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BRIEF. The ATP6 and ATP8 GC contents correlate with some IUCN Red List Categories, which may suggest that it can be used as an indicator
for the probability that the species could be endangered easily relative to others.

ABSTRACT. ATP synthase correlates with the endangerment of
species from a genetic standpoint. This is simply due to the fact
that ATP synthase, especially the FO subunit, produces ATP,
which is vital for living things to produce energy by allowing pro-
ton transport through the membrane. To quantify the observational
hypothesis, a program called R was used to calculate GC content,
the amount of guanine and cytosine nucleotides divided by the to-
tal amount of nucleotides, of ATP synthase FO subunit 6 (ATP6)
and ATP synthase FO subunit 8 (ATP8) to test it against the null
hypothesis. This paper attempts to prove that there is a correlation
between the GC Content of ATP synthases and the IUCN Red List
categories, which labels species by how endangered they are.
11,978 samples were used, which consisted of samples from each
ATP synthase genome and by animal group, which are the Ave
class, Mammalia class, and the Pisces paraphyletic group. Results
showed that the GC content of the ATP synthase genes used relates
to the Vulnerable and Endangered categories. Therefore, it may be
possible to be aware of the genetic risk of endangerment by look-
ing at the GC content of ATP6 and ATP8.

INTRODUCTION.

ATP synthase synthesizes ATP by combining ADP and an inorganic
phosphate [1]. ATP is used for energy in biologic processes including
ion transport, chemical synthesis, phosphorylation, muscle contrac-
tion, and nerve impulse [2]. The ATP’s supramolecular assembly is
known to affect metabolism, organellar structure, diseases, and aging
[3]. Due to the crucial effects ATP synthase has, Uddin et al. compared
the GC contents of ATP synthase FO subunit 6 (ATP6) and ATP syn-
thase FO subunit 8 (ATP8) in fish, birds, and mammals. ATP synthase
FO subunits describe the part on ATP synthase that heavily affects
ATP, or energy, production. GC content is a highly variable trait [4].
It is the percentage of guanine and cytosine relative to the overall
length of the gene. It is used to measure the composition of nucleotides
because it is more stable than adenine or thymine nucleotides [4].
Their research team found out that birds had the highest GC content in
both ATP6 and ATPS8, followed by fish, and then mammals [5].The
percentages listed by IUCN Red List of Endangered species are: 12%
of bird species, 22% of fish species (excluding the data deficient cate-
gory), and 26% of mammals are endangered [6,7]. Therefore, it can be
hypothesized that higher GC content, which is the amount of guanine
and cytosine relative to the other nucleotides, in ATP6 and ATP8 cor-
relates to the survivability and endangerment risk for the species.

A case study shows that humans have about 44.2% GC content in
ATP6 (NC_012920.1), and 39.6% GC Content in ATP8
(NC_012920.1), with an average of 41.9%. This surpasses the mam-
mal average of 39.41% and 34.19% respectively, with an average of
36.80% [5,8]. On the other hand, macaroni penguins (a vulnerable spe-
cies) have a 40.1% GC content in ATP6 (NC_054275.1), 42.8% GC

contentin ATP8 (NC_054275.1), with an average of 41.45%. Not only
is this value lower than the average bird’s GC content (approx.
45.10%) in both ATP6 (46.65%) and ATP8 (44.16%), but it is also
lower than the average human [5,8].

Therefore, this further solidifies the possibility of this hypothesis be-
ing true. This is because it tends to be a downward decline in GC con-
tent the more vulnerable it is relative to other controlled groups.

MATERIALS AND METHODS.

Datasets Used. The IUCN Red List Categories used will come from
the IUCN database, and the data for the nucleotides of the ATP6 and
ATP8 genes comes from the NCBI database [8,9].

Methodology. Using R code, a total of 11978 samples are taken from
each gene (ATP6 and ATP8) and each animal group (Aves, Pisces,
and Mammalia). Incompatible data was removed to total (enter exact
number of samples). Once the genes are concatenated with the species’
IUCN Red List category, the code calculated the mean, median, IQR
(interquartile range), and 2SD (two standard deviations). Then, if the
Anderson-Darling Normality test indicates there is a normal distribu-
tion, then an ANOVA test, which compares means, will be used to
determine the probability. Otherwise, a Kruskal-Wallis test, which
compares medians, will be conducted to determine whether the results
are statistically significant.

RESULTS.

Based on Table 1, there is a trend seen where the more endangered
category has a lower GC content. This tends to be the case especially
when the endangered and vulnerable samples are compared with the
data deficient and least concern samples in the table in the median.
However, the mean tends to be the same. However, the median is more
likely to affect the sample since it is likely not a normal distribution,
though an Anderson-Darling test later will tell for sure.

Across all categories in general, birds tend to have the highest GC con-
tent followed by fish and mammals according to Figure 1. The box-
plots do not differ too much between the ATP6 and ATP8 samples.
Therefore, it can be shown that one or the other may be enough to
evaluate vulnerability using one gene’s GC content or the other.

Table 1. Properties of Each IUCN Red List Category Relative to GC Con-
tent of ATP6 and ATP8
N u Median IQR SD

CR 141 44.3 45.1 4.72 3.58
DD 3950 43.0 444 3.98 2.76
EN 322 41.8 38.8 6.74 3.66
EX 36 44.8 454 2.94 4.84
EW 2 444 444 0.00 0.00
LC 5686 43.9 44.6 3.54 3.61
Ic 3 47.0 47.0 0.00 0.00
NT 358 44.7 45.4 3.22 3.50
VU 1490 415 40.3 0.26 2.52
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Figure 1. GC Content plotted by species group, gene, and IUCN Red List
category.

Based on Figure 2, at least 25% of data is concentrated around the
median for the Vulnerable, Data Deficient, and Endangered IUCN cat-
egories (excluding those with small sample sizes).

The Anderson-Darling Normality Test showed that the Anderson-Dar-
ling statistic A = 144.55, was big. A high Anderson-Darling statistic
results indicates that it is likely not from a distribution. In this case,
the data is unlikely to be a normal distribution. This reflected in the p-
value for the Anderson-Darling Normality Test, which showed that p
< 2.2e-16. Therefore, the distribution is far from normal. Therefore, a
Kruskal-Wallis Test was conducted.

The overall Kruskal-Wallis Test showed that ¥*(8) = 1075.3, p <2.2e-
16. This means that after conducting the Kruskal-Wallis Test, the chi-
squared value at df=8 is 1075.3, which reflects on the p-value of less
than 2.2e-16, which is the lowest the program could calculate.

Out of the 36 possible combinations, the following pairs had combi-
nations where p < 0.05 (see Table 2).

This means that out of 36 possible combinations possible by no over-
lap in IUCN combination pairs, 16 were statistically significant. Fur-
thermore, relative to the most stable “Least Concern” population, the
following categories are statistically significant (p < 0.05) to the initial
hypothesis is important because it shows the data is significant enough
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Figure 2. IUCN vs ATP6 and ATP8 GC Content Median and IQR

Table 2. Statistically Significant Combinations

IUCN pair Result
CR CE 5.9e-11
CE EN 3.8e-12
CE VU 1.3e-14
DD EN 1.2e-07
DD EX 2.4e-06
DD LC <2e-16
DD NT <2e-16
DD VU <2e-16
EN EX 0.00012
EN LC <2e-16
EN NT <2e-16
EN VU 0.00101
EX VU 1.0e-10
LC NT 0.00024
LC VU <2e-16
NT VU <2e-16

to represent an accurate median. The results showed that the Data De-
ficient category had a median that is 0.2 lower than Least Concern (p
< 2e-16), the Endangered category has a median that is 5.8 lower than
Least Concern (p < 2e-16). Additionally, the Near Threatened has a
median that is 0.8 higher than Least Concern (p = 0.00024), and the
Vulnerable category has a median that is 4.3 lower than Least Concern
(p < 2e-16).

DISCUSSION.

GC Content of ATP6 and ATP8 genes do relate to vulnerable and en-
dangered species. Species that have under 42% GC content are con-

sidered concerning, under 40.5% is even more concerning, and under
39% is critical based on the data. Genomic awareness may help species



survive better by coming up with ethical solutions to prevent the spe-
cies from dying out from extreme environmental conditions. For in-
stance, some ecosystems where the GC content of ATP-synthase is
low may benefit from increased supply of the local plants there to pre-
vent them from dying out due to a lack of energy available in the eco-
system.

Many species are endangered due to extreme environmental changes
including anthropogenic destruction, soil erosion, deforestation, and
overhunting. By utilizing the GC content of the ATP6 and ATP8 of a
species, humanity can create restrictions regarding hunting species
with low GC content in the ATP6 and ATP8 genes as well as set limits
on farming and housing near these species’ ranges.

Furthermore, it could help to determine if the species currently la-
belled as Data Deficient in the IUCN is likely to be in the Least Con-
cern, Vulnerable, or Endangered. Preliminary labels can be added
based on current environmental data and compared to the typical GC
content range for the species’ class to indicate whether it is more or
less likely for a species to produce ATP from ATP synthase, which
may lead to a higher risk of extinction due to the lack of ATP produc-
tion.

In conclusion, the data in this research about the GC content of ATP6
and ATP8 genes graphed against the IUCN Red List category is useful
for determining whether a species is at a higher genetic risk for being
vulnerable to extreme changes and can be used as part of a preliminary
indicator in determining if Data Deficient species are genetically at a
higher risk of vulnerability than others.
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