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MWXS-XX-XXXX-novo report
Transcriptome broadly refers to the collection of all transcripts in a cell under a certain physiological

condition. The object of interest is the sum of all RNAs that can be transcribed in a specific cell under a
certain functional state, mainly including mRNA and ncRNA. Transcriptome research serves as a foundation
for the study of gene function and structure, and plays an important role in the development of organisms
and the incidence of disease. With the development of gene sequencing technology and the reduction of
sequencing cost, RNA-seq has become the main method for transcriptome research with the advantages of
high throughput, high sensitivity and broad application. In this project, 12 samples were sequenced and a
total of 80.04 Gb Clean Data were obtained, with 6 Gb clean data for each sample and 92% or more Q30
bases.

1 Experimental Workflow

The experimental workflow for transcriptome sequencing includes several stages: RNA extraction, RNA
quality assessment, library construction, and sequencing. The experimental process is illustrated in the dia-
gram below:

Extraction, Library Construction, and Sequencing Workflow Diagram
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1.1 RNA Quality Assessment

High-quality RNA is the foundation for the success of the entire project. To ensure RNA quality, the
following methods are used to inspect samples, and only qualified samples proceed to library preparation:

(1) Agarose Gel Electrophoresis: Analyze RNA integrity and check for the presence of DNA contamina-
tion.

(2) Qubit 4.0 Fluorometer/MD Enzyme Analyzer: Accurately measure RNA concentration.

(3) Qsep400 Bioanalyzer: Precisely evaluate RNA integrity.

1.2 Library Construction

There are two primary methods for obtaining mRNA: firstly, using the characteristic polyA tails of
most mRNAs in eukaryotic organisms, mRNA with polyA tails is enriched using Oligo(dT) magnetic beads.
Secondly, ribosomal RNA is removed from total RNA to obtainmRNA. Subsequently, the RNA is fragmented
using fragmentation buffer, and the short fragmented RNA serves as a template to synthesize the first-strand
cDNA using random hexamers. Then, a buffer, dNTPs (dTTP, dATP, dGTP, and dCTP), and DNA polymerase
I are added to synthesize the second-strand cDNA. The purified double-stranded cDNA is further subjected to
end repair, A-tailing, and adapter ligation. The cDNA library is size-selected using DNA purification beads
and PCR enrichment is performed to obtain the final cDNA library. The experimental process is illustrated
in the diagram below:
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Library Construction Method Schematic

1.3 Library Quality Check

After library construction is complete, the library’s quality is assessed. Sequencing can only proceed
when the quality meets the required standards. The quality assessment methods include:

(1) Preliminary quantification using the Qubit dye method, and insert size analysis using a fragment ana-
lyzer. Sequencing can proceed only when the insert size meets expectations.

(2) Q-PCR method for accurate quantification of the library’s effective concentration (library effective
concentration > 2nM), completing library inspection.

1.4 Sequencing

After passing library inspection, different libraries are pooled according to the target amount of data for
sequencing on the Illumina platform.
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the composition statistics of raw sequencing data

Adapter related: the proportion of reads with adapters; Containing N: the proportion of

reads with N bases; Low quality: the proportion of reads with low quality; Clean reads: the

proportion of clean reads.

2.1.3 Sequencing Error Rate Distribution

The sequencing process itself may produce errors, and the sequencing error rate distribution check can
reflect the quality of the sequencing data. The sequencing quality value of each base in the sequence infor-
mation is stored in the fastq file. With sequencing error rate expressed as e and Illumina base quality value
expressed as Qphred, then: Qphred = -10log10(e). The concise correspondence between Illumina Casava
v1.8 base calling and Phred scores is shown in the following table:

Table 1 Concise correspondence between base calling and Phred score

Sequencing error rate Base mass phred33 Corresponding characters phred64 Corresponding characters

5% 13 . M
1% 20 5 T
0.1% 30 ? ^

Higher base quality value indicates a more reliable and accurate base calling. For example, for a base
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GC Content Distribution Plot

The horizontal coordinate indicates the position of the bases in the reads, and the vertical

coordinate indicates the proportion of single bases.

2.2 Sequencing Output Statistics

After raw data filtering, and checking for sequencing error rate and GC content distribution, the clean
reads used for subsequent analysis, with data summarized in the following table:

Table 2 Data Output Statistics

Sample Raw Reads Clean Reads Clean Base(G)

A1 46475004 44622910 6.69
A2 49121824 46893456 7.03
A3 44776266 43838320 6.58
B1 44816386 43318554 6.50
B2 43398202 41947518 6.29

B3 44634278 43013954 6.45
C1 45967324 44406072 6.66
C2 47410196 45811112 6.87
C3 45534544 44648410 6.70
D1 46479640 44957230 6.74
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from alternative splicing events. Reads align to intergenic regions may originate from ncRNAs or low levels
of DNA fragment contamination, or the gene may not be well annotated. The alignment distribution of each
sample is illustrated as follows:

Distribution of Mapping Regions Plot

The number of exon, intron, and intergenic reads were counted and plotted separately.

2.3.3 Visualization of Comparison Results

We converted the bam files obtained by aligning the reads to the reference genome into tdf files that
can be recognized by IGV. The distribution of reads on each chromosome and the distribution of functional
regions such as exons, introns, and intergenic regions annotated in the genomewere then visualized by IGV[3]
software, as illustrated below:

IGV visualization tutorial:src/appendix/IGV_tutorial.pdf
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Schematic Diagram of IGV Visualization

2.4 New Gene Analysis

Based on the positional information of reads aligned to the reference genome, StringTie[4] is used to
assemble reads into transcripts. StringTie utilizes network flow algorithms and optional de novo assembly to
assemble transcripts. Compared to software like Cufflinks, StringTie is capable of assembling more complete
and accurate transcripts and also operates at a faster speed. The schematic diagram of its workflow is shown
below:
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Box Plot of Gene Expression

The horizontal coordinate indicates the different samples; the vertical coordinate indicates

the logarithmic value of the sample expression (FPKM). This plot measures the expression

level of each sample in terms of the overall dispersion of expression.

Density plots demonstrate the changes in gene abundance with expression levels in a sample and provide
a clear picture of the regions where the bulk of the gene expression levels lie, as shown in the figure below:

Gene Expression Density Distribution

The curves of different colors in the plot represent different samples. For a dot on the

curve, its horizontal coordinate indicates the logarithmic value of FPKM of the

corresponding sample, and the vertical coordinate of the dot indicates the probability

density.
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Violin plots are used to show the distribution states as well as the probability densities of multiple sets
of data, as shown in the figure below:

Expression Level Violin Plot

The curves of different colors in the plot represent different samples. The width of each

violin plot reflects the number of genes at that expression level.

2.5.2 Sample Correlation Analysis

Gene expression can vary among individuals, with different levels of expression variability among genes.
Transcriptome sequencing, qPCR and microarray technologies do not eliminate this variability. In order to
find differentially expressed genes of interest, expression differences due to biological variability need to be
considered and addressed. A common and effective way to do this is to set up biological replicates in the ex-
perimental design. The more consistent the replicate conditions and the greater the number of replicates, the
more reliable the search for differentially expressed genes. For projects with biological replicates, assessing
the relevance of the biological replicates is important for analyzing transcriptome sequencing data. The corre-
lation of biological replicates not only tests the reproducibility of biological experimental manipulations, but
also assesses the reliability of differentially expressed genes and aids in the screening of abnormal samples.
Pearson correlation coefficient (expressed as r) is used as an indicator to assess the correlation of biological
replicates. The closer the absolute value of r to 1, the stronger the correlation between two replicate samples.
The correlation statistics between samples for this project are plotted as shown below:
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Inter-Sample Correlation Plot

2.5.3 Principal Component Analysis

By using multivariate statistical analysis, high-dimensional and complex data can be simplified and
downscaled with maximum retention of the original information, and reliable mathematical models can be
established to summarize and conclude the expression characteristics of the research object. Principal compo-
nent analysis (PCA) is an unsupervised pattern recognition method for statistical analysis of multidimensional
data, which converts a set of potentially correlated variables into a set of linearly uncorrelated variables by
orthogonal transformation. The converted set of variables are called principal components. This analysis
is often used to study how to reveal the internal structure among multiple variables through a few principal
components, i.e., to derive a few principal components from the original variables so that they retain as much
information as possible about the original variables and are uncorrelated with each other. The usual math-
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ematical processing is to make a linear combination of the original multiple indicators as a new composite
indicator.

The data processing principle of PCA: the original data is compressed into a number of n principal
components to characterize the original data set, PC1 denotes the most significant feature that can describe
the multidimensional data matrix, PC2 denotes the most significant feature that can describe the data matrix
excluding PC1, and PC3 ……PCn and so on.

PCA Plot of the Sample

2.6 Screening for Differentially Expressed Genes

For samples with biological replicates, differential expression analysis between sample groups was per-
formed using DESeq2[10, 11] to obtain the set of differentially expressed genes between two biological con-
ditions. For samples with no biological replicates, we used edgeR[12]. The input genes are required to
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Table 8 Table for Differentially Expressed Genes

group total down up

A_vs_B 5496 3132 2364
A_vs_C 213 69 144
A_vs_D 7719 4628 3091
B_vs_C 3961 1708 2253
B_vs_D 331 193 138

C_vs_D 5677 3459 2218

Statistical Plot of Differentially Expressed Genes

2.6.3 Table of Differentially Expressed Genes

The differentially expressed genes calculated for each differential grouping are shown in the table below:
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MA Plot of Differentially Expressed Genes

the horizontal coordinate indicates the mean value of gene expression in the two samples;

red dots represent up-regulated gene expression, while green dots represent down-regulated

gene expression and blue indicates no significant difference in gene expression.

2.6.5 Volcano Plot of Differentially Expressed Genes

Volcano plots provide a visual representation of the overall distribution of differentially expressed genes
in the two sets of samples, as illustrated below:
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Volcano Plot of Differentially Expressed Genes

The horizontal coordinate indicates the fold change in gene expression and the vertical

coordinate indicates the significance level of differentially expressed genes. Red dots

represent up-regulated differentially expressed genes, green dots represent down-regulated

differentially expressed genes, and gray dots represent non-differentially expressed genes.

2.6.6 Radar Chart of Differentially Expressed Genes

The 15 up-/down-regulated geneswith the largest differential multiplicity are presented using radar chart:
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Radar Chart of Differentially Expressed Genes

Each node in the graph represents a gene, and the position of the node corresponds to the

size of the log2FoldChange value of that gene.

2.6.7 Gene Expression Cluster Analysis

The clustering analysis is used to determine the expression patterns of differentially expressed genes
under different experimental conditions by grouping genes with the same or similar expression patterns into
clusters, thus predicting the functions of unknown genes or unknown functions of known genes as genes in
the same cluster may have similar functions or be involved in the same metabolic process or cellular pathway
together.

Z-score was used to normalize the differentially expressed genes. Cluster heatmaps for differentially
expressed genes across all comparison groups and for each differential grouping are plotted as follows:
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Clustering Heatmap of Differentially Expressed Genes

The horizontal coordinates indicate sample names and hierarchical clustering results, and

the vertical coordinates indicate differential genes and hierarchical clustering results. Red

denotes high expression, whereas blue depicts low expression.

To investigate the expression patterns of genes under different treatment conditions, the FPKM of all
differential genes combined were first normalized using the scale function in R language, and then K-means
clustering analysis was performed. Genes of the same class exhibit similar trends under different experimental
treatments and may have similar functions, as shown below:
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K-Means Cluster Plot

The horizontal coordinate indicates the sample, and the vertical coordinate indicates the

normalized expression level.

2.6.8 Venn Diagram of Differentially Expressed Genes

Venn diagrams illustrate the overlap of differentially expressed genes between different comparative
combinations. Using the Venn diagram, differentially expressed genes common or unique to certain compar-
ative combinations can be screened, as shown below:
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Venn Diagram of Differentially Expressed Genes in Different Groupings

The non-overlapping area of the Venn diagram represents the differentially expressed

genes specific to that differential grouping, and the overlapping area represents the

differentially expressed genes common to several differential groupings that overlap.

2.7 Analysis of differential gene transcription factors

Transcription factors are a class of proteins that bind to DNA and regulate gene expression. Transcrip-
tion factors bind to specific DNA sequences, termed promoters, facilitating the transcription of genes by
recruiting other regulatory factors and RNA polymerases. Transcription factors can either promote or repress
the transcription of genes, and their expression and activity can be regulated by various signals inside and
outside the cell. Transcription factors are crucial in biological processes such as cell differentiation, growth,
and development. The plantTFDB database contains family classification rules of plant transcription factors,
genome-wide transcription factor profiles, rich annotations, transcription factor binding motifs, transcription
factor predictions, phylogenetic trees and other related information, involving 165 species. So,it annotates
the differential genes through the plantTFDB database and applies FIMO to obtain the target genes corre-
sponding to the transcription factors, ultimately visualizing all the results (Note: only the transcription factor
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Pie chart showing the distribution of differential transcription factor gene families

Different gene families are represented by different colors, with the percentage of

differential transcription factors in each gene family shown in the figure.

2.7.2 Table summarizing the statistics of differential transcription factors

Differential genes were annotated through the plantTFDB database with differential transcription factor
gene families counted, as shown in the following table:

Table 11 Table summarizing the statistics of differential transcription factors

Family type num gene_name

AP2 ALL 14 OsPLT5;OsPLT3;AP2/EREBP#086;OsPLT7;AP2/EREBP#033;OsPLT4;SHAT1;OsPLT1;RSR1;AP2/EREBP#052;AP2/EREBP#099;AP2/EREBP#059;SNB;OsPLT6
AP2 DEG 2 RSR1;AP2/EREBP#052
AP2 Down 2 RSR1;AP2/EREBP#052
ARF ALL 26 OsARF16;OsARF2;OsARF3;OsARF4;OsARF5;OsARF6a;OsARF7;OsARF8;OsARF9;OsARF10;OsARF11;ARF8;OsARF13;OsARF14;OsARF15;ARF16;OsARF17;OsARF10;ARF7A;OsARF20;Os07g0183350;Os07g0183700;Os08g0520550;OsARF22;OsARF24;OsARF6b
ARF DEG 2 OsARF2;Os08g0520550
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Bar chart illustrating the distribution of transcription factor gene families

The horizontal coordinates indicate each transcription factor family; the vertical

coordinates represent the number of genes; all transcription factors contained in the

transcription factor family are represented in red; up-regulated transcription factors within

the transcription factor family are represented in pink; and down-regulated differential

transcription factors within the transcription factor family are represented in blue.

2.7.4 Table of predicted transcription factor target genes

In transcriptome analysis, differentially expressed genes in differential combinations usually incorporate
transcription factor genes. Investigation of these differential transcription factors and their target genes may
help us identify the causes of differentially expressed genes. Transcription factors typically bind to specific
regions in the DNA sequence of a gene, which are referred to as transcription factor binding sites (TFBS). It
takes two steps to predict the target genes regulated by a transcription factor: 1. First, we need to know the
characteristics of the binding sequences of the transcription factor; 2. Based on these characteristics of the
binding sequences, we search in the upstream promoter region of the gene. The transcription factor likely
regulates the target gene if a sequence matching the binding characteristics is found.
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Bar chart showing the number of differential target genes corresponding to transcription factors in gene fam-
ilies

The horizontal coordinate indicates the gene family of the transcription factor, while the

vertical coordinate indicates the number of target genes. The red color in the plot

represents that these target genes show an up-regulation trend in the differential group. In

contrast, the blue indicates that these target genes show a down-regulation trend in the

differential group.

2.7.5 Enrichment analysis table of transcription factors corresponding to differential target genes

Significant enrichment analysis applies a hypergeometric test to detect which transcription factors are
significantly enriched for differential target genes. The formula for the hypergeometric distribution is shown
below:

𝑃 = 1 −
𝑚−1

∑
𝑖=0

( 𝑀
𝑖 )( 𝑁 − 𝑀

𝑛 − 𝑖 )
( 𝑁

𝑛 )

Where N represents the number of transcription factor target genes in all genes, n represents the number
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Differentially Expressed Gene KEGG Enrichment Pathway Map

For the treatment group, enzymes marked in red boxes are associated with up-regulated

genes and enzymes marked in green boxes are associated with down-regulated genes. The

enzymes marked in blue boxes are related to both up-regulated and down-regulated genes,

and the number in the box represents the enzyme number (EC number). While the whole

pathway consists of complex biochemical reactions catalyzed by multiple enzymes, the

enzymes related to differentially expressed genes in this pathway map are marked with

different colors. Based on the differences between the study subjects, we focused on the

differential expression of genes related to certain metabolic pathways, to explain the root

cause of phenotypic differences through the pathway.

2.8.2 KEGG Enrichment of Differentially Expressed Genes

Pathway enrichment analysis takes the pathways in the KEGG database as units and finds pathways
that are significantly enriched in differentially expressed genes compared to the whole genomic background
by applying the hypergeometric test. The hypergeometric distribution is calculated using the formula shown
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KEGG Enrichment Results Scatter Plot

The vertical coordinate indicates the KEGG pathway. The horizontal coordinate indicates

the Rich factor. The larger the rich factor, the stronger the enrichment. The larger the dot,

the greater the number of differentially expressed genes enriched in the pathway. The

redder the color of the dot, the more significant the enrichment.

The 50 KEGG pathways with the lowest q-values in the enrichment analysis results were selected and
the enrichment entries were plotted in a bar chart as follows:
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Differentially Expressed Gene KEGG Enrichment Bar Chart

The horizontal coordinate indicates the number of differentially expressed genes annotated

to the pathway, and the vertical coordinate indicates the name of the KEGG pathway. The

number in the graph indicates the number of differentially expressed genes annotated to the

pathway. The number in parentheses is the ratio of the number of differentially expressed

genes annotated to that entry to the number of differentially expressed genes with

annotations. The rightmost label represents the classification to which the KEGG pathway

belongs.

If there are multiple comparison combinations, we will provide multi-combination KEGG enrichment
scatter plots (if the number of differential groupings is greater than 10, only 10 differential groupings will
be displayed; if the number of differential groupings is less than 10, all of them will be displayed). The
KEGG enrichment results of each comparison combination will be sorted by q-value, and the merged set of
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15 pathways with the smallest q-value of each comparison combination will be displayed.

Multi-Compare KEGG Enrichment Scatter Plot

The horizontal coordinate indicates the comparison combination, and the vertical

coordinate indicates the pathway with gene enrichment. The size of the dot represents the

number of differentially expressed genes enriched to the pathway (the larger the dot, the

more differentially expressed genes are enriched to the pathway). The color of the dot

represents the significance of the enrichment to the pathway (the darker the red color of the

dot, the more significant the enrichment).

The nine pathways with the smallest q-value were selected to plot the enrichment analysis chord diagram.
The diagram is divided into left and right sides: the left side shows the 10 genes with the largest |logFC| in
each classification; the right side of the diagram shows the 9 pathways with the most significant enrichment;
the middle line represents the correspondence between pathways and genes; the legend of the heatmap at the
bottom right indicates the logFC values of genes, with red being up-regulated genes and blue being down-
regulated genes; the shade of color indicates the logFC size, with darker colors indicating a larger fold of
difference.
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KEGG Enrichment Chord Diagram

The 9 most significantly enriched pathways are shown on the right side of the figure, the

10 genes with the largest fold change |logFC| in each pathway are shown on the left side,

and the middle line represents the correspondence between pathways and genes.

We selected the 5 KEGG pathways with the smallest q-value in each KEGG_level_1 (if there are less
than 5 enriched pathways in each KEGG_level_1, all of them will be shown) to plot the KEGG enrichment
circular plot.
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Differentially Expressed Gene KEGG Enrichment Circular Plot

From outside to inside, the first circle shows the KEGG pathways, with different colors

representing different KEGG classifications; the second circle shows the number of

background genes belong to that classification and the qvalue, where the more genes the

longer the bar, the more significant the enrichment the darker the red color; the third circle

is a bar chart of the proportion of up- and down-regulated genes, with light red

representing the proportion of up-regulated genes and light blue representing the

proportion of down-regulated genes, and specific values shown below; the fourth circle

shows the RichFactor value for each classification (the number of foreground genes in that

classification divided by the number of background genes), with each grid of the

background auxiliary line indicating 0.2.
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Bar Chart of Up- and Down-Regulation of Expressed Genes Annotated with Level 2 GO Terms

The horizontal coordinate indicates level 2 GO terms, and the vertical coordinate is the

number of up/down-regulated differentially expressed genes for that GO term, with yellow

indicating up-regulation and blue indicating down-regulation.

2.8.4 GO Enrichment Analysis of Differentially Expression Expressed Genes

After screening the differentially expressed genes based on the experimental objectives, enrichment
analysis was performed to study the distribution of differentially expressed genes in Gene Ontology in order
to elucidate the functional representations of the differences in the experimental samples. The principle of
ordinary GO enrichment analysis is hypergeometric distribution. GO-Term enrichment analysis takes GO
terms in the GO database as units and applies hypergeometric tests to identify GO terms that are significantly
enriched in differentially expressed genes compared to the whole genomic background. The results of the
enrichment analysis are shown in the table below:
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Differentially Expressed Gene GO Enrichment Bar Chart

The horizontal coordinate indicates the number of differentially expressed genes annotated

with the term, and the vertical coordinate indicates the name of the GO term. The number

in the graph indicates the number of differentially expressed genes annotated with the term.

The number in parentheses is the ratio Goals the number of differentially expressed genes

annotated with that term to the number of differentially expressed genes with annotations.

The rightmost label represents the classification to which the GO term belongs.

A scatter plot is a graphical presentation of the results of GO enrichment analysis. In this plot, the
degree of GO enrichment is measured by rich factor, Q-value and the number of differentially expressed
genes enriched in this entry. The rich factor is the ratio of the number of differentially expressed genes
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Multi-Compare GO Enrichment Scatter Plot

The horizontal coordinate indicates the comparison combination, and the vertical

coordinate indicates the GO term with gene enrichment. The size of the dot represents the

number of differentially expressed genes enriched to the GO term (the larger the dot, the

more differentially expressed genes are enriched to the pathway). The color of the dot

represents the significance of the enrichment to the GO term (the darker the red color of

the dot, the more significant the enrichment).

The nineGO termswith the smallest q-valuewere selected to plot the enrichment analysis chord diagram.
The diagram is divided into left and right sides: the left side shows the 10 genes with the largest |logFC| in
each classification; the right side of the diagram shows the 9 GO terms with the most significant enrichment;
the middle line represents the correspondence between GO terms and genes; the legend of the heatmap at the
bottom right indicates the logFC values of genes, with red being up-regulated genes and blue being down-
regulated genes; the shade of color indicates the logFC size, with darker colors indicating a larger fold of
difference.
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Differentially Expressed Gene GO Enrichment Chord Diagram

The 9 most significantly enriched GO terms are shown on the right side of the figure, the

90 genes with the largest fold change |logFC| in these 9 GO terms are shown on the left

side, and the middle line represents the correspondence between pathways and genes.

We selected the 8 GO terms with the smallest q-value in the three major GO categories (biological
process, cellular component and molecular function) (all GO terms are shown in case of less than 8 enriched
GO terms from the three major GO categories) to plot the GO enrichment circular plot.
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Differentially Expressed Gene GO Enrichment Circular Plot

From outside to inside, the first circle shows the GO terms, with different colors

representing different GO classifications; the second circle shows the number of

background genes belong to that classification and the qvalue, where the more genes the

longer the bar, the more significant the enrichment the darker the red color; the third circle

is a bar chart of the proportion of up- and down-regulated genes, with light red

representing the proportion of up-regulated genes and light blue representing the

proportion of down-regulated genes, and specific values shown below; the fourth circle

shows the RichFactor value for each classification (the number of foreground genes in that

classification divided by the number of background genes), with each grid of the

background auxiliary line indicating 0.2.

2.8.5 GO Enrichment Level Analysis of Differentially Expression Expressed Genes

The enrichment analysis was performed on the differentially expressed genes between samples, and the
enriched terms were taken to plot topGO directed acyclic graphs. The topGO directed acyclic graph visu-
alizes enriched GO nodes (terms) and their hierarchical relationships for differentially expressed genes, and
is a graphical representation of the results of differentially expressed gene GO enrichment analysis, with
branches representing inclusion relationships and increasingly specific functional descriptions defined from
top to bottom. The topGO molecular function directed acyclic graphs of differentially expressed genes be-
tween samples are shown below:
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Bar Chart of Classification Statistics for KOG Annotations

The abscissa represents the functional classification (Code) of KOG ID, the ordinate

represents the number of differential genes included, and different classifications are

indicated by different colors. The legend is Code plus a description of its function.

2.9 Gene Set Enrichment Analysis (GSEA)

Conventional enrichment analysis based on hypergeometric distribution relies on significantly upregu-
lated or downregulated genes, which can easily miss genes with biologically significant differences in ex-
pression that are not statistically significant. Gene Set Enrichment Analysis (GSEA)[17] does not require
specifying a specific threshold for differentially expressed genes. Instead, it ranks genes based on their dif-
ferential expression between two groups of samples and uses statistical methods to test whether a predefined
gene set is enriched at the top or bottom of the ranked list. The principles are as follows:

(1)Based on the expression data of all genes, calculate the differential expression (signal-to-noise) of
each gene in two groups, ClassA and ClassB. Then, sort genes in descending order of differential expression
between the two phenotypes to create a sorted gene list.

(2)Determine whether the genes in gene set S are enriched at the top or bottom of the sorted list.

(3) Calculate the Enrichment Score (ES) for gene set S. The calculation proceeds by starting with the first
gene in the target gene list L and computing a cumulative statistic. When encountering a gene within
gene set S, the statistic is increased, and when encountering a gene not in gene set S, the statistic is
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decreased, with the magnitude of the increment depending on the gene’s correlation with the phenotype.
The highest peak in the cumulative statistic becomes the Enrichment Score (ES).

(4) Calculate the significance level (nominal p-value) of ES. An empirical phenotype-based permutation
test is used to calculate the nominal p-value of ES, preserving the complex correlations in the original
expression data.

(5) Multiple hypothesis testing. Taking into account the size of the gene set, the ES for each gene set is
normalized to obtain the Normalized Enrichment Score (NES). False discovery rate (FDR) is calculated
to control the false positive rate.

GSEA

GSEA analysis is applied on the KEGG pathway
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Module Hierarchical Cluster Dendrogram

The figure is divided into two parts: the upper part shows the clustering dendrogram of

genes, and the lower part shows the module clustering results, with each color representing

a module.

2.12.4 Inter-Module Correlation Heatmap

The inter-module correlation heatmap can be divided into two parts, with the upper part clustering the
modules according to their characteristic values called eigengenes. The vertical coordinates represent the
degree of dissimilarity of the nodes. Each row and column in the lower half of the graph represents a module.
The darker the color of the square (the redder), the stronger the correlation; the lighter the color of the square,
the weaker the correlation.
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Inter-Module Correlation Heatmap

The inter-module correlation heatmap can be divided into two parts, with the upper part

clustering the modules according to their eigengenes. The vertical coordinates represent

the degree of dissimilarity of the nodes. Each row and column in the lower half of the

graph represents a module. The darker the color of the square (the redder), the stronger the

correlation; the lighter the color of the square, the weaker the correlation.

2.12.5 Sample-Module Correlation Heatmap

In general, if one module shows significantly higher correlation with the sample than the other modules,
it means that this one module probably correlates most strongly with that sample, as shown in the figure
below:
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Sample-Module Correlation Heatmap

Sample-Module Correlation Heatmap: The horizontal coordinate represents the sample,

while the vertical coordinate represents the module. The value in parentheses is the

number of module genes. The color shades in the figure indicate the correlation level, with

red being a positive correlation and blue being a negative correlation.

2.12.6 Module Gene Clustering Heatmap

Each clad in the dendrogram represents a gene, and the darker the color of each node (white → yellow
→ red) represents the stronger correlation between the two genes the two genes in the corresponding row and
column. The results are shown in the figure below.
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