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Background

« Huntington’s Disease is a genetic disease that breaks down the nerves in the brain.

« Symptoms of the disease can appear in ages 30 to 50 and it will affect a person’s ability to
think, eat, move, and speak. Symptoms may describes as having ALS, Parkinson’s and
Alzheimer’s disease at the same time.

« HD can be broken down into three stages. The first is chorea and mood swings. The second
IS Involuntary movements that can affect swallowing and speech. The final stage is when
voluntary moment is completely lost, in which assistance is necessary and can result in
death.

« The basal ganglia is a part of the brain that controls movement and works closely with the

frontal lobe.
Methods

« Allan Brain Atlas (http://www.brain-map.org/) was used to collect gene expression data from the
basal ganglia area in the brain. The data came from four donors. Donor one: H0351.2001,
Donor two: H0351.2002; Donor three: H0351.1009; Donor four: H0351.1012. Venny
(http://bioinfogp.cnb.csic.es/tools/venny/index.html) was used to sort through the genes found
In the four donors to find all the genes that the donors had in common.

« Python Anywhere (https://www.pythonanywhere.com/) was used to create a chart showing the
different fold changes in the genes taken from the four donors.

 DAVID (https://david.ncifcrf.gov/tools.|sp) is a functional annotation tool used to cluster different
genes based on their function.

« STRING (http://string-db.org) is a database that was used to identify what proteins a specific
gene interacts with.

« Gene Wrangler (https://geneweaver.org/index.php?action=search) was used to further
Investigate the relevance of genes found using the other databases to Huntington’s Disease.

26385 Donor HO351.2001 fusiform gyrus (FuG) 1 - 29 of 26410 [l Donor HO351.2002 anterior erbital gyrus {ACrG)
 Symbol Gene Symbol
SYNDIGIL 1.73e-40 a SYMNDIGIL 224827
PENK £.13e-23 a A_B2_PBAZES 1.01e-51
32_Pi6T017 1.720-40 a GPREE 1.36e-17
_32_PB42BE 1.34e-50 a PENK 2.45e-17
GPREBS 2.75e-19 a A_32_P16TONT 7.82e-26
PENK 1.368-23 a PENK 1.93e-16
RGSY 4.08e-32 a SAG 2.93e-20
GPREE 1.06e-20 a TNFRSFE A_56e-20
RESE B.47Te-31 a CAl2 111823
SIX3 362845 a GPREE 1.61e-15
FTRNT 722023 a ADORAZA 1.15e-19
MME 1.062-20 a RGSO 9.00e-23
FDE10A 1.782-20 a RGSO 1 3de-22
AMBN 5.038-24 a AND3 3.40e-15
POYN 4.548-20 a LRRCA0B 1 31e-24
ANKRDZ4B 1 1de-44 a RENK 1.91e-16
cA12 7 Ble-34 a PENK 3.26e-17
LRRC10B 6.462-20 a GPRE 4.30e-13
ADORAZA 4 Bhe-24 a cA12 5.656-16
PEMK 1 068-20 a POYN 5.366-13
ONECUTZ 8.008-20 a PDE10A 5.12e-17
AND3 1.13e-18 a ADORAZA 2.02e-10
GPRE 1 36216 a coCH 2.32p-14
SHIRF2 4.B3e-26 a ANDE 2.72e-14
APOCT 3.87e-65 a PTPHT 9.68e-16
DRDZ §.20e-25 a CocH 1.21e-14
APCCH 611855 a PIRIE 1.618-23
COCH 963822 a 1R1B 9.27e-24
SAG 5.158-27 a COCH 8.638
Donor One Donor Two
9 of 28497 B Conor HO251.1009 anterior orbital gyrus (AOrG)
1 - 29 of 28466 B Donor HO251.1012 medial group of nuclei (DTM)
valw
e Syme Gene Symbol i
11111111111111
" ATe-06 a SYMDIGIL 2 58e-26
PEMK 3.008-07 a A_32_P1BT01T 142813
A_X2_PIGTOAT 4.60e-00 g FENK 1.07e-12
cAl2 248811 GPRES 2.008-11
GRREE 8.03e-06 a GRREE 308811
RGSE 2.22e-10 a PTPNT 1.018-11
GRREE 3.53e-06 a TNFREFE 1.238-13
RGSY 2.07e-08 a PENK 7 B5e-12
TNFREFE 2.20e-07 a cA12 3.77e-22
SAG 378812 a MME 335213
FTRNT 2.052-06 a A_32_PB42EE 3.42e-54
SIX3 1.00e-15 a RESD 241817
PENK 1.0ze-06 a RGS9 2.30e-17
DROEZ 1.3%e-10 a AMBN 6.756-13
AND3 7.82e-06 a ANDE 411e12
A_32_PBAZES 361832 a SAG 1 A3e-18
PENK 360e-06 a PENK 144611
BATE - 1.60e-0B a SIX3  1.08e-34
MME  1.56e-06 o PDE10A  1.03e-14
ANKRO34B 272e-14 a ADORAZA 443215
ADORAZA 5.25e-07 a MME 3 30813
FDE10A Se-0
cazh a CA12 1.83e-16
. a POYM 2 46e-10
Borf141
AMaN a BATF 343e-12
0348 a ADCRAZA 527814
005 a AMOZ 3.55e-10
MME 210-08 a DRO 1.48e-10
a DROZ 299817
a RENK 5.72e-12

n | .. Resolution Structures E Color Map =] ([~ | zo0m = -
Donor Three

Donor Four

The heat maps above are collected from the basal ganglia region from four donors. The data
collected needed the requirement of a fold change greater than 3. The red parts of the maps
demonstrate high gene expression and the green express low gene expression. The black section
represents equal expression.

Common Genes

Donor 2 Donor 3

The Venny database was used to gather the selected genes
from the four donors and compare them to see which genes
were found common in all of the donors. 43.1% of genes
were common throughout the four donors.
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Data Analysis

Python created a histogram showing the different fold changes in each of the
four donors. The y-values display gene frequency, while the x-value displays
the fold change of the genes.
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The histogram is heavily right-
skewed for a smaller fold change.
The frequency of genes with a fold
change of about 5 is approximately
140.

The histogram is right-skewed.
However, it is not as drastic as
Donor One. Between fold change
6 and 10, the genes increase in
frequency.

donor three

The variation in fold change is
sizeable, displaying a heavily
right-skewed graph. Genes with a
larger fold change decrease at a
value of approximately 25;
however, after this point, the rest
IS minimal.

donor four

lax
variance
donor one

donor two

donor three
donor four
dtype: float64

Tats

donor one
count 186.000000

The fold-change variation is
right-skewed but not as extreme,
similar to Donor Two. However,
around the 30 on the x-axis, the
value decreases and returns to a
stable fold change around 10 on
the y-axis.

Statistical Analysis
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The maximum fold change of all four donors varies, with Donor Two
being the lowest (27.877) and Donor Three being the highest
(46.238). However, the minimum fold change is very similar in all of
the donors. The average ranges between 5 and 9, however, they are
still around the same value. Standard deviation also has the same
variance as the mean; it fluctuates between 4 and 8.

Submitting the list of the common
genes from all four donors into

DAVID showed their functions, which
helps to determine their connection
to Huntington’s disease. Searching

the list with keywords such as
response,” and
“locomotor”, two genes began to

“behavior,

come up frequently. The genes are

called PENK and SLITRKG.

These two genes, however, did not

have any relation to physically
reacting genes. Therefore, two
newly refined gene lists needed to
be searched in DAVID using
keywords again. Once this was
done, three genes appeared
repeatedly. The three genes were
HTR2C, DRD1, and DRD2.

ARRB2- common gene found In
DRD2; relation to walking and stress
response

GNAQ- this binding protein has a
relationship to HD based on its
geneset in the “Huntington’s dieses”
pathway

SRP14- common gene between
HTR2C, DRD1, and DRDZ2; a binding

protein

SRP14- gene involved with the
hippocampus and locomotor behavior;
common gene in HD
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Network Analysis

The STRING database is used to show how a specific gene interacts with other proteins. Taking the three new gel
DRD1, and DRD2) and placing them into STRING, there was a similar gene that was shown to interact in all three
gene is SRP14. The three main genes were used as “fish hooks™ to search for more genes related to the behavior
Gene Wrangler helped to learn more about the genes found in STRING and what their relationship to Huntington’s
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Conclusion

« The Basal Ganglia contained many genes that deal with the locomotor and behavioral functions of Huntington’s dise
« Genes such as HTR2C, DRD1, and DRD2 play a function in connecting many genes together that result in the behe

IS HD.

« Other diseases, such as ALS, Alzheimer’s, and Parkinson’s share similar functional traits to Huntington’s because tt
same genes sets that produce S|m|Iar actlons when the disease is present.
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