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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 2 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 HISAT2. 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, Stringtie 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

(Cfdp1-K1RNA_vs_vdR2-4RNA) as requested using FPKM. The results showed 694 genes which satisfied

|fc|>=2 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 Gene Ontology (http://geneontology.org/) 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 HISAT2, splice-aware aligner.

4) Transcript is assembled by StringTie with aligned reads.

5) Expression profiles are represented as read count and normalization value which is based on
transcript length and depth of coverage. The FPKM (Fragments Per Kilobase of transcript per Million
Mapped reads) value or the RPKM (Reads Per Kilobase of transcript per Million mapped reads) is used
as a normalization value.

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/rawData/raw_throughput.stats)

The total number of bases, reads, GC (%), Q20 (%), Q30 (%) are calculated for 2 samples. For

example, in Cfdp1-K1RNA, 46,100,372 reads are produced, and total read bases are 4.7Gbp. The GC

content (%) is 49.57% and Q30 is 93.77%.

Table 1. Raw data stats

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

1 Cfdp1-K1RNA 4,656,137,572 46,100,372 49.57 97.87 93.77

2 vdR2-4RNA 5,331,793,636 52,790,036 50.52 98.66 95.75

(* 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 Cfdp1-K1RNA (read1)

Figure 11. Read quality at each cycle of Cfdp1-K1RNA (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/trimmedData/trim_throughput.stats)

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

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

1 Cfdp1-K1RNA 4,543,927,517 45,262,214 49.59 98.39 94.57

2 vdR2-4RNA 5,253,493,756 52,245,252 50.53 98.99 96.25

· 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 Cfdp1-K1RNA (read1) at each cycle after trimming

Figure 13. Average base quality of Cfdp1-K1RNA (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.hisat.stats)

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

reference genome. Table 3 shows the statistic obtained from HISAT2, which is known to handle

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

reads.

Table 3. Mapped Data Stats

Sample ID # of processed reads # of mapped reads (%) # of unmapped reads (%)

Cfdp1-K1RNA 45,262,214 44,725,812
(98.81%)

536,402
(1.19%)

vdR2-4RNA 52,245,252 51,767,696
(99.09%)

477,556
(0.91%)

· Processed reads: Number of cleaned reads after trimming

· Mapped reads: Number of reads mapped to reference

· Unmapped reads: Number of reads that failed to align
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4. 2. Expression Profiling

Known genes and transcripts are assembled with StringTie 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_excel/Expression_profile/StringTie/

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 -e option of StringTie 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_excel/Expression_profile/StringTie/

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 -e option of StringTie 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 FPKM 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_excel/DEG_result/Analysis_Result.html)

5. 1. 1. Sample Information and Analysis Design

Total of 2 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 vdR2-4RNA vdR2-4RNA

2 Cfdp1-K1RNA Cfdp1-K1RNA

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

Index Test vs. Control Statistical Method

1 Cfdp1-K1RNA vs. vdR2-4RNA Fold Change, Hierarchical Clustering
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5. 1. 2. DATA Quality Check

(Refer to Path: result_RNAseq_excel/DEG_result/Data Quality Check/)

For 2 samples, if more than one FPKM value was 0, it was not included in the analysis. Therefore,

from total of 24,532 genes, 9,558 were excluded and only 14,974 genes were used for statistic

analysis.

5. 1. 3. Data Transformation and Normalization

To facilitate log2 transformation, 1 was added to the raw signal (FPKM). This process is

performed because raw signals are scattered along wide range and most signals are concentrated

on the low signal value, so log transformation reduces the range of the signals and produces more

even data distribution. After log transformation, in order to reduce systematic bias, quantile

normalization is used with preprocessCore’ R library.
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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 (FPKM), Log2

transformation of FPKM+1 and Quantile Normalization.
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5. 1. 3. 2. Expression Density Plot per sample

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

of raw signal (FPKM), Log2 transformation of FPKM+1 and Quantile Normalization.
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5. 1. 4. Correlation Analysis between samples

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

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. 2. Differentially Expressed Gene Analysis Workflow

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

1) the FPKM value of known genes obtained through -e option of the StringTie were used as the

original raw data.

· Raw data
(Refer to Path: result_RNAseq_excel/Expression_profile/StringTie/

Expression_Profile.mm10.gene.xlsx)

: 24,532 genes, 2 samples

2) During data preprocessing, low quality transcripts are filtered. Afterwards, log2 transformation of

FPKM+1 and quantile normalization are performed.

· Processed data

(Refer to Path: result_RNAseq_excel/DEG_result/data2.xlsx)

: 14,974 genes, 2 samples

3) Statistical analysis is performed using Fold Change per comparison pair.

The significant results are selected on conditions of |fc|>=2.

· Significant data

(Refer to Path: result_RNAseq_excel/DEG_result/data3_fc2.xlsx)

: 694 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_excel/DEG_result/Cluster image/)

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

http://geneontology.org/).

Please refer to the gomap_stat sheet and the gomap_genes sheet of data3 file.

Following result are provided.

· gomap_stat

· gomap_genes
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5. 3. Significant Gene Results

(Refer to Path: result_RNAseq_excel/DEG_result/Plots/)

These are DEG result of Cfdp1-K1RNA_vs_vdR2-4RNA meeting fc2 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.
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5. 3. 2. Distribution of Expression Level between two groups

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

Shows expression levels between comparison pair as a scatter plot. X-axis is control and Y-axis

is average normalized value of the group.
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5. 3. 4. Volume Plot

Expression volume is defined as the geometric mean of two group’s expression level. In order to

confirm the genes that show higher expression difference compared to the control according to

expression volume, volume plot is drawn. (X-axis: Volume, Y-axis: log2 Fold Change).

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

volume may be more credible.

· Red dot: Top five genes by volume which satisfies, |fc|>=2
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5. 3. 5. Hierarchical Clustering Analysis

(Refer to Path: result_RNAseq_excel/DEG_result/Cluster image/)

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

which clusters the similarity of genes and samples by expression level (normalized value) from

significant list.
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5. 4. GO Enrichment Analysis

(Refer to Path: result_RNAseq_excel/DEG_result/GO)

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

conducted with significant gene list.

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

The two results are provided for enrichment analysis.

· gomap_stat

· gomap_genes
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5. 4. 1. gomap_stat Sheet

The result of associated gene and enrichment test was summarized by GO ID. The significance

of specific GO ID in enrichment test with DEG set was calculated by modified fisher's exact test.

· Namespace: 3 categories of Gene ontology (Cellular Component, Molecular Function, Biological

Process)

· GOID: Gene ontology ID

· Term: Gene ontology term

· count: The number of unique genes associated with GO ID

· Genes: Associated genes with GO ID (connect by comma)

· Sig.NotIn.GO: The number of genes which are not associated GO ID

· Genome.In.GO: The number of genes associated with GO ID of total sample of gene species

· Genome.NotIn.GO: The number of genes which are not associated with GO ID of total sample of

gene species

· PValue: Raw p-value was calculated by modified fisher's exact test

· Bonferroni: Adjusted p-value by Bonferroni

· FDR: Adjusted p-value by FDR
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5. 4. 2. gomap_genes Sheet

The result of associated GO ID and DEG analysis was summarized based on gene. The GO ID

which associated with specific gene was summarized with statistic such as fold change, p-value,

volume, and normalized value.

· InID: Iuput ID for GO enrichment analysis

· OutID: Mapping ID as gene symbol from input ID through GO enrichment analysis

· GOID: Gene ontology ID

· Term: Gene ontology term

· Namespace: 3 categories of gene ontology (Cellular Component, Molecular Function, Biological

Process)

· PValue: Raw p-value was calculated by modified fisher's exact test

· Bonferroni: Adjusted p-value by Bonferroni

· FDR: Adjusted p-value by FDR
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The bar plot below shows the results of the enrichment analysis based on Gene Ontology DB for

significant genes.

(These plots were made based on gomap_stat result.)
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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

Cfdp1-K1RNA_1.fastq.gz 1.2G 34d313aab0592c10d9a8c1181e14dfb5

Cfdp1-K1RNA_2.fastq.gz 1.23G 68288067dba6036df06abc1a1fef372e

vdR2-4RNA_1.fastq.gz 1.31G a793383ab0387867c2d5edaae7627c38

vdR2-4RNA_2.fastq.gz 1.35G ed193bf6585ada34d4a1d450d52971f1

· 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

HN00101712_result_RNAseq.zip
(md5sum: 7f33ecd78a315ed837bf635cddbec896)

30.45M

HN00101712_result_RNAseq_excel.zip
(md5sum: 621bddc7040d0df14b635ddd4db9ce28)

14.35M
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The data retention period is three months,
please send an e-mail (ngs@macrogen.com)

or contact representative if you want longer retention period.
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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

10 1 in 10 90%

20 1 in 100 99%

30 1 in 1000 99.9%

40 1 in 10000 99.99%

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

Q-Score Binning

Illumina NovaSeq sequencer groups quality scores into specific ranges, or bins, and assigns a value

to each range. Q-scores is typically updated when significant characteristics of the sequencing

platform changes, such as new hardware, software, or chemistry versions.
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7. 2. Programs used in Analysis

7. 2. 1. FastQC v0.11.7
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 0.38
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. HISAT2 version 2.1.0, Bowtie2 2.3.4.1
https://ccb.jhu.edu/software/hisat2/index.shtml

HISAT2 is a fast and sensitive alignment program for mapping next-generation sequencing reads

to genomes. Its first implementation based on an extension of BWT for graphs, designed a graph

FM index (GFM). In addition to using one global GFM index, HISAT2 uses a large set of small GFM

indexes that collectively cover the whole genome (each index representing a genomic region of 56

Kbp, with 55,000 indexes needed to cover the human population). These small indexes (called local

indexes), combined with several alignment strategies, enable rapid and accurate alignment of

sequencing reads. This new indexing scheme is called a Hierarchical Graph FM index (HGFM).

7. 2. 4. StringTie version 1.3.4d
https://ccb.jhu.edu/software/stringtie/

StringTie is a fast and highly efficient assembler of RNA-Seq alignments into potential

transcripts. It uses a novel network flow algorithm as well as an optional de novo assembly step to

assemble and quantitate full-length transcripts representing multiple splice variants for each gene

locus.
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