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Project Results Summary

In this study, Mus musculus whole transcriptome sequencing was performed in order to examine the

different gene expression profiles, and to perform gene annotation on set of useful genes based on gene

ontology pathway information.

Analyses were successfully performed on all 6 paired-ends samples. Figure 1 shows the throughput of

raw data and trimmed data. Figure 2 shows the Q30 percentage (% of bases with quality over phred score

30) of each sample’s raw and trimmed data.

Raw data vs. Trimmed data (Throughput)

Throughput(Gb)

Figure 1. Throughput output of Raw and Trimmed data

Raw data vs. Trimmed data (≥Q30)

Q30(%)

Figure 2. Q30 score of Raw and Trimmed data
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Trimmed reads are mapped to reference genome with TopHat. Figure 3 shows the overall read

mapping ratio, the ratio of mapped reads to trimmed reads.

Overall read mapping ratio(%)

Figure 3. Overall read mapping ratio(%)

After the read mapping, Cufflinks was used for transcript assembly. Expression profile was calculated

for each sample and transcript/gene as read count and FPKM (Fragment per Kilobase of transcript per

Million mapped reads).

DEG (Differentially Expressed Genes) analysis was performed on a comparison pair (TEST_vs_CTRL)

as requested using DESeq2. The results showed 244 genes which satisfied |fc|>=2 & nbinomWaldTest raw

p-value<0.05 conditions in comparison pair.

Figure 4 shows the result of hierarchical clustering (distance metric= Euclidean distance, linkage

method= complete) analysis. It graphically represents the similarity of expression patterns between

samples and genes.
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Figure 4. Heatmap for DEG list

DEG list was further analyzed with gProfiler (https://biit.cs.ut.ee/gprofiler/orth) for gene set

enrichment analysis per biological process (BP), cellular component (CC) and molecular function (MF).

The Figure 5, 6 and 7 show the significant gene set by each category.
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Figure 5. Gene Ontology terms related to Biological Process
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Figure 6. Gene Ontology Terms related to Molecular Function
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Figure 7. Gene Ontology Terms related to Cellular Component
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1. Experimental Methods and Workflow

Figure 8. RNA Sequencing Experiment Workflow

Nat Rev Genet. 2011 Sep 7;12(10):671-82

1) Isolate the Total RNA from Sample of interest (Cell or Tissue).

2) Eliminate DNA contamination using DNase.

3) Choose an appropriate kit for library prep process depending on the types of RNA. For mRNA with

poly-A tail, use mRNA purification kit; for non-coding RNAs, such as lincRNA, use ribo-zero RNA

removal Kit to purify RNA of interest.

4) Randomly fragment purified RNA for short read sequencing.

5) Reverse transcribe fragmented RNA into cDNA.

6) Ligate adapters onto both ends of the cDNA fragments.

7) After amplifying fragments using PCR, select fragments with insert sizes between 200-400 bp. For

paired-end sequencing, both ends of the cDNA is sequenced by the read length.
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2. Analysis Methods and Workflow

Figure 9. Analysis Workflow

1) Analyze the quality control of the sequenced raw reads. Overall reads’ quality, total bases, total reads,
GC (%) and basic statistics are calculated.

2) In order to reduce biases in analysis, artifacts such as low quality reads, adaptor sequence,
contaminant DNA, or PCR duplicates are removed.

3) Trimmed reads are mapped to reference genome with TopHat, splice-aware aligner.

4) Transcript is assembled by Cufflinks with aligned reads.

5) Expression profiles are represented as read count and normalization values which are calculated
based on transcript length and depth of coverage. Normalization values are provided as FPKM
(Fragments Per Kilobase of transcript per Million Mapped reads) / RPKM (Reads Per Kilobase of
transcript per Million mapped reads) and TPM(Transcripts Per Kilobase Million).

6) In groups with different conditions, genes or transcripts that express differentially are filtered out
through statistical hypothesis testing.

7) In case of known gene annotation, functional annotation and gene-set enrichment analysis are
performed using GO and KEGG database on differentially expressed genes.
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3. Summary of Data Production

3. 1. Raw Data Statistics

(Refer to Path: result_RNAseq/Analysis_statistics/raw_throughput.txt)

The total number of bases, reads, GC (%), Q20 (%), Q30 (%) are calculated for 6 samples. For

example, in MG_CTRL_1, 40,718,992 reads are produced, and total read bases are 4.1Gbp. The GC

content (%) is 47.81% and Q30 is 95.35%.

Table 1. Raw data stats

Sample id Total read bases* Total reads GC (%) Q20 (%) Q30 (%)

MG_CTRL_1 4,112,618,192 40,718,992 47.81 98.52 95.35

MG_CTRL_2 4,112,811,910 40,720,910 48.15 98.41 95.11

MG_CTRL_3 4,112,524,464 40,718,064 48.13 98.34 94.9

MG_TEST_1 4,112,925,636 40,722,036 47.41 98.41 95.1

MG_TEST_2 4,112,882,408 40,721,608 47.89 98.48 95.27

MG_TEST_3 4,112,791,710 40,720,710 47.38 98.52 95.35

(* Total read bases = Total reads x Read length)

· Total read bases: Total number of bases sequenced

· Total reads: Total number of reads

· GC (%): GC content

· Q20 (%): Ratio of bases that have phred quality score greater than or equal to 20

· Q30 (%): Ratio of bases that have phred quality score greater than or equal to 30
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3. 2. Average Base Quality at Each Cycle

(Refer to Path: Analysis_statistics/rawData/A_fastqc/)

The quality of produced data is determined by the phred quality score at each cycle. Box plot

containing the average quality at each cycle is created with FastQC.

The x-axis shows number of cycles and y-axis shows phred quality score. Phred quality score 20

means 99% accuracy and reads over score of 20 are accepted as good quality.

http://www.bioinformatics.babraham.ac.uk/projects/fastqc

Figure 10. Read quality at each cycle of MG_CTRL_1 (read1)

Figure 11. Read quality at each cycle of MG_CTRL_1 (read2)

· Yellow box: Interquartile range (25-75%) of phred score at each cycle

· Red line: Median of phred score at each cycle

· Blue line: Average of phred score at each cycle

· Green background: Good quality

· Orange background: Acceptable quality

· Red background: Bad quality
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3. 3. Trimming Data Statistics

(Refer to Path: result_RNAseq/Analysis_statistics/trim_throughput.txt)

Trimmomatic program is used to remove adapter sequences and bases with base quality lower

than three from the ends. Also using sliding window method, bases of reads that does not qualify for

window size 4, and mean quality 15 are trimmed. Afterwards, reads with length shorter than 36bp are

dropped to produce trimmed data.

Table 2. Trimming Data Stats

Sample id Total read bases Total reads GC(%) Q20(%) Q30(%)

MG_CTRL_1 4,056,017,217 40,323,630 47.82 98.88 95.86

MG_CTRL_2 4,048,912,278 40,265,808 48.17 98.81 95.68

MG_CTRL_3 4,048,254,801 40,260,258 48.14 98.75 95.48

MG_TEST_1 4,048,521,949 40,263,096 47.42 98.81 95.68

MG_TEST_2 4,052,327,022 40,291,404 47.91 98.86 95.81

MG_TEST_3 4,054,156,420 40,310,810 47.39 98.89 95.87

· Total read bases: Total number of read bases after trimming

· Total reads: Total number of reads after trimming

· GC (%): GC Content

· Q20 (%): Ratio of bases that have phred quality score greater than or equal to 20

· Q30 (%): Ratio of bases that have phred quality score greater than or equal to 30
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3. 4. Average Base Quality at Each Cycle after Trimming

(Refer to Path: result_RNAseq/Analysis_statistics/trimmedData/A_fastqc/)

Figure 12 and 13 show average base quality at each cycle after trimming.

Figure 12. Average base quality of MG_CTRL_1 (read1) at each cycle after trimming

Figure 13. Average base quality of MG_CTRL_1 (read2) at each cycle after trimming

· Yellow box: Interquartile range (25-75%) of phred score at each cycle

· Red line: Median of phred score at each cycle

· Blue line: Average of phred score at each cycle

· Green background: Good quality

· Orange background: Acceptable quality

· Red background: Bad quality
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4. Reference Mapping and Assembly Results

4. 1. Mapping Data Statistics

(Refer to Path: result_RNAseq/Analysis_statistics/mapping.tophat.stats.txt)

In order to map cDNA fragments obtained from RNA sequencing, mm10 was used as a reference

genome. Table 3 shows the statistic obtained from Tophat, which is known to handle spliced read

mapping through Bowtie2 aligner. You can check number of processed reads, mapped reads,

multiple mapped reads, and overall mapping ratio.

Table 3. Mapped Data Stats

Sample ID # of processed
reads

# of mapped reads # of failed to align
reads

# of multiple
mapped reads

MG_CTRL_1 40,323,630 38,929,727
(96.5%)

1,393,903
(3.5%)

1,795,660
(4.6%)

MG_CTRL_2 40,265,808 39,313,717
(97.6%)

952,091
(2.4%)

1,731,515
(4.4%)

MG_CTRL_3 40,260,258 39,369,329
(97.8%)

890,929
(2.2%)

1,832,435
(4.7%)

MG_TEST_1 40,263,096 39,349,126
(97.7%)

913,970
(2.3%)

1,836,508
(4.7%)

MG_TEST_2 40,291,404 39,445,696
(97.9%)

845,708
(2.1%)

1,842,485
(4.7%)

MG_TEST_3 40,310,810 39,484,411
(97.9%)

826,399
(2.1%)

1,754,523
(4.4%)

· # of processed reads: Number of cleaned reads after trimming

· # of mapped reads: Number of reads mapped to reference

· # of multiple mapped reads: Number of multiple mapped reads
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4. 2. Expression Profiling

Known transcripts, alternative splicing transcripts and novel transcripts are assembled with

Cufflinks based on reference genome model.

After assembly, the abundance of gene/transcript is calculated in the read count and normalized

value as FPKM (Fragments Per Kilobase of transcript per Million mapped reads) for a sample.

4. 2. 1. Known Transcripts Expression Level

(Refer to Path: result_RNAseq/Expression_profile/Cufflinks/

Expression_Profile.mm10.transcript.xlsx)

Table 4 is an example of known transcript expression level per sample in expression value. This

result is obtained by Reference Annotation Based Transcript (RABT) method using -G option of

Cufflinks does not consider novel transcript assembly.

Table 4. Known transcripts Expression Level (example)

· Transcript_ID: Splicing variant (isoform/transcript)

· Gene_ID: Gene ID

· Gene_Symbol: Symbol of gene

· Gene_Description: Description of gene

· Transcript_Locus: Transript locus

· Transcript_Length: Transcript length

· [Sample Name]_Read_Count: Read count of a sample

· [Sample Name]_FPKM: FPKM normalized value of a sample
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4. 2. 2. Known Genes Expression Level

(Refer to Path: result_RNAseq/Expression_profile/Cufflinks/

Expression_Profile.mm10.gene.xlsx)

Table 5 is an example of known gene expression level per sample in expression value. This result

is obtained by Reference Annotation Based Transcript (RABT) method using -G option of Cufflinks

does not consider novel transcript assembly.

Table 5. Known genes Expression Level (example)

· Gene_ID: Gene ID

· Transcript_ID: Splicing variant (isoform/transcript)

· Gene_Symbol: Symbol of gene

· Gene_Description: Description of gene

· [Sample Name]_Read_Count: Read count of a sample

· [Sample Name]_FPKM: FPKM normalized value of a sample
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5. Differentially Expressed Gene Analysis Results

5. 1. Data Analysis Quality Check and Preprocessing

There is a process that sorts differentially expressed gene among samples by read count value of

known genes. In preprocessing, there are data quality and similarity checks among samples in case of

biological replicates exist.

(Refer to Path: result_RNAseq/DEG_result/[DataSet]/Analysis_Result.html)

5. 1. 1. Sample Information and Analysis Design

Total of 6 samples was used for analysis. For more information of samples and comparison pair,

please refer to Sample.Info.txt file.

Index Sample.ID Sample.Group

1 MG_CTRL_1 CTRL

2 MG_CTRL_2 CTRL

3 MG_CTRL_3 CTRL

4 MG_TEST_1 TEST

5 MG_TEST_2 TEST

6 MG_TEST_3 TEST

Comparison pair and statistical method for each pair are shown below.

Index Test vs. Control Statistical Method

1 TEST vs. CTRL Fold Change, nbinomWaldTest using DESeq2, Hierarchical Clustering
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5. 1. 2. DATA Quality Check

(Refer to Path: result_RNAseq/DEG_result/[DataSet]/Data Quality Check/)

For 6 samples, if more than one read count value was 0, it was not included in the analysis.

Therefore, from total of 45,775 genes, 28,922 were excluded and only 16,853 genes were used for

statistic analysis.

5. 1. 3. Data Transformation and Normalization

In order to reduce systematic bias, size factors were estimated from the read count data

(estimateSizeFactors method).

Using them, the read count data was normalized with Relative Log Expression (RLE) method in

DESeq2 R library.

Then, statistical test was performed with the normalized data.

log2(read count+1) and regularized log (rlog) transformed values were used for data visualization.

rlog transformation is a method to minimize differences between samples for genes/transcripts in

low expression. It transforms count data into log2 scale and normalizes them with a library size

factor. rlog is robust in the case when the size factors vary widely.

These logarithm figures were used only for visualization.

To proceed a statistical test, RLE normalized count was adopted for negative binomial Wald

Test(nbinomWaldTest) in DESeq2.
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5. 1. 3. 1. Boxplot of Expression Difference between samples.

Below boxplots show the corresponding sample’s expression distribution based on percentile

(median, 50 percentile, 75 percentile, maximum and minimum) based on raw signal (read count),

Log2 transformation of read count+1 and RLE Normalization.

5. 1. 3. 2. Expression Density Plot per sample

Below density plots show the corresponding samples expression distribution before and after

of raw signal (read count), Log2 transformation of read count+1 and RLE Normalization.
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5. 1. 4. Correlation Analysis between samples

The similarity between samples are obtained through Pearson’s coefficient of the rlog

transformed value. For range: -1≤ r ≤ 1,the closer the value is to 1, the more similar the samples are.

Correlation matrix of all samples is as follows.
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5. 1. 5. Hierarchical Clustering Analysis

Using each sample’s rlog transformed value, the high expression similarities were grouped

together. (Distance metric = Euclidean distance, Linkage method= Complete Linkage)

5. 1. 6. Multidimensional Scaling Analysis

Using each sample’s rlog transformed value, the similarity between samples is graphically shown

in a 2D plot. It employs two components that well preserve thr degree of similarity between

samples. This allows identification any outlier samples, or similar expression patterns between

sample groups.
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5. 2. Differentially Expressed Gene Analysis Workflow

Below shows the orders of DEG (Differentially Expressed Genes) analysis.

1) the read count value of known genes obtained through -G option of the Cufflinks were used as the

original raw data.

· Raw data
(Refer to Path: result_RNAseq/Expression_profile/Cufflinks/

Expression_Profile.mm10.gene.xlsx)

: 45,775 genes, 6 samples

2) During data preprocessing, low quality transcripts are filtered. Afterwards, RLE Normalization are

performed.

· Processed data

(Refer to Path: result_RNAseq/DEG_result/[DataSet]/data2.xlsx)

: 16,853 genes, 6 samples

3) Statistical analysis is performed using Fold Change, nbinomWaldTest using DESeq2 per comparison

pair.

The significant results are selected on conditions of |fc|>=2 & nbinomWaldTest raw p-value<0.05.

· Significant data

(Refer to Path: result_RNAseq/DEG_result/DEG/data3_fc2_&_raw.p.xlsx)

: 244 genes

4) For significant lists, hierarchical clustering analysis is performed to group the similar samples and

genes. These results are graphically depicted using heatmap and dendogram.

· Hierarchical Clustering (Euclidean Distance, Complete Linkage)

(Refer to Path: result_RNAseq/DEG_result/[DataSet]/Cluster image/)

5) For significant lists, gene-set enrichment analysis was performed based on gene ontology(

https://biit.cs.ut.ee/gprofiler/).

Please refer to the GO_stat sheet and the GO_genes sheet of data3 file.

Following result are provided.

· GO_stat

· GO_genes

6) For significant lists, gene-set enrichment analysis was performed based on KEGG database(

http://www.genome.jp/kegg/).

Please refer to the KEGG_stat sheet and KEGG_genes sheet of data3 file.

Following result are provided.

· KEGG_stat

· KEGG_genes
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You can also see the KEGG enrichment result on the KEGG_pathway.html.
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5. 3. Significant Gene Results

(Refer to Path: result_RNAseq/DEG_result/[DataSet]/Plots/)

These are fc2_&_raw.p, TEST_vs_CTRL results by example.

5. 3. 1. Up, Down Regulated Count by Fold Change

Shows number of up and down regulated genes based on fold change of comparison pair.

5. 3. 2. Up, Down Regulated Count by Fold Change and p-value

Shows number of up and down regulated genes based on fold change and p-value of comparison

pair.
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5. 3. 3. Distribution of Expression Level between two groups

Shows distribution of normalized value of each group for comparison pair.
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5. 3. 4. Volcano Plot of Expression Level of two groups.

Log2 fold change and p-value obtained from the comparison between two groups plotted as

volcano plot.

(X-axis: log2 Fold Change, Y-axis: -log10 p-value)
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5. 3. 5. MA Plot

In order to confirm the transcripts that show higher expression difference compared to the

control according to overall average expression level, MA plot is drawn. (X-axis: mean of

normalized counts, Y-axis: log2 Fold Change).

For example, even though fold change might be different by two-fold, the gene with higher mean

of normalized counts may be more credible.
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5. 3. 6. Hierarchical Clustering Analysis

(Refer to Path: result_RNAseq/DEG_result/[DataSet]/Cluster image/)

Heatmap shows result of hierarchical clustering analysis (Euclidean Method, Complete Linkage)

which clusters the similarity of genes and samples by expression level (rlog transformed value)

from significant list.
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5. 4. GO Enrichment Analysis

(Refer to Path: result_RNAseq/DEG_result/[DataSet]/gprofiler)

For Enrichment test which based on Gene Ontology (http://geneontology.org/) DB was conducted

with significant gene list using g:Profiler tool (https://biit.cs.ut.ee/gprofiler/).

The g:Profiler tool performs statistical enrichment analysis to find over-representation of

information from Gene Ontology terms, biological pathways, regulatory DNA elements, human

disease gene annotations, and protein-protein interaction networks.

Progressing about 3 categories of GO. The gene or gene product, molecule associated with GO ID

was summarized by parsing the ontology file and the annotation file (multispecies annotation

provided by Uniprot, or the annotation provided by each type reference DB for the GO consortium)

for the GO graph structure.

- Link for the ontology documentation: http://geneontology.org/page/ontology-documentation

- Link for the ontology files: http://geneontology.org/page/download-ontology

- Link for the annotation files: http://geneontology.org/page/download-annotations

Enrichment test result was summarized at each sheet of DEG result(data3-*.xlsx file) by 2 forms

below.

· GO_stat

· GO_genes
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5. 4. 1. GO_stat Sheet

The result of associated gene and test stat was summarized by term_id. The significane of

specific term_id in enrichment test with DEG set was summarized.

· source: Code for the data source. Ex> GO:BP | GO:CC | GO:MF ...

· term_id: ID for the enriched term/functional category

· term_name: Readable name for the enriched term

· adjusted_p_value: Adjusted p-value by FDR

· query_size: The number of unique DEG that are annotated to the data source (the functional

category).

· intersection_size: The number of unique DEG that are annotated to the term_id

· term_size: The number of genes of species that are annotated to the term_id.

· effective_domain_size: The number of genes of species that are annotated to the data source

(the functional category).

· intersections: list of unique DEG that are annotated to the term_id

32



5. 4. 2. GO_genes Sheet

The result of associated term_id and DEG analysis result was summarized based on Gene.

term_id which associated with specific gene was summarized with stat such as fold change,

p-value, volume, normalized value.

· source: Code for the data source. Ex> GO:BP | GO:CC | GO:MF ...

· term_id: ID for the enriched term/functional category

· term_name: Readable name for the enriched term

· adjusted_p_value: Adjusted p-value by FDR

· intersection_size: The number of unique DEG that are annotated to the term_id
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data3.GO_*.gprofiler.png: Top 20 terms of Gene Ontology Enrichment Analysis result were

described by dot plot.

(Plotting based on GO_stat)

data3.GO_*.gprofiler.sizefilt.png: After term_size filtering (min=10, max=500), top 20 terms of

Gene Ontology Enrichment Analysis result were described by dot plot.

(Plotting based on GO_stat. Please refer to ./gprofiler/data3*.GO/folder.)

- term_size filtering: The GO Terms that are very large or small do not contribute to

interpretability of results, and their statistical significance can be inflated when using certain

statistical enrichment methods (e.g., Hypergeometric test).

- GeneRatio: GeneRatio is calculated as the ratio of intersection_size and query_size.

The dot plot below shows the results of the enrichment analysis based on Gene Ontology DB for

significant genes.

These dot plots are examples for data3.GO_*.gprofiler.png (without term_size filtering).
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5. 5. KEGG Enrichment Analysis

(Refer to Path: result_RNAseq/DEG_result/[DataSet]/KEGG_view)

KEGG database contains various types of omics data such as molecular information (genome

sequence, structure), chemical information (Metabolism, Glycans, Lipids etc.), molecular interaction

information(physical interaction, co-expression).

KEGG pathway homepage: http://www.kegg.jp/kegg/pathway.html

KEGG pathway viewer provides the pathway map colored by fold change for significantly

expressed genes by each comparison pair using pathway map information of given species. And it

also gives you the enrichment test result and the heatmap of that on the main page. When clicking

the KEGG_pathway.html, you can see the heatmap of enrichment test result for each pathway term.

The detailed results for enrichment analysis are provided in the following sheets of data3.

Enrichment test result was summarized at each sheet of DEG result(data3-*.xlsx file) by 2 forms

below.

· KEGG_stat

· KEGG_genes

The following heatmap shows the results of the enrichment analysis for each pathway term. The

gradient legend shows the level of enrichment raw p-value from the modified fisher's exact test to

determine the enrichment of each gene from the gene set. The raw p-value lower than 0.05 means

that the pathway has been significantly enriched. By clicking the block of each pathway of pairs for

comparison on the table, it would display the colored pathway in html format.
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Figure 14. Result of gene-set enrichment analysis (p-value top 20)
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5. 5. 1. KEGG HTML Viewer

Figure 15. Description of KEGG Viewer frame

· Block 1: Differential expression gene combinations.

· Block 2: Metabolism, Cellular process, Environmental information processing, Genetic

information processing, Organismal system

· Block 3: Categorized pathway map

· Block 4: Pathway map name

· Block 5: Heatmap of KEGG enrichment map score (p-value). (empty box means that there

is not matched gene)

· Block 6: Following information are separated with comma and can be checked by putting

mouse over. (Combination information , Pathway name , KEGG enrichment map score

(p-value))

· Block 7: New window pops up when color box is clicked.

· "Global and overview maps" is not directly drawing the data saved from HTML. It directly

shows genes from KEGG homepage. This may slow down the loading time.
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Figure 16. Description of KEGG pathway map frame

· Block 8: Fold change values of DEG are shown in colors.

· Block 9: You can change to different combination within the current KEGG pathway page.

The combination shown in the box is currently shown combination.

· Block 10: Significant pathway module is marked with red star (based on data3 file of

significance).

· Block 11: The name and fold change value of the gene are shown when mouse is over.

(genes are separated with comma). If the gene id exists but there is no FC value on the

title of module, then the gene does not exist in data2 file that is processed QC filtering

step.

· Block 12: Green color box of pathway map is modules that are not mapped. Gene is in the

pathway map but the expression is not shown.

· Block 13: White box of pathway map is module that is not relevant to the species.
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5. 5. 2. KEGG_stat Sheet

This table shows the enrichment analysis result for each pathway term. You can find this table in

the KEGG stat sheet of data3 file.

Example of KEGG pathway enrichment analysis result

· MapID: KEGG map ID

· MapName: KEGG map name

· Number_of_SigGenes: Number of (uniquely) differentially expressed genes that are

included in the pathway

· Genes: List of gene that are included in the pathway (comma delimited)

· Sig.NotIn.KEGG: Number of (uniquely) differentially expressed genes that are not included

in the pathway

· Genome.In.KEGG: Number of genes that are associated to this pathway among the genes

in given species

· Genome.NotIn.KEGG: Number of genes that are not associated to this pathway among the

genes in given species

· PValue: Raw p-value from the modified fisher's exact test

· Bonferroni: Corrected p-value by bonferroni method

· FDR: Corrected p-value by FDR method
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5. 5. 3. KEGG_genes Sheet

This table shows the pathway enrichment analysis result according to gene. You can find this

table in the KEGG genes sheet of data3 file.

Example of KEGG pathway enrichment analysis result sorted by gene

· InID: Matching key ID (ex. Entrez GeneID)

· MapID: KEGG map ID

· MapName: KEGG map name

· PValue: Raw p-value from the modified fisher's exact test

· Bonferroni: Corrected p-value by bonferroni method

· FDR: Corrected p-value by FDR method
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6. Data Download Information

6. 1. Raw Data

Raw data is the FASTQ file that isn't trimmed adapter sequence.

Download link File size md5sum

MG_CTRL_1_1.fastq.gz 915.53M 9caba6b113df1ad3c71d337f6aade342

MG_CTRL_1_2.fastq.gz 965.45M 84f806e22fcf94e26255e6363d775271

MG_CTRL_2_1.fastq.gz 918.55M 0014c4c56cc3aaef70a5d13e5e582682

MG_CTRL_2_2.fastq.gz 976.2M 31d2db72e2a8b9a1eca278ac46a98432

MG_CTRL_3_1.fastq.gz 926.58M a87eb1f8fb8dacd137477ab0f57777d1

MG_CTRL_3_2.fastq.gz 981.42M ccbdcbf25c80b4c79e543a66c39a6d1b

MG_TEST_1_1.fastq.gz 922.04M c9ab662093cffd280bee590cf446b469

MG_TEST_1_2.fastq.gz 975.65M 3d928bf055ced6f22e1d23964ac221dd

MG_TEST_2_1.fastq.gz 917.4M 0ff808744648877e14a2c76bc3daab41

MG_TEST_2_2.fastq.gz 970.31M e8404bc235277a1de1e16b5d1a63708e

MG_TEST_3_1.fastq.gz 914.96M be9c425871e085591164949ebeba6fe0

MG_TEST_3_2.fastq.gz 966.77M 7ffdb61d18b462f8c3fb186f3574416f

· fastq.gz : This is a zip file of raw data used in analysis.

· md5sum : In order to verify the integrity of files, md5sum is used. If the values of md5sum are the

same, there is no forgery, modification or omission.

6. 2. Analysis Results

Download link File size

HN00000000_result_RNAseq.zip
(md5sum: 87a330c1f208e53e17a99e917557ceda)

205.36M

HN00000000_BAM_files.tar
(md5sum: 1ed766a221ccf08fcfc15bef084fc238)

8.82G
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Your data will be retained in our server for 3 months.
Should you wish to extend the retention period, please contact us.
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7. Appendix

7. 1. Phred Quality Score Chart

Phred quality score numerically express the accuracy of each nucleotide. Higher Q number

signifies higher accuracy. For example, if Phred assigns a quality score of 30 to a base, the chances of

having base call error are 1 in 1000.

Quality of phred score Probability of incorrect base call Base call accuracy Characters

10 1 in 10 90% !"#$%&'()*+

20 1 in 100 99% ,-./012345

30 1 in 1000 99.9% 6789:;h=i?

40 1 in 10000 99.99% @ABCDEFGHIJ

Phred Quality Score Q is calculated with -10log10P, where P is probability of erroneous base call.

45



7. 2. Programs used in Analysis

7. 2. 1. FastQC
http://www.bioinformatics.babraham.ac.uk/projects/fastqc/

FastQC is a program that performs quality check on the raw sequences before analysis to make

sure data integrity. The main function is importing BAM, SAM, FastQ files and providing quick

overview on which section has problems. It provides such results as graphs and tables in html files.

7. 2. 2. Trimmomatic
http://www.usadellab.org/cms/?page=trimmomatic

Trimmomatic is a program that performs trimming depending on various parameters on illumina

paired-end or single-end.

· ILLUMINACLIP: Cut adapter and other illumina-specific sequences from the read.

· SLIDINGWINDOW: Perform a sliding window trimming, cutting once the average quality

within the window falls below a threshold.

· LEADING: Cut bases off the start of a read, if below a threshold quality.

· TRAILING: Cut bases off the end of a read, if below a threshold quality.

· CROP: Cut the read to a specified length.

· HEADCROP: Cut the specified number of bases from the start of the read.

· MINLEN: Drop the read if it is below a specified length.

· TOPHRED33: Change quality score to phred33.

· TOPHRED64: Change quality score to phred64.

7. 2. 3. TopHat version v2.1.1, bowtie2 2.5.1
http://ccb.jhu.edu/software/tophat/index.shtml

Tophat is a tool that maps transcriptome sequencing data on mammalian-sized genome using

bowtie2. It uses this mapping results to provide provisional exon location and exon junctions. In

order for increased mapping increase at exon binding site, it accounts for GT-AT’s two nucleotide

pattern information.

7. 2. 4. Cufflinks version v2.2.1
http://cole-trapnell-lab.github.io/cufflinks/

Cufflink is a sequence assembly program that connects reads from the mapping results using the

Tophat aligner. It can predict the expression level of the assembled transcriptomes and provides

results for cuffdiff, which shows difference in expression between samples.

46

http://www.bioinformatics.babraham.ac.uk/projects/fastqc/
http://www.usadellab.org/cms/?page=trimmomatic
http://ccb.jhu.edu/software/tophat/index.shtml
http://cole-trapnell-lab.github.io/cufflinks/


7. 3. References

1. BOLGER, Anthony M.; LOHSE, Marc; USADEL, Bjoern. Trimmomatic: a flexible trimmer for Illumina

sequence data. Bioinformatics, 2014, btu170.

2. TRAPNELL, Cole; PACHTER, Lior; SALZBERG, Steven L. TopHat: discovering splice junctions with

RNA-Seq. Bioinformatics, 2009, 25.9: 1105-1111.

3. KIM, Daehwan, et al. TopHat2: accurate alignment of transcriptomes in the presence of insertions,

deletions and gene fusions. Genome Biol, 2013, 14.4: R36.

4. LANGMEAD, Ben, et al. Ultrafast and memory-efficient alignment of short DNA sequences to the

human genome. Genome Biol, 2009, 10.3: R25.

5. LI, Heng, et al. The sequence alignment/map format and SAMtools. Bioinformatics, 2009, 25.16:

2078-2079.

6. TRAPNELL, Cole, et al. Transcript assembly and quantification by RNA-Seq reveals unannotated

transcripts and isoform switching during cell differentiation. Nature biotechnology, 2010, 28.5:

511-515

7. ROBERTS, Adam, et al. Improving RNA-Seq expression estimates by correcting for fragment bias.

Genome biology, 2011, 12.3: R22.

8. BI, Yong-Mei, et al. High throughput RNA sequencing of a hybrid maize and its parents shows

different mechanisms responsive to nitrogen limitation. BMC genomics, 2014, 15.1: 77.

9. TRAPNELL, Cole, et al. Differential analysis of gene regulation at transcript resolution with

RNA-seq. Nature biotechnology, 2013, 31.1: 46-53.

10. TRAPNELL, Cole, et al. Differential gene and transcript expression analysis of RNA-seq

experiments with TopHat and Cufflinks. Nature protocols, 2012, 7.3: 562-578.

11. MORTAZAVI, Ali, et al. Mapping and quantifying mammalian transcriptomes by RNA-Seq. Nature

methods, 2008, 5.7: 621-628.

12. RAUDVERE, Uku, et al. g: Profiler: a web server for functional enrichment analysis and conversions

of gene lists (2019 update). Nucleic acids research, 2019.

47




