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Abstract

Recent advances in high-throughput microscopy imaging have made it easier to acquire
large volumes of cell images. Thanks to electron microscopy (EM) imaging, they provide a
high-resolution and sufficient field of view that suits imaging large cell types, including
cardiomyocytes. A significant bottleneck with these large datasets is the time taken to collect,
extract and statistically analyse 3D changes in cardiac ultrastructures. We address this
bottleneck with CardioVinci.

Recent deep learning (DL) findings have paved the way for much accessible data
quantification and analysis tools. These methods have shown unprecedented performance in a
wide range of data analysis tasks, including image analysis. In biology, DL has improved the
accuracy of segmenting EM data and the efficiency by minimising the time required for
quantifying such datasets. Despite their successful applications in EM image analysis, these
methods still represent some limitations, as reported in our previous works [1, 2]. Finding the
exemplary DL architecture, optimising, and fine-tuning to segment various ultrastructures
sometimes need sophisticated techniques, including ensemble learning. This makes it
challenging to collect a large sample of cardiomyocytes, obtain optimal images from the
samples, develop and fine-tune deep neural networks for segmenting organelles, and finally
report statistical measures.

Generative adversarial networks (GANs) have been proposed to learn complex latent
features from a dataset in an unsupervised manner. Simplistically speaking, GANs enable us
to learn the original distributions of the data. For example, the EM images collected from
dissected cardiac tissues only represent a sampled version from a complex data distribution
representing the cardiomyocytes’ organisation within the tissue population. Many previous
studies have utilised generative modelling to extract unsupervised feature representations
across different cell types [3-8]. These studies are mainly carried out in 2D or are limited in
resolution as one of the barriers to applications of GANSs in biology used to be a low and poor
resolution of projections of latent space.
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Moreover, training high-resolution GANs in 3D are computationally exhaustive.
However, the correlation among consecutive image slices in 3D microscopy image data can be
utilised for passing 3D information during training 2D GANs. StyleGAN [9] addresses these
challenges by adopting style transfer and stochastic variation in the generated images and
demonstrably high-resolution, realistic images from latent space projections.

In this study, we propose CardioVinci, a designated workflow to statistically quantify 3D
structures of mitochondria, myofibrils, and Z-disks without the sophisticated need for
collecting large image samples of cardiomyocytes. Figure 1 represents the workflow of the
proposed framework. CardioVinci is scalable and can be applied across other tissue types and
image modalities. The proposed method enables the community to statistically quantify the
properties of key organelles in cardiomyocytes, including spatial distributions, shape, and
geometrical statistics. Moreover, we have proposed a novel training workflow that enables the
users to generate realistic 3D reconstructions of cardiomyocyte architecture from 2D GANSs.
To the best of our knowledge, this is the first study that addresses 3D cell organisation using
only 2D serial sections from focused ion-beam scanning electron microscopy (FIB-SEM) and
using 2D segmentation and GAN setting. Moreover, this is the first study that reports high-
resolution 3D wvirtual cardiac cell structure ranging from 10pumxI10pmx2.5um to
10pum>10pum>10pum.

We used Style-GAN [9] in this study to extract key statistics of cardiomyocytes using
generative modelling. Style-GAN is a 2D generative adversarial network that provides
demonstrably distribution quality metrics. Despite its 2D architecture, we could translate the
correlation across image stack slices into latent space by slightly adapting the training
workflow. After we generated the random images using the optimised generator, we ordered
the generated images using the Jaccard similarity score. Finally, we reconstructed the resulting
image slices in 3D to visualise the statistical representation of cardiomyocytes using generative
modelling. The reconstructed volumes are limited to 10umx10pmx10um and
10um*10pmx2.5um representing four sarcomeres as shown in Figure 2.

The overarching goal of systems biology is to decode the complex ultrastructural
dynamics within the cell to enable spatial simulation of such functional subcellular networks
[10]. Generative models allow the creation of a spatial organisation of the cells directly from
the microscopy images. These models encode the statistical variation across the cell
architecture and capture the shape, size and spatial distribution of subcellular ultrastructures.
CardioVinci captures the spatial organisation of the cardiomyocytes directly from the FIB-
SEM and SBF-SEM images. The outputs of the CardioVinci can be used for developing
biochemical models of the cardiomyocytes as it provides statistically accurate spatial
organisation. In this study, we extracted relative spatial distributions for mitochondria,
myofibrils, and Z-disks using 3D point statistics based on the results of GAN (supplementary).
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Workflow for generating virtual cardiomyocytes
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Figure 1. proposed pipeline for CardioVinci. First, semantic segmentation is used to segment
target ultrastructures. Then StyleGAN is utilised to optimise the error between generator and
discriminator. After the images are generated using the trained StyleGAN, 3D statistical
representation of cardiomyocytes are reconstructed. And finally, 3D shape and geometric
statistics are retrieved using the generated volume.
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In addition to the above, we extracted surface area to volume ratio (SA:V) along with
other 3D shape and geometrical statistics, including elongation, compactness, flatness,
spareness and sphericity. These statistics are drawn based on the results of GAN and segmented
images from the original dataset. The results suggest that GAN and segmented images share
similar mean and median across these statistics; however, we observe relatively higher variance
across extracted distributions using GAN. Our analysis suggests that Z-disks represent higher
mean, median, and variance for SA:V, whereas mitochondria demonstrate a lower mean and
variance range for SA:V. The latter applies to elongation, too, as Z-disks show a higher mean,
median, and variance range for elongation, whereas mitochondria demonstrate lower values.
Thus, compactness is minimal for Z-disks and maximal for mitochondria. Moreover,
mitochondria and Z-disks show relatively the same statistics for flatness, whereas myofibrils
show a lower mean, median, and variance range for flatness. In addition to the above,
mitochondria and myofibrils represent relatively similar statistics for spareness and sphericity.
However, Z-disks possess minimal sphericity properties.

We used CardioVinci to analyse mitochondria and myofibrils shape and geometric
statistics in type 1 diabetic cardiomyocytes. In both experiments, we have used generative
modelling to obtain the statistics as highlighted above. Our results show that SA:V has been
reduced in the diabetic sample compared to the control sample (mitochondrial SA:V has been
altered drastically in the diabetic sample). In addition, mitochondria and myofibrils show
increased compactness and sphericity in the diabetic condition compared to the control. These
findings align with the previous results on mitochondrial properties on diabetic induced
cardiomyocytes using 2D analysis on 2D data [11]. We found a considerable difference
between control and diabetic samples shape and geometric statistics, especially in
mitochondria.

CardioVinci is a framework to reconstruct the statistical representation of
cardiomyocytes in 3D. Although many studies have addressed biological questions using
generative adversarial networks [3-5, 7, 12-16], most of these studies report their findings in
2D or are limited in resolution due to the image modalities. Moreover, 3D generative modelling
has not been conducted for quantifying scanning electron microscopy data to date. In this paper,
we have proposed to segment crucial ultrastructures in cardiomyocytes semantically. Then the
segmentation results are used to train the Style-GAN to learn the corresponding statistical
distributions in a generative manner. We have also extended our study to analyse the changes
in the mitochondrial and myofibrillar statistics in the presence of diseases such as diabetes. We
have modified the Style-GAN in a way that is able to learn the data correlations between
consecutive image slices. Hence, this will be the first study that reports 3D cardiomyocyte
geometric statistics using a 2D GAN setting.
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Figure 2. Results of the volume reconstructions from the GAN outputs. Red, blue and green
represent the myofibrils, z-disks and mitochondria, respectively. All the volumes represent
approximately four sarcomeres of the cardiomyocytes that have been generated using our
trained GAN. The reconstructed volumes are limited to 10umx10umx10um (top left) and
10pm>10pumx2.5um.

To summarise, CardioVinci is a scalable framework that can generate the statistical
representations of electron microscopy data. CardioVinci exhibits phenomenal performance in
the presence of limited data due to its scalability and would represent optimal performance
when a large dataset is available. Our future aim is to utilise the style mixing capability of the
StyleGAN to generate synthesized variations across different tissue blocks or even tissue types.
We hope CardioVinci be utilised across other tissue types, and of course, other image
modalities. We suggest the readers refer to the supplementary text and figures for detailed
methods and analysis.
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Supplementary text

Data

We used one publicly available FIB-SEM cardiac dataset in this study, as highlighted in
[1]. The second dataset includes left ventricular myocyte serial block-face scanning electron
microscopy (SBF-SEM) image datasets collected from type 1 diabetic induced mice, as
described previously [11]. We extracted 30 random patches from each dataset, each having
512 x 512 pixels for training, testing and validation. After we manually annotated
mitochondria, myofibrils and Z-disks on the first sample and mitochondria, myofibrils on the

second sample. We split data randomly into training, validation and testing by 20/ 30’ 5/ 30’

and 5/30, respectively. All the random data splits were performed using K-fold cross-

validation, and the inference performance is reported based on the best fold model.

Training and testing

All the experiments in this study were implemented using Deep Learning AMI (Amazon
Linux 2) Version 46.0 using Amazon Web Services (AWS). These experiments were
performed on GPU instances. We used “g4dn.12xlarge” (4 GPUs of a total of 64 GiB memory)
and “g4dn.metal” (8§ GPUs of a total of 128 GiB memory) for segmentation and training the
GAN, respectively.

Semantic segmentation improves feasibility and accuracy

Machine learning (ML) and DL methods offer a fast and accurate segmentation of
various organelles. However, segmenting some of the ultrastructures such as Z-disks has its
own challenges using ML or DL methods as shown in [17, 18]. This is mainly due to a relatively
large label imbalance. For example, when the aim is to segment Z-disks only (binary
segmentation), a relatively large label imbalance leads to poor optimisation performance.
However, in this work, we show that segmenting Z-disks along with mitochondria and
myofibrils not only boosts the feasibility of Z-disks segmentation using DL methods but also

leads to higher test data performance across various metrics, including VRa"d(thinned) and
yinf ° (thinnea)- We modified U-net [19] architecture using a fully connected bottleneck and

added a softmax layer as the output node for segmenting three ultrastructures of our interest.
More details can be found in [2]. Figure 1 represents evaluation metrics for mitochondria,
myofibrils, and Z-disks on the test sample.
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Spatial distributions reveal the dominance of clustered patterns in cardiomyocytes

We used GAN results to extract relative spatial distributions for mitochondria,
myofibrils, and Z-disks using 3D point statistic. Our results show that mitochondria are
distributed in a clustered pattern relative to myofibrils up to between 60 nm to 70 nm. As we
move further away, the mitochondria distributions become uniform. The results also show that
mitochondria are distributed in a clustered pattern relative to Z-disks up to 70 nm. In addition
to the above, the results also show that myofibrils are distributed in a clustered pattern relative
to mitochondria and Z-disks up to 70 nm; however, they represent a relatively uniform pattern
beyond 70 nm. And finally, our results show that Z-disks demonstrate dominantly clustered
patterns up to 80 nm relative to mitochondria and myofibrils, whereas they show uniform
patterns beyond that point. Figure 2 shows the spatial distributions.

StyleGAN can be used to learn correlations across 3D microscopy image slices

Thanks to the TFRecord formatting, we can store a set of features along with the image
itself in the TFRecord data. We used one hot-encoded formatting to assign a label to two
consecutive image slices as part of building our TFRecord data for training the StyleGAN using
segmented image slices. Then we added another input node to the StyleGAN as an embedding
layer to embed the correlation across different slices. We used fully connected layers to capture
the nonlinearity across image slices. We followed exactly the same strategy to optimise
StyleGAN as highlighted in [9], except that we did employ shuffling during the training. After
the network had been converged based on Fréchet inception distance (FID), we generated the
images using the generator. We then ordered the resulted images according to the minimised
Jaccard distance between the generated slices to obtain 3D virtual volume of cardiomyocytes.

3D statistics reveal increased SA:V for the cardiomyocytes in the presence of
diabetes

In the previous study [11], the authors have suggested increased SA:V for mitochondrial
clusters. The authors have utilised cluster perimeters to estimate SA:V in 2D for the
mitochondrial clusters. However, based on 3D statistics, we found that cardiomyocytes exhibit
decreased SA:V in the presence of diabetes. Our understanding is that mitochondrial fusion
and fission represent sophisticated dynamics from the morphological perspective; hence, the
2D analysis should not be conclusive. We found that despite transversal mitochondrial fission
in the diabetic cardiomyocytes, they represent longitudinal fusion with other mitochondria
clusters, which leads to increased mitochondrial volume. Figure 4 represents the statistical
measurements based on 3D shape and geometric statistics for control and diabetic
cardiomyocytes.
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Supplementary figures and tables
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Figure 1. Evaluation metrics for the segmentation results based on test data. Z-disks have
achieved the maximum VR“"d(thinned), yinf ? (thinned)» accuracy, specificity and NPV scores
compared to mitochondria and myofibrils. PPV and NPV represent positive predicitve and
negative predictive values, respectively.
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Figure 2. Cumulative F-function distributions for 3D point statistics. Mito and Myo represent
mitochondria and myofibrils, respectively. Each of the individual subplots represent the F-
function for the left organelle relative to the right one. For example, the top left subplot
“MitoMyo” represents the F-function for mitochondria relative to the myofibrils. Shaded area
(cyan) represent the envelopes, black and red lines represent theoretical and observed values,
respectively. Distance is in nm.
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Figure 3. Surface area to volume ratio (SA:V) along with other 3D shape and geometrical
statistics including elongation, compactness, flatness, spareness and sphericity. These statistics
are drawn based on the GAN results and segmented original dataset (SEG).
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Figure 4. Surface area to volume ratio (SA:V) and other 3D shape and geometrical statistics,
including elongation, compactness, flatness, spareness, and sphericity. These statistics are
drawn based on the GAN results for both control and diabetic samples.
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Mitochondria - compactness
Descriptive Statistics

N Analysis N Missing Mean @ Standard Deviation SE of Mean
Mit 31 0 0.00268 0.00156  2.79947E-4
o 31 0 0.00282 0.00253 4.54061E-4
One Way ANOVA
Overall ANOVA
DF  Sum of Squares Mean Square F Value Prob>F
Model 1 3.07645E-7  3.07645E-7 0.06975 0.7926
Error 60 2.64624E-4 4.41041E-6
Total 61 2.64932E-4

Null Hypothesis: The means of all levels are equal.
Alternative Hypothesis: The means of one or more levels are different.

At the 0.05 level, the population means are not significantly different.

Fit Statistics
R-Square Coeff Var Root MSE Data Mean
0.00116  0.76444 0.0021 0.00275

Means Comparisons

Fisher Test
MeanDiff SEM tValue Prob | Alpha Sig LCL UCL
GAN SEG 1.40883E-4 5.33425E-4 0.26411 0.7926 0.05 0 -9.26126E-4 0.00121

Sig equals 1 indicates that the difference of the means is significant at the 0.05 level.
Sig equals 0 indicates that the difference of the means is not significant at the 0.05 level.

Homogeneity of Variance Test

Levene's Test(Absolute Deviations)

DF Sum of Squares Mean Square F Value Prob>F
Model 1 1.11993E-5 1.11993E-5 6.9096 0.01087
Error 60 9.72496E-5  1.62083E-6

At the 0.05 level, the population variances are significantly different.

Powers
Alpha  Sample Size Power
Actual Power  0.05 62 0.05777
Box Charts

Range

Means Comparison Plot
Fisher LSD

= Meanbift (noil

Figure 5. Hypothesis testing using one way ANOVA for mitochondria compactness
significance between GAN outputs and segmentation results using control dataset.
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Mitochondria - elongation
Descriptive Statistics
N Analysis N Missing Mean Standard Deviation SE of Mean
31 0 130.49338 94.11216  16.90304
31 0 137.36145 148.26922 26.62994

One Way ANOVA

Overall ANOVA

DF Sum of Squares Mean Square F Value Prob>F
Model 1 731.14153 731.14153 0.04741 0.82836
Error 60  925225.83272 15420.43055
Total 61  925956.97424

Mito

Null Hypothesis: The means of all levels are equal.
Alternative Hypothesis: The means of one or more levels are different.
At the 0.05 level, the population means are not significantly different.

Fit Statistics
R-Square = Coeff Var Root MSE Data Mean
7.89606E-4  0.92721 124.17903 133.92742

Means Comparisons

Fisher Test
MeanDiff ~SEM t Value Prob  Alpha Sig LCL UCL
GAN SEG 6.86807 31.5415 0.21775 0.82836 0.05 0 -56.22433 69.96047

Sig equals 1 indicates that the difference of the means is significant at the 0.05 level.
Sig equals 0 indicates that the difference of the means is not significant at the 0.05 level.

Homogeneity of Variance Test

Levene's Test(Absolute Deviations)

DF Sum of Squares Mean Square F Value Prob>F
Model 1 14860.26087 14860.26087 1.67784 0.20017
Error 60  531406.29071 8856.77151

At the 0.05 level, the population variances are not significantly different.

Powers
Alpha | Sample Size = Power
Actual Power  0.05 62 0.05528
Box Charts

Range.

Means Comparison Plot
Fisher LSD

Figure 6. Hypothesis testing using one way ANOVA for mitochondria elongation significance
between GAN outputs and segmentation results using control dataset.
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Mitochondria - flatness
Descriptive Statistics

N Analysis N Missing Mean @ Standard Deviation SE of Mean
Mit 31 0 4.59711 2.56404 0.46051
o 31 0 4.83906 3.77773 0.6785
One Way ANOVA
Overall ANOVA
DF Sum of Squares Mean Square F Value Prob>F
Model 1 0.90739 0.90739 0.08706 0.76897
Error 60 625.36691 10.42278
Total 61 626.2743

Null Hypothesis: The means of all levels are equal.
Alternative Hypothesis: The means of one or more levels are different.

At the 0.05 level, the population means are not significantly different.

Fit Statistics
R-Square Coeff Var Root MSE Data Mean
0.00145 0.68427  3.22843 4.71809

Means Comparisons

Fisher Test
MeanDiff ~SEM t Value Prob  Alpha Sig LCL UCL
GAN SEG 0.24195 0.82002 0.29506 0.76897 0.05 0 -1.39834 1.88224

Sig equals 1 indicates that the difference of the means is significant at the 0.05 level.
Sig equals 0 indicates that the difference of the means is not significant at the 0.05 level.

Homogeneity of Variance Test

Levene's Test(Absolute Deviations)

DF Sum of Squares Mean Square F Value Prob>F
Model 1 15.84406 15.84406 3.58467 0.06314
Error 60 265.19713 4.41995

At the 0.05 level, the population variances are not significantly different.

Powers
Alpha Sample Size Power
Actual Power  0.05 62 0.05971
Box Charts

Range

Means Comparison Plot
Fisher LSD

= MeanDiff (roi

Figure 7. Hypothesis testing using one way ANOVA for mitochondria flatness significance
between GAN outputs and segmentation results using control dataset.
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Mitochondria - spareness
Descriptive Statistics

N Analysis N Missing Mean | Standard Deviation SE of Mean
Mit 31 0 0.79216 0.11453 0.02057
o 31 0 0.75255 0.12586 0.0226
One Way ANOVA
Overall ANOVA
DF Sum of Squares  Mean Square F Value Prob>F
Model 1 0.02432 0.02432 1.67948 0.19996
Error 60 0.86871 0.01448
Total 61 0.89303

Null Hypothesis: The means of all levels are equal.
Alternative Hypothesis: The means of one or more levels are different.

At the 0.05 level, the population means are not significantly different.

Fit Statistics
R-Square | Coeff Var Root MSE  Data Mean
0.02723 | 0.15579 0.12033 0.77236

Means Comparisons

Fisher Test
MeanDiff ~SEM t Value Prob | Alpha Sig LCL UCL
GAN SEG -0.03961 0.03056 -1.29595 0.19996 0.05 0 -0.10074 0.02153

Sig equals 1 indicates that the difference of the means is significant at the 0.05 level.
Sig equals 0 indicates that the difference of the means is not significant at the 0.05 level.

Homogeneity of Variance Test

Levene's Test(Absolute Deviations)

DF Sum of Squares Mean Square F Value Prob>F
Model 1 0.00135 0.00135 0.28639 0.59452
Error 60 0.2822 0.0047

At the 0.05 level, the population variances are not significantly different.

Powers
Alpha Sample Size  Power
Actual Power  0.05 62 0.24737
Box Charts

Renge

Means Comparison Plot
Fisher LSD

= WeanDiff (noi

Figure 8. Hypothesis testing using one way ANOVA for mitochondria spareness significance
between GAN outputs and segmentation results using control dataset.
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Mitochondria - sphericity
Descriptive Statistics

N Analysis N Missing Mean @ Standard Deviation SE of Mean
Mit 31 0 0.12387 0.02738 0.00492
o 31 0 0.13039 0.04117 0.00739
One Way ANOVA
Overall ANOVA
DF Sum of Squares Mean Square F Value Prob>F
Model 1 6.58781E-4  6.58781E-4 0.53893 0.46574
Error 60 0.07334 0.00122
Total 61 0.074

Null Hypothesis: The means of all levels are equal.
Alternative Hypothesis: The means of one or more levels are different.

At the 0.05 level, the population means are not significantly different.

Fit Statistics
R-Square Coeff Var Root MSE Data Mean
0.0089 0.27502  0.03496 0.12713

Means Comparisons

Fisher Test
MeanDiff ~SEM t Value Prob  Alpha Sig LCL UCL
GAN SEG 0.00652 0.00888 0.73412 0.46574 0.05 0 -0.01124 0.02428

Sig equals 1 indicates that the difference of the means is significant at the 0.05 level.
Sig equals 0 indicates that the difference of the means is not significant at the 0.05 level.

Homogeneity of Variance Test

Levene's Test(Absolute Deviations)

DF Sum of Squares Mean Square F Value Prob>F
Model 1 0.00178 0.00178 4.63112 0.03543
Error 60 0.02306  3.84345E-4

At the 0.05 level, the population variances are significantly different.

Powers
Alpha Sample Size = Power
Actual Power  0.05 62 0.1116
Box Charts

Range

Means Comparison Plot
Fisher LSD

= MeanDiff (roi

Figure 9. Hypothesis testing using one way ANOVA for mitochondria sphericity significance
between GAN outputs and segmentation results using control dataset.
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Mycofibrils - compactness
Descriptive Statistics

N Analysis N Missing Mean  Standard Deviation SE of Mean
M 30 0 0.00212 0.00126 2.29736E-4
yo 30 0 0.00223 0.00208 3.79306E-4
One Way ANOVA
Overall ANOVA
DF Sum of Squares  Mean Square F Value | Prob>F
Model 1 1.87249E-7  1.87249E-7 0.06348 0.80197
Error 58 1.71087E-4  2.94978E-6
Total 59 1.71274E-4

Null Hypothesis: The means of all levels are equal.
Alternative Hypothesis: The means of one or more levels are different.
At the 0.05 level, the population means are not significantly different.

Fit Statistics
R-Square Coeff Var Root MSE Data Mean
0.00109  0.78831 0.00172 0.00218

Means Comparisons

Fisher Test
MeanDiff SEM t Value Prob | Alpha Sig LCL UCL
GAN SEG 1.11729E-4 4.43454E-4 0.25195 0.80197 0.05 0 -7.75942E-4 9.99399E-4

Sig equals 1 indicates that the difference of the means is significant at the 0.05 level.
Sig equals 0 indicates that the difference of the means is not significant at the 0.05 level.

Homogeneity of Variance Test

Levene's Test(Absolute Deviations)

DF = Sum of Squares Mean Square F Value Prob>F
Model 1 5.52141E-6  5.52141E-6 3.98236 0.05068
Error 58 8.04151E-5  1.38647E-6

At the 0.05 level, the population variances are not significantly different.

Powers
Alpha | Sample Size Power
Actual Power  0.05 60 0.05706
Box Charts

Range

o o

Means Comparison Plot
Fisher LSD

[ WeanDiff (nor

Figure 10. Hypothesis testing using one way ANOVA for myofibrils compactness significance
between GAN outputs and segmentation results using control dataset.
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Myofibrils - elongation
Descriptive Statistics
N Analysis N Missing Mean Standard Deviation SE of Mean
30 0 228.07261 79.20972  14.46165
30 0 240.07643 115.3517  21.06024

One Way ANOVA
Overall ANOVA

DF Sum of Squares Mean Square F Value Prob>F
Model 1 2161.37602 2161.37602 0.22077 0.64021
Error 58  567825.63233 9790.09711
Total 59  569987.00834

Myo

Null Hypothesis: The means of all levels are equal.
Alternative Hypothesis: The means of one or more levels are different.
At the 0.05 level, the population means are not significantly different.

Fit Statistics
R-Square ' Coeff Var Root MSE  Data Mean
0.00379 | 0.42271 98.94492 234.07452

Means Comparisons
Fisher Test

MeanDiff SEM t Value Prob  Alpha Sig LCL UCL
GAN SEG 12.00382 25.54747 0.46986 0.64021 0.05 0 -39.13499 63.14264

Sig equals 1 indicates that the difference of the means is significant at the 0.05 level.
Sig equals 0 indicates that the difference of the means is not significant at the 0.05 level.

Homogeneity of Variance Test

Levene's Test(Absolute Deviations)

DF = Sum of Squares Mean Square F Value Prob>F
Model 1 8173.569627 8173.59627 2.40727 0.12621
Error 58  196932.02887 3395.37981

At the 0.05 level, the population variances are not significantly different.

Powers
Alpha Sample Size Power
Actual Power 0.05 60 0.0748
Box Charts

Means Comparison Plot
Fisher LSD

= Weaniff (noi

Figure 11. Hypothesis testing using one way ANOVA for myofibrils elongation significance
between GAN outputs and segmentation results using control dataset.
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Myofibrils - flatness
Descriptive Statistics

N Analysis ' N Missing Mean  Standard Deviation SE of Mean
M 30 0 2.69433 1.52226 0.27792
yo 30 0 2.83613 2.33928  0.42709
One Way ANOVA
Overall ANOVA
DF Sum of Squares  Mean Square F Value Prob>F
Model 1 0.30164 0.30164 0.07745 0.78178
Error 58 225.89482 3.89474
Total 59 226.19645

Null Hypothesis: The means of all levels are equal.
Alternative Hypothesis: The means of one or more levels are different.

At the 0.05 level, the population means are not significantly different.

Fit Statistics
R-Square Coeff Var Root MSE = Data Mean
0.00133  0.71369 1.97351 2.76523

Means Comparisons

Fisher Test
MeanDiff ~SEM t Value Prob | Alpha Sig LCL UCL
GAN SEG 0.14181 0.50956 0.27829 0.78178 0.05 0 -0.87818 1.1618

Sig equals 1 indicates that the difference of the means is significant at the 0.05 level.
Sig equals 0 indicates that the difference of the means is not significant at the 0.05 level.

Homogeneity of Variance Test

Levene's Test(Absolute Deviations)
DF Sum of Squares  Mean Square F Value Prob>F
Model 1 4.3286 4.3286 1.8566 0.17829
Error 58 135.22501 2.33147

At the 0.05 level, the population variances are not significantly different.

Powers
Alpha  Sample Size  Power
Actual Power 0.05 60 0.05863
Box Charts

Range

Mo

Means Comparison Plot
Fisher LSD

= Weaniff (noi

Figure 12. Hypothesis testing using one way ANOVA for myofibrils flatness significance
between GAN outputs and segmentation results using control dataset.
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Myofibrils - spareness
Descriptive Statistics

N Analysis N Missing Mean | Standard Deviation SE of Mean
M 30 0 0.7898 0.13282 0.02425
yo 30 0 0.77026 015121 0.02761
One Way ANOVA
Overall ANOVA
DF Sum of Squares  Mean Square F Value Prob>F
Model 1 0.00573 0.00573 0.28277 0.59692
Error 58 1.1747 0.02025
Total 59 1.18043

Null Hypothesis: The means of all levels are equal.
Alternative Hypothesis: The means of one or more levels are different.
At the 0.05 level, the population means are not significantly different.

Fit Statistics
R-Square | Coeff Var Root MSE  Data Mean
0.00485 0.18245  0.14231 0.78003

Means Comparisons

Fisher Test
MeanDiff ~SEM t Value Prob | Alpha Sig LCL UCL
GAN SEG -0.01954 0.03675 -0.53177 0.59692 0.05 0 -0.09309 0.05401

Sig equals 1 indicates that the difference of the means is significant at the 0.05 level.
Sig equals 0 indicates that the difference of the means is not significant at the 0.05 level.

Homogeneity of Variance Test
Levene's Test(Absolute Deviations)
DF Sum of Squares Mean Square F Value Prob>F
Model 1 9.126E-4 9.126E-4 0.09636 0.75736
Error 58 0.54931 0.00947

At the 0.05 level, the population variances are not significantly different.

Powers
Alpha Sample Size  Power
Actual Power  0.05 60 0.08188
Box Charts

Renge

Means Comparison Plot
Fisher LSD

= WeanDiff (noi

Figure 13. Hypothesis testing using one way ANOVA for myofibrils spareness significance
between GAN outputs and segmentation results using control dataset.
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Myofibrils - sphericity
Descriptive Statistics

N Analysis N Missing Mean @ Standard Deviation SE of Mean
M 30 0 0.11492 0.02732 0.00499
yo 30 0 0.12097 0.03537 0.00646
One Way ANOVA
Overall ANOVA
DF Sum of Squares Mean Square F Value Prob>F
Model 1 5.48735E-4  5.48735E-4 0.54939 0.46156
Error 58 0.05793 9.98804E-4
Total 59 0.05848

Null Hypothesis: The means of all levels are equal.
Alternative Hypothesis: The means of one or more levels are different.
At the 0.05 level, the population means are not significantly different.
Fit Statistics
R-Square Coeff Var Root MSE Data Mean
0.00938 0.26796 0.0316 0.11794

Means Comparisons

Fisher Test
MeanDiff ~SEM t Value Prob  Alpha Sig LCL UCL
GAN SEG 0.00605 0.00816 0.74121 0.46156 0.05 0 -0.01029 0.02238

Sig equals 1 indicates that the difference of the means is significant at the 0.05 level.
Sig equals 0 indicates that the difference of the means is not significant at the 0.05 level.

Homogeneity of Variance Test

Levene's Test(Absolute Deviations)

DF Sum of Squares Mean Square F Value Prob>F
Model 1 0.00114 0.00114 3.22397 0.07778
Error 58 0.02045  3.52573E-4

At the 0.05 level, the population variances are not significantly different.

Powers
Alpha Sample Size Power
Actual Power  0.05 60 0.11275
Box Charts

Range

Means Comparison Plot
Fisher LSD

= MeanDiff (roi

Figure 14. Hypothesis testing using one way ANOVA for myofibrils sphericity significance
between GAN outputs and segmentation results using control dataset.
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Z-disks - compactness
Descriptive Statistics

N Analysis N Missing Mean Standard Deviation SE of Mean
7. disk 29 0 3.8453E-4 4.90523E-4 9.10879E-5
“aISKS 29 0 4.04768E-4 7.29214E-4 1.35412E-4
One Way ANOVA
Overall ANOVA
DF Sum of Squares  Mean Square F Value | Prob>F
Model 1 5.93909E-9  5.93909E-9 0.01538 0.90175
Error 56 2.16263E-5 3.86183E-7
Total 57 2.16322E-5

Null Hypothesis: The means of all levels are equal.
Alternative Hypothesis: The means of one or more levels are different.
At the 0.05 level, the population means are not significantly different.

Fit Statistics
R-Square = Coeff Var Root MSE = Data Mean
2.745490E-4 1.57466 6.21437E-4 3.94649E-4

Means Comparisons
Fisher Test

MeanDiff SEM t Value Prob | Alpha Sig LCL UCL
GAN SEG 2.02384E-5 1.63197E-4 0.12401 0.90175 0.05 0 -3.06685E-4 3.47162E-4

Sig equals 1 indicates that the difference of the means is significant at the 0.05 level.
Sig equals 0 indicates that the difference of the means is not significant at the 0.05 level.

Homogeneity of Variance Test
Levene's Test(Absolute Deviations)

DF = Sum of Squares Mean Square F Value Prob>F
Model 1 2.29858E-7  2.29858E-7 0.81433 0.37071
Error 56 1.5807E-5 2.82267E-7

At the 0.05 level, the population variances are not significantly different.

Powers
Alpha | Sample Size Power
Actual Power  0.05 58 0.0517
Box Charts

Range

Means Comparison Plot
Fisher LSD

[ WeanDiff (nor

Figure 15. Hypothesis testing using one way ANOVA for z-disks compactness significance
between GAN outputs and segmentation results using control dataset.
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Z-disks - elongation
Descriptive Statistics

N Analysis = N Missing Mean Standard Deviation SE of Mean

Z-disk 29 0 685.31339 292.23591 54.26685

“aISKS 29 0 721.38252 44496036  82.62706
One Way ANOVA
Overall ANOVA

DF Sum of Squares Mean Square F Value Prob>F
Model 1 18864.23669 18864.23669 0.13313 0.71658
Error 56 7934963.26367 141695.77257
Total 57 7953827.50035

Null Hypothesis: The means of all levels are equal.
Alternative Hypothesis: The means of one or more levels are different.

At the 0.05 level, the population means are not significantly different.

Fit Statistics
R-Square Coeff Var Root MSE  Data Mean
0.00237  0.53519 376.42499 703.34795

Means Comparisons

Fisher Test
MeanDiff SEM t Value Prob  Alpha Sig LCL uUCL
GAN SEG 36.06913 98.85405 0.36487 0.71658 0.05 0 -161.95932 234.09757

Sig equals 1 indicates that the difference of the means is significant at the 0.05 level.
Sig equals 0 indicates that the difference of the means is not significant at the 0.05 level.

Homogeneity of Variance Test

Levene's Test(Absolute Deviations)

DF  Sum of Squares ' Mean Square F Value Prob>F
Model 1 192294.54366 192294.54366 2.86901 0.09586
Error 56  3753381.6254 67024.67188

At the 0.05 level, the population variances are not significantly different.

Powers
Alpha  Sample Size  Power
Actual Power 0.05 58 0.06486
Box Charts

Range

g § & 8 &

Means Comparison Plot
Fisher LSD
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Figure 16. Hypothesis testing using one way ANOVA for z-disks elongation significance
between GAN outputs and segmentation results using control dataset.
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Z-disks - flatness
Descriptive Statistics

N Analysis N Missing Mean @ Standard Deviation SE of Mean
7_disk 29 0 6.06582 297235 0.55195
"aISKS 29 0 6.38507 3.59029 0.6667
One Way ANOVA
Overall ANOVA
DF Sum of Squares Mean Square F Value Prob>F
Model 1 1.47788 1.47788 0.13605 0.71363
Error 56 608.30102 10.86252
Total 57 609.7789

Null Hypothesis: The means of all levels are equal.
Alternative Hypothesis: The means of one or more levels are different.
At the 0.05 level, the population means are not significantly different.

Fit Statistics
R-Square Coeff Var Root MSE Data Mean
0.00242 0.52941 3.29583 6.22544

Means Comparisons

Fisher Test
MeanDiff ~SEM t Value Prob  Alpha Sig LCL UCL
GAN SEG 0.31925 0.86553 0.36885 0.71363 0.05 0 -1.41461 2.05311

Sig equals 1 indicates that the difference of the means is significant at the 0.05 level.
Sig equals 0 indicates that the difference of the means is not significant at the 0.05 level.

Homogeneity of Variance Test
Levene's Test(Absolute Deviations)
DF Sum of Squares Mean Square F Value Prob>F
Model 1 3.72933 3.72933 0.88267 0.35151
Error 56 236.60365 4.22507

At the 0.05 level, the population variances are not significantly different.

Powers
Alpha Sample Size Power
Actual Power  0.05 58 0.06519
Box Charts

Range

Means Comparison Plot
Fisher LSD

= MeanDiff (roi

Figure 17. Hypothesis testing using one way ANOVA for z-disks flatness significance between
GAN outputs and segmentation results using control dataset.
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Z-disks - spareness
Descriptive Statistics

N Analysis N Missing Mean @ Standard Deviation SE of Mean
) 29 0 0.68344 0.1086 0.02017
Z-disks
29 0 0.71941 0.12065 0.0224
One Way ANOVA
Overall ANOVA
DF = Sum of Squares Mean Square F Value Prob>F
Model 1 0.01876 0.01876  1.42393 0.23779
Error 56 0.73785 0.01318
Total 57 0.75661

Null Hypothesis: The means of all levels are equal.
Alternative Hypothesis: The means of one or more levels are different.

At the 0.05 level, the population means are not significantly different.

Fit Statistics
R-Square Coeff Var Root MSE Data Mean
0.0248 0.16365  0.11479 0.70143

Means Comparisons

Fisher Test
MeanDiff ~SEM t Value Prob  Alpha Sig LCL UCL
GAN SEG 0.03597 0.03014 1.19328 0.23779 0.05 0 -0.02442 0.09636

Sig equals 1 indicates that the difference of the means is significant at the 0.05 level.
Sig equals 0 indicates that the difference of the means is not significant at the 0.05 level.

Homogeneity of Variance Test

Levene's Test(Absolute Deviations)

DF Sum of Squares Mean Square F Value Prob>F
Model 1 0.00291 0.00291 0.76018 0.38699
Error 56 0.21424 0.00383

At the 0.05 level, the population variances are not significantly different.

Powers
Alpha Sample Size Power
Actual Power  0.05 58 0.21648
Box Charts

Range

Means Comparison Plot
Fisher LSD

= MeanDiff (roi
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Figure 18. Hypothesis testing using one way ANOVA for z-disks spareness significance
between GAN outputs and segmentation results using control dataset.
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Z-disks - sphericity
Descriptive Statistics

N Analysis N Missing Mean @ Standard Deviation SE of Mean
7_disk 29 0 0.06024 0.01569 0.00291
"aISKS 29 0 0.06341 002365  0.00439
One Way ANOVA
Overall ANOVA
DF Sum of Squares Mean Square F Value Prob>F
Model 1 1.45772E-4 1.45772E-4 0.36191 0.54987
Error 56 0.02256 4.02783E-4
Total 57 0.0227

Null Hypothesis: The means of all levels are equal.
Alternative Hypothesis: The means of one or more levels are different.
At the 0.05 level, the population means are not significantly different.

Fit Statistics
R-Square Coeff Var Root MSE Data Mean
0.00642 0.3246  0.02007 0.06183

Means Comparisons

Fisher Test
MeanDiff ~SEM t Value Prob  Alpha Sig LCL UCL
GAN SEG 0.00317 0.00527 0.60159 0.54987 0.05 0 -0.00739 0.01373

Sig equals 1 indicates that the difference of the means is significant at the 0.05 level.
Sig equals 0 indicates that the difference of the means is not significant at the 0.05 level.

Homogeneity of Variance Test
Levene's Test(Absolute Deviations)

DF Sum of Squares Mean Square F Value Prob>F
Model 1 3.56867E-4  3.56867E-4 1.52882 0.22145
Error 56 0.01307  2.33426E-4

At the 0.05 level, the population variances are not significantly different.

Powers
Alpha Sample Size Power
Actual Power  0.05 58 0.09092
Box Charts

Range

Means Comparison Plot
Fisher LSD

Figure 19. Hypothesis testing using one way ANOVA for z-disks sphericity significance
between GAN outputs and segmentation results using control dataset.
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Mitochondria - compactness
Descriptive Statistics

N Analysis N Missing Mean @ Standard Deviation SE of Mean
Mit 31 0 0.00914 0.00506 9.08123E-4
o 31 0 0.00282 0.00253 4.54061E-4
One Way ANOVA
Overall ANOVA
DF Sum of Squares Mean Square F Value = Prob>F
Model 1 6.18649E-4  6.18649E-4 38.71804 5.208E-8
Error 60 9.58699E-4  1.59783E-5
Total 61 0.00158

Null Hypothesis: The means of all levels are equal.
Alternative Hypothesis: The means of one or more levels are different.

At the 0.05 level, the population means are significantly different.

Fit Statistics
R-Square Coeff Var Root MSE Data Mean
0.39221  0.66884 0.004  0.00598
Means Comparisons
Fisher Test

MeanDiff ~SEM t Value Prob  Alpha Sig LCL uUCL
Diabetic Control -0.00632 0.00102 -6.22238 5.208E-8 0.05 1 -0.00835 -0.00429

Sig equals 1 indicates that the difference of the means is significant at the 0.05 level.
Sig equals 0 indicates that the difference of the means is not significant at the 0.05 level.

Homogeneity of Variance Test

Levene's Test(Absolute Deviations)

DF Sum of Squares Mean Square F Value Prob>F
Model 1 6.27545E-5  6.27545E-5 11.37017 0.00131
Error 60 3.31154E-4  5.51923E-6

At the 0.05 level, the population variances are significantly different.

Powers
Alpha  Sample Size Power
Actual Power  0.05 62 0.99998
Box Charts

Range

Means Comparison Plot
Fisher LSD

(= Weandit (s
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Figure 20. Hypothesis testing using one way ANOVA for mitochondria compactness
significance between GAN outputs using control and diabetic dataset.
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Mitochondria - elongation
Descriptive Statistics

N Analysis N Missing Mean | Standard Deviation SE of Mean

Mit 31 0 46.70289 50.41154 9.05418

o 31 0 137.36145 148.26922  26.62994
One Way ANOVA
Overall ANOVA

DF Sum of Squares Mean Square = F Value @ Prob>F
Model 1 127394.09933 127394.09933 10.38888 0.00205
Error 60  735752.56661 12262.54278
Total 61  863146.66594

Null Hypothesis: The means of all levels are equal.
Alternative Hypothesis: The means of one or more levels are different.

At the 0.05 level, the population means are significantly different.

Fit Statistics
R-Square Coeff Var Root MSE Data Mean
0.14759  1.20324 110.73637 92.03217
Means Comparisons
Fisher Test

MeanDiff SEM t Value Prob  Alpha  Sig LCL UCL
Diabetic Control 90.65856 28.12707 3.22318 0.00205 0.05 1 34.39605 146.92107

Sig equals 1 indicates that the difference of the means is significant at the 0.05 level.
Sig equals 0 indicates that the difference of the means is not significant at the 0.05 level.

Homogeneity of Variance Test

Levene's Test(Absolute Deviations)

DF Sum of Squares Mean Square F Value Prob>F
Model 1 59231.2873 59231.2873 8.21968 0.00571
Error 60  432362.18962 7206.03649

At the 0.05 level, the population variances are significantly different.

Powers
Alpha | Sample Size Power
Actual Power  0.05 62 0.88709
Box Charts

Range

Means Comparison Plot
Fisher LSD

= Wean0ift (sig|

Figure 21. Hypothesis testing using one way ANOVA for mitochondria elongation
significance between GAN outputs using control and diabetic dataset.
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Mitochondria - flatness
Descriptive Statistics

N Analysis N Missing Mean @ Standard Deviation SE of Mean
. 31 0 1.61302 1.25924 0.22617
Mito 31 0 4.83906 377773 0.6785
One Way ANOVA
Overall ANOVA
DF = Sum of Squares Mean Square F Value Prob>F
Model 1 161.31398 161.31398 20.34613 3.06332E-5
Error 60 475.70909 7.92848
Total 61 637.02307

Null Hypothesis: The means of all levels are equal.
Alternative Hypothesis: The means of one or more levels are different.

At the 0.05 level, the population means are significantly different.

Fit Statistics
R-Square Coeff Var Root MSE @ Data Mean
0.25323 0.87282 2.81576  3.22604
Means Comparisons
Fisher Test

MeanDiff SEM | tValue Prob Alpha  Sig LCL UCL
Diabetic Control 3.22604 0.7152 4.51067 3.06332E-5 0.05 1 1.79542 4.65666

Sig equals 1 indicates that the difference of the means is significant at the 0.05 level.
Sig equals 0 indicates that the difference of the means is not significant at the 0.05 level.

Homogeneity of Variance Test

Levene's Test(Absolute Deviations)
DF = Sum of Squares Mean Square F Value Prob>F
Model 1 56.43253 56.43253 17.49426 9.53362E-5
Error 60 193.54646 3.22577

At the 0.05 level, the population variances are significantly different.

Powers
Alpha  Sample Size = Power
Actual Power  0.05 62 0.99338
Box Charts

Range

Means Comparison Plot
Fisher LSD

[+ Meandif (sig

Figure 22. Hypothesis testing using one way ANOVA for mitochondria flatness significance
between GAN outputs using control and diabetic dataset.
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Mitochondria - spareness
Descriptive Statistics

N Analysis N Missing Mean Standard Deviation SE of Mean
. 31 0 0.95516 0.09681 0.01739
Mito 31 0 0.75255 0.12586 0.0226
One Way ANOVA
Overall ANOVA
DF Sum of Squares Mean Square F Value Prob>F
Model 1 0.63625 0.63625 50.46967 1.66124E-9
Error 60 0.7564 0.01261
Total 61 1.39265

Null Hypothesis: The means of all levels are equal.
Alternative Hypothesis: The means of one or more levels are different.

At the 0.05 level, the population means are significantly different.

Fit Statistics
R-Square = Coeff Var  Root MSE Data Mean
045686  0.1315 0.11228  0.85386
Means Comparisons
Fisher Test

MeanDiff SEM | tValue Prob Alpha = Sig LCL UCL
Diabetic Control -0.2026 0.02852 -7.1042 1.66124E-9 0.05 1 -0.25965 -0.14556

Sig equals 1 indicates that the difference of the means is significant at the 0.05 level.
Sig equals 0 indicates that the difference of the means is not significant at the 0.05 level.

Homogeneity of Variance Test

Levene's Test(Absolute Deviations)

DF Sum of Squares Mean Square F Value Prob>F
Model 1 0.00856 0.00856  2.09599 0.15289
Error 60 0.24493 0.00408

At the 0.05 level, the population variances are not significantly different.

Powers
Alpha Sample Size Power
Actual Power  0.05 62 1
Box Charts

Rarge

Means Comparison Plot
Fisher LSD

(= Meanoift (sig)
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Figure 23. Hypothesis testing using one way ANOVA for mitochondria spareness significance
between GAN outputs using control and diabetic dataset.
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Mitochondria - sphericity
Descriptive Statistics

N Analysis N Missing Mean @ Standard Deviation SE of Mean
. 31 0 0.26475 0.02676 0.00481
illed 31 0 0.13039 0.04117 0.00739
One Way ANOVA
Overall ANOVA
DF Sum of Squares  Mean Square F Value Prob>F
Model 1 0.27983 0.27983 232.13012 2.73169E-22
Error 60 0.07233 0.00121
Total 61 0.35216

Null Hypothesis: The means of all levels are equal.
Alternative Hypothesis: The means of one or more levels are different.
At the 0.05 level, the population means are significantly different.

Fit Statistics
R-Square = Coeff Var Root MSE Data Mean
0.79461 0.17574  0.03472  0.19757
Means Comparisons
Fisher Test

MeanDiff ~SEM t Value Prob Alpha Sig LCL UCL
Diabetic Control -0.13436 0.00882 -15.23582 2.73169E-22 0.05 1 -0.15201 -0.11672

Sig equals 1 indicates that the difference of the means is significant at the 0.05 level.
Sig equals 0 indicates that the difference of the means is not significant at the 0.05 level.

Homogeneity of Variance Test

Levene's Test(Absolute Deviations)

DF ' Sum of Squares Mean Square F Value Prob>F
Model 1 0.00211 0.00211 5.41945 0.0233
Error 60 0.02335  3.89158E-4

At the 0.05 level, the population variances are significantly different.

Powers
Alpha  Sample Size Power
Actual Power 0.05 62 1
Box Charts

Range

Means Comparison Plot
Fisher LSD

Figure 24. Hypothesis testing using one way ANOVA for mitochondria sphericity significance
between GAN outputs using control and diabetic dataset.
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Myofibrils - compactness
Descriptive Statistics

N Analysis N Missing Mean @ Standard Deviation SE of Mean
M 30 0 0.0038 0.00442 8.06984E-4
yo 30 0 0.00223 0.00208 3.79306E-4
One Way ANOVA
Overall ANOVA
DF Sum of Squares Mean Square F Value Prob>F
Model 1 3.66265E-5 ~ 3.66265E-5 3.07103 0.08498
Error 58 6.91734E-4  1.19264E-5
Total 59 7.2836E-4

Null Hypothesis: The means of all levels are equal.
Alternative Hypothesis: The means of one or more levels are different.
At the 0.05 level, the population means are not significantly different.

Fit Statistics
R-Square Coeff Var Root MSE Data Mean
0.05029 1.14509  0.00345  0.00302
Means Comparisons
Fisher Test

MeanDiff SEM t Value Prob | Alpha Sig LCL UCL
Diabetic Control -0.00156 8.91682E-4 -1.75244 0.08498 0.05 0 -0.00335 2.22279E-4

Sig equals 1 indicates that the difference of the means is significant at the 0.05 level.
Sig equals 0 indicates that the difference of the means is not significant at the 0.05 level.

Homogeneity of Variance Test

Levene's Test(Absolute Deviations)
DF Sum of Squares Mean Square F Value Prob>F
Model 1 8.93451E-5  8.93451E-5 32.35947 4.41942E-7
Error 58 1.60139E-4  2.76102E-6

At the 0.05 level, the population variances are significantly different.

Powers
Alpha | Sample Size = Power
Actual Power 0.05 60 0.40662
Box Charts

e

Means Comparison Plot
Fisher LSD
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Figure 25. Hypothesis testing using one way ANOVA for myofibrils compactness significance
between GAN outputs using control and diabetic dataset.
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Myofibrils - elongation
Descriptive Statistics
N Analysis | N Missing Mean Standard Deviation SE of Mean
30 0 254.87796 117.65873  21.48145
30 0 240.07643 1156.3517 21.06024

One Way ANOVA

Overall ANOVA

DF  Sum of Squares Mean Square F Value Prob>F
Model 1 3286.27876  3286.27876 0.24209 0.62456
Error 58  787338.13903 13574.7955
Total 59  790624.41779

Myo

Null Hypothesis: The means of all levels are equal.
Alternative Hypothesis: The means of one or more levels are different.

At the 0.05 level, the population means are not significantly different.

Fit Statistics
R-Square Coeff Var Root MSE Data Mean
0.00416  0.47079 116.51092 247.4772
Means Comparisons
Fisher Test

MeanDiff SEM t Value Prob  Alpha Sig LCL UCL
Diabetic Control -14.80153 30.08299 -0.49202 0.62456 0.05 0 -75.01918 45.41612

Sig equals 1 indicates that the difference of the means is significant at the 0.05 level.
Sig equals 0 indicates that the difference of the means is not significant at the 0.05 level.

Homogeneity of Variance Test

Levene's Test(Absolute Deviations)

DF = Sum of Squares Mean Square F Value Prob>F
Model 1 47.97922 47.97922 0.00934 0.92333
Error 58  297854.12131 5135.41588

At the 0.05 level, the population variances are not significantly different.

Powers
Alpha Sample Size  Power
Actual Power  0.05 60 0.07723
Box Chatrts

Means Comparison Plot
Fisher LSD

= Meandiff (nor
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Figure 26. Hypothesis testing using one way ANOVA for myofibrils elongation significance
between GAN outputs using control and diabetic dataset.
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Myofibrils - flatness
Descriptive Statistics

N Analysis ' N Missing Mean | Standard Deviation SE of Mean
M 30 0 3.09286 2.38606 0.43563
yo 30 0 2.83613 2.33928 0.42709
One Way ANOVA
Overall ANOVA
DF Sum of Squares Mean Square F Value Prob>F
Model 1 0.9886 0.9886 0.17708 0.67545
Error 58 323.79967 5.58275
Total 59 324.78827

Null Hypothesis: The means of all levels are equal.
Alternative Hypothesis: The means of one or more levels are different.
At the 0.05 level, the population means are not significantly different.

Fit Statistics
R-Square Coeff Var Root MSE Data Mean
0.00304 0.79703  2.36279  2.96449
Means Comparisons
Fisher Test

MeanDiff ~SEM t Value Prob | Alpha Sig LCL UCL
Diabetic Control -0.25672 0.61007 -0.42081 0.67545 0.05 0 -1.47791 0.96446

Sig equals 1 indicates that the difference of the means is significant at the 0.05 level.
Sig equals 0 indicates that the difference of the means is not significant at the 0.05 level.

Homogeneity of Variance Test

Levene's Test(Absolute Deviations)

DF Sum of Squares Mean Square F Value Prob>F
Model 1 0.01293 0.01293 0.00391 0.95036
Error 58 191.85279 3.30781

At the 0.05 level, the population variances are not significantly different.

Powers
Alpha  Sample Size Power
Actual Power  0.05 60 0.06984
Box Charts
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e o

Means Comparison Plot
Fisher LSD
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Figure 27. Hypothesis testing using one way ANOVA for myofibrils flatness significance
between GAN outputs using control and diabetic dataset.
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Myofibrils - spareness
Descriptive Statistics

N Analysis N Missing Mean @ Standard Deviation SE of Mean
M 30 0 0.77026 0.15121 0.02761
yo 30 0 0.78797 0.15272 0.02788
One Way ANOVA
Overall ANOVA
DF  Sum of Squares Mean Square F Value Prob>F
Model 1 0.0047 0.0047 0.20362 0.6535
Error 58 1.33949 0.02309
Total 59 1.34419

Null Hypothesis: The means of all levels are equal.
Alternative Hypothesis: The means of one or more levels are different.
At the 0.05 level, the population means are not significantly different.

Fit Statistics
R-Square Coeff Var Root MSE = Data Mean
0.0035 0.19505 0.15197  0.77911
Means Comparisons
Fisher Test

MeanDiff ~SEM tValue @ Prob  Alpha Sig LCL UCL
Diabetic Control| 0.01771 0.03924 0.45124 0.6535 0.05 0 -0.06084 0.09625

Sig equals 1 indicates that the difference of the means is significant at the 0.05 level.
Sig equals 0 indicates that the difference of the means is not significant at the 0.05 level.

Homogeneity of Variance Test

Levene's Test(Absolute Deviations)

DF  Sum of Squares Mean Square F Value Prob>F
Model 1 1.68286E-5 1.68286E-5 0.00148 0.96945
Error 58 0.65958 0.01137

At the 0.05 level, the population variances are not significantly different.

Powers
Alpha  Sample Size Power
Actual Power  0.05 60 0.07285
Box Charts
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Fisher LSD
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Figure 28. Hypothesis testing using one way ANOVA for myofibrils spareness significance
between GAN outputs using control and diabetic dataset.
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Myofibrils - sphericity
Descriptive Statistics

N Analysis N Missing Mean | Standard Deviation SE of Mean
M 30 0 0.17516 0.04244 0.00775
yo 30 0 0.12097 0.03537 0.00646
One Way ANOVA
Overall ANOVA
DF Sum of Squares Mean Square F Value Prob>F
Model 1 0.04405 0.04405 28.86465 1.4356E-6
Error 58 0.08852 0.00153
Total 59 0.13257

Null Hypothesis: The means of all levels are equal.
Alternative Hypothesis: The means of one or more levels are different.
At the 0.05 level, the population means are significantly different.

Fit Statistics
R-Square Coeff Var Root MSE Data Mean
0.33229 0.26385 0.03907 0.14806
Means Comparisons
Fisher Test

MeanDiff ~SEM t Value Prob Alpha Sig LCL UCL
Diabetic Control -0.05419 0.01009 -5.37258 1.4356E-6 0.05 1 -0.07438 -0.034

Sig equals 1 indicates that the difference of the means is significant at the 0.05 level.
Sig equals 0 indicates that the difference of the means is not significant at the 0.05 level.

Homogeneity of Variance Test

Levene's Test(Absolute Deviations)

DF Sum of Squares Mean Square F Value Prob>F
Model 1 5.03363E-4 5.03363E-4 1.0769 0.3037
Error 58 0.02711 4.6742E-4

At the 0.05 level, the population variances are not significantly different.

Powers
Alpha Sample Size = Power
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Box Charts
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Figure 29. Hypothesis testing using one way ANOVA for myofibrils sphericity significance
between GAN outputs using control and diabetic dataset.
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