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Introduction: The GATAL gene is a human gene that has been shown to be upregulated and
overexpressed in depressive and Alzheimer brains. Prior research has shown that overexpression of
GATAL led to the downregulation of genes such as SYN1, RAB3A, and RAB4B. These genes, along
with others that are downregulated, are linked to long term potentiation, which is linked to learning and
memory. The downregulation of these genes facilitates the progression of cognitive decline. The focus of
this research is to examine the effect of GATAL on other genes related to cognitive function such as
GATA3 and PSD 95 among others.

Methods: Firstly, mice were put through behavioral tests and then they were genotyped in order to see
which mice had the GATAL transgene and which mice were wild type mice. After genotyping, the mice
were sacrificed and the hippocampi from their brains were collected. The RNA was isolated using the
protocol from the RNA Isolation kit and cDNA was made and then left in a four-degree Celsius freezer
overnight. Samples were then transferred into real-time PCR well plates with thirteen primers and were
placed in the real-time PCR. The data was then sent to the lab and analyzed.

Results: Of the thirteen genes tested, only one, GATAZ3, was significantly downregulated (p = 0.0089).
The rest of the genes were not significantly downregulated in respect to overregulated GATAL.
Discussion: The GATAL transgene in mice has been shown to lead to the downregulation of genes
crucial to long term potentiation and synaptic plasticity, therefore affecting cognitive function in brains in
which it is upregulated. Further research may show that inhibition of GATAL leads to potential treatments
for both depression and Alzheimer’s disease in the future.
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INTRODUCTION

Major depressive disorder (MDD) affects around 17 percent of the worldwide population
(Lecrubier et al., 2001). Some symptoms include cognitive impairment and loss of memory (Boyle et al.
2010). In fact, age-related cognitive decline is possibly facilitated by depression (Foster et al., 2006).
Although MDD has a lower prevalence in older adults than younger adults, older adults have a higher
prevalence of subsyndromal depression (Meeks et al., 2011).

Subsyndromal depression is similar to the severity of depression in the sense that people with this
have multiple symptoms of depression, but they do not have a depressed mood (Meeks et al., 2011). Age-
related cognitive dysfunctions have been connected to symptoms of depression, including subsyndromal
depression (Alexopoulos, 2001). The association between depression and cognitive functioning has not

been researched often and therefore, the knowledge about it is limited (Brailean et al. 2016).

1.0 REVIEW OF LITERATURE

Major depressive disorder (MDD) affects around 17 percent of the worldwide population, so
there have been many studies about its effects (Lecrubier et al., 2001). A reduction in brain volume
(Rajkowska et al., 1999) was found in postmortem subjects with MDD. This reduction in the neuronal
body size was paired with extensive gene downregulation (Kang et al., 2012). In accordance to previous
data, it was shown that 30 percent of the downregulated genes, for the MDD subjects, were able to be
related to synaptic function (Kang et al., 2012). The decreased expression of synapse related genes points
to a reduction in synaptic density (Kang et al., 2012).

Transcription factor binding motifs in the regions of the brain with the decreased synapse-related
genes, the PFC, were examined (Kang et al., 2012). There are twelve transcription factor-binding sites
that are localized to the upstream regulatory domain of all of the MDD synapse-related genes (Kang et al.,
2012). One of the transcription factors, GATAL, was found to be significantly increased in MDD subjects
(Kang et al., 2012). Overexpression of GATAL is sufficient enough to cause dendrite atrophy and

decreased synaptic protein expression in cultured cortical neurons (Kang et al., 2012). Additionally,



expression of GATAL in the PFC region of the brain produced depressive behaviors in mouse models
(Kang et al., 2012).

GATALI is a human gene, that when transferred into mice becomes a transgene. It’s official name
is GATA binding protein 1 and it is vital for the maturation of red blood cells. The gene activates almost
all erythroid-specific genes. Additionally, it silences genes that are associated with immature proliferative
red blood cells precursor cells, which are called erythroblasts (Jain et al., 2015). Erythrocytes, in humans,
are red blood cells that do not contain a nucleus (Gautier et al., 2016). They contain hemoglobin in
addition to transporting oxygen and carbon dioxide to and from tissues. GATAL regulates the switch of
fetal hemoglobin to adult hemoglobin (Gautier et al., 2016).

GATAL contains multiple functional domains and the gene for the GATAL is on the X-
chromosome (Gautier et al., 2016). Mutations in GATAL is already known to lead to diseases such as
anemias and thrombocytopenias in human patients, which are decreases in the amount of red blood cells
and deficiencies of platelets in the blood, respectively. Additionally, mutations in the GATAL gene are
found in almost all cases of Down syndrome (Li et al., 2016).

A recent study connected GATA1 and Alzheimer’s disease. The expression of GATA1 was
explored in postmortem mouse brains of Alzheimer’s. Alzheimer’s disease is signified in the brain by -
amyloid plaques (Bali et al., 2012) and neurofibrillary tangles (Small et al., 2008). The purpose was to see
whether the presence of GATAL had any effect on amyloid processing in neuronal cells (Wang et al.,
2014). The R-amyloid levels and downstream synaptic gene expression were examined in neuronal cells
expressing GATAL (Wang et al., 2014). A significant elevation of GATA1 was found in the Alzheimer’s
disease brains, as well as decreased expression of certain pre-synaptic genes (Wang et al., 2014). GATAL
was, however, found to be positively correlated with B-amyloid plaque count, indicating that higher levels
of GATAL1 lead to higher levels of R-amyloid plaques (Wang et al., 2014).

GATAL has been linked to two major ailments: depression, particularly major depressive
disorder, and Alzheimer’s disease. In terms of both depression and Alzheimer’s disease, higher levels of

GATAL lead to further cognitive decline. Proper explanations and elaborations of the specifics of why



GATAL1 seems to facilitate cognitive decline are unknown because, as this is a fairly new topic, extensive

information on it is generally unavailable.

2.0 RESEARCH QUESTION AND HYPOTHESES

The research question that was explored is: Does the overexpression of the GATAL transgene
lead to cognitive decline? The null hypothesis is that the overexpression of the GATAL transgene has no
effect on cognitive abilities. The first hypothesis is that the overexpression of the GATAL transgene will
lead to cognitive decline. The second hypothesis is that the overexpression of the GATAL transgene will

not lead to cognitive decline.

3.0 MATERIALS AND METHODS
3.1 RESEARCH DESIGN OUTLINE

The mice were first genotyped in order to make sure that they had the GATAL transgene. This
was done by using a Tissue-Direct PCR Kit and following the given protocol. The samples were placed in
the PCR. After the PCR was completed, the samples were put through gel electrophoresis, which showed
whether the mice had the GATAL transgene.

The mice were divided into two groups: the wild type mice, with no transgene, who were used as
controls and the mice that had the GATAL transgene. Both groups were put through behavioral tests prior
to my research.

All of the mice were sacrificed after behavioral test results were recorded and the hippocampus
from each sample was used in RNA isolation. RNA isolation was done in order to look at the cell
responses in the brain and because RNA changes often. After the RNA was isolated, cDNA was made, all

according to the given protocol from the RNA Isolation Kit.



The cDNA was then transferred into two well plates, with 384 wells per plate and primers were
added. Each sample got sixteen wells in total with four wells per primer and four primers. The plates were
then placed in a real-time PCR. The results were analyzed the next day and graphs were made.

3.2 GENOTYPING

Roughly half of a centimeter was cut off of the end of the tails of the mice. Each tail sample was
placed in its own 1.5 milliliter tube. One hundred microliters of DNA prep solution, which was obtained
from the Tissue-Direct PCR Kit, was added to each tube. The samples were heated at 95°C for thirty
minutes and then placed in the Precellys 24 machine for one minute to shear the tissue and separate the
cells. The tubes were heated at 95°C for thirty more minutes. After heating, the samples were centrifuged
for five minutes at 12,000g.

Next, two PCR master mixes were prepared, one for to test for the GATAL transgene and one to
use as an internal control. The PCR master mix to test for the GATAL transgene included eighty
microliters of 2x PCR mix, which came in the kit, 3.2 microliters each of two primers: NSERUD18S and
GATA1A210, and 65.5 microliters of RNase-free water. This was then aliquoted into a string of eight
PCR vials labelled 1-7 (the last vial remained empty). The second PCR master mix was used as an
internal control and included eighty microliters of 2x PCR mix, 3.2 microliters each of two primers:
AIMR7338 and AIMR7339, and 65.6 microliters of RNase-free water. This was then aliquoted into a
string of eight PCR vials labelled 11-17 (the last vial remained empty). One microliter of sample was

added into the appropriate vials, as shown in Table 1.

Table 1: Thermocycling Vial Contents

Samples Vials the Samples Were Added Into
32 1,11

34 2,12

43 3,13




45 4,14
46 5 15
33 (positive control for GATAL) 6, 16
None (negative control) 7,17

The vials were then spun using a VWR Galaxy Mini, which spins strings of eight PCR vials at a

time. After spinning, the vials were placed in the PCR machine with conditions as shown in Table 2.

Table 2: Thermocycling Conditions

Thermocycling (aka PCR)

1) 94°C 3 minutes

2) (35 cycles) 94°C 1 minute
65°C 1 minute
72°C 2 minutes

3) 72°C 3 minutes
4°C (storage)

After the PCR was completed, the vials were stored at four degrees celsius overnight. The next
morning, the vials were taken out of the freezer and placed on ice to thaw. The gel for the gel
electrophoresis was prepared by combining 100 milliliters of Tris-acetate EDTA (TAE) buffer, two grams
of agarose, and 2.5 microliters of ethidium bromide. An insert was placed in the liquid to create wells and
the gel was given about thirty minutes to set. After setting, the gel was transferred to the gel
electrophoresis machine, where it was fully submerged in more TAE buffer. The samples were placed in
the wells in the gel and the gel electrophoresis was run for about forty minutes. After it was completed,
the gel was removed from the buffer and a picture of it was taken. The picture was then analyzed to see
whether the GATAL transgene was there.

3.3 BEHAVIORAL TESTING



The mice were divided into two groups, control and GATAL. The control mice were wild type
mice which therefore had no transgene. They were put through a series of behavioral tests in order to
observe the differences in behavior, if any, between the control mice, the transgenic mice, and the
GATA1 mice.

3.4 RNA ISOLATION

We received the hippocampus from each brain sample, which is a region in the brain which helps
with learning and memory. Once the samples were obtained, the process of RNA isolation was started.
Firstly, a lysis buffer for 350 microliters of it per sample was made by combining in a test tube 350 x
(total samples + extra) of RLT buffer and ten microliters of 2-Mercaptoethanol (B-ME) per milliliter of
RLT buffer used in total. Next, ten milliliters of 70% ethanol were obtained by combining seven
milliliters of 100% ethanol and three milliliters of RNase-free water in a test tube. Both test tubes were
spun using a vortex machine. To each sample, 350 microliters of lysis buffer was added. The samples
were immediately spun in a machine called the Precellys 24 for one minute twice, which sheared the brain
tissue to separate the cells. The samples were then centrifuged for five minutes at maximum speed
(14,0009). Each sample was transferred into new collection vials after the centrifuge.

To precipitate the RNA, 370 microliters of 70% ethanol were added to each vial. The samples
were then transferred again into pink vials called columns, which were immediately centrifuged for thirty
seconds at 8000g. The flow-through was discarded and 350 microliters of the RW1 wash buffer was
added to each sample. The samples were centrifuged again for thirty seconds at 8000g and the flow-
through was discarded. To each sample, 80 microliters of DNase stock was added. The DNase came in a
kit in powdered form. In order to dissolve the powder, 550 microliters of RNase-free water was added to
it. The stock was made by combining 1400 microliters of RDD buffer with 200 microliters of the DNase.
After thirty minutes, 350 microliters of the RW1 wash buffer was added to each pink column. The vials
were centrifuged for thirty seconds at maximum speed and the flow-through was discarded. To each
sample, 500 microliters of the RPE wash buffer was added and the samples were centrifuged again for

thirty seconds at maximum speed. The flow-through was discarded and 500 microliters of RPE wash



buffer was added again to each pink column again. The samples were centrifuged for thirty seconds at
maximum speed and after, the bottoms of the vials (where the flow-through was collected) were replaced.

The samples were centrifuged for two minutes at maximum speed in order to dry the membrane
in each pink column. The bottoms of the columns were replaced with collection tubes and the old bottoms
were discarded. Fifty microliters of the RNase-free water was added to each pink column with the
intention of dissolving the RNA sticking to the membrane. After about one to two minutes, the samples
were centrifuged for two minutes at maximum speed. The pink columns were discarded and the collection
tubes were shut and placed on ice. A machine called the Nanodrop 2000 was used to measure the
concentration and contamination of each sample. The quality of each sample was shown by the 260/280
ratio and the contamination was shown by the 260/230 ratio. Both values should not be much greater or
less than two; if they are, they need to be precipitated.

Although some of the samples needed to be precipitated, all of them were precipitated just to be
safe. To precipitate, fifty microliters of RNase-free water were added to each sample, along with 300
microliters of 100% ethanol per sample. Additionally, ten microliters of three molar sodium acetate were
added to each sample. All of the samples were spun by the vortex machine and then placed in a negative
eighty degree celsius freezer overnight to fully precipitate. The samples were centrifuged the next
morning for thirty minutes at maximum speed in a cold room, which was kept at four degrees celsius. The
flow-through was discarded and 150 microliters of 70% ethanol was to each sample. They were
centrifuged again in the cold room for thirty minutes at maximum speed. The flow-through was discarded
and the vials were left open and upside down to dry for thirty more minutes. The samples were made into
a pellet and stuck to the bottom of each vial by the centrifuge, so they did not fall out.

After the thirty minutes, twenty-five microliters of RNase-free water was added to each sample
and they were given twenty minutes to dissolve. Each sample was spun with the vortex machine and then
centrifuged for thirty seconds at maximum speed. After being centrifuged, the samples were resuspended
with nine microliters of RNase-free water to account for the low concentration observed previously. The

samples were measured again using the Nanodrop 2000 to make sure that the concentrations, qualities,
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and levels of contamination of the RNA were fine. A chart was prepared that showed the amounts of
sample, DEPC treated water, RT reaction mix, and RT enzyme mix that would be needed for the next
step, which was preparing the cDNA.

The total amount of RT reaction mix and the total amount of RT enzyme mix were combined to
make a master mix. Twelve microliters of the master mix were aliquoted per vial into strings of eight
PCR vials. The appropriate amount of DEPC treated water, which killed all of the, if any, remaining
RNase was added to each vial next. The appropriate amount of each sample was added to each vial. The
vials were closed and spun using a VWR Galaxy Mini, which was able to spin strings of eight PCR vials
at a time. The vials contained twenty microliters of solution and were placed in a PCR machine
immediately after spinning. The vials were taken out of the PCR when if was completed and placed in a

four degree Celsius freezer overnight.

3.5 REAL-TIME PCR (QPCR)

The vials were taken out of the freezer the next morning and left on ice to thaw. To the 20
microliters of sample that was already in the tubes, 180 microliters of water were added. Two well plates
with 384 wells per plate were obtained. One plate was for the male samples and the other was for the
female samples. Eight new master mixes were made, each with SYBR green (the fluorescent dye) and a
specific primer.

The eight primers used the first time were Caiml, RAB3A, RAB4B, Synl, Gata2, Gata3, PSD95,
and CRMPL1. The primers were obtained from a kit and all of them were prepared with 160 microliters of
water from the DNase Kit, twenty microliters of the forward primer, and twenty microliters of the reverse
primer. Each well in the well plates needed 2.5 microliters of water, five microliters of SYBR green, and
0.5 microliters of primer per well, so two microliters of sample were first added to the appropriate wells.
For each sample, four groups of four were done, with one primer per group. The new master mixes were

made next. They each included of water, of SYBR green, and of the respective primer. Eight microliters
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of the appropriate master mix was pipetted into each well. The well plates were spun and then placed in a
real-time PCR machine (QPCR) one at a time, which took two hours per plate. After the real-time PCR,
the plates were stored overnight in a four degree Celsius freezer and the data from the machine was sent

to the lab the next day.

4.0 RESULTS

The following graphs explain the results of the real-time PCR (qPCR) done on the cDNA and
primers. The cDNA was made from RNA that was isolated from three different types of mice: wild type
mice (which were the control group), transgenic mice (T group), and the mice in which GATAL was
overexpressed (Tg group). The cDNA from each respective sample was combined with different primers,
one at a time and placed in the real-time PCR. The x-axes on all of the graphs represent the type of mouse
the samples were from and the y-axes of all of the graphs represent the percent of gene expression, in the
context of the percentage of gene expression for wild type mice. The points represent the wells in which

that particular sample and primer were mixed. Outliers were excluded before the graphs were made.
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The points for the wild type group were spread out farther apart than
the points for the GATAL group. The average gene expression for the
wild type group was roughly 100 percent and the average gene
expression for the GATAL group was roughly 30 percent. The
average gene expression of the GATAL group was significantly lower
than the average gene expression for the wild type group. The p value
is 0.0089 and therefore the means are significant.

Fig. 4: Caim2

The wild type sample values were slightly lower than the GATAL
sample values. The difference was roughly ten percent. The points
were farther apart for the GATAL samples than for the wild type
samples. The average value for the wild type group was around 100
percent, whereas the average value for the GATAL group was around
110 percent. The p value is 0.3726 and therefore the means are not
significant.

Fig. 5: RAB3A

Most of the points for both the wild type group and the GATAL group
were close to one another, save for one point that was lower than the
rest for both groups. The average percent gene expressions for these
groups were both roughly 100 percent. The p value is 0.9018 and
therefore the means are not significant.

Fig. 6: RAB4B

The wild type group had three points that were higher or lower than
the standard deviation and the GATAL group had two points that were
both higher than the standard deviation. The average percent gene
expressions were roughly 100 percent for both of these groups. The p
value is 0.8598 and therefore the means are not significant.
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The wild type and the GATAL groups both only had one out of the
shown points in the standard deviations for that group. The average
percent gene expressions were 100 percent for both of these group,
although the GATAL average gene expression was slightly higher
than the wild type average gene expression. The p value is 0.8183 and
therefore the means are not significant.

Fig. 8: PSD95

Both the wild type group and the GATAL group had some points that
were higher and lower than the standard deviation. The average gene
expression of the wild type group was roughly 100 percent and the
average gene expression for the GATAL group was slightly higher, at
roughly 110 percent. The p value is 0.4634, and therefore the means
are not significant.

Fig. 9: CPRM1

Both the wild type group and the GATAL group had three points that
were higher or lower than the standard deviation. The average percent
gene expressions were roughly 100 percent for both of these groups,
although the standard deviation was larger for the wild type group.
The p value is 0.9902, and therefore the means are not significant.

Fig. 10: BDNF1
The wild type group had three points that were higher or lower than

the standard deviation and the GATAL group had four points that
were higher or lower than the standard deviation. The average percent
gene expression was roughly 100 percent for the wild type group. For
the GATAL group, the average gene expression was around ninety
percent, which is slightly lower than the average gene expression for
the wild type group. The p value is 0.3104, and therefore the means
are not significant.
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Fig. 11: BDNF2
The wild type group had points close to the standard deviation, but the

GATAL group had six points that were higher or lower than the
standard deviation. The average percent gene expression was roughly
100 percent for the wild type group. The average gene expression was
around ninety percent for the GATAL group, which is slightly lower
than the average gene expression for the wild type group. The p value
is 0.1206 and therefore the means are not significant.

Fig. 12: BDNF4

The wild type group had points close to the standard deviation, but the
GATAZ1 group had five points that were higher or lower than the
standard deviation. The average percent gene expression was roughly
100 percent for both the wild type group and the GATAL group. The p
value is 0.9950 and therefore the means are not significant.

Fig. 13: BDNF5
The wild type group had three points higher or lower than the standard

deviation and the GATA1 group had five points that were higher or
lower than the standard deviation. The average percent gene expression
was roughly 100 percent for both the wild type group and the GATAL
group, although the average gene expression for the GATAL group was
slightly higher than the average gene expression for the wild type
group. The p value is 0.7858 and therefore the means are not
significant.

Fig. 14: BDNF Total

The wild type group had two points higher or lower than the standard
deviation and the GATA1 group had four points that were higher or
lower than the standard deviation. The average percent gene expression
was roughly 100 percent for the wild type group. The average gene
expression was around seventy percent for the GATAL group, which is
lower than the average gene expression for the wild type group. The p
value is 0.1021 and therefore the means are not significant.
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Of the fourteen graphs above, only one is statistically significant. show a pattern. The wild type
group consistently has an average gene expression value of 100 percent. In some graphs, such as in Figure
2, Figure 10, Figure 11, and Figure 14, the average percent gene expression for the GATAL group is
slightly lower than the average percent gene expression for the wild type group. In others graphs, such as
in Figure 4, Figure 7, Figure 8, and Figure 13, the average percent gene expression for the GATAL group
is higher than the average percent gene expression for the wild type group. In Figure 5, Figure 6, Figure 9,
and Figure 12, the average percent gene expression for the GATAL group is roughly equivalent to the
average percent gene expression of the wild type group. The only statistically significant graph is Figure

3, which looked at the GATAS gene.

DISCUSSIONS AND CONCLUSIONS

One graph out of the fourteen graphs showed statistically significant data. This gene was GATA3.
The other graphs were GATAL, GATA2, Caim2, RAB3A, RAB4B, Synl, PSD95, CPRM1, BDNF1,
BDNF2, BDNF4, BDNF5, and BDNF Total. The first graph is just observing the percent gene expression
of GATAL in wild type mice and mice with the GATAL transgene. Since GATAL is a transgene, it was
inserted into the mice. Therefore, the control was to show that there is no GATAL in wild type mice and
the percent gene expression of GATAL in the GATAL group is high. In the graphs for GATA2, Caim2,
RAB3A, RAB4B, Synl, PSD95, CPRM1, BDNF1, BDNF2, BDNF4, BDNF5, and BDNF Total, the
GATAL transgene did not show a significant effect on the percent gene expression of these particular
genes.

One limitation of this experiment was that only fourteen genes were closely studied, three of
which have already been looked at under the context of GATAL. Of these fourteen, only one, GATAS3,

showed statistically significant lowered gene expression. Additionally, nothing groundbreaking was really
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discovered and only past studies were confirmed. Another limitation was that the lab only received one
brain sample per animal, and therefore small errors in measurements may have gone unnoticed.

As more information is found on GATAL, ways to inhibit its overexpression can be discovered.
Overexpression of GATAL has been shown to be present in depressive brains (Kang et al., 2012) as well
as Alzheimer’s brains (Wang et al., 2014). If ways to inhibit overexpression of GATAL1 are discovered, a

possible treatment for depression, Alzheimer’s disease, or even both may be in the future.
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