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1 To catalogue all species of transcript /mRNAs, non-coding RNAs 
and small RNAs 
2 To determine the structure of genes / RNAs 
3 To quantify the changing expression levels 

The transcriptome is the complete set of transcripts in a cell, and 

their quantity, for a specific developmental stage or physiological 

condition.  

Technologies 

1 Hybridization-based approaches / Microarrays 
2 Sequence-based approaches / RNA-Seq 

1 Small non-coding RNAs 
2 Gene expression profiles 
3 Alternative splicing 

Diverse biological problems 

The Landscape of Transcriptome 
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Library Preparation 

Work flow 
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Principle 

Fast Sequencing 
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Rothberg J.M.  et al Nature doi:10.1038/nature10242  
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Principle 
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Principle 
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Principle 
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Principle 



Our Best Services Package for Transcriptome 
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Pathway 
Analysis 

GO Analysis 

GO Tree 

Gene-Act-Net 

Preliminary Analysis Raw Data Treatment In-Depth Analysis 

Path-Act-
Network 



Data And Mapping 

@A80ANKABXX:1:1:3747:2180#GGCTACAT/1 

TGCCAGTCGAATCCGTCGGGTAGAAGAGTGAGAGATGGATTATCGGAA 

+ 

gggggggggggggggeggggcdedefafafdedfagggdggeggggd 

@A80ANKABXX:1:1:3924:2189#GGCTACAT/1 

CTCCTCGTGAAGCCATTGATGGAGCTTACATTGACAGTAAATGTCCAT 

+ 

gggfggeggg^afdfffgg^gdggaff^fdgggggegggeba^cecfdce 

... Hundred of millions reads... 

Seq-ID 

Sequence 

Quality 

Reads 

Coverage 

Chromosome 

Gene 

Red：53 reads 

 

Blue：35 reads 



Junction Mapping 

DNA mapping 

RNA mapping 
Junction Reads 
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Principle 

Garber, Grabherr, Guttman, & Trapnell, Nature methods, 2011 

Mapping Algorithm Select 

Spiece：                   Human 

SequencePlatform: ionProton 

SeqType ：               SE 

Annotation：           NCBI-hg19 

  tophat Mapsplice 

Allreads 26146107 26146107 

Mapping 
rate 

10011375
（38.29%） 

21680437
（82.90%） 

unique 
mapping 
rate 

9251044
（35.38%） 

20494181
（78.4%） 

junction 
reads 

1690784
（6.46%） 

5233741
（20.00%） 



Platform 
Ion Proton 

(data1) 
Ion Proton 

(data2) 
Hiseq 

(data1) 
Hiseq 

(data2) 

Library SE SE PE PE 

AllReads 26275852 24019224 30132095 61324513 

MappedReads 23429916 21173288 27869681 57274222 

UniqueMappedReads 21173269 19670842 25102927 53941399 

SpliceReads 6352142 5114315 6998825 15253241 

MappingRate 0.892 0.882 0.925 0.934 

UniqueMappingRte 0.805 0.819 0.833 0.879 

SpliceRate 0.271 0.242 0.251 0.266 

Mapping Rate Compare 



Compare To Other Platform 

GeneBody 

Coverage 

Proton 

Xseq 

Reads 

Duplicate 

IonProton 2G(SE) vs Xseq 3G(PE) 
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Strategies 
• Genome-guided-reconstruction • Genome-Independent reconstruction 

Haas & Zody, Nature biotechnology, 2010 

Transcriptome reconstruction 
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Proton 

XSeq 

Proton 

XSeq 

Gene direction 

Gene direction 

Strand Specific 

Mapping Results Comparison 
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Advantage Of Strand Specific Sequencing: 

1.evaluate DNA contaminate 

2.distinguish overlap gene 

3.Identify LncRNA 

XSeq 

Proton 

Mapping Results Comparison 
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Reference Annotation 

GRCh37.p13 

201306 

GRCh37.p9 

201207 

GRCh37.p13 

201306 

GRCh37.p9 

201207 

Chr7 

Chr4 
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Reference Annotation 

Gene Annotation Statistics GRCh37.p5 GRCh37.p9 GRCh37.p10 GRCh37.p13 GRCh38 

Loci 39617 40994 41815 44934 46146 

Gene(protein coding) 21101 21421 21735 22122 21945 

mRNA 34729 37096 37884 71559 73673 

miRNA 1422 3733 3853 2245 2899 

Precursor_miRNA 0 0 0 1614 1949 

snoRNA 396 426 432 433 422 

snRNA 85 97 100 100 107 

tRNA 692 716 737 738 695 

ncRNA 11761 12612 13046 14078 22722 

miscRNA 6318 6847 7026 13441 6896 

antisense_RNA 20 30 27 26 25 

rRNA 22 25 25 23 23 
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1. Following the latest 

annotation 

 

2. Old sequencing data 

gained new life 

Reference Annotation 
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Methods 

 Total count (TC) 
 Upper Quartile (UQ) 
 Median (Med) 
 Trimmed Mean of M-values (TMM) 
  Quantile (Q) 
 Reads Per Kilobase per Million mapped reads (RPKM) 

Brief Bioinform (2012)doi: 10.1093/bib/bbs046 

Data Normalization 
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Mapping回reference序列的reads数量 

RPKM (Reads Per Kilo bases per Million reads) 

    RPKM=  

Mapping回referece序列的reads数量 该基因外显子长度 

Total Exon Reads 

Exon Length X Mapped Reads(million) 

RPKM 

Data Normalization 
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UQ=  
Total Exon Reads 

      UpperQuartileLociCounts 

 

Cufflinks:  -N/--upper-quartile-norm   

 

With this option, Cufflinks normalizes by the upper quartile 

of the number of fragments mapping to individual loci 

instead of the total number of sequenced fragments. 

Data Normalization 
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Quantile 

For miRNA normalization, our results 
show that Lowess normalization and 
quantile normalization perform the 
best, whereas TMM, a method applied 
to the RNA-Sequencing normalization, 
performs the worst(Garmire & 
Subramaniam, RNA, 2012). 

Data Normalization 
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DESeq, TMM 

Hypothesis: most genes are not DE. 

 

RatioA = Aexp1/Aexp2 

RatioB = Bexp1/Bexp2 

….. 

 

 

 

Assuming most genes are not DE, the median of this ratio for the lane 

provides an estimate of the correction factor that should be applied to all read 

counts of this lane to fulfill the hypothesis. 

 

AverageRatio =  
Ratio 

GeneNumber 

Σ 
= 1 

Data Normalization 
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Only DESeq and TMM are able to 

maintain a reasonable false-positive rate 

without any loss of power 

 

These results confirm the satisfactory 

behavior of the DESeq and TMM 

methods 

Dillies et al., Briefings in bioinformatics, 2012 

Data Normalization 
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Methods 

 EdgeR 
 DESeq 
 DEGSeq 
 EBSeq 
 NOISeq 
 Cuffdiff 

Differential Gene Expression 

We found that Cuffdiff, baySeq, 

DESeq, edgeR and NOISeq generated 

consistent results. Interestingly, edgeR 

identified more DGE than the other 

methods at the same cut-off, which 

might infer less control of type 1 error 

with this method(Nookaew et al., 

Nucleic acids research, 2012). 
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SE AFE 

Alternative Splicing Detection 

A3SS 
MXE 



MXE(Mutually exclusive exon) 

A5SS(Alternative to 5’splice site) 

Iso1 

Iso2 

Construct Gene Model 

Divide exons 

Identify AS types 

A 

B 

Isoform1 

Isoform2 

Experiment 1 

Experiment 2 

Junction Reads Pvalue Exon Expression Pvalue 

Combine Pvalue 

SE A5SS MXE 

SE(Skipped exon) 

A3SS(Alternative to 3’splice site) 

AFE(Alternative fitst exon) 

ALE(Alternative last exon) 

RI(Retained Intron) 

Tandem 3’UTR 

Alternative Splicing Detection 

Reading GTF 

Remove duplicate isos 

Divide exons into several 
groups And 

Identify AS types 

Calculate Pvalue 
using Junction Reads 

Calculate Pvalue using 
Exon Expression 

Combine Pvalues by 
Information from Exon 

Length and Reads Length 

Group isos by the similarity of  
Their exon bounds 

Reading junction 
info from bam file 

Reconstruct iso by 
junction info 
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1)Accurately recognition AS types; 

2) Precisely detected differential AS genes; 

3) Compactable with high complex Iso structure; 

4) Offer you higher experimental verification rate; 

5) Optimization For Ion Proton. 

Our Advantages 

Isoform1 

Isoform2 

Exp 1 

Exp 2 

Exp1 Exp2 
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http://www.novelbio.com/asd/ASD.html 

Exp1 Exp2 

AccID Location 
KO 
Skip::Others 

WT 
Skip::Others 

FDR SplicingType 

Foxp1 chr6:99028164-99028258 190::85 45::67 1.22E-07 altstart 
Immt chr6:71853173-71853268 248::54 163::256 1.80E-05 cassette 

Mars 
chr10:127296717-
127296740 

212::34 269::0 2.42E-05 cassette 

Raly 
chr2:154821007-
154821089 

648::943 86::387 3.31E-05 cassette 

Hmga1 
chr17:27556952-
27557066 

227::60 200::7 4.71E-05 cassette 

Tbl1x chrx:77584794-77584859 21::39 24::1 5.22E-05 cassette 
Zmynd
11 

chr13:9690278-9690446 9::263 53::235 7.42E-05 alt5 

Differential AS gene Detection 
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• NBC Functional Annotation Database 

• NBC Analysis Platform 

• Service & Product 

Outline 

Functional Analysis 
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Database Integration 

Our Advantages 

Arabidopsis thaliana 
Oryza sativa 
Glycine max 
Saccharomyces cerevisiae 
Danio rerio 
Drosophila melanogaster 
… 

High quality manual curated GO and Pathway annotation database. 
 
These data are collected from literature curation as well as downloads of large 
datasets (SwissProt, LocusLink,etc.). 

Specific  Database for Specific Species 



35 

Databases intergated by NovelBio 

Database Integration 



Patents 

Landscape 

GO Analysis 

B Cell GO-Terms NK Cell GO-Terms 



Patents 

Landscape 

T细胞激活 

转录调控 
免疫应答 

细胞表面受体 

基因表达 

GO Tree 
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Co-Expression-Network 
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A Maturing Paradigm for Transcriptome Research 

Downstream work 

WGS Sequencing RNA-Seq 

Assemble 

Draft Genome Scaffolds 

SNPs Expression 

Transcripts 
Methylation 

Proteins 
Tx-factor 

binding sites 

Align 
Assemble 

Summary 
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Data Analysis Platform 



Data Analysis Platform 



42 

Thank you! 


