TO Is & 0% chance that the alignments occurred by chance. The last columa has the protein
produced which is Alpha 1 (V) collagen for gene 1, ubiquiti E2QI for
ROOM #J.ummwu.-t.mmwma
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BIOINFORMATICS AND EVOLUTIONARY RELATIONSHIPS
OLIVIA OKAMOTO

A te.am of scientists uncovered this fossil specimen near
Itlaoning Province, China which appears to be a new
species. Small amounts of soft tissues have been preserved
and DNA nucleotides were able to be extracted to sequence
3 genes.

Key Ct \orisiiEs:
e Long tail
o Beak-like face
e Small, claw-like feet
e Feathers? - Rarely preserved in fossils

BLAST Clado rams

rams visually depict evolutionary history of
orga;:ilsar::.gshowing the reproductive lineages and hotw they
split over time. The base of a cladogram repr_esen T ath
common ancestor to the organisms that f.o'llow it, while te
tips of the cladogram represent current l|v1'ng des.cendan.ts.
The branching points show the order in which Yanous traits
arose and trace the differences among organisms. These
cladograms are generated from the BM§T data and are
created from the genetic similarities and differences am?ng
organisms.
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BIOINFORMATICS AND EVOLUTIONARY RELATIONSHIPS
OLIVIA OKAMOTO

With quick and effective tools to identify
similarities and differences in genomes among

organisms, not only can the evolutionary

Why is bilnfo rmatics relationships between them be determined, but |

genetic diseases can be better understood. For
example, if a single gene that is responsible for a
disease is found in one organism, the genome canjl
be compared to humans to determine if a similar
genetic disease can arise.

important?
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PLACING THE MYSTERY FOSSIL ORGANISM ON A CLADOGRAM

Though it is unclear whether the fossil species had the morphologicall
B features of a palataMe|valve or feathers, it is observed to have small
bones lining the back suggesting it had a vertebra. Thus, it can be
hypothesized that the fossil species belongs on the branch in the

lad that comes i diately after brac.
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ELIZABETH CHEN

BLAST also provided cladograms to visually
demonstrate how the gene aligns with the other
species. Time moves from left to right, the nodes
represent common ancestors, and the more shared
common ancestors there are the more the two
species are related. The query sequence (the
unknown fossil species) is highlighted in yellow:
and a legend is provided for each cladogram.
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~ vertebrae

heterotroph

After considering evidence found using BLAST to analyze
gene 1, 3, and 4, it is determined that the hypothesis is

does, h , uphold that the fossil
species would stem after the brac trait on the cladogram,
as supported by the preliminary observations °f"'°"P‘E°'°8ical
features on the fossil species. Figure I demonstrates high
alignment values between the gallus gallus for gene 1, the
{aeniopygia guttata for gene 3, and the alligator sinensis for
gene 4. Each of the cladograms (Figures 24) demonstrate

il species, supporting Figure 1.

which is significant b "
and specifically notes that the all
However, the max scores are evidence |
ics is more
birds than crocodilians as the max ;
the zcbra ﬁmhmbolhhgherﬂn{xﬂw::dmeam
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irds that have feath gram p made
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R
il species, WhIEH W28 ined by
and zebra finch to the fossi mc:ialools,msveryposible

: <} bioinft
analyzing genes with bioi e

il species had feathers as Wet. . taking
:lll:::(s:'h:vg:s:l:m into account, the fossil species specifically

pelongs on the bird branch on the cladogram,




BLAST INVESTIGATION INTO A MYSTERY FOSSIL
IVY HAIGHT

Figure 1: The fossil found in Liaoning Province, China. A small
bit of soft tissue was found in this fossil and extracted for DNA
sequencing. The fossil appears to have vertebrae, which
indicates that ts location on the cladogram occurs after the
divergence of the first branch (which contains crustaceans and
insects).

3)

should the new chordate species found in a fossil be placed?

Background Information: The fossil of what appears to be a
new chordate species recently was found in Liaoning Province,
China. Small samples of soft m-mlmdzln tfn fonll, and
se genes to the same genes of other known species, as
TO TO

shown in Figure 2.
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