
RNA-Seq简单分析流程及网络
资源介绍

组别：G10
成员：吴小园尚丽陈星何兴波

日期：2013-06-21



主要内容

• 简要介绍

• 分析流程及网络资源介绍

• 小结



转录组（Transcriptome）
广义：所有 RNA 的总和，mRNA、rRNA、tRNA及ncRNA；
狭义：细胞所能转录出的所有 mRNA 。

基因组层面：碱基数量和组成基本上是不变的，遗传信息也是相对稳定的；

转录组层面：可随着外部环境条件的变化而有所改变。转录组学或转录组研究，则是
在某一个或某一种特定的细胞群在特定的环境条件和发育阶段上所有转录物
的变化情况。

从RNA 水平上研究基因表达变化的方法：

如半定量PCR，定量 PCR，基因芯片

RNA-Seq
是基于新一代测序技术的转录组学研究方法，可以形成对该生物样品当前发

育状态的基因表达状况的全局了解。将不同阶段或部位的生物样品的 RNA-Seq转录组
进行比较，则可以在转录层面得到基因表达水平的变化——这就形成了表达谱
（Expression Pattern），针对关键基因则可以构建代谢通路以及相互作用网络。

RNA-seq简介
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http://www.ebioservice.com/show_product.asp?id=471

RNA-seq技术路线

原始数据的质量控制：去除接头、低质量reads

http://www.ebioservice.com/show_product.asp?id=471


序列比对

表达量差异分析

样本聚类（需要三个以上样本）

表达差异基因统计

Reads数据

转录本构建及定量

质量评估

●

●

●

GO富集及代谢通路富集分析

●

表达模式分析（需要三个以上时间点样本，尽可能多）

● 可变剪切分析

● 转录因子分析

分析流程

● 相互关联蛋白



命令行：fastqc sampl1.fa sample2.fa …

质量评估



Garber et al. (2011) Nat. Meth.

RNA-seq分析软件



选择的流程：
Tophat----Cufflinks----Cuffdiff

Step 1：Tophat 将reads比对到基因组。

Step 2：Cufflinks对每个样本组装成一个转录本。

Step 3-4：Cuffmerge将所有转录本合并成一个新的
转录本。

Step 5：Cuffdiff筛选差异表达基因

Step 6-18：CummeRbund图形展示

Trapnell et al. (2012). Nat. Protocol



http://plants.ensembl.org/info/data/ftp/index.html

下载基因组序列、基因组序列索引以及基因注释文件

http://plants.ensembl.org/info/data/ftp/index.html


Sample Total_reads Total_mapped_reads Percentage
W 27448106 14575338 53.1014%
M 44379092 26059195 58.7195%

Reads 的map率

DEGs Mutant vs. WT

Up-regulated Down-regulated

144 332

差异表达基因统计

Samtools 对Tophat 运行后输出文件accepted_hits.bam进行统计，也可建索引之后用IGV等基
因组浏览器查看map的情况。

Cuffdiff 输出文件gene_exp.diff，选择significant项为“yes”的基因

Li et al. 2009 Bioinformatics
http://www.broadinstitute.org/igv/
James et al. 2011 Nat. Biotech

http://cufflinks.cbcb.umd.edu/
Trapnell et al. 2013 Nat. Biotech.

http://www.broadinstitute.org/igv/
http://cufflinks.cbcb.umd.edu/


GO 注释及其富集分析

GO
(Gene Ontology)

分子功能（催化活性、结合活性以及转移酶活性……）

生物学过程（调控、跨膜转运、代谢及应激……）

细胞组分（胞膜、胞质、核、细胞器……）

http://www.geneontology.org/

http://www.geneontology.org/


GO 注释下载



http://wego.genomics.org.cn/cgi-bin/wego/index.pl
http://bioinfo.cau.edu.cn/agriGO/analysis.php
http://omicslab.genetics.ac.cn/GOEAST/

GO 富集分析网站

http://wego.genomics.org.cn/cgi-bin/wego/index.pl
http://bioinfo.cau.edu.cn/agriGO/analysis.php
http://omicslab.genetics.ac.cn/GOEAST/


Biological Process Cellular Component

Enriched GO terms in up-regulated genes



Biological Process Cellular Component
Molecular Function

Enriched GO terms in down-regulated genes



http://www.genome.jp/kegg/tool/map_pathway2.html

http://david.abcc.ncifcrf.gov/home.jsp

http://kobas.cbi.pku.edu.cn/home.do

代谢通路注释与富集分析



ath04145 Phagosome - Arabidopsis thaliana (thale cress) (4)
AT1G04820 TUA4 tubulin alpha-2/alpha-4 chain up
AT1G22740 RABG3B Ras-related protein Rab7 down
AT1G50010 TUA2 tubulin alpha-2/alpha-4 chain up
AT4G14960 TUA6 tubulin alpha-6 chain up
ath04626 Plant-pathogen interaction - Arabidopsis thaliana (thale cress) (5)
AT2G14610 PR1 pathogenesis-related protein 1 up

AT2G19190 FRK1
senescence-induced receptor-like serine/threonine-
protein kinase up

AT4G02930 Elongation factor Tu up
AT5G20480 EFR LRR receptor-like serine/threonine-protein kinase EFR up
AT5G57940 CNGC5 cyclic nucleotide gated channel down
ath00592 alpha-Linolenic acid metabolism - Arabidopsis thaliana (thale cress) (2)
AT3G25770 AOC2 allene oxide cyclase 2 up
AT3G45140 LOX2 lipoxygenase 2 up

Enriched Pathway in up-regulated genes

ath00902 Monoterpenoid biosynthesis - Arabidopsis thaliana (thale cress) (3)
AT3G25820 TPS-CIN 1,8-cineole synthase down
AT3G25830 TPS-CIN 1,8-cineole synthase down
AT3G61220 (+)-neomenthol dehydrogenase down
ath00480 Glutathione metabolism - Arabidopsis thaliana (thale cress) (5)
AT1G09420 G6PD4 glucose-6-phosphate dehydrogenase 4 down
AT1G54340 ICDH isocitrate dehydrogenase down
AT3G55040 GSTL2 glutathione transferase lambda 2 down
AT3G63080 GPX5 glutathione peroxidase down
AT4G30910 leucine aminopeptidase 2 down
ath00280 Valine, leucine and isoleucine degradation - Arabidopsis thaliana (thale cress) (3)
AT1G48030 mtLPD1 dihydrolipoyl dehydrogenase 1 down

AT3G13450 DIN4
2-oxoisovalerate dehydrogenase E1 component, beta 
subunit down

AT3G45300 IVD isovaleryl-CoA-dehydrogenase down

Enriched Pathway in down-regulated genes



ath00500 Starch and sucrose metabolism - Arabidopsis thaliana (thale cress) (8)
AT1G02640 BXL2 beta-glucosidase down
AT2G44460 BGLU28 beta glucosidase 28 up
AT3G13790 ATBFRUCT1 beta-fructofuranosidase up
AT3G60140 DIN2 beta-glucosidase 30 up
AT4G17090 CT-BMY beta-amylase 3 down
AT5G14650 polygalacturonase up
AT5G17310 UGP2 UTP--glucose-1-phosphate uridylyltransferase 1 down
AT5G20950 Glycosyl hydrolase family protein up
ath00480 Glutathione metabolism - Arabidopsis thaliana (thale cress) (5)
AT1G09420 G6PD4 glucose-6-phosphate dehydrogenase 4 down
AT1G54340 ICDH isocitrate dehydrogenase down
AT3G55040 GSTL2 glutathione transferase lambda 2 down
AT3G63080 GPX5 glutathione peroxidase down
AT4G30910 leucine aminopeptidase 2 down

Enriched Pathway in all DEGs (combined up/down-regulated genes)

Starch and sucrose metabolism Glutathione metabolism



http://planttfdb.cbi.edu.cn/
http://www.dna.affrc.go.jp/PLACE/signalscan.html
http://www.biobase-international.com/product/transcription-factor-binding-sites

差异表达基因中转录因子的分析

http://planttfdb.cbi.edu.cn/
http://www.dna.affrc.go.jp/PLACE/signalscan.html
http://www.biobase-international.com/product/transcription-factor-binding-sites


Family name Gene NO. Mutant vs. 
WT Gene name Description

bHLH AT1G09530 up POC1 transcription factor PIF3 [Source:EMBL
bHLH AT1G10610 up AT1G10610 transcription factor bHLH90 [Source:EMBL
bHLH AT5G04150 down BHLH101 transcription factor bHLH101 [Source:EMBL
C3H AT1G29560 up AT1G29560 Zinc finger C-x8-C-x5-C-x3-H type family protein [Source:EMBL
C3H AT2G40140 up SZF2 zinc finger CCCH domain-containing protein 29 [Source:EMBL
C3H AT4G29190 up AT4G29190 zinc finger CCCH domain-containing protein 49 [Source:EMBL
CO-like AT3G02380 down COL2 zinc finger protein CONSTANS-LIKE 2 [Source:EMBL
CO-like AT5G15850 down COL1 zinc finger protein CONSTANS-LIKE 1 [Source:EMBL
ERF AT1G21910 down DREB26 ethylene-responsive transcription factor ERF012 [Source:EMBL
FAR1 AT1G80010 down FRS8 FAR1-related sequence 8 [Source:EMBL
GRF AT5G53660 up GRF7 growth-regulating factor 7 [Source:EMBL
MIKC AT5G10140 down FLF MADS-box protein FLOWERING LOCUS C [Source:EMBL
MYB_related AT1G01060 down LHY protein late elongated hypocotyl [Source:EMBL
MYB_related AT3G09600 down AT3G09600 myb family transcription factor [Source:EMBL
MYB_related AT5G17300 down RVE1 myb family transcription factor [Source:EMBL

MYB_related AT5G37260 down RVE2 protein REVEILLE 2 / DNA binding / transcription factor 
[Source:EMBL

RAV AT1G13260 down RAV1 AP2/ERF and B3 domain-containing transcription factor RAV1 
[Source:EMBL

WRKY AT5G49520 up WRKY48 putative WRKY transcription factor 48 [Source:EMBL

差异表达基因中转录因子的分析



相互关联基因/蛋白分析

http://www.ebi.ac.uk/intact/

http://string-
db.org/newstring_cgi/show_input_page.pl?UserId=0PM0sh3Lgc9H&sessionId=Rp5eTfli64fj&input_page_type=multipl
e_identifiers



node1_external_
id

node2_extern
al_id neighborhood fusion cooccurence homology coexpression experimental knowledge textmining combine

d_score

AT5G17630.1-P AT1G27300.1-P 0 0 0 0 0 0.923 0 0 0.923

AT4G10430.3-P AT1G27300.1-P 0 0 0 0 0 0.923 0 0 0.923

AT3G26085.2-P AT1G27300.1-P 0 0 0 0 0 0.923 0 0 0.923

AT4G19030.1-P AT2G37180.1-P 0 0 0.523 0.759 0 0.923 0 0.68 0.942

AT4G19030.1-P AT1G28250.1-P 0 0 0 0 0 0.923 0 0 0.923

ATCG00790.1-P AT3G44890.1-P 0 0 0 0 0.62 0.718 0 0.773 0.972

AT3G44890.1-P AT1G16740.1-P 0.193 0 0 0 0.351 0.633 0 0.795 0.952

ATCG00790.1-P AT1G16740.1-P 0.16 0 0.291 0 0.286 0.612 0 0.8 0.957

AT5G56150.1-P AT3G26980.1-P 0 0 0 0 0 0.612 0 0 0.611

AT4G19030.1-P AT4G10430.3-P 0 0 0 0 0 0.462 0 0 0.462

AT4G19030.1-P AT3G26085.2-P 0 0 0 0 0 0.462 0 0 0.462

AT4G19030.1-P AT1G17860.1-P 0 0 0 0 0 0.462 0 0 0.462

AT4G19030.1-P AT4G16980.1-P 0 0 0 0 0 0.462 0 0 0.462

ATCG00790.1-P AT4G02930.1-P 0.784 0 0 0 0.341 0.108 0 0.722 0.957

相互关联蛋白总结（部分）



有实验证据的关联蛋白的关联图（evidence view）

不同颜色的线条代表不同（级别）的证据



分析流程不是唯一的

●软件不唯一

●生物学问题不唯一

EdgeR, DEGseq …

Step 1：Bowtie2将reads比对到注释的转录组序列。
产生比对文件（.bam格式）

Step 2：eXpress对比对文件进行定量估计。
产生包含counts数及FPKM值的文件
（.xprs格式）

Step 3：表达差异分析软件进行表达差异分析

Bowtie2 ---- eXpress ---- EdgeR/DEGseq

Roberts and  Pachter 2012, Nat. Meth.
Langmead and Salzberg 2012, Nat. Meth.
Robinson et al. 2010, Bioinformatics

http://www.ebioservice.com/show_product.asp?id=471



路还很长 ……

谢谢！
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