
转录组数据分析

（ncRNA）



上节回顾

常规转录组测序

（mRNA-seq）及分析

测序建库流程 Poly(A)富集

生信分析

数据基本分析

原始数据介绍 FASTQ、FASTA

数据质量评估

数据质量检测 FastQC

数据质量控制 FASTX-Toolkit

参考基因组比对 Tophat、HISAT、STAR

转录本拼接 Cufflinks、cuffmerge、StringTie

mRNA分析

可变剪接分析 rMATS、可视化rmats2sashimiplot

新转录本预测 cuffcompare、gffcompare

SNP和InDel分析 GATK、可视化maftools

mRNA定量和差异表达分析 Cufflinks、StringTie、edgeR、DESeq2

样本间相关性分析 CummeRbund

差异mRNA功能分析

GO 在线AGRIGO、R包clusterProfiler

KEGG 在线KOBAS、R包clusterProfiler

基因互作网络 STRING数据库

TIPS：

• Linux虚拟机和基本操作

• 软件下载、安装和使用

• PC机分析（在线工具及GEO标准化数据）

• RStudio



本节目录

非编码RNA转录组测序

（ncRNA-seq）及分析

长非编码RNA

（lncRNA）

定义

测序建库流程

生信分析

lncRNA的鉴定
基本筛选

编码潜能筛选

CPC

CPAT

PLEK

lncRNA分析

特征分析

定量分析

靶基因预测

差异表达分析

靶基因功能分析

数据库及工具 NONCODE

小RNA

（sRNA）

定义

测序建库流程

生信分析

miRNA鉴定
miRDeep2

miRDeep-P

miRNA靶基因预测

Miranda

psRNATarget

miRTarBase

数据库及工具 miRBase



什么是长非编码RNA（lncRNA）

• Antisense lncRNAs are transcribed 

from the antisense strand and overlap 

with the protein-coding gene sequence. 

• Enhancer lncRNAs are located in 

enhancer regions. 

• Intergenic lncRNAs are transcripts 

located from protein-coding genes at 

distances of more than 1~5 kb.

• Bidirectional lncRNAs are transcribed 

within 1 kb of promoters of the protein-

coding transcript in the opposite 

direction. 

• Intronic lncRNAs are derived from the 

intron of a coding gene.

lncRNAs are transcripts with lengths exceeding 200 nucleotides that are not translated into protein



什么是长非编码RNA（lncRNA）

(A) regulate transcription by acting as enhancer RNA 

(eRNA)

(B) recruiting chromatin modifying complexes

(C) regulating transcription factors activity

(D) regulate gene expression by acting on the spatial 

conformation of chromosomes

(E) regulate gene expression by influencing pre-mRNA 

splicing. 

(F) regulate mRNA expression by regulating mRNA 

stability, 

(G) regulate mRNA expression by regulating mRNA 

translation

(H) regulate mRNA expression by competing for 

microRNA binding. In addition

(I) few lncRNAs contain small open reading frames (ORFs) 

that can be translated in biological active small peptides



什么是长非编码RNA（lncRNA）

mRNA lncRNA

Tissue-specific expression Tissue-specific expression

Form secondary structure Form secondary structure

Undergo post-transcriptional processing, i.e. 5' cap, polyadenylation, 
splicing

Undergo post-transcriptional processing, i.e. 5' cap, polyadenylation, 
splicing

Important roles in dieases and development Important roles in diseases and development

Protein coding transcript Non-protein coding, regulatory functions

Well conserved between species Poorly conserved between species

Present in both nucleus and cytoplasm Many predominantly nuclear, others nuclear and/or cytoplasmic

Total 20-24,000 mRNAs
Currently ~30,000 lncRNA transcripts, predicted 3-100 fold of mRNA in 
number

Expression level: low to high Expression level: very low to moderate



lncRNA-seq测序建库流程 • mRNA：OligoDT磁珠富集mRNA

• lncRNA：Ribo-zero kit去除mRNA



lncRNA鉴定和分析流程



lncRNA鉴定流程



Name Species Web Server Input File Main Model/Algorithm Training-set Year Published

LGC Plant/Animal http://bigd.big.ac.cn/lgc/calculator FASTA/BED/GTF
Relationship between ORF 

length and GC content
NO 2019

CPAT Human/Fly/Mouse/Zebrafish
http://lilab.research.bcm.edu/cp

at/index.php
FASTA/BED Logistic Regression YES 2013

CPC All http://cpc.cbi.pku.edu.cn/ FASTA Support Vector Machine NO 2007

COME
Plant/Human/Mouse/Fly/Wor

m
https://www.ncrnalab.org/RNAfind

er/CP.html
GTF Balanced Random Forest YES 2017

lncRScan-SVM Human NA FASTA/BED/GTF/GFF Support Vector Machine YES 2015

CNCI Plant/Animal NA FASTA/GTF Support Vector Machine NO 2013

PLEK Vertebrate NA FASTA Support Vector Machine NO 2014

FEELnc All
https://github.com/tderrien/FEELn

c
FASTA/GTF Random Forest YES 2017

PhyloCSF
Vertebrate/Fly/Mosquito/Yeast

/Worm
NA FASTA Phylogenetic Codon Model YES 2011

PORTRAIT Fungi
http://bioinformatics.cenargen.em

brapa.br/portrait
FASTA Support Vector Machine YES 2009

PLIT Plant NA FASTA LASSO/Random Forest YES 2018

RNAplonc Plant NA FASTA REPTree YES 2018

PLncPRO Plant/Animal NA FASTA Random Forest YES 2017

CREMA Plant/Animal NA FASTA Ensemble approach YES 2018

lncRNA鉴定软件

http://bigd.big.ac.cn/lgc/calculator
http://lilab.research.bcm.edu/cpat/index.php
http://cpc.cbi.pku.edu.cn/
https://www.ncrnalab.org/RNAfinder/CP.html
https://github.com/tderrien/FEELnc
http://bioinformatics.cenargen.embrapa.br/portrait


lncRNA鉴定软件——CPC

• CPC（Coding Potential Calculator）

是一种蛋白质编码潜能计算工具，将转

录本与已知蛋白数据库做blastx比对，

依据转录本各个编码框的生物学序列特

征，通过支持向量机的分类器来评估转

录本的编码潜能。这里的数据库使用的

是NCBI真核蛋白数据库（NRDB）。

• 2017年更新第二版。

Linux运行

$ bin/CPC2.py -i (input_seq) 

-o (result_in_table)

在线版CPC2



lncRNA鉴定软件——PLEK

PLEK，是使用基于改进的k-mer方案和支持向量机（SVM）算法，在缺乏基因组序列或注释的情况下将lncRNA与信使RNA

（mRNA）区分开。PLEK 可在注释完好的mRNA和lncRNA转录物上进行评估。人RefSeq mRNAs和GENCODE lncRNAs的10

倍交叉验证试验表明PLEK可以达到高达95.6％的准确性。

#install

$ wget https://sourceforge.net/projects/plek/files/PLEK.1.2.tar.gz

$ tar xzvf PLEK.1.2.tar.gz

$ cd PLEK.1.2

$ python PLEK_setup.py

#run（默认情况下会调用内置的svm模型）

$ python PLEK.py -fasta transcript.fa -out output -thread 10

#物种已知的mRNA和lncRNA转录本序列，也可以构建自己的模型

$ python PLEKModelling.py mRNA mRNAs.fa -lncRNA lncRNAs.fa -prefix 20190129

$ python PLEK.py -fasta transcript.fa -out output -model 20190129.mode -range 20190129.range 

-thread 10



lncRNA鉴定软件——CPAT（在线）

大部分lncRNA编码潜能软件分析的缺陷是：

• 大多数lncRNAs保守性较差，倾向于谱

系特异性，这大大限制了基于比对的方

法的区分能力。

• 蛋白质编码基因的一个重要部分可能有

一个交替处理的同种型或一个从另一个

启动子转录的，这部分ncRNA不能通过

同源搜索正确分类，因为它们会与蛋白

质编码基因有显着的匹配。

• 基于对齐的方法是非常缓慢的。

• 可靠性取决于对齐质量。大多数对齐工

具使用启发式搜索，并不保证给出最佳

对齐。

CPAT则克服了以上的缺陷。



lncRNA鉴定软件——CPAT（linux命令行）

# use BED file as input. '-r' is required

$ cpat.py -r /database/hg19.fa -g 

Human_test_coding_mRNA_hg19.bed -d 

../dat/Human_logitModel.RData -x 

../dat/Human_Hexamer.tsv -o output1

# use FASTA file as input. '-r' is not required

$ cpat.py -g Human_test_coding_mRNA.fa -d 

../dat/Human_logitModel.RData -x 

../dat/Human_Hexamer.tsv -o output2

# output

Name

mRNA_size

ORF_size

Fickett_score

Hexamer_score

coding_prob

• Human coding probability (CP) cutoff: 0.364 (CP 

>=0.364 indicates coding sequence, CP < 0.364 

indicates noncoding sequence) 

• Mouse coding probability (CP) cutoff: 0.44

• Fly coding probability (CP) cutoff: 0.39

• Zebrafish coding probability (CP) cutoff: 0.38



lncRNA分析——特征分析

• 与mRNA的长度比较分析

• 与mRNA外显子数目比较



lncRNA分析——定量分析

• 利用Cufflinks系列软件，计算出每个gene在各个样本

中的表达量FPKM值，计算得到的基因表达量可直接用

于比较不同样品间的基因表达差异。



lncRNA分析——靶基因预测

• 通过lncRNA在染色体上相对与mRNA的位置、以及

lncRNA与mRNA表达的相关性来进行靶向mRNA的预测

分析。

• 通过样本间lncRNA与mRNA的表达量相关性分析或共表

达分析方法来预测lncRNA靶基因。此方法需要一定样品

数量保证其预测的准确性，因此当样本量小于5时不进行

此项分析。当样品数小于25时，采用Pearson相关系数法

分析样本间lncRNA与mRNA的相关性，取相关性绝对值

大于0.99的mRNA基因进行功能富集分析预测lncRNA的

主要功能；当样本数大于或等于25时可采用WGCNA将不

同的组织、处理或者时间点间表达模式相似的基因聚类，

得到不同的共表达模块，根据模块内已知的mRNA 基因

功能进一步探索研究lncRNA的功能。



lncRNA分析——表达差异分析

• Cuffdiff

• edgeR等



lncRNA分析——靶基因功能富集分析



Name Description Link

deepBase
Identification, expression, evolution and function of long non-coding RNAs (LncRNAs), small 
RNAs and circular RNAs from deep-sequencing data

http://rna.sysu.edu.cn/deepBase/

LNCipedia A comprehensive compendium of human long non-coding RNAs. http://www.lncipedia.org/

lncRNAdb The Reference Database For Functional Long Noncoding RNAs. http://lncrnadb.com/

LncRNAWiki
A wiki-based, publicly editable and open-content platform for community curation of human 
long non-coding RNAs (lncRNAs)

http://lncrna.big.ac.cn/

LncBook
A comprehensive collection of 270,044 human lncRNAs and systematic curation of lncRNAs’ 
annotation by multi-omics data integration, function annotation and disease association

http://bigd.big.ac.cn/lncbook

MONOCLdb
The MOuse NOnCode Lung database provides the annotations and expression profiles of 
mouse long non-coding RNAs (lncRNAs) involved in influenza and SARS-CoVinfections.

http://www.monocldb.org/

NONCODE An integrated knowledge database dedicated to ncRNAs, especially lncRNAs http://www.noncode.org/

lncRNome
A comprehensive searchable biologically oriented knowledgebase for long noncoding RNAs in 
Humans.

http://genome.igib.res.in/lncRNome/

NRED A database of long noncoding RNA expression.
http://nred.matticklab.com/cgi-

bin/ncrnadb.pl

C-It-Loci
A tool to explore and to compare the expression profiles of conserved loci among various 
tissues in three organisms

http://c-it-loci.uni-frankfurt.de/

MiTranscriptome
A catalog of human long poly-adenylated RNA transcripts derived from computational analysis 
of high-throughput RNA-Seq data from over 6,500 samples, spanning 
diverse cancer and tissue types

http://mitranscriptome.org/

slncky Evolution Browser This site contains alignments and evolutionary metrics of conserved lncRNAs. https://scripts.mit.edu/~jjenny/

Cancer LncRNA Census (CLC)
Database of long-noncoding RNAs causally implicated in cancer through in vivo, in vitro and 
other evidence.

https://www.gold-lab.org/clc

lncRNA-related databases

http://rna.sysu.edu.cn/deepBase/
http://rna.sysu.edu.cn/deepBase/
http://www.lncipedia.org/
http://www.lncipedia.org/
http://lncrnadb.com/
http://lncrnadb.com/
http://lncrna.big.ac.cn/
http://lncrna.big.ac.cn/
http://bigd.big.ac.cn/lncbook
http://bigd.big.ac.cn/lncbook
http://www.monocldb.org/
http://www.monocldb.org/
http://www.noncode.org/
http://www.noncode.org/
http://genome.igib.res.in/lncRNome/
http://genome.igib.res.in/lncRNome/
http://nred.matticklab.com/cgi-bin/ncrnadb.pl
http://nred.matticklab.com/cgi-bin/ncrnadb.pl
http://c-it-loci.uni-frankfurt.de/
http://c-it-loci.uni-frankfurt.de/
http://mitranscriptome.org/
http://mitranscriptome.org/
https://scripts.mit.edu/~jjenny/
https://scripts.mit.edu/~jjenny/
https://www.gold-lab.org/clc
https://www.gold-lab.org/clc


NONCODE



NONCODE



NONCODE



NONCODE



什么是小RNA（sRNA）

Small RNA are <200 nt (nucleotide) in length, and are usually non-coding RNA molecules.

Small RNA

microRNA (miRNA)

Piwi-interacting RNA (piRNA)

small interfering RNA (siRNA)

small nucleolar RNA (snoRNAs)

tRNA-derived small RNA (tsRNA)

small rDNA-derived RNA (srRNA)

small nuclear RNA



The formation and function of miRNAs



miRNA-seq建库测序流程

• Total RNA isolation

• Size fractionation

• Adapter ligation

• RT & PCR

• Sequencing



miRNA分析流程

• Raw data quality control

• Reads that matched rRNA, tRNA, snRNA, snoRNA, 

repeat sequences, and other ncRNAs deposited in 

Rfam (http://www.sanger.ac.uk/software/Rfam) and 

the GenBank noncoding RNA database 

(http://www.ncbi.nlm.nih.gov/) were discarded

• Map to the known miRNA precursor sequences in 

miRBase Version 22

• Unmapped reads map to the genome to identify 

novel miRNAs

• Downstream analysis



Novel miRNA discovery pipeline

1、Obtain reads that did not align to 

known miRNA sequences, and map 

them to the genome.

2、RNA Folding Method

• Vienna package

• minimum free energy less than 

~25kcal/mol



ViennaRNA Web Services



ViennaRNA Web Services——RNAfold

The RNAfold web server will predict secondary 
structures of single stranded RNA or DNA 
sequences. 

http://rna.tbi.univie.ac.at/cgi-
bin/RNAWebSuite/RNAfold.cgi



miRNA identification tool——miRDeep2
Identify known and novel microRNAs 



miRNA identification tool——miRDeep2 Usage

# 建立搜索索引，cel_cluster.fa是基因组文件，cel_cluster是index文件的索引

bowtie-build cel_cluster.fa cel_cluster

# Reads比对

perl mapper.pl reads.fa -c -j -k TCGTATGCCGTCTTCTGCTTGT -l 18 -m -p cel_cluster –s

reads_collapsed.fa –t reads_collapsed_vs_genome.arf -v

-c 指出输入文件是fasta格式，同类的参数还有-a(seq.txt format),-b(qseq.txt format),-e(fastq

format),-d (contig file)

-j 删除不规范的字母（不规范的字母是指除a,c,g,t,u,n,A,C,G,T,U,N之外的字母）

-k 剪切接头，后跟接头序列，例子中的TCGTATGCCGTCTTCTGCTTGT就是接头

-l 忽视小于某长度的序列，例子中忽视18nt长度的reads

-p 将处理过的reads map到之前建立过索引的基因组上，例子中的cel_cluster

-s 指出将处理过的reads输出到某个文件，例子中将处理过的reads输出到reads_collapsed.fa

-t 指出将mapping的结果输出到某个文件，例子中将mapping后的结果输出到reads_collapsed_vs_genome.arf文件

中

-v 在屏幕上显示处理的动作



# 比对到miRBase数据库中的前体序列进行定量分析

quantifier.pl -p precursors_ref_this_species.fa -m mature_ref_this_species.fa -r 

reads_collapsed.fa -t cel

-p miRNA前体文件，miRBase可以下载

-m 成熟miRNA序列文件，miRBase可以下载

-r reads文件

-t 物种，可以指定某个物种，这样分析的时候只考虑某个物种的数据。也可以不指定,分析所有的

# 在deep sequencing data中鉴定已知和未知的miRNA

miRDeep2.pl reads_collapsed.fa cel_cluster.fa reads_collapsed_vs_genome.arf

mature_ref_this_species.fa mature_ref_other_species.fa precursors_ref_this_species.fa -t 

C.elegans 2> report.log

# reads_collapsed.fa是经过mapper.pl处理的reads，cel_cluster.fa是基因组文件，

reads_collapsed_vs_genome.arf mapping的结果，mature_ref_this_species.fa物种的成熟miRNA文件，

mature_ref_other_species.fa其他物种相关的成熟miRNA文件，precursors_ref_this_species.fa物种miRNA

前体的文件；如果你只有reads，arf文件，genome文件，其他文件没有，需要这样表示miRNAs_ref/none 

miRNAs_other/none、precursors/none。

miRNA identification tool——miRDeep2 Usage



miRNA identification tool——miRDeep2 result



miRNA identification tool——miRDeep2 result



miRNA identification tool——miRDeep-P

accurate and fast analysis of the microRNA transcriptome in plants

# 分别为参考基因组和和非编码RNA的Rfam建立索引

bowtie-build --threads 8 -f ./Data/TAIR10_genome.fa 

./Data/TAIR10_genome 

# 为Rfam建立索引，一定得在流程的script/index 目录下

bowtie-build --threads 20 -f ./miRDP2-

v1.1.2/scripts/rfam_index

# 运行分析

miRDP2-v1.1.2_pipeline.bash -g 

./Data/TAIR10_genome.fa -i ./Data/TAIR10_genome –f

./Data/GSM2094927.fa -o . 

# -g: 基因组序列

# -i: bowtie索引

# -f sRNA-seq 文件

# -o 输出文件夹

# 结果

“染色体编号”，“所在链”，“代表性的短读编号”，“前体编号”，“成熟

miRNA位置”，“前体位置”，“成熟序列”，“前体序列 ”



miRNA target prediction——miranda

microRNA Target Scanning Algorithm

Usage: miranda file1 file2 [options..]

'file1' is a FASTA file with a microRNA query

'file2' is a FASTA file containing the sequence(s) to be scanned.

Read Sequence:rno-miR-26b-3p MIMAT0004714(22 nt)

Read Sequence:lphn3 (418 nt)

=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=

Performing Scan: rno-miR-26b-3p vs lphn3

=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=

Forward: Score: 160.000000  Q:2 to 21  R:313 to 334 Align Len (19) (78.95%) (84.21%)

Query:    3' cuCGGUUCAUUACCUCUUGUCc 5'

||||| ||  ||||:|||| 

Ref:      5' gcGCCAACTACGGGAGGACAGa 3'

Energy:  -22.370001 kCal/Mol

Scores for this hit:

>rno-miR-26b-3p lphn3 160.00 -22.37 2 21 313 334 19 78.95% 84.21%

Score for this Scan:

Seq1,Seq2,Tot Score,Tot Energy,Max Score,Max Energy,Strand,Len1,Len2,Positions

>>rno-miR-26b-3p lphn3 160.00 -22.37 160.00 -22.37 41 22 418 313

Complete
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miRNA target prediction—psRNATarget (online)

https://plantgrn.noble.org/psRNATarget/analysis

Three input types:

• Input small RNAs

• Input target candidates

• Input small RNAs and 

targets



miRNA target prediction—psRNATarget (online)



miRNA target prediction—psRNATarget (online)



miRTarBase: the experimentally validated microRNA-target interactions database



miRTarBase: the experimentally validated microRNA-target interactions database



miRNA-related databases
Version       Date       Entries

1.0         12/02        218
1.1         01/03        262
1.2         04/03        295
1.3         05/03        332
1.4         07/03        345
2.0         07/03        506
2.1         09/03        558
2.2         11/03        593
3.0         01/04        719
3.1         04/04        899
4.0         07/04       1185
5.0         09/04       1345
5.1         12/04       1420
6.0         04/05       1650
7.0         06/05       2909
7.1         10/05       3424
8.0         02/06       3518
8.1         05/06       3963
8.2         07/06       4039

Version       Date       Entries

9.0         10/06       4361
9.1         02/07       4449
9.2         05/07       4584
10.0         08/07       5071
10.1         12/07       5395
11.0         04/08       6396
12.0         09/08       8619
13.0         03/09       9539
14         09/09      10883
15         04/10      14197
16         08/10      15172
17         04/11      16772
18         11/11      18226
19         08/12      21264
20 06/13 24521
21 06/14 28645
22         03/18      38589
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http://www.mirbase.org/

miRBase
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Browse -> Arabidopsis thaliana -> ath-MIR156a

miRBase
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http://www.mirbase.org/search.shtml

根据名字搜索

根据基因组位点搜索

根据基因组区间搜索

根据组织搜索

根据序列搜索

miRBase——Search
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http://www.mirbase.org/ftp.shtml

miRBase——Download
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http://www.mirbase.org/cgi-bin/browse.pl

miRBase——Browse



谢谢！


