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the multidimensional data matrix, PC2 denotes the most significant feature that can describe the data
matrix excluding PC1, and PC3 ……PCn and so on.

Principal component analysis of the samples provides a preliminary understanding of the overall
protein differences between groups of samples and the magnitude of variability between samples within
groups (Chen et al.,2009).

PCA Results
Note: Horizontal and vertical coordinates represent the first and second principal
components, respectively; the percentage in parentheses represents the contribu-
tion of the principal component to the sample difference; each dot in the plot
represents a sample, with different colors representing different groups of sam-
ples.
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three primary classifications was counted. The statistical results of the GO classification of differ-
entially expressed proteins are shown below:

Bar Chart of GO Classification
Note: Horizontal coordinates represent secondary GO terms; vertical coordinates
represent the number of differentially expressed proteins associated with that GO
term; different colors of bars represent different primary classifications.

(2) The number of differentially expressed proteins annotated with all secondary GO terms under the
three primary classifications was counted. The statistical results of GO classification of up- and
down-regulated differentially expressed proteins are shown below:
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GO Enrichment Analysis Bar Chart
Note: The horizontal coordinate represents the number of differentially expressed
proteins annotated with this term; the vertical coordinate represents the name of
the GO term. Numbers in the figure represent the number of differentially ex-
pressed proteins annotated with this term. Numbers in parentheses are the ratio
of the number of differentially expressed proteins annotated with this term to the
total number of proteins with annotations. Labels on the far right represent the
first level categories to which the GO term belongs.

(2) The top 20 GO terms in terms of P-value ranking (sorted from smallest to largest) in the enrichment
analysis results were selected to plot a bubble plot (as shown below):
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GO Enrichment Analysis Bubble Plot
Note: The horizontal coordinate indicates the enrichment fold (the ratio of the
number of differentially expressed proteins enriched with this term against the
number of annotated proteins) - the larger the enrichment fold, the higher the en-
richment level of differentially expressed proteins. The vertical coordinate indi-
cates the name of the GO term. The change of the color of the dots from blue to red
represents the change of the P-value from large to small - the smaller the P-value,
the higher the statistical significance. The size of the dot reflects the number of
differentially expressed proteins annotated with the corresponding term.

(3) The terms with enrichment of differentially expressed proteins are plotted in a top GO-directed
acyclic graph (DAG), which visualizes the GO nodes (terms) enriched with differentially expressed
proteins and their hierarchical relationships, providing a graphical display of GO enrichment anal-
ysis results. The branching represents the containment relationship, and the range of functional
descriptions defined from the top to the bottom is increasingly more specific. The topGO molecu-
lar function directed acyclic graph of differentially expressed proteins between samples is shown
below:
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work of information linking interactions (such as metabolic pathways, complexes, biochemical reactions,
and so on) between known molecules. KEGG pathways mainly involve metabolism, genetic information
processing, environmental information processing, cellular processes, human diseases, and drug devel-
opment. Pathway analysis enables the identification of the most important bio-metabolic pathways and
signaling pathways in which proteins are involved. Typically, when no single species was specified, the
identified proteins were compared against the KEGG species database ( animals, plants, fungi, bacteria,
and so on) to derive KEGG annotation results. The number of differentially expressed proteins contained
in each KEGG pathway was counted and plotted in a bar chart. Only the top 50 KEGG pathways with
the highest number of differentially expressed proteins (in descending order) are displayed here. If the
number of KEGG pathways is less than 50, all of them are displayed, as shown in the figure below:

Bar Chart of KEGG Categories
Note: Horizontal coordinates indicate the number of differentially expressed pro-
teins annotated with the pathway; vertical coordinates indicate the name of the
KEGG pathway. Numbers in the figure represent the number of differentially ex-
pressed proteins annotated with the pathway. Numbers in parentheses are the ratio
of the number of differentially expressed proteins annotated with the pathway to
the total number of proteins with annotations. Labels on the far right represent
the first level categories to which the KEGG pathway belongs.

The number of up- and down-regulated differentially expressed proteins within each KEGG pathway
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was counted and plotted into a bar chart, which displays only the top (in descending order) 20 functions
with the highest number of differentially expressed proteins.

Bar
Chart for Comparison of KEGG Classified Up- and Down-Regulated Proteins
Note: Horizontal coordinates show the number of differentially expressed pro-
teins annotated with the corresponding function; vertical coordinates are the
names of KEGG functional categories; red and blue colors represent up- and
down-regulated differentially expressed proteins, respectively.

KEGG pathways were profiled, with up- and down-regulated differentially expressed proteins
marked with red and green shades, respectively; both up- and down-regulated differentially expressed
proteins marked with a blue shade; differentially expressed proteins without significant up- and
down-regulation are marked with a yellow shade (a case of comparison between three groups of
samples).
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functionality as the original protein. The COGs are classified into 26 functional categories, as detailed at
http://www.ncbi.nlm.nih.gov/COG. Prokaryotes are annotated with COGs and eukaryotes with KOGs.
TheKOGdatabase was used for annotation in this project. The number of differentially expressed proteins
contained in each KOG term was counted and plotted in a bar chart as shown below:

Bar Chart of KOG Annotations
Note: Horizontal coordinates represent KOG functional categories; vertical coor-
dinates represent the number of differentially expressed proteins annotated with
the corresponding function; the legend on the right side shows depictions of the
functional categories.

The number of up- and down-regulated differentially expressed proteins was counted for each KOG
functional term and plotted in a bar chart as shown below:
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distributions among different domains do not follow a stochastic model but rather exhibit a pattern in
which some domains are highly combinable and others are rarely combined with other domains. Research
on protein domains is important for understanding the biological functions of proteins and their evolution.
InterPro (Finn et al. 2017, https://www.ebi.ac.uk/interpro/) is a commonly used protein domain database
that contains other commonly used protein domain databases including Pfam, ProDom, and SMART.
The number of differentially expressed proteins contained in each InterPro term (IPR) was statistically
calculated and plotted in a bar chart. Only the top 50 IPRs with the highest number of differentially
expressed proteins (in descending order) are shown here, and all of them are shown if there are less than
50 IPRs, as illustrated in the figure below.

Bar Chart of Domain Annotations
Note: The horizontal coordinate represents the number of differentially expressed
proteins annotated with this IPR; the vertical coordinate represents the description
of the IPR term. Numbers in the figure represent the number of differentially
expressed proteins annotated with this IPR. Numbers in parentheses are the ratio
of the number of differentially expressed proteins annotated with the IPR to the
total number of proteins with annotations. Labels on the far right represent IPR
categories.

The number of up- and down-regulated differentially expressed proteins within each IPR pathway
was counted and plotted into a bar chart, which displays only the top (in descending order) 20 IPRs with
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�U�H�S�U�H�V�H�Q�W�V �W�K�H �S�U�R�E�D�E�L�O�L�W�\ �R�I �Q�R�Q���V�L�J�Q�D�O��

�7�K�H �U�H�V�X�O�W�V �R�I �V�X�E�F�H�O�O�X�O�D�U �O�R�F�D�O�L�]�D�W�L�R�Q �D�Q�D�O�\�V�L�V �R�I �G�L�I�I�H�U�H�Q�W�L�D�O�O�\ �H�[�S�U�H�V�V�H�G �S�U�R�W�H�L�Q�V �D�U�H �D�Y�D�L�O�D�E�O�H �D�W��

�����(�Q�U�L�F�K�P�H�Q�W���6�,�*�1�$�/�3

������ �3�U�R�W�H�L�Q���3�U�R�W�H�L�Q �,�Q�W�H�U�D�F�W�L�R�Q ���3�3�,�� �1�H�W�Z�R�U�N

�3�U�R�W�H�L�Q���S�U�R�W�H�L�Q �L�Q�W�H�U�D�F�W�L�R�Q ���3�3�,�� �D�Q�D�O�\�V�L�V �Z�D�V �S�H�U�I�R�U�P�H�G �X�V�L�Q�J �W�K�H �6�W�U�L�Q�J�'�% ���K�W�W�S�������V�W�U�L�Q�J���G�E���R�U�J����

�3�3�, �G�D�W�D�E�D�V�H�� �,�I �W�K�H �F�R�U�U�H�V�S�R�Q�G�L�Q�J �V�S�H�F�L�H�V �H�[�L�V�W�H�G �L�Q �W�K�H �G�D�W�D�E�D�V�H�� �W�K�H �S�U�R�W�H�L�Q �V�H�T�X�H�Q�F�H�V �R�I �W�K�H �F�R�U�U�H��

�V�S�R�Q�G�L�Q�J �V�S�H�F�L�H�V �Z�H�U�H �H�[�W�U�D�F�W�H�G �G�L�U�H�F�W�O�\�� �L�I �Q�R�W�� �W�K�H �S�U�R�W�H�L�Q �V�H�T�X�H�Q�F�H�V �R�I �F�O�R�V�H�O�\ �D�O�O�L�H�G �V�S�H�F�L�H�V �Z�H�U�H �H�[��

�W�U�D�F�W�H�G�� �7�K�H �G�L�I�I�H�U�H�Q�W�L�D�O�O�\ �H�[�S�U�H�V�V�H�G �S�U�R�W�H�L�Q �V�H�T�X�H�Q�F�H�V �Z�H�U�H �E�O�D�V�W���D�O�L�J�Q�H�G �Z�L�W�K �W�K�H �H�[�W�U�D�F�W�H�G �V�H�T�X�H�Q�F�H�V��

�7�K�H �3�3�,�V �R�I �G�L�I�I�H�U�H�Q�W�L�D�O�O�\ �H�[�S�U�H�V�V�H�G �S�U�R�W�H�L�Q�V �Z�H�U�H �R�E�W�D�L�Q�H�G �E�\ �W�D�N�L�Q�J �D �F�R�Q�I�L�G�H�Q�F�H �V�F�R�U�H �! ������ ���P�H�G�L�X�P

�F�R�Q�I�L�G�H�Q�F�H���� �D�Q�G �D �V�W�D�W�L�F �D�Q�G �G�\�Q�D�P�L�F �Q�H�W�Z�R�U�N �Z�D�V �S�O�R�W�W�H�G �E�\ �X�V�L�Q�J �5���T�J�U�D�S�K�� �D�Q�G �5���Q�H�W�Z�R�U�N�'������ �U�H��
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�V�S�H�F�W�L�Y�H�O�\�� �7�K�H �V�W�D�W�L�F �S�O�R�W �R�I �W�K�H �3�3�, �Q�H�W�Z�R�U�N �D�Q�D�O�\�V�L�V �U�H�V�X�O�W�V �L�V �V�K�R�Z�Q �E�H�O�R�Z�� �D�Q�G �W�K�H �G�\�Q�D�P�L�F �Q�H�W�Z�R�U�N

�S�O�R�W �L�V �V�K�R�Z�Q �L�Q �W�K�H �U�H�V�X�O�W�V �I�R�O�G�H�U �R�I �G�L�I�I�H�U�H�Q�W�L�D�O�O�\ �H�[�S�U�H�V�V�H�G �S�U�R�W�H�L�Q �3�3�, �D�Q�D�O�\�V�L�V�� �7�K�H �F�R�U�U�H�V�S�R�Q�G�L�Q�J

�Q�H�W�Z�R�U�N �U�H�O�D�W�L�R�Q�V�K�L�S�V �F�D�Q �E�H �G�L�U�H�F�W�O�\ �L�P�S�R�U�W�H�G �L�Q�W�R �W�K�H �&�\�W�R�V�F�D�S�H �V�R�I�W�Z�D�U�H �I�R�U �Y�L�V�X�D�O�L�]�D�W�L�R�Q �D�Q�G �H�G�L�W�L�Q�J��

�3�3�, �1�H�W�Z�R�U�N �3�O�R�W

�1�R�W�H�� �(�D�F�K �Q�R�G�H �L�Q �W�K�H �3�3�, �Q�H�W�Z�R�U�N �U�H�S�U�H�V�H�Q�W�V �D �G�L�I�I�H�U�H�Q�W�L�D�O�O�\ �H�[�S�U�H�V�V�H�G �S�U�R�W�H�L�Q��

�W�K�H �F�K�D�Q�J�H �R�I �Q�R�G�H �F�R�O�R�U �I�U�R�P �U�H�G �W�R �E�O�X�H �U�H�S�U�H�V�H�Q�W�V �W�K�H �F�K�D�Q�J�H �R�I �H�[�S�U�H�V�V�L�R�Q �O�H�Y�H�O

�R�I �W�K�H �G�L�I�I�H�U�H�Q�W�L�D�O�O�\ �H�[�S�U�H�V�V�H�G �S�U�R�W�H�L�Q �I�U�R�P �X�S���U�H�J�X�O�D�W�L�R�Q �W�R �G�R�Z�Q���U�H�J�X�O�D�W�L�R�Q�� �I�R�U

�W�K�H �Q�X�P�E�H�U �R�I �V�D�P�S�O�H�V �L�Q �W�K�H �G�L�I�I�H�U�H�Q�W�L�D�O �J�U�R�X�S �• ���� �D�O�O �G�R�W�V �D�U�H �L�Q �U�H�G�� �W�K�H �W�K�L�F�N�H�U

�W�K�H �O�L�Q�H�� �W�K�H �K�L�J�K�H�U �W�K�H �S�O�D�X�V�L�E�L�O�L�W�\ �R�I �W�K�H �L�Q�W�H�U�D�F�W�L�R�Q��

�'�H�W�D�L�O�H�G �3�3�, �D�Q�D�O�\�V�L�V �U�H�V�X�O�W�V �I�R�U �G�L�I�I�H�U�H�Q�W�L�D�O�O�\ �H�[�S�U�H�V�V�H�G �S�U�R�W�H�L�Q�V �D�U�H �D�Y�D�L�O�D�E�O�H �D�W�� �����3�3�,

������ �:�H�L�J�K�W�H�G �3�U�R�W�H�L�Q �&�R���H�[�S�U�H�V�V�L�R�Q �1�H�W�Z�R�U�N �$�Q�D�O�\�V�L�V ���:�3�&�1�$��

�7�K�H �:�*�&�1�$ �D�O�J�R�U�L�W�K�P �L�V �D �W�\�S�L�F�D�O �V�\�V���E�L�R�O�R�J�L�F�D�O �D�O�J�R�U�L�W�K�P �I�R�U �F�R�Q�V�W�U�X�F�W�L�Q�J �J�H�Q�H �F�R���H�[�S�U�H�V�V�L�R�Q

�Q�H�W�Z�R�U�N�V �E�D�V�H�G �R�Q �K�L�J�K���W�K�U�R�X�J�K�S�X�W �P�H�V�V�H�Q�J�H�U �5�1�$ ���P�5�1�$�� �H�[�S�U�H�V�V�L�R�Q �G�D�W�D�� �Z�K�L�F�K �L�V �Z�L�G�H�O�\ �X�V�H�G �L�Q

�E�L�R�P�H�G�L�F�D�O �I�L�H�O�G�V �Z�R�U�O�G�Z�L�G�H�� �7�K�H �:�*�&�1�$ �D�O�J�R�U�L�W�K�P �I�L�U�V�W �D�V�V�X�P�H�V �W�K�D�W �W�K�H �J�H�Q�H �Q�H�W�Z�R�U�N �R�E�H�\�V �D �V�F�D�O�H��

�I�U�H�H �G�L�V�W�U�L�E�X�W�L�R�Q�� �G�H�I�L�Q�H�V �W�K�H �J�H�Q�H �F�R���H�[�S�U�H�V�V�L�R�Q �F�R�U�U�H�O�D�W�L�R�Q �P�D�W�U�L�[�� �W�K�H �D�G�M�D�F�H�Q�F�\ �I�X�Q�F�W�L�R�Q �R�I �W�K�H �J�H�Q�H

�Q�H�W�Z�R�U�N�� �D�Q�G �W�K�H�Q �F�D�O�F�X�O�D�W�H�V �W�K�H �G�L�V�V�L�P�L�O�D�U�L�W�\ �F�R�H�I�I�L�F�L�H�Q�W�V �R�I �G�L�I�I�H�U�H�Q�W �Q�R�G�H�V�� �D�Q�G �F�R�Q�V�W�U�X�F�W�V �W�K�H �K�L�H�U�D�U�F�K�L��

�F�D�O �F�O�X�V�W�H�U�L�Q�J �W�U�H�H �D�F�F�R�U�G�L�Q�J�O�\�� �'�L�I�I�H�U�H�Q�W �F�O�D�G�V ���E�U�D�Q�F�K�H�V�� �R�I �W�K�L�V �F�O�X�V�W�H�U�L�Q�J �W�U�H�H �U�H�S�U�H�V�H�Q�W �G�L�I�I�H�U�H�Q�W �J�H�Q�H
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