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转录调控测序 

转录组（mRNA）测序 

1. 名词解释 

Bp:base-pair，碱基对，读长的单位，每一个 bp 指一对互补的碱基。

Read：序列，测序数据中每一条序列就是一个 read。

Raw_reads: 原始数据

Clean_reads：QC 之后的数据

Fastq: 序列数据存储的标准格式之一，每 4 行为一条 read 的信息。包含测序 read 名，序列，正反链标示，序列质量值

Pair-end 测序：双端测序，两端均测序，随后合并成一条 read。

Single-end 测序：单端测序，只测一端，即为一条 read。

质量评分：指的是一个碱基的错误概率的对数值，即质量评分越高，错误概率越小。

QC： Quality control，即质量控制。

滑窗法：检测一个窗口内的碱基质量值，如果满足条件则向前移动一个单位继续检测，如果不满足条件即做删除处理，随后继续移动到

下一个单位进行检测，直到检测完所有的数据。

测序接头：序列在上机测序的时候需要在两端各加上一段人工序列，当序列片段比实际测序读长短时，3’端会测到接头序列，该段序列

在分析之前需要去除掉。

N：表示未知碱基，在测序的时候，当某个碱基无法确定为某个碱基时，该位判定为 N，某条序列中 N 越多说明该序列质量越低，一般

该种序列需要剔除掉。

Isoform：单条转录本，同 transcript，每条 isoform 可以编码一种蛋白

转录调控测序

mRNA测序 Small RNA测序

真
核
生
物

原
核
生
物

有
参
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Unigene：同基因，对拼接的 isoform进行聚类，序列类似的 isoform聚类一类，该类称为Unigene基因，一条Unigene可编码几条 Isoform。

N50：将 transcript 从长到短排序，依次累加 transcript 碱基数，当累计碱基数达到 transcript 总碱基数的 50%时的 transcript 的长度。

N90：将 transcript 从长到短排序，依次累加 transcript 碱基数，当累计碱基数达到 transcript 总碱基数的 90%时的 transcript 的长度。

可变剪切：可变剪切（或选择性剪切）是一个过程，即主要基因或者 mRNA 前体转录所产生的 RNA 的外显子以多种方式通过 RNA 剪

切进行重连，由此产生的不同的 mRNA 可能被翻译成不同的蛋白质构体，因此，一个基因可能编码多种蛋白质。

Novel 转录本：新的转录本，相较于与已知转录本而言。

SSR：短片段重复序列，该类序列在物种的种群中有很高的多样性，该类序列可用作分子标记。

NR 数据库：Nr (NCBI non-redundant protein sequences) 是 NCBI 官方的蛋白序列数据库，它包括了 GenBank 基因的蛋白编码序列，

PDB(Protein DataBank)蛋白数据库、SwissProt 蛋白序列及来自 PIR（Protein Information Resource）和 PRF（Protein Research 

Foundation）等数据库的蛋白序列。

NT 数据库：Nt (NCBI nucleotide sequences) 是 NCBI 官方的核酸序列数据库，包括了 GenBank，EMBL 和 DDBJ（但不包括

EST,STS,GSS,WGS,TSA,PAT,HTG 序列）的核酸序列。

PFAM 数据库：Pfam (Protein family)是最全面的蛋白结构域注释的分类系统。蛋白质是由一个个结构域组成的，而每个特定结构域的

蛋白序列具有一定保守性。

KOG/COG: COG 是 Clusters of Orthologous Groups of proteins 的简称，KOG 为 euKaryotic Ortholog Groups。这两个注释系统都是

NCBI 的基于基因直系同源关系，其中 COG 针对原核生物，KOG 针对真核生物。

Swiss-Prot：（A manually annotated and reviewed protein sequence database）搜集了经过有经验的生物学家整理及研究的蛋白序

列。详见 http://www.ebi.ac.uk/uniprot/。

KEGG：KEGG 是 Kyoto Encyclopedia of Genes and Genomes 的简称，是系统分析基因产物和化合物在细胞中的代谢途径以及这些基

因产物的功能的数据库。它整合了基因组、化学分子和生化系统等方面的数据,包括代谢通路（KEGG PATHWAY）、药物（KEGG DRUG）、

疾病（KEGG DISEASE）、功能模型（KEGG MODULE）、基因序列（KEGG GENES）及基因组（KEGG GENOME）等等。详见

http://www.genome.jp/kegg/ 。

GO：(Gene Ontology)是一套国际标准化的基因功能描述的分类系统。GO 分为三大类 ontology：生物过程（Biological Process）、分

子功能（Molecular Function）和细胞组分(Cellular Component)，分别用来描述基因编码的产物所参与的生物过程、所具有的分子功能

及所处的细胞环境。GO 的基本单元是 term，每个 term 有一个唯一的标示符（由“GO:”加上 7 个数字组成，例如 GO:0072669）；每类

ontology 的 term 通过它们之间的联系（is_a, part_of, regulate）构成一个有向无环的拓扑结构。详见 http://www.geneontology.org/。

CDS：编码区，指的是转录本中真正编码蛋白质的区域，一般首为起始密码子，终为终止密码子。

Mapping：序列比对，将测序的短序列与参考序列比较，找出短序列在参考序列中的准确位置。

均一化分析：均一化分析是用于评估转录组测序建库时对 mRNA 的打断是否随机，若不随机则可能对后续的分析会产生较大偏好性。

测序饱和度曲线：测序饱和度曲线用于反映基因表达水平定量对数据量的要求。表达量越高的基因，就越容易被准确定量；反之，表达

量低的基因，需要较大的测序数据量才能被准确定量。当曲线达到饱和，说明测序数据量已满足定量要求。

FPKM：FPKM（Fragment Per Kilo bases per Million mapped Reads）是每百万 reads 中来自某一基因每千碱基长度的 reads 数目，

FPKM 同时考虑了测序深度和基因长度对 reads 计数的影响，FPKM 用于评估基因的表达量。

样品间相关性分析：衡量样本间相关性，相关系数越接近 1，表明样品之间表达模式的相似度越高。若样品中有生物学重复，通常生物

重复间相关系数要求较高。

热图：通过颜色深浅来可视化数据大小，每一个颜色块表示一个数值，一般颜色越深说明数值越大。

密度曲线：用来衡量数据的分布，数据在某个区域越集中，则该区域的面积越大。

PCA 分析：PCA分析（Principal Component Analysis）是一种研究数据相似性和差异性的可视化方法。进过一系列的计算之后，选择

主要的，排在前几位的特征值，对样本之间的关系进行描述。

韦恩图：又叫文氏图，用于反应不同数据集合的共性及特异性。

SNP/Indel：SNP 为单碱基核酸突变，Indel 表示插入和缺失。

Pvalue：统计学检验的 P 值，P 值越小说明样本间差异越大

FDR：多重假设检验校正后的 P 值，在做多次检验的时候为控制假阳性率需对 P 值再做校正，一般 P 值越小，FDR 值也越小。
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Foldchange：表达量差异倍数，一般差异倍数越大，说明表达差异越大。

火山图：火山图（Volcano Plot）在一张图中显示了两个重要的指标（Fold change/p-Value），可以非常直观且合理地筛选出在两样本

间发生差异表达的基因。

MA 图：横坐标 X 轴表示 log 均值，即（log2(A)+log2(B)）/2,  纵坐标为代表 log（Foldchange），即 log2(B/ A), 据此图可看出差异基

因分布在高表达基因或者低表达基因。

表达模式聚类：对所有的差异基因进行聚类分析，该分析可以将表达模式相近的基因聚到一起，筛选出特定表达模式的基因类。

功能富集分析：对差异基因做检验，看差异基因在不同功能类下的分布，通过此分析可推断差异基因主要的功能及生物学意义。

共表达网络：基因共表达网络分析（Gene Co-expression Network Analysis）是根据基因表达信号值的动态变化，计算基因间的共表达

关系，来建立基因转录调控模型，得到基因间的表达调控关系及调控方向，从而寻找一个或多个物种在不同发育阶段，或者不同组织在

不同条件或处理下的全部基因表达调控网络模型以及关键基因，从而系统的研究生物体复杂的生命现象。

蛋白互作网络：蛋白间存在相互作用，对差异基因构建蛋白互作网络，可筛选出候选的关键差异基因。

2. 相关软件及数据库 

2.1 软件 

FastQC：http://www.bioinformatics.bbsrc.ac.uk/projects/fastqc/，版本 0.11.5。

cutadapt：https://pypi.python.org/pypi/cutadapt/1.2.1，版本 1.2.1。

Prinseq：http://prinseq.sourceforge.net/，版本 0.19.5。

blast+ ：http://blast.ncbi.nlm.nih.gov/Blast.cgi?CMD=Web&PAGE_TYPE=BlastDocs&DOC_TYPE=Download，版本 2.28。

Trinity ：http://trinityrnaseq.github.io/，版本 r20140717。

bowtie2：http://bowtie-bio.sourceforge.net/bowtie2/，版本 2.2.3。

samtools：http://samtools.sourceforge.net/，版本 0.1.18。

bwa：http://bio-bwa.sourceforge.net/，版本 0.7.5a。

jellyfish：http://www.cbcb.umd.edu/software/jellyfish/，版本 2.0。

MISA：http://pgrc.ipk-gatersleben.de/misa/，版本 1.0。

primer3： http://primer3.sourceforge.net/，版本 2.3.6。

tophat：（http://ccb.jhu.edu/software/tophat/），版本 2.0.11。

KAAS：http://www.genome.jp/tools/kaas/，版本 1.0。

OrrPredictor：http://www.proteomics.ysu.edu/tools/OrfPredictor.html/，版本 1.0。

RSeQC：（http://rseqc.sourceforge.net/），版本 2.6.1。

R：https://www.r-project.org 版本 3.1.2。

RSEM：http://deweylab.biostat.wisc.edu/rsem/，版本 1.0。

cufflinks：http://cole-trapnell-lab.github.io/cufflinks/，版本 2.2.1。

MATS：http://rnaseq-mats.sourceforge.net/ 版本 1.0 

Bioconductor：http://www.bioconductor.org/。

R 包：qvalue，pheatmap，scatterplot3d，gplots，topGO，RColorBrewer，VennDiagram，DESeq，edgeR，Rgraphviz ，Statistics.R 

perl，pathview，WGCNA。

Cytoscape：http://www.cytoscape.org/ 版本 3.3.0 
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2.2 数据库 

NR：ftp://ftp.ncbi.nlm.nih.gov/blast/db/nr.*tar.gz ，NR(NCBI non-redundant protein sequences) 是 NCBI 官方的蛋白序列数据库

NT：ftp://ftp.ncbi.nlm.nih.gov/blast/db/nt.*tar.gz，Nt (NCBI nucleotide sequences) 是 NCBI 官方的核酸序列数据库

KOG/COG：ftp://ftp.ncbi.nlm.nih.gov/pub/COG/ COG 是 Clusters of Orthologous Groups of proteins 的简称，KOG 为 euKaryotic 

Ortholog Groups。这两个注释系统都是 NCBI 的基于基因直系同源关系，其中 COG 针对原核生物，KOG 针对真核生物。

Swiss-Prot：http://www.uniprot.org/downloads （A manually annotated and reviewed protein sequence database）搜集了经过有经

验的生物学家整理及研究的蛋白序列。

TrEMBL：http://www.uniprot.org/downloads Uniprtot 中的另外一个蛋白数据库，该数据库收集了大量的蛋白序列

CDD、Pfam 数据库：ftp://ftp.ncbi.nih.gov/pub/mmdb/cdd/cdd.tar.gz

KEGG：http://www.kegg.jp/ KEGG 是 Kyoto Encyclopedia of Genes and Genomes 的简称，是系统分析基因产物和化合物在细胞中的

代谢途径以及这些基因产物的功能的数据库。

Ensembl：欧洲基因组数据库，与 NCBI，UCSC 并为三大基因组数据库，其中可下载大部分物种的基因组序列及相关注释文件；动物

基因组：http://asia.ensembl.org/index.html，其它物种基因组：http://ensemblgenomes.org/。

Biomartview：http://www.ensembl.org/biomart/martview/f0c1eaeff9cf930ca8180723e05ede99，可用于导出物种相关数据库信息。

STRING：http://string-db.org/，蛋白互作数据库。

3. 实验流程 

3.1 实验流程图 

3.2 实验流程详述 

3.2.1 材料 

客户提供原始样本：-70°C 冻存的新鲜动物组织、植物组织、真菌、细胞、抗凝血液等。

客户提供 RNA 样本：样本质量需达到二代测序要求，包括无降解，无凋亡，无污染，无杂带，无残留等；RNA 样本的 RIN 值≥8.0，

总量≥2.0μg。

3.2.2 关键试剂 

号货商厂材耗/剂试

Total RNA Extractor（Trizol） 上海生工 B511311 

Qubit2.0 RNA 检测试剂盒 55823QefiL

Qubit2.0 DNA 检测试剂盒 21201QefiL

VAHTSTM mRNA-seq V2 Library Prep Kit for Illumina® 南京诺唯赞 NR601-02 

Ampure XP DNA Clean Beads 南京诺唯赞 N411-03 

Total RNA

Oligo(dT) 富集mRNA
(真核生物)

mRNA片段化处理 测序

去除rRNA
(真核生物及原核生物)

常规文库

定向文库
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3.2.3 仪器 

仪器名称 仪器型号 生产商

Qubit2.0 荧光计 negortivnI66823Q

微型漩涡混合仪 WH-3 上海沪西分析仪器厂有限公司

台式高速低温离心机 Thermo Scientific Sorvall Legend Micro 21R Thermo 

PCR 仪 DAR-OIBrelcyClamrehT™001T

电泳仪 DYY-11 北京市六一仪器厂

生物电泳图像分析系统 FR-980A 复日科技

3.2.4 实验步骤

（一）Total RNA 提取方法—以 Total RNA Extractor（Trizol）提取试剂盒为例 

1. 将裂解后样品或匀浆液室温放置 5-10 min，使得核蛋白与核酸完全分离。

2. 加入 0.2 ml 氯仿，剧烈震荡 15 sec，室温放置 3 min。12000 rpm 4℃离心 10 min。

3. 吸取上层水相转移至干净的离心管中，加入等体积异丙醇，混匀，室温放置 20 min。

4. 12000 rpm 4℃离心 10 min，弃上清。

5. 加入 1 ml 75%乙醇洗涤沉淀。12000 rpm 4℃离心 3 min，弃上清。室温干燥  5-10 min。

6. 加入 30-50 μL RNase-free ddH2O，充分溶解 RNA。将所得到的 RNA 溶液置于-70℃保存或立刻用于后续试验。

7. Qubit2.0 检测 RNA 浓度，琼脂糖凝胶检测 RNA 完整性以及基因组污染情况。

实验图 1：Total RNA 检测示意图

注：Marker 为 DNA Marker，其只为检测基因组污染，并不代表 RNA 条带大小。

（二）mRNA 文库构建——以 VAHTSTM mRNA-seq V2 Library Prep Kit for Illumina 试剂盒为例 

利用 Qubit2.0 RNA 检测试剂盒对 Total RNA 精确定量，以确定文库构建所加入 Total RNA 的量

1. mRNA 分离/片段化

1.1.  将 mRNA Capture Beads 从 2-8 °C 取出，静置使其温度平衡至室温。

1.2.  准备 RNA 样品：在一个 Nuclease free 离心管中，将 0.1-1 μg 总 RNA 溶解于 50 μl Nuclease free 水中，冰上放置备用。

1.3.  颠倒或旋涡振荡使 mRNA Capture Beads 充分混匀，吸取 50 μl 加入到总 RNA 样品中，用移液器吹打 6 次以彻底混匀。

1.4.  将样品置于 PCR 仪中，65 °C 5 min，4 °C hold，使 RNA 变性。

1.5.  室温放置 5 分钟，使 mRNA 结合到磁珠上。

1.6.  将样品置于磁力架 5 分钟，使 mRNA 与总 RNA 分离，小心移除上清。
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1.7.  将样品从磁力架上取出，用 200 μl Beads Wash Buffer 吹打 6 次以彻底混匀，在磁力架上静置 5 分钟，小心移除上清。

1.8. 将样品从磁力架上取出，50 μl Tris Buffer 重悬磁珠，用移液器吹打 6 次以彻底混匀。

1.9. 将样品置于 PCR 仪中，80 °C 2 min，25 °C hold，将 mRNA 洗脱下来。

1.10. 加入 50 μl Beads Binding Buffer，用移液器吹打 6 次以彻底混匀。

1.11. 室温放置 5 分钟，使 mRNA 结合到磁珠上。

1.12. 将样品置于磁力架 5 分钟，使 mRNA 与总 RNA 分离，小心移除上清。

1.13. 将样品从磁力架上取出，用 200 μl Beads Wash Buffer 吹打 6 次以彻底混匀，在磁力架上静置 5 分钟，吸掉全部上清(注意

最后需要用 10 μl 移液器吸干净残留液体)。

1.14. 将样品从磁力架上取出，用 19.5 μl Frag/Prime Buffer 重悬磁珠，用移液器吹打 6 次

以彻底混匀；将样品置于 PCR 仪中，94 °C 5 min，4 °C hold。

1.15. 将样品置于磁力架 5 分钟，转移 17 μl 上清至一个新的 nuclease free 离心管中，立刻进入第一链合成反应。

2. 双链 cDNA 合成

2.1.  将 1st Strand Buffer 从-20 °C 取出，解冻后颠倒混匀，配制第一链 cDNA 合成反应液：

μl  

μl 

μl 

总计 μl 

25℃温浴 10 分钟后，转入 42℃温浴 15 分钟，最后 70℃ 温浴 15 分钟。立刻进行第二链合成反应。

2.2.  将 2nd Strand Buffer 从-20 °C 取出，解冻后颠倒混匀，配制第二链 cDNA 合成反应液：

μl 

μl 

μl 

总计 μl 

16℃反应 60 分钟。加入 90 μl (1.8 ×) Ampure XP DNA Clean Beads纯化双链 cDNA，加入62.5 μl  nuclease free 水溶解磁珠，小

心吸取 60 μl 上清至一个新的 nuclease free 离心管中。

3. 末端修复

将 End Prep Mix 从-20 °C 取出，解冻后颠倒混匀，配制末端修复反应液：

μl 

μl 

总计 μl 

30℃反应 30 分钟。加入 160 μl (1.6 ×) Ampure XP DNA Clean Beads纯化末端修复产物，加入20 μl nuclease free 水溶解磁珠，

小心吸取 17.5 μl 上清至一个新的 nuclease free 离心管中。

4. 末端 dA-Tailing 

将 dA-Tailing Buffer Mix 从-20 °C 取出，解冻后颠倒混匀，配制末端 dA-Tailing 反应液：

纯化的末端修复产物 μl 

μl 

μl 

总计

Fragmented mRNA 17 

1st Strand Buffer 6 

1st Strand Enzyme Mix 2

25 

1st Strand cDNA 25 

2nd Strand Buffer 20 

2nd Strand Enzyme Mix 5 

50 

ds cDNA 60 

End Prep Mix 40 

100

17.5 

dA-Tailing Buffer Mix 10 

dA-Tailing Enzyme Mix 2.5

30 μl 

37℃温浴 30 分钟，随后 70℃温浴 5 分钟。立刻进行接头连接反应。
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5. 接头连接

将 RNA Adapter 从-20 °C 取出，解冻后颠倒混匀，配制连接反应液：

dA-Tailing 产物        30 μl 

Ligation Mix         2.5 μl 

RNA Adapter(with barcode,1μM)     2.5 μl 

总计                                      35 μl 

30℃反应 10 分钟。加入 5 μl Stop Ligation Mix 终止反应。

6. 连接产物纯化和片段大小分选

6.1. 用 1 x Ampure XP DNA Clean Beads纯化连接产物

加入 40 μl (1 ×) Ampure XP DNA Clean Beads纯化连接产物，加入102.5 μl nuclease free 水溶解磁珠，小心吸取 100 μl 上清至一

个新的 nuclease free 离心管中。

6.2. 用两轮 Ampure XP DNA Clean Beads进行片段大小分选

第一轮加入 70 μl (0.7 ×) Ampure XP DNA Clean Beads纯化连接产物，小心吸取155 μl 上清至一个新的 nuclease free 离心管中。

第二轮加入 10 μl (0.1 ×) Ampure XP DNA Clean Beads纯化连接产物，加入22.5 μl nuclease free 水溶解磁珠，小心吸取 20 μl 上清至

一个新的 nuclease free 离心管中。

7. 文库扩增

将 PCR Primer Mix，Amplification Mix 1 从-20 °C 取出，解冻后颠倒混匀，配制 PCR 反应液：

纯化过的接头连接产物         20 μl 

PCR Primer Mix           5 μl 

Amplification Mix 1          25 μl 

总计                                        35 μl 

PCR 反应条件：

98℃，30s；

98℃，10s；

60℃，30s；     15cycles 

72℃，30s；

72℃，5min；

4℃，∞；

加入 50 μl (1 ×) Ampure XP DNA Clean Beads纯化连接产物，加入25 μl nuclease free 水溶解磁珠，小心吸取 22.5 μl 上清至一个

新的 nuclease free 离心管中。

（三）定量混合

利用 Qubit2.0 DNA 检测试剂盒对回收的 DNA 精确定量，以方便按照 1:1 的比例等量混合后进行测序。
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4. 分析流程 

4.1 分析流程图 

4.2 详细分析内容列举 

分析项目 详细分析内容 说明 

1. 数据质控

1）原始数据 Q 值分布图

2）原始数据 GC 含量分布图

3）去除测序接头及低质量碱基

4）原始数据及 QC 后数据统计

5）污染检测统计

2. 转录组拼接

1）转录本及 Unigene 长度统计，N50/N90 

2）GC 含量分布图

3）转录本及 Unigene 长度累积曲线

4）Unigene 可变剪切统计

仅无参转录组做

3. SSR 分析

1）SSR 查找结果统计

2）SSR 类型统计

3）SSR 引物设计

4）SSR 密度分布图

仅无参转录组做

4. Unigene 注释

1）NT/NR/PFam/Swissprot/TrEMBL/COG/KOG 数据库注释

2）GO/KEGG 数据库注释

3）注释物种分布饼图

4）GO/KEGG/COG/KOG 功能分布条形图

数据质控

有参转录组 无参转录组

参考基因组比对 转录组拼接

新转录本预测

可变剪接分析

SNP/Indel分析

转录组测序评估

表达量计算

样本聚类分析

表达差异分析

表达模式聚类

GO/KEGG富集分析

共表达分析

蛋白互作分析

Unigene注释

CDS预测

SSR分析

SNP/Indel分析

原始数据
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5. CDS 预测

1）CDS 长度统计

2）CDS 编码蛋白序列

3）CDS 长度占比统计

6. 新转录本预测
1）新转录长度统计

2）新转录本类型统计
仅有参转录组做

7. 可变剪切分析
1）可变剪切类型统计

2）可变剪切位置结果
仅有参转录组做

8. SNP/Indel 分析

1）各样本 SNP 汇总列表

2）SNP 密度分布图

3）SNP 突变图谱

无参转录组两个以上样本才做，有参

转录组都做

9. 转录组测序评估

1）Mapping 结果统计

2）均一化分析

3）测序饱和度分析

4）基因 coverage 分析

5）建库长度评估

10. 表达量计算

1）各样本表达量盒状图

2）各样本表达量密度曲线

3）表达量区间分布图

4）样本间共同表达韦恩图

共同表达韦恩图需要样本数大于 1 小

于 6 

11. 样本聚类分析

1）样本距离热图

2）样本聚类树图

3）PCA 分析 3D/2D 图

4）样本间距离矩阵，样本间相关性分析

样本数需大于 2 个才做 PCA 分析

12. 表达差异分析

1）差异基因数目分布图

2）样本间表达量盒状图

3）样本间表达量密度曲线

4）样本间表达量散点图

5）样本表达量 MA 图

6）火山图

7）差异基因韦恩图

差异基因韦恩图需比较对数目大于 1

小于 6 

13. 表达模式聚类

1）差异基因表达量热图

2）样本间距离热图

3）各表达模式基因集表达量折线图

4）共有差异基因统计

5）foldchange 热图

共有差异基因统计及 foldchange热图

需要比较对数目大于 1 

14. GO/KEGG 富集分析

1）富集分析统计表

2）各 Term 差异基因数目条形图

3）GO 有向无环图

4）富集到的 term 数目统计表

5）pathway 上色图

6）富集的 term Pvalue 热图

7）富集散点图

Pvalue 热图需比较对数目大于 1 

15. 共表达分析
1）共表达基因聚类图

2）共表达基因网络图
需样本数大于10

16. 蛋白互作分析
1）蛋白互作网络图

2）候选基因列表

须有对应物种的蛋白互作数据库，网

络图需客户自行绘制



生
工
转
录
调
控
测
序
服
务

生
工
转
录
调
控
测
序
服
务

10
地       址：上海市松江区香闵路 698 号                     Add:   698 Xiang Min Road SongJiang Shanghai China
技术支持：021-37772413/57072083/57072061

4.3 分析步骤及方法简介 

1. 测序质量评估及质控 

1）采用 FastQC 对测序原始序列做质量评估

2）去除 3’端测序接头

3）去除融合后的 reads 尾部质量值在 20 以下的碱基

4）切除 reads 中含 N 部分序列：长度阈值 35bp 

5）对序列进行污染评估，看其是否有污染

无参转录组 

2. 转录本拼接 

1）将各样本过滤之后序列进行合并，之后进行 de novo 拼接，使用软件 Trinity，使用 paired-end 的拼接方法。对拼接序列去重

复，取长度大于 200bp 的序列，每个 Loci（c*_g*_）下最长的转录本作为 Unigene 

2）统计转录本及 Unigene 长度，GC 含量等

3. SSR 分析

1）采用 MISA 对 Unigene 及 Transcript 进行 SSR 检测，对不同 SSR 类型在基因与转录本的密度分布进行统计。

2）采用 primer3 对 SSR 进行引物设计

有参转录组 

2. 新转录本预测 

1）将各样本 QC 之后序列比对到参考基因组，比对采用软件 tophat 

2）进行带参考基因组拼接,拼接软件为 cufflinks 

3）合并各样本拼接结果

4）将最终拼接结果与数据库中已知转录本比较，确定 novel 转录本

3. 可变剪切分析 

1）采用 MATS 对各样本做可变剪切分析

2）统计各样本可变剪切形式数目

4. 基因功能注释 

1）将 Unigene 基因序列分别与 NR、NT、KOG、CDD、PFAM、Swissprot、TrEMBL、GO、KEGG 库进行比对，取相似度>30%，

且 e<1e-5 的注释结果

2）采用 KAAS 做 KEGG 数据库注释

3）统计各数据库注释结果

5. RNA-seq 测序评估

1）将 QC 后序列比对到拼接后或者参考转录本中，比对采用 bowtie2 

2）采用 RSeQC 做 RNASeq 测序评估，评估内容包括如下：

i. Mapping 统计

ii. 均一化分析

iii. 建库长度评估

iv.测序饱和度评估

v. 基因 coverage 评估

6. 表达量统计及样本间聚类分析 

1）计算各样本各基因的表达量，无参采用 RSEM，有参采用 cufflinks 

2）对样本做样本聚类分析，聚类采用皮尔森相关系数值，并做 PCA 分析，上述内容均采用 R 来分析

7. SNP/Indel 分析

1）基于比对结果对各样本做 SNP/INDEL calling，采用软件为 samtools，

2）对得到 SNP 及 INDEL 结果对原始结果进行过滤，过滤条件为：
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a)  QUAL 值大于 20，

b) 覆盖度大于 2 

8. 差异表达分析 

1）无生物学重复样本分析方法如下：

参照 Audic S.等人发表在 Genome Research 上的基于测序的差异基因检测方法(Audic, 1997) 

对差异检验的 p value 作多重假设检验校正，采用的方法为 FDR，在分析中，差异表达基因定义为p≤0.01 且倍数差

基因。

异在 2 倍以上的

2）有生物学重复样本筛选方法如下：

采用 DEseq 进行差异分析,筛选阈值为 qvalue<0.001 且|FoldChange|>2。

差异分析软件：DESeq、edgeR 

9. 差异基因表达模式聚类分析 

1）合并所有比较对间的差异表达基因

2）对该基因集做聚类分析，获得表达模式相近的基因集

3）筛选出表达模式相近的基因

10. GO 富集分析

1） GO 富集分析方法为 GOseq（Young et al, 2010）,此方法基于 Wallenius non-central hyper-geometric distribution 。

2）筛除出显著富集的 GO 

3）绘制 topGO 有向无环图

11. KEGG 富集分析

1）Pathway 显著性富集分析以 KEGG Pathway 为单位，应用超几何检验，找出与整个基因组背景相比， 在差异表达基因中显著

性富集的 Pathway。该分析的计算公式如下：

2）筛选显著富集的 pathway 

3）对富集的 pathway 进行上色

12. 基因共表达分析

1）采用 WGCNA 对差异表达基因做共表达分析

2）筛选出共表达基因集

3）绘制共表达网络图

13. 蛋白互作分析

1）筛选出差异表达基因，将基因导入到 String 数据库中

2）绘制蛋白互作网络，并筛选出候选基因
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5. 分析结果展示 

5.1 测序质量评估及质控 

5.1.1  测序质量评估 

本次测序采用 Hiseq PE150 模式（双端测序 PE：paired-end），每一个样本分别有 R1.fastq 和 R2.fastq 两个文件，分别代表

5’ -> 3’和 3’->5’的测序结果。R1.fastq 与 R2.fastq 中的文件行数是一致的，且根据 reads name 一一对应。

FASTQ:  Fastq 是 Illumina测序技术中一种反映测序序列的碱基质量的文件格式。每条read 包含 4 行信息。第一行以“@”开头，

随后是序列标示和相关的描述信息，第三行以“+” 开头，随后是序列描述信息或者什么都不加），第二行为碱基序列，第四行是质量信

息，与第二行中的碱基序列一一对应，根据评分体系不同每个字符的含义所表示的数字有所差别。例如：

@SEQ_ID 

GATTTGGGGTTCAAAGCAGTATCGATCAAATAGTAAATCCATTTGTTCAACTCACAGTTT 

+ 

!''*((((***+))%%%++)(%%%%).1***-+*''))**55CCF>>>>>>CCCCCCC65 

质量评分：质量评分指的是一个碱基的错误概率的对数值。其最初在 Phred 拼接软件中定义与使用，其后在许多软件中得到使用。

其质量得分与错误概率的对应关系见下表：

Phred quality scores are logarithmically linked to error probabilities 

Phred Quality Score Probability of incorrect base call Base call accuracy 

%0901ni101

%99001ni102

%9.990001ni103

%99.9900001ni104

对于每个碱基的质量编码标示，不同的软件采用不同的方案，本项目中使用的方案是，Phred quality score，值的范围从 0 到 62

对应的 ASCII 码从 64 到 126，得分在 0 到 40 之间。

软件：FASTQC http://www.bioinformatics.babraham.ac.uk/projects/fastqc/（用于统计序列原始信息及绘图）

结果目录：1_QC/ 

All_sample_raw_data_infor.xls：所有样本原始数据统计，结果如下：

Table 5.1 原始数据统计

2T1T2C1C

23911604008710532161827329865723:)#(tnuoCsdaeRlatoT

0089871906000076252500814229550083353194:)pb(tnuoCsesaBlatoT

Average Read Length(bp): 150 150 150 150 

5945798955670521497403466855150686305154:)pb(tnuoCsesaB03Q

16881019.1976052072.1941277691.2937908988.19:)%(oitaRsesaB03Q

3613163685337557630537441119359813738274:)pb(tnuoCsesaB02Q

853452.6918734988.5979754304.6992026132.69:)%(oitaRsesaB02Q

2784634706243804632562643077559716359984:)pb(tnuoCsesaB01Q

54069317.9985114096.9995660827.991121517.99:)%(oitaRsesaB01Q

005231017411580811747401:)pb(tnuoCsesaBN

571200.0481200.0211200.0231200.0:)%(oitaRsesaBN

1325002203196913495207032295721415520342:)pb(tnuoCsesaBCG

62838706.9475494093.9490691043.9489334064.94:)%(oitaRsesaBCG
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注：若样本数目较多，此处只会截取部分样本数据，完整数据请见结果文件夹中的对应文件。

Total Reads Count：样本所有 reads 数目，为 reads1 与 reads2 数目之和

Total Base Count：所有碱基数目，即数据量

Average Read Length：平均序列长度

Q30 Base Count：碱基质量在 30 以上的数目

Q30 Base Ratio：Q30 碱基比例

N Base Count：N 碱基的数目

N Base Ratio：N 碱基比例

GC Base Count：GC 碱基数目

GC Base Ratio：GC 含量

各样本碱基质量图如下：

图 5.1 各位置碱基质量分布图

注：若样本数据较多，此处只展示某个样本的 Read1 质量分布，其它样本数据见 1_QC/Sample/*fastqc.zip 文件。

说明：横坐标表示测序位置，纵坐标为测序质量值。图中，横轴代表位置，纵轴 quality。红色表示中位数，黄色是 25%-75%区间，

触须是 10%-90%区间，蓝线是平均数。Hiseq 测序是双端测序，每条 read 长度 150bp。随着测序的进行，酶的活性会逐步下降，因

此到达一定测序长度后，碱基质量值也会随之下降。从图 6.1 可知，中位值均在 Q20 以上，因此该文库碱基质量良好，可用于后续分

析。本分析会对所有数据进行质控，后续只取 Q20 以上的数据进行分析。
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各样本碱基 GC 含量分布图如下：

图 5.2 各位置碱基 GC 含量分布图

注：若样本数据较多，此处只展示某个样本的 Read1 质量分布，其它样本数据见 1_QC/Sample/*fastqc.zip 文件。

说明：横坐标是 reads 碱基坐标，纵坐标是所有 reads 的 A、C、G、T 碱基分别占的百分比。在文库较均匀随机的情况下，四

种颜色的分界线应该波动极小，呈一条直线，但一般测序前几个碱基由于测序尚不大稳定，前几个碱基 ACGC 含量会有波动。

5.1.2  数据质控 

对于 Hiseq 双端测序原始序列 3’端可能带有 adaptor 接头序列，以及一些少量低质量序列和杂质序列，为了提高后续分析质量和

可靠性，对原始序列进行去接头、质量剪切、污染评估等处理。

数据质控步骤：

1）去除 3’端测序接头，采用的软件为 cutadapt，Read1 3’端测序接头为 AGATCGGAAGAGCACACGTCTGAAC，Read2 3’端测序接

头为 AGATCGGAAGAGCGTCGTGTAGGGA。

2）去除融合后的 reads 尾部质量值在 20 以下的碱基。设置 10bp 的端口，如果窗口内的平均质量值低于 20，从窗口开始去除后端的

碱基

3）切除 reads 中含 N 部分序列：长度阈值 35bp 

4）对序列进行污染评估，看其是否有污染，方法为：随机从 QC 之后序列中抽取 100000 条序列进行 blast 比对，比对数据库为 NCBI 

NT 数据库，取 evalue <=1e-10 并且相似度>90%,coverage >80%的比对结果，计算其物种分布。

去除测序接头软件：cutadapt（ https://pypi.python.org/pypi/cutadapt/1.2.1）

主要参数设置：-O 10 -min_len 35 -a AGATCGGAAGAGCACACGTCTGAAC 

质量控制使用软件：Prinseq（http://prinseq.sourceforge.net/）

主要参数设置：-trim_qual_left 20 -trim_qual_right 20 -trim_qual_window 10 -trim_qual_step 1 -min_len 35 

污染评估软件：blast+ （http://blast.ncbi.nlm.nih.gov/Blast.cgi?CMD=Web&PAGE_TYPE=BlastDocs&DOC_TYPE=Download）

主要参数设置：-evalue 1e-10 -num_threads 40  
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结果目录：1_data_for_analysis/ 

All_sample_QC_infor.xls：所有样本 QC 之后结果统计，详细结果如下：

表 5.2 QC之后结果统计

注：若样本数目较多，此处只会截取部分样本数据，完整数据请见结果文件夹中的对应文件。

Raw_sequences：原始序列数目，为 Read1 与 Read2 数目之和

Raw_bases：原始序列碱基数目

Raw_mean_length：原始数据序列平均长度

Good_sequences：QC 之后剩余的序列数目

Good_ratio：QC 之后剩余序列数目比例

Good_bases：剩余序列总碱基数目

Good_mean_length：QC 之后序列平均长度

*blast_out.best_species_count.xls：污染评估数据结果，详细如下：

表 5.3 污染评估结果

Species Reads_number 

Populus trichocarpa 1510 

Ricinus communis 1073 

Hevea brasiliensis 356 

Vitis vinifera 304 

Bruguiera gymnorhiza 234 

302acsev.psbusacsevairagarF

111ablasulupoPxalumertsulupoP

Glycine max 109 

Kandelia candel 60 

Populus trichocarpa x 05sediotledsulupoP

Cucumis sativus 38 

Cicer arietinum 37 

Lotus japonicus 37 

Solanum lycopersicum 34 

Gossypium hirsutum 32 

Medicago truncatula 30 

Manihot esculenta 24 

Sandersonia aurantiaca 22 

Dianthus caryophyllus 21 

Jatropha curcas 19 
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注：此表展示的是 NT 数据库比对后前 20 的物种，若样本数据较多，此处只展示某个样本的污染评估结果，其它样本数据见

1_QC/Sample/*_blast_out.best_species_count.xls 文件。

说明：此表可以反应出原始样品测序序列有无明显污染其它物种序列，一般看前几个物种，若前几个物种与样品物种符合或者非常近

源（有些样品所测物种在数据库中并无该物种的相关序列信息，此时考虑其近缘物种），则样品无明显污染。

5.2 denovo 转录本拼接 

5.2.1  方法说明 

将各样本过滤之后序列进行合并，之后进行 de novo 拼接，使用软件 Trinity，版本 trinityrnaseq_rr20140717，使用 paired-end 的

拼接方法。对拼接序列去重复，取长度大于 200bp 的序列，每个 Loci（c*_g*_）下最长的转录本作为 Unigene（软件的 Chrysalis clusters

模块）。Trinity 拼接过程基本如下：

使用软件: Trinity （http://trinityrnaseq.github.io/）。

软件参数设置：--min_contig_length 200 --seqType fq 
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5.2.2  结果展示 

结果目录：2_assembly/ 

assembly_result.xls: 拼接结果统计，结果见表 5.4。

表 5.4 拼接结果统计

 All_num >=500bp >=1000bp N50 N90 Max_len Min_len All_len Mean_len 

Transcript 115194 55137 32581 1842 349 17101 201 109811956 953.28 

Unigene 88131 33509 16266 1291 288 17101 201 65086731 738.52 

说明：N50：将 transcript 从长到短排序，依次累加 transcript 碱基数，当累计碱基数达到 transcript 总碱基数的 50%时的 transcript

的长度，Unigene 同；N90 以相似的方法统计。N50 参数在 RNA-Seq 项目中仅具有参考价值，不是评估结果好坏的客观标准。

Transcript.fa：所有拼接转录本序列，fasta 格式，文本文件，可用 excel 或者写字板打开，格式如下：

>c0_g1_i1 len=202 path=[133:0-100 389:101-201] 

GCAGCAATCATGGAACTAGCCATATTAAATTTTTATCCGATTTACTTCGCAATAAGCACT 

AGTAAATGATGCAACACTGAAGCAAACGTTGATGCAAGCTATTCTCAACAAAAGACGATG 

AAGTGAAAGAGGAATTGAGATAAGTTAGTTGAATTAGAAGATAACAGAACTTACCTAATG 

TTAAAACAATAATAATAGATCG 

>c5_g1_i1 len=207 path=[284:0-155 439:156-206] 

ATTTGGCACTGGAAACTCAATTAGAATAGCTAAAAACGTTTCGTCCTTTAATCAAGATAG 

TCTACTGGATACGATGAAAGCTCATTTTCCTAATGCTGTTGCCACCAATGAAACTAATGA 

AGAAATTGTTTACCAACTAAGCTCAGGAATTAAATCCACAGCAGATGTATCAACAGCAAC 

TTTGGCTCAACTCTGTGATTCCCTGGA 

>c6_g1_i1 len=245 path=[127:0-38 165:39-76 63:77-244] 

GAGTTGCTGATGATATTCCTACGAGGAAAATACATGATCTTTGAAATTTAAACTGTTCGA 

CCACTCGACCTCCGATGATAGGCCCAAGAGCAAATCCTAATGAAAGGACAGATACAAATA 

GACTGCTTATCAATCCAGAGGCATCAGGATCATCCGCAAAACTGGTTAAATCTTTTTCCC 

TCATTGCTTGAGTGAATGTAGCTACATAACCAATGGCAAAACCAATGCCAATAAACATTT 

GACAA 

其中大于号>后紧跟转录本的 id 号，len=后面为转录本的长度，即该转录本的碱基数，path 为从 de Bruijn Graph subComponent 中

经历的路径。其后为该转录的碱基序列。每个转录本的 id 号构成都为 c*_g*_i*, 其中 c 为拼接过程形成的 de Bruijn Graph Component, g

为 subcomponet，可以看作为广泛意义上的基因，i 代表转录本。详细见 Trinity 官方网站：http://trinityrnaseq.github.io/。

Unigene.fa：Unigene 序列，格式如上。

*_GC_content.pdf：Unigene GC 含量分布图，作图源文件为*_GC_content.xls，如下图：

图 5.3 Transcript GC 含量分布图
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5.2.2  结果展示 

结果目录：2_assembly/ 

assembly_result.xls: 拼接结果统计，结果见表 5.4。

表 5.4 拼接结果统计

 All_num >=500bp >=1000bp N50 N90 Max_len Min_len All_len Mean_len 

Transcript 115194 55137 32581 1842 349 17101 201 109811956 953.28 

Unigene 88131 33509 16266 1291 288 17101 201 65086731 738.52 

说明：N50：将 transcript 从长到短排序，依次累加 transcript 碱基数，当累计碱基数达到 transcript 总碱基数的 50%时的 transcript

的长度，Unigene 同；N90 以相似的方法统计。N50 参数在 RNA-Seq 项目中仅具有参考价值，不是评估结果好坏的客观标准。

Transcript.fa：所有拼接转录本序列，fasta 格式，文本文件，可用 excel 或者写字板打开，格式如下：

>c0_g1_i1 len=202 path=[133:0-100 389:101-201] 

GCAGCAATCATGGAACTAGCCATATTAAATTTTTATCCGATTTACTTCGCAATAAGCACT 

AGTAAATGATGCAACACTGAAGCAAACGTTGATGCAAGCTATTCTCAACAAAAGACGATG 

AAGTGAAAGAGGAATTGAGATAAGTTAGTTGAATTAGAAGATAACAGAACTTACCTAATG 

TTAAAACAATAATAATAGATCG 

>c5_g1_i1 len=207 path=[284:0-155 439:156-206] 

ATTTGGCACTGGAAACTCAATTAGAATAGCTAAAAACGTTTCGTCCTTTAATCAAGATAG 

TCTACTGGATACGATGAAAGCTCATTTTCCTAATGCTGTTGCCACCAATGAAACTAATGA 

AGAAATTGTTTACCAACTAAGCTCAGGAATTAAATCCACAGCAGATGTATCAACAGCAAC 

TTTGGCTCAACTCTGTGATTCCCTGGA 

>c6_g1_i1 len=245 path=[127:0-38 165:39-76 63:77-244] 

GAGTTGCTGATGATATTCCTACGAGGAAAATACATGATCTTTGAAATTTAAACTGTTCGA 

CCACTCGACCTCCGATGATAGGCCCAAGAGCAAATCCTAATGAAAGGACAGATACAAATA 

GACTGCTTATCAATCCAGAGGCATCAGGATCATCCGCAAAACTGGTTAAATCTTTTTCCC 

TCATTGCTTGAGTGAATGTAGCTACATAACCAATGGCAAAACCAATGCCAATAAACATTT 

GACAA 

其中大于号>后紧跟转录本的 id 号，len=后面为转录本的长度，即该转录本的碱基数，path 为从 de Bruijn Graph subComponent 中

经历的路径。其后为该转录的碱基序列。每个转录本的 id 号构成都为 c*_g*_i*, 其中 c 为拼接过程形成的 de Bruijn Graph Component, g

为 subcomponet，可以看作为广泛意义上的基因，i 代表转录本。详细见 Trinity 官方网站：http://trinityrnaseq.github.io/。

Unigene.fa：Unigene 序列，格式如上。

*_GC_content.pdf：Unigene GC 含量分布图，作图源文件为*_GC_content.xls，如下图：

图 5.3 Transcript GC 含量分布图
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图 5.4 Unigene GC 含量分布图

说明：横坐标为 GC 含量，纵坐标为序列数目，该图可以看出样本转录本序列有无 GC 偏好性。

*_Len_Dis.pdf：Unigene 长度分布图，作图源文件为*_len_distribution.xls，展示如下：

图 5.5 Transcript 长度分布图
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图 5.6 Unigene 长度分布图

说明：横轴表示长度区间，纵轴表示在某个区间内的 Trancript/Unigene 数目。

*_Len_accumulate.pdf：Unigene 长度累积分布图，作图源文件为*_len_accumulate.xls，详细展示如下图：

图 5.7 Transcript 长度累积分布图
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图 5.8 Unigene 长度累积分布图

说明：长度累积分布图，横坐标表示 Transcript/Unigene 序列长度，纵坐标表示大于某长度的序列总长度占 Transcript/Unigene 总

长度的比例。该图可反应出如 N50，N90 等值。

Unigene_isoforms_num_count.pdf：Unigene 下面 isoform 数目分布图，作图源文件为 Unigene_isoforms_num.xls，展示如下：

图 5.9 Unigene 下 Isoform 数目分布图

说明：上图横坐标表示每个 Unigene 下面 isoform 的数目，纵坐标表示 Unigene 数目。该图可反应出 Unigene 下可变剪切发生频率。
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5.3  SSR 分析 

5.3.1 SSR 分析 

采用 MISA（1.0 版，默认参数）对 Unigene 及 Transcript 进行 SSR 检测，对不同 SSR 类型在基因与转录本的密度分布进行统计。

所用软件：MISA （http://pgrc.ipk-gatersleben.de/misa/）

软件参数设置：

置设数参明说数参

1 单碱基连续重复次数 10 

2 双碱基连续重复次数 6 

3 3 碱基连续重复次数 5 

4 4 碱基连续重复次数 5 

5 5 碱基连续重复次数 5 

6 6 碱基连续重复次数 5 

Max_difference_between_2_SSRs 两个 SSR 间最大间隔长度(bp) 100 

结果目录：3_SSR/ 

Unigene.fa.ssr.xls：Unigene SSR 寻找结果，详细见下表；

表 5.5 Unigene SSR 结果

dnetratsezisRSSepytRSS.rnRSSDI

c4228_g1 1 p1 (T)16 16 6 21 

c61875_g1 1 p1 (T)16 16 1 16 

c16043_g1 1 p1 (A)10 10 14 23 

c16043_g1 2 p1 (T)16 16 1991 2006 

c48549_g1 1 p2 (GT)10 20 1 20 

c25505_g2 1 p3 (ATT)7 21 335 355 

c85624_g1 1 p2 (GA)9 18 1 18 

c85852_g1 1 p2 (GA)8 16 1 16 

c69736_g1 1 p1 (G)11 11 22 32 

c69736_g1 2 p2 (CT)9 18 184 201 

c20796_g1 1 p2 (AT)7 14 905 918 

c7395_g2 1 p1 (T)11 11 179 189 

c12790_g1 1 p1 (A)10 10 438 447 

c20595_g2 1 p1 (A)17 17 1 17 

c20595_g2 2 p3 (GGC)5 15 1241 1255 

c71679_g1 1 p1 (T)10 10 140 149 

c45016_g1 1 p3 (TGG)7 21 2 22 

c45016_g1 2 p1 (A)10 10 325 334 

c69952_g1 1 p1 (T)12 12 1 12 

c23521_g1 1 p1 (A)13 13 11 23 

注：上表只展示了前 20 个 SSR 的结果，其他请参阅相关文件。

ID：做 SSR 分析的基因的 id 
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SSR nr.：SSR 给每个相同 id 的转录本的编号（不需要关注）

SSR type：SSR 类型：c，复杂重复类型；p1，单碱基重复；p2，两个碱基重复；p3 三个碱基重复…… 

SSR：重复序列

Size：重复序列的大小

Start：重复序列的开始碱基位置

End：重复序列的结尾碱基位置

Unigene.fa_density.pdf：SSR 密度分布图，作图源文件为 Unigene.fa_density.xls，详细展示如下图：

图 5.10 Unigene 下 SSR 密度分布图

说明：横坐标为不同的 SSR 类型，纵坐标为每百万碱基中 SSR 的个数。

5.3.2  SSR 引物设计 

找出 SSR 标记之后，采用 Primer3（默认参数）进行 SSR 引物设计。

所用软件：primer3 http://primer3.sourceforge.net/，采用默认参数。

结果目录：3_SSR/ 

Unigene.fa.ssr.primer.xls：Unigene SSR 引物设计结果，结果展示如下表：

表 5.6 Unigene SSR 引物设计结果

ID FORWARD PRIMER1 (5'-3') Tm(°C) REVERSE PRIMER1 (5'-3') Tm(°C) 

c4228_g1 TGAATCCGGTGGTTGTTTTT 60.206 GCAAACAGTCGTCCACCTTT 60.156 

c61875_g1 GGTGTTGATGCTGTGTTTGG 60.008 CACGTGCTGATGTGACAGTG 59.931 

c16043_g1 TTAGGGTTTGAAGTGGTGGC 59.971 GCAGGCAATAGAACCTCAGC 59.985 

c16043_g1 TTAGGGTTTGAAGTGGTGGC 59.971 GCAGGCAATAGAACCTCAGC 59.985 

c48549_g1 TGACCAAATATTCTGGGGGA 60.126 TCCACGTTTCTTGAGCTCCT 59.989 

c25505_g2 TGTCCCTGACTTTCGAGCTT 59.989 TGGCAAACCACACTTGGTAA 60.004 
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c85624_g1 CGAAAGTTCAAGCCTCGTTC 59.993 GCACACTTTCCCCAACACTT 60.012 

c85852_g1 GAGAGAGAGGTTGTTTTTGCG 59.111 TCACGGTCATGGGACATAGA 59.918 

c69736_g1 GTTTTCCATAGCGTTGGGGT 61.099 TGCAGCAAAACTAGAGGGGT 59.875 

c69736_g1 GTTTTCCATAGCGTTGGGGT 61.099 TGCAGCAAAACTAGAGGGGT 59.875 

c20796_g1 TTCGTCAATGGTCGATGAAA 60.049 TCGATATCCGATGCAAATCA 59.997 

c40970_g1 AACGTTGCCGATTTTGAAAC 59.982 GCCTTGGTTTACCAGTTGGA 59.971 

c16150_g1 TTTACGAGCCAACCCAATTC 59.938 TCCAGTCTCGTCGTTTTCCT 59.844 

c7395_g2 TGAAAGCCTCACTGTCATCG 59.984 AATGCAACGCCCTATACACC 59.851 

c12790_g1 CCAAGATCATCATGCAAACG 60.073 CGGGGTTCCCAAACTTTTAT 60.048 

c20595_g2 CAAAGAGCTTGTTGATGCCA 59.988 CGACGTAAACACAACCATCG 60.027 

c20595_g2 CAAAGAGCTTGTTGATGCCA 59.988 CGACGTAAACACAACCATCG 60.027 

c71679_g1 GCTTGTGAGAGAGGTCAGGG 59.986 ATCACATTTGATCTGCAGGC 58.674 

c45016_g1 GTGGTGGTGGTGGTGGTATT 60.408 GTGTCCAGGGAATTGTGCTT 59.973 

c45016_g1 GTGGTGGTGGTGGTGGTATT 60.408 GTGTCCAGGGAATTGTGCTT 59.973 

注：上图展示的仅为部分结果，详细请参阅对应文件夹中的文件，另外上述所有展示的结果均为 Unigene 的分析结果，Transcript

的分析结果见 3_SSR/Transcript*命令的文件。

5.4  Unigene 注释 

5.4.1  各数据库比对 

将 Unigene 序列与公共数据 gene 进行比较，通过 gene 的相似性进行功能注释。基因相似性比对主要基于 BLAST 算法。BLAST，

全称 Basic Local Alignment Search Tool，即"基于局部比对算法的搜索工具"，由 Altschul 等人于 1990 年发布。Blast 能够实现比较两

段核酸或者蛋白序列之间的相似性的功能，它能够快速的找到两段序列之间的相似序列并对比对区域进行打分以确定相似性的高低。将

Unigene 基因序列分别与 NR、NT、KOG、CDD、PFAM、Swissprot、TrEMBL、GO、KEGG 库进行比对，取相似度>30%，且 e<1e-5

的注释，合并基因得到的所有注释详细信息。

各数据库说明如下：

NR：Nr (NCBI non-redundant protein sequences) 是 NCBI 官方的蛋白序列数据库，它包括了 GenBank 基因的蛋白编码序列，

PDB(Protein DataBank)蛋白数据库、SwissProt 蛋白序列及来自 PIR（Protein Information Resource）和 PRF（Protein Research 

Foundation）等数据库的蛋白序列。

NT：Nt (NCBI nucleotide sequences) 是 NCBI 官方的核酸序列数据库，包括了 GenBank，EMBL 和 DDBJ（但不包括

EST,STS,GSS,WGS,TSA,PAT,HTG 序列）的核酸序列。

PFAM：Pfam (Protein family)是最全面的蛋白结构域注释的分类系统。蛋白质是由一个个结构域组成的，而每个特定结构域的蛋

白序列具有一定保守性。PFAM 将蛋白质的结构域分为不同的蛋白家族，通过蛋白序列的比对建立了每个家族的氨基酸序列的 HMM 统

计模型。PFAM 家族按注释结果可靠性分为两大类：手工注释的可靠性高的 Pfam-A 家族和程序自动产生 Pfam-B 家族。我们通过

HMMER3 程序，搜索已建好的蛋白结构域的 HMM 模型，对 unigene 进行了蛋白家族的注释。详 http://pfam.sanger.ac.uk/。

KOG/COG: COG 是 Clusters of Orthologous Groups of proteins 的简称，KOG 为 euKaryotic Ortholog Groups。这两个注释系统

都是 NCBI 的基于基因直系同源关系，其中 COG 针对原核生物，KOG 针对真核生物。COG/KOG 结合进化关系将来自不同物种的同源

基因分为不同的 Ortholog 簇，目前 COG 有 4873 个分类，KOG 有 4852 个分类。来自同一 ortholog 的基因具有相同的功能，这样就可

以将功能注释直接继承给同一 COG/KOG 簇的其他成员。详见 http://www.ncbi.nlm.nih.gov/COG/。

Swiss-Prot（A manually annotated and reviewed protein sequence database）搜集了经过有经验的生物学家整理及研究的蛋白

序列。详见 http://www.ebi.ac.uk/uniprot/。

KEGG 是 Kyoto Encyclopedia of Genes and Genomes 的简称，是系统分析基因产物和化合物在细胞中的代谢途径以及这些基因产物的



生
工
转
录
调
控
测
序
服
务

生
工
转
录
调
控
测
序
服
务

24
地       址：上海市松江区香闵路 698 号                     Add:   698 Xiang Min Road SongJiang Shanghai China
技术支持：021-37772413/57072083/57072061

功能的数据库。它整合了基因组、化学分子和生化系统等方面的数据,包括代谢通路（KEGG PATHWAY）、药物（KEGG DRUG）、

疾病（KEGG DISEASE）、功能模型（KEGG MODULE）、基因序列（KEGG GENES）及基因组（KEGG GENOME）等等。KO（KEGG 

ORTHOLOG）系统将各个 KEGG 注释系统联系在一起，KEGG 已建立了一套完整 KO 注释的系统，可完成新测序物种的基因组或转录

组的功能注释。详见 http://www.genome.jp/kegg/ 。

GO(Gene Ontology)是一套国际标准化的基因功能描述的分类系统。GO 分为三大类 ontology：生物过程（Biological Process）、

分子功能（Molecular Function）和细胞组分(Cellular Component)，分别用来描述基因编码的产物所参与的生物过程、所具有的分子功

能及所处的细胞环境。GO 的基本单元是 term，每个 term 有一个唯一的标示符（由“GO:”加上 7 个数字组成，例如 GO:0072669）；每

类 ontology 的 term 通过它们之间的联系（is_a, part_of, regulate）构成一个有向无环的拓扑结构。详见 http://www.geneontology.org/。

各数据库及功能注释所用到的软件及方法：

NT：NCBI blast 2.2.28+，blastn 

NR、SwissProt、TrEMBLe 序列数据库的比对：NCBI blast 2.2.28+，blastx; 

CDD、COG/KOG、PFAM：NCBI blast2.2.28+，rpsblast; 

GO 功能注释：基于 Swissprot 和 TrEMBL 两部分的蛋白注释结果及 GO 数据库通过自写脚本获取 GO 注释信息; 

KEGG 相关注释：KAAS，KEGG Automatic Annotation Server。

结果目录：4_Annotation/ 

Annotation_statistics.xls：各数据库注释比例统计，结果如下：

表 5.7 各数据注释比例统计

)%(egatnecrePseneginUforebmuNesabataD

52.4296312DDCnidetatonnA

53.8137161GOKnidetatonnA

33.4385203RNnidetatonnA

43.3276502TNnidetatonnA

92.1226781MAFPnidetatonnA

42.5214222torpssiwSnidetatonnA

50.4380003LBMErTnidetatonnA

13.7207042OGnidetatonnA

53.62955GGEKnidetatonnA

18.6334423esabatadenotsaeltanidetatonnA

56.42014esabatadllanidetatonnA

00113188seneginUlatoT

Annotated in CDD: CDD 注释成功的蛋白数目及其占总蛋白数的比例

Annotated in KOG: KOG 注释成功的蛋白数目及其占总蛋白数的比例

Annotated in NR: NR 注释成功的蛋白数目及其占总蛋白数的比例

Annotated in PFAM: Pfam 注释成功的蛋白数目及其占总蛋白数的比例

Annotated in Swissprot: Swissprot 注释成功的蛋白数目及其占总蛋白数的比例

Annotated in TrEMBLe: TrEMBLe 注释成功的蛋白数目及其占总蛋白数的比例

Annotated in GO: GO 注释成功的蛋白数目及其占总蛋白数的比例

Annotated in KEGG: KO 注释成功的蛋白数目及其占总蛋白数的比例

Annotated in at least one Database: 在以上 8 个数据库中至少 1 个数据库注释成功的蛋白数目及其占总蛋白数的比例

Annotated in all Databases: 在以上 8 个数据库中都注释成功的蛋白数目及其占总蛋白数的比例

Total Unigenes: 总的蛋白条数,占总蛋白比例为 100% 

Annotation_ratio.pdf：各数据注释比例折线图，作图源文件为 Annotation_statistics.xls，展示如下图：
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NR species distribution
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Homo sapiens
Vitis vinifera
Prunus persica
Glycine max
Fragaria vesca subsp. vesca
Cucumis sativus
Dothistroma septosporum NZE10

Cicer arietinum
Medicago truncatula
Jatropha curcas
Mus musculus
Solanum lycopersicum
Pan troglodytes
Arabidopsis thaliana
Macaca fascicularis
Pseudocercospora fijiensis CIRAD86
Other

●

●

●

●
●

●

●

●

●

0

10

20

30

Percentage of annotated genes

Database

P
er

ce
nt

ag
e(

%
) 24.25

18.35

34.33

23.34
21.29

25.24

34.05

27.31

6.35

CDD KOG NR NT PFAM Swissprot TrEMBL GO KEGG

图 5.11 数据库注释比例折线图

nr_species_count.pdf：NR 数据库注释物种统计饼图，作图源文件为 nr_species_count.xls，展示如下图：

图 5.12 NR 数据库物种分布饼图

注：默认只展示丰度前 20 的物种

Venn_diagram_for_annotation.pdf：各数据库注释上的基因韦恩图，默认为绘制 NR、KEGG、Swissprot、KOG/COG 之间的

韦恩图，展示如下图：
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图 5.13 各数据库注释韦恩图

5.4.2  COG、KOG 注释 

将 Unigene 序列比对到 COG/KOG 数据库中，原核物种比对 COG 数据库，真核物种比对到 KOG 数据库，基于比对结果计算各

功能类下面注释上的基因数目。

结果目录：4_Annotation/KOG/ 

KOG_code_count.xls/COG_code_count.xls：各功能类基因数目统计列表，结果如下表：

表 5.8 COG/KOG 各功能类基因数统计表 

Code Name Gene_num Gene_ratio 

97.219602ylnonoitciderpnoitcnuflareneGR

86.119881smsinahcemnoitcudsnartlangiST

O Posttranslational modification, prot 34.119481senorepahc,revonrutnie

J Translation, ribosomal stru 14.66301sisenegoibdnaerutc

32.68001nwonknunoitcnuFS

U Intracellular trafficking, secret 67.5239tropsnartralucisevdna,noi

84.5788noitpircsnarTK

6.4447noisrevnocdnanoitcudorpygrenEC

61.4276noitacifidomdnagnissecorpANRA

60.4756msilobatemdnatropsnartetardyhobraCG

注：上表展示的仅为前 10 的功能类，完整列表请看相关文件

KOG_Categories.pdf/COG_Categories.pdf：COG /KOG 注释功能类条形图，绘图源文件为

KOG_code_count.xls/COG_code_count.xls，结果展示如下：
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图 5.14 KOG 注释条形图

注：各字母意义：

[S] Function unknown  

[Z] Cytoskeleton  

[Y] Nuclear structure  

[W] Extracellular structures  

[V] Defense mechanisms  

[U] Intracellular trafficking, secretion, and vesicular transport  

[T] Signal transduction mechanisms  

[R] General function prediction only  

[Q] Secondary metabolites biosynthesis, transport and catabolism  

[P] Inorganic ion transport and metabolism  

[O] Posttranslational modification, protein turnover, chaperones  

[N] Cell motility  

[M] Cell wall/membrane/envelope biogenesis  

[L] Replication, recombination and repair  

[K] Transcription  

[J] Translation, ribosomal structure and biogenesis  

[I] Lipid transport and metabolism  

KOG Categories

P
er

ce
nt

 o
f g

en
es

(%
)

(A
) R

N
A 

pr
oc

es
si

ng
 a

nd
 m

od
ifi

ca
tio

n 

(B
) C

hr
om

at
in

 s
tru

ct
ur

e 
an

d 
dy

na
m

ic
s 

(C
) E

ne
rg

y 
pr

od
uc

tio
n 

an
d 

co
nv

er
si

on
 

(D
) C

el
l c

yc
le

 c
on

tro
l, 

ce
ll 

di
vi

si
on

, c
hr

om
os

om
e 

pa
rti

tio
ni

ng
 

(E
) A

m
in

o 
ac

id
 tr

an
sp

or
t a

nd
 m

et
ab

ol
is

m
 

(F
) N

uc
le

ot
id

e 
tra

ns
po

rt 
an

d 
m

et
ab

ol
is

m
 

(G
) C

ar
bo

hy
dr

at
e 

tra
ns

po
rt 

an
d 

m
et

ab
ol

is
m

 

(H
) C

oe
nz

ym
e 

tra
ns

po
rt 

an
d 

m
et

ab
ol

is
m

 

(I)
 L

ip
id

 tr
an

sp
or

t a
nd

 m
et

ab
ol

is
m

 

(J
) T

ra
ns

la
tio

n,
 ri

bo
so

m
al

 s
tru

ct
ur

e 
an

d 
bi

og
en

es
is

 

(K
) T

ra
ns

cr
ip

tio
n 

(L
) R

ep
lic

at
io

n,
 re

co
m

bi
na

tio
n 

an
d 

re
pa

ir 

(M
) C

el
l w

al
l/m

em
br

an
e/

en
ve

lo
pe

 b
io

ge
ne

si
s 

(N
) C

el
l m

ot
ilit

y 

(O
) P

os
ttr

an
sl

at
io

na
l m

od
ifi

ca
tio

n,
 p

ro
te

in
 tu

rn
ov

er
, c

ha
pe

ro
ne

s 

(P
) I

no
rg

an
ic

 io
n 

tra
ns

po
rt 

an
d 

m
et

ab
ol

is
m

 

(Q
) S

ec
on

da
ry

 m
et

ab
ol

ite
s 

bi
os

yn
th

es
is,

 tr
an

sp
or

t a
nd

 c
at

ab
ol

is
m

 

(R
) G

en
er

al
 fu

nc
tio

n 
pr

ed
ic

tio
n 

on
ly

 

(S
) F

un
ct

io
n 

un
kn

ow
n

(T
) S

ig
na

l t
ra

ns
du

ct
io

n 
m

ec
ha

ni
sm

s 

(U
) I

nt
ra

ce
llu

la
r t

ra
ffi

ck
in

g,
 s

ec
re

tio
n,

 a
nd

 v
es

ic
ul

ar
 tr

an
sp

or
t 

(V
) D

ef
en

se
 m

ec
ha

ni
sm

s 

(W
) E

xt
ra

ce
llu

la
r s

tru
ct

ur
es

 

(X
) U

nn
am

ed
 p

ro
te

in

(Y
) N

uc
le

ar
 s

tru
ct

ur
e 

(Z
) C

yt
os

ke
le

to
n 0

5

10

15

0

809

1617

2426

N
um

be
r o

f g
en

es



生
工
转
录
调
控
测
序
服
务

生
工
转
录
调
控
测
序
服
务

28
地       址：上海市松江区香闵路 698 号                     Add:   698 Xiang Min Road SongJiang Shanghai China
技术支持：021-37772413/57072083/57072061

GO Classification

P
er

ce
nt

 o
f g

en
es

(%
)

0.01

0.1

1

10

100

re
pr

od
uc

tio
n

ce
ll 

ki
llin

g

im
m

un
e 

sy
st

em
 p

ro
ce

ss

m
et

ab
ol

ic
 p

ro
ce

ss

ce
llu

la
r p

ro
ce

ss

re
pr

od
uc

tiv
e 

pr
oc

es
s

bi
ol

og
ic

al
 a

dh
es

io
n

si
gn

al
in

g

m
ul

tic
el

lu
la

r o
rg

an
is

m
al

 p
ro

ce
ss

de
ve

lo
pm

en
ta

l p
ro

ce
ss

gr
ow

th
lo

co
m

ot
io

n

si
ng

le
−o

rg
an

is
m

 p
ro

ce
ss

rh
yt

hm
ic

 p
ro

ce
ss

po
si

tiv
e 

re
gu

la
tio

n 
of

 b
io

lo
gi

ca
l p

ro
ce

ss

ne
ga

tiv
e 

re
gu

la
tio

n 
of

 b
io

lo
gi

ca
l p

ro
ce

ss

re
gu

la
tio

n 
of

 b
io

lo
gi

ca
l p

ro
ce

ss

re
sp

on
se

 to
 s

tim
ul

us
lo

ca
liz

at
io

n

es
ta

bl
is

hm
en

t o
f l

oc
al

iz
at

io
n

m
ul

ti−
or

ga
ni

sm
 p

ro
ce

ss

bi
ol

og
ic

al
 re

gu
la

tio
n

ce
llu

la
r c

om
po

ne
nt

 o
rg

an
iz

at
io

n 
or

 b
io

ge
ne

si
s

ex
tra

ce
llu

la
r r

eg
io

n
ce

ll
nu

cl
eo

id
m

em
br

an
e

vi
rio

n
ce

ll 
ju

nc
tio

n

ex
tra

ce
llu

la
r m

at
rix

m
em

br
an

e−
en

cl
os

ed
 lu

m
en

m
ac

ro
m

ol
ec

ul
ar

 c
om

pl
ex

or
ga

ne
lle

ex
tra

ce
llu

la
r m

at
rix

 p
ar

t

ex
tra

ce
llu

la
r r

eg
io

n 
pa

rt

or
ga

ne
lle

 p
ar

t
vi

rio
n 

pa
rt

m
em

br
an

e 
pa

rt

sy
na

ps
e 

pa
rt

ce
ll 

pa
rt

sy
na

ps
e

sy
m

pl
as

t

pr
ot

ei
n 

bi
nd

in
g 

tra
ns

cr
ip

tio
n 

fa
ct

or
 a

ct
iv

ity

nu
cl

ei
c 

ac
id

 b
in

di
ng

 tr
an

sc
rip

tio
n 

fa
ct

or
 a

ct
iv

ity

ca
ta

ly
tic

 a
ct

iv
ity

re
ce

pt
or

 a
ct

iv
ity

st
ru

ct
ur

al
 m

ol
ec

ul
e 

ac
tiv

ity

tra
ns

po
rte

r a
ct

iv
ity

bi
nd

in
g

el
ec

tro
n 

ca
rri

er
 a

ct
iv

ity

an
tio

xi
da

nt
 a

ct
iv

ity

ch
an

ne
l r

eg
ul

at
or

 a
ct

iv
ity

m
et

al
lo

ch
ap

er
on

e 
ac

tiv
ity

en
zy

m
e 

re
gu

la
to

r a
ct

iv
ity

re
ce

pt
or

 re
gu

la
to

r a
ct

iv
ity

pr
ot

ei
n 

ta
g

ch
em

oa
ttr

ac
ta

nt
 a

ct
iv

ity

tra
ns

la
tio

n 
re

gu
la

to
r a

ct
iv

ity

nu
tri

en
t r

es
er

vo
ir 

ac
tiv

ity

m
ol

ec
ul

ar
 tr

an
sd

uc
er

 a
ct

iv
ity

9

88

881

8813

88131

N
um

be
r o

f g
en

es

biological_process
cellular_component
molecular_function

[H] Coenzyme transport and metabolism  

[G] Carbohydrate transport and metabolism  

[F] Nucleotide transport and metabolism  

[E] Amino acid transport and metabolism  

[D] Cell cycle control, cell division, chromosome partitioning  

[C] Energy production and conversion  

[B] Chromatin structure and dynamics  

[A] RNA processing and modification 

5.4.3  GO 注释 

对得到的基因进行 GO 分类，统计基因在 Biological Process, Cellular Component, Molecular Function 三个类别的各 GO term。

此分析是基于 blast uniprot 的结果(即合并与 swissprot 和 trembl 的结果 )，利用得到的 uniprot 号比对 GO term。

所用软件：自写程序

结果目录：4_Annotation/GO/ 

GO_classification_level2.pdf：GO 分类在 level2 水平上基因分别条形图，结果如下图：

图 5.15  level2 水平 GO 注释上的基因分布

说明：横坐标表示 Level2 水平上 GO term，不同颜色代表不同 GO 类，分为三大类，纵坐标表示注释到该 term 上面的 Unigene

数目及比率，纵坐标采用对数坐标。

5.4.4  KEGG 注释 

对得到的基因进行 KEGG Pathway 分析，利用 KAAS 预测得到对应的 KO 号，然后利用 KO 号对应到 KEGG pathway 上，分析基

因与 KEGG 中酶注释的关系文件以及映射到 pathway 的信息。
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KEGG Classification
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Organismal Systems

结果目录：4_Annotation/KEGG/ 

kegg_annot2.xls：各 pathway 注释上的 Unigene 数目，结果如下：

表 5.9 各 pathway 注释上的 Unigene 数目

mun_eneGeman_yawhtaPDI_yawhtaP

872emosobiR01030ok

161msilobatemnobraC00210ok

061sdicaonimafosisehtnysoiB03210ok

741emosoecilpS04030ok

ko04075 Plant hormone 931noitcudsnartlangis

ko04141 Protein processing in endoplasmic reticulum 138 

821tropsnartANR31030ok

021msilobatemeniruP03200ok

911esaesids'notgnitnuH61050ok

811noitalyrohpsohpevitadixO09100ok

注：上表展示的仅为前 10 的 pathway，完整列表请看相关文件

KEGG_Categories.pdf：pathway 注释分类结果，绘图源文件为 kegg_annot_catar.xls，展示如下图：

图 5.16 pathway 注释分类条形图

说明：纵坐标为 KEGG 代谢通路的名称，横坐标为注释到该通路下的基因个数， 将基因根据参与的 KEGG 代谢通路分为 5 个分

支：细胞过程（A，Cellular Processes），环境信息处理（B，Environmental Information Processing），遗传信息处理（C，GeneticInformation 

Processing），代谢（D，Metabolism），有机系统（E，Organismal Systems）。
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5.4.5  CDS 预测 

获取 NR 数据库最佳比对结果，通过该结果确定 Unigene的 ORF 的读码框，然后根据标准码子表确定其 CDS 及编码的氨基酸序

列，未比对上的 Unigene通过 OrfPredict软件预测其 CDS 序列。

所用软件：OrrPredictor，(http://www.proteomics.ysu.edu/tools/OrfPredictor.html/) 

参数设置：默认参数。

结果目录：4_Annotation/CDS_predict/ 

CDS_Len_Dis.pdf：CDS 长度分布图，绘图源文件为 cds_length_distribution.xls，结果如下：

图 5.17 CDS 长度分布图

CDS_length_ratio.pdf：CDS 区域占 Unigene基因长度比例分布图，绘图源文件为 cds_length_ratio.xls，结果如下：

图 5.18 CDS 区域占 Unigene基因长度比例分布图
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5.5  RNASeq 测序评估 

5.5.1  Mapping 结果统计 

以 Trinity 拼接得到的转录组作为参考序列，将每个样品的 clean reads（pair-end 序列）对参考序列做 mapping。该过程采用了

RSEM 软件（Li et al.,2011），RSEM 中使用到的 bowtie 参数 mismatch 2。比对之后计算各样本的 Mapping 比率，Mapping 比率计算

采用软件 RSeQC。

Mapping 软件：bowtie（http://bowtie-bio.sourceforge.net/index.shtml）

关键参数设置：-v 2 -S  

Mapping 统计软件：RSeQC（http://rseqc.sourceforge.net/）bam_stat.py 模块，RSeQC 为一款专门用于做 RNAseq 数据 QC 的

软件。

关键参数设置：默认参数

结果目录：5_RNASeq_evaluation/ 

All_sample_mapping_stastics.xls：所有样本的 Mapping 比例统计，结果如下表：

表 5.10 各样本 Mapping 统计结果

2T1T2C1Ceman_elpmaS

Total reads 32458828 36972340 34670662 40267000 

Total mapped 26557207(81.82%) 30009734(81.17%) 28098092(81.04%) 32849690(81.58%) 

Mutiple mapped 2895178(8.92%) 3149259(8.52%) 3166489(9.13%) 3289726(8.17%) 

Unique mapped 23662029(72.90%) 26860475(72.65%) 24931603(71.91%) 29559964(73.41%) 

Read1 mapped 12347541(38.04%) 13983736(37.82%) 13099863(37.78%) 15426315(38.31%) 

Read2 mapped 11314488(34.86%) 12876739(34.83%) 11831740(34.13%) 14133649(35.10%) 

Mapped to '+' 11845959(36.50%) 13456289(36.40%) 12487367(36.02%) 14803261(36.76%) 

Mapped tp '-' 11816070(36.40%) 13404186(36.25%) 12444236(35.89%) 14756703(36.65%) 

Non-splice reads 16084525(49.55%) 18680886(50.53%) 17258252(49.78%) 20309666(50.44%) 

Splice reads 7577504(23.34%) 8179589(22.12%) 7673351(22.13%) 9250298(22.97%) 

Reads mapped in 
proper pairs 

21008118(64.72%) 23931742(64.73%) 21995996(63.44%) 26279516(65.26%) 

注：若样本数目较多，此处只会截取部分样本数据，完整数据请见结果文件夹中的对应文件。

Total Reads：所有的序列数目，为 QC 之后的 pair-end 序列，single_end 序列未加入分析；

Total Mapped：比对上的序列数目及比例

Mutiple mapped：比对到多个地方的序列数目及比例

Unique Mapped：唯一比对的序列数及比例，后面各列统计的均为 Unique mapped 结果

Read1 Mapped：Read1 Mapped 上的序列数及占比，此处只算 Unique Mapped 序列

Read2 Mapped：Read2 Mapped 上的序列数及占比，此处只算 Unique Mapped 序列

Mapped to ‘+’：比对到正向的序列数及比例

Mapped to ‘-’：比对到反向的序列数及比例

Non-splice reads：非 splice Mapped 序列比对，此处比对的是转录本，基本都为 Non-splice reads 

Splice reads：splice Mapped 序列比对，此处比对的是转录本，无 splice reads 

Reads mapped in proper pairs：PE reads 一起 Mapped 上的数目及比例。

5.5.2 均一化分析 

均一化分析是用于评估转录组测序建库时对 mRNA 的打断是否随机，若不随机则可能对后续的分析会产生较大偏好性，计算方法

为将每条转录本均均一化为 100 长度，计算每个位置的覆盖度，之后计算所有转录本在这 100 长度位置上的覆盖度均值，看其是否均



生
工
转
录
调
控
测
序
服
务

生
工
转
录
调
控
测
序
服
务

32
地       址：上海市松江区香闵路 698 号                     Add:   698 Xiang Min Road SongJiang Shanghai China
技术支持：021-37772413/57072083/57072061

Gene body percentile (5'->3')

LTS2

LTS3

LTS1

CONT1

CONT2

CONT3

1 10 20 30 40 50 60 70 80 90 100

0 20 40 60 80 100

0.
0

0.
2

0.
4

0.
6

0.
8

1.
0

Gene body percentile (5'->3')

C
ov

er
ag

e

LTS2
LTS3
LTS1
CONT1
CONT2
CONT3

一。根据转录组建库实验的特点，转录本产生的测序序列距离转录本的5'端和 3'端越近，测序深度越低，但总体的均一化程度比较

高。符合上述特点的转录本测序序列可判定为一次合格的转录组测序。

均一化分析软件：RSeQC inner_distance.py 模块及 geneBody_coverage.py 模块，参数默认。

结果目录：5_RNASeq_evaluation/ 

All.geneBodyCoverage.curves.pdf：所有样本均一化分布曲线图，绘图源文件为 All.geneBodyCoverage.txt，结果展示如下：

图 5.19 所有样本均一化分布曲线

说明：横坐标为距离转录本 5’端的相对位置（以百分比表示），纵坐标为覆盖深度的平均值，从图中可知该次测序符合正常 RNASeq

测序特点，为合格测序。

All.geneBodyCoverage.heatMap.pdf：均一化分布热图，与上图展示的结果类似，采用热图模式。

图 5.20 均一化分布热图
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说明：横坐标为距离转录本 5’端的相对位置，纵轴为样本，每一个颜色块表示平均覆盖度，颜色越红覆盖度越高，一般正常测序中

间颜色块较红，越往两端颜色越绿。

*/*.geneBodyCoverage.curves.pdf：某样本均一化分布曲线，每个样本对应的文件夹中均会有该文件。

图 5.21 单样本均一化分布曲线

注：每个样本均会有一个该文件，在对应的样本文件夹中，上面展示的只是其中一个样本的结果，其他样本的见对应的样本名文

件夹。

*/*.inner_distance_plot.pdf：某样本建库片段 inner 距离直方图，inner_distance 即 Read1 与 Read2 之间的距离。结果如下：

图 5.22 单样本 inner_distance 直方图
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Distribution of Gene's coverage(CONT1)

注：每个样本均会有一个该文件，在对应的样本文件夹中，上面展示的只是其中一个样本的结果，其他样本的见对应的样本名文件

夹。

说明：横坐标表示建库片段的 inner_distance，纵坐标表示片段的密度，该图可以反应出转录组测序的建库片段大小分布，一般转

录组测序文库大小为 180-200bp。通过上图可以估算出建库片段大小，计算方式为（2*测序长度+Mean）。

5.5.3  基因覆盖度分析 

通过比对结果，计算各转录本各位置的覆盖度，并计算各转录本的覆盖率，通过计算每个样本各基因的覆盖比率可以看出该次测序

各样本被完全测到以及未被测到基因的比例，亦可看出样本间是否存在较多特异性表达的基因。

覆盖度分析软件：samtools（http://samtools.sourceforge.net/）

软件参数设置：samtools depth -b 

结果目录：5_RNASeq_evaluation/ 

*/*.coverage.interval_plot.pdf：基因覆盖分布饼图，绘图源文件为*.coverage.interval.xls，展示结果如下：

图 5.23 单样本基因覆盖度饼图

注：每个样本均会有一个该文件，在对应的样本文件夹中，上面展示的只是其中一个样本的结果，其他样本的见对应的样本名文件夹。

5.5.4  测序饱和度分析 

测序饱和度曲线反映了基因表达水平定量对数据量的要求。表达量越高的基因，就越容易被准确定量；反之，表达量低的基因，需

要较大的测序数据量才能被准确定量。当曲线达到饱和，说明测序数据量已满足定量要求。表达水平的饱和曲线的具体算法描述如下：

分别对 10%、15%，20%、25%……90%的总体 mapped reads 单独进行基因定量分析，把 100%mapped reads 数据条件下得到的基

因表达水平作为最终数值。用每个百分比条件下求出的单个基因的RPKM 数值和最终对应基因的表达水平数值进行比较，如果差异小于

10%，则认为这个基因在这个条件下定量是准确的。

饱和度分析软件：RSeQC RPKM_saturation.py 模块，参数默认。

结果目录：5_RNASeq_evaluation/ 

All_saturation_curve_plot.pdf：所有样本所有基因饱和度曲线，绘图源文件为 All.saturation.xls，详细展示如下图：

0%−10%(43723)
10%−20%(1255)
20%−30%(2886)
30%−40%(4619)
40%−50%(6210)
50%−60%(7656)
60%−70%(8780)
70%−80%(10485)
80%−90%(12724)
90%−100%(16856)
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图 5.24 所有样本所有基因饱和度曲线

说明：横坐标代表定位到基因组上的 reads 数占总 mapped reads 数的百分比，纵坐标代表定量误差在 10%以内的基因占总基因数

的比例。

*/*_saturation_curve_plot.pdf：单样本饱和度曲线图，结果展示如下：

图 5.25 单样本基因饱和度曲线

注：每个样本均会有一个该文件，在对应的样本文件夹中，上面展示的只是其中一个样本的结果，其他样本的见对应的样本名文

件夹。

说明：横坐标代表定位到基因组上的 reads 数占总 mapped reads 数的百分比，纵坐标代表定量误差在 10%以内的基因占总基因

数的比例。不同颜色的线条代表不同 RPKM 区间。图例方框中为不同颜色对应的 100%mapped reads 时的 RPKM 区间。上图中可反应

出表达量位于哪些区间已达到饱和，表达量较低的基因尚未达到饱和。
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5.6 表达量统计及样本间聚类分析 

注：以下全部展示的均为基因层面，转录本层面的结果在对应的文件夹里面均有，带 isoforms 命名的均为转录本层面结果。

5.6.1  表达量统计及绘图 

采用 RSEM（Li et al., 2011）对 bowtie 的比对结果进行统计，进一步得到每个样品比对到每个基因上的 read count 数目。在 RNA-seq

技术中，FPKM（Fragment Per Kilo bases per Million mapped Reads）是每百万 reads 中来自某一基因每千碱基长度的 reads 数目，FPKM

同时考虑了测序深度和基因长度对 reads 计数的影响，是目前最为常用的基因表达水平估算方法（Mortazavi et al., 2008）。所以我们将 read 

count 数进行了 FPKM 转换。FPKM 计算公式如下：

)(*)( KBexonlengthmillionsmentsmappedFrag
ragmentstotalexonFFPKM =

计算表达量软件：RSEM（http://deweylab.biostat.wisc.edu/rsem/），参数采用默认参数。

结果目录：6_expression_profile/ 

All.genes.FPKM.interval.xls：各样本表达量区间统计表，结果如下：

表 5.11 基因表达量区间统计

2T1T2C1C

)%00.001(26623)%00.001(26623)%00.001(26623)%00.001(26623llA

Expressed number 16097(49.28%) 16070(49.20%) 15843(48.51%) 16090(49.26%) 

)%64.45(78771)%98.45(72971)%64.45(88771)%68.35(195711.0-0

)%60.9(9592)%50.9(5592)%12.9(7003)%63.9(75031-1.0

)%97.42(6908)%36.42(5408)%76.42(8508)%31.52(80283-1

)%58.8(1982)%65.8(5972)%88.8(2092)%59.8(429201-3

10-100 0(0.00%) 0(0.00%) 0(0.00%) 0(0.00%) 

)%48.2(929)%88.2(049)%87.2(709)%07.2(288001>

All.genes.FPKM.interval.barplot.pdf：各样本表达量区间条形图，绘图源文件为 All.genes.FPKM.interval.xls，结果展示如下：

图 5.26 表达量区间条形图
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All.genes.FPKM.boxplot.pdf：各样本基因表达量盒状图，展示如下图：

图 5.27 基因表达量盒状图

说明：横坐标为样本，不同颜色代表不同样本，纵坐标为 Log2(FPKM)值，触须的范围表示表达量的最大与最下值，盒子里面区

域为 25%-75%区域，盒子里面的黑线为中位数。

All.genes.FPKM.density.pdf：各样本基因表达量密度分布图，展示如下图：

图 5.28 基因表达量密度曲线
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说明：横坐标为表达量 Log2（FPKM）值，纵坐标为对应 Log2(FPKM)的相对密度值，最左边的峰值为未表达的基因。

5.6.2  样本聚类分析 

通过计算样本间距离可以获取样本间相似度，表达模式越接近的样本在聚类分析的时候会越靠近，样本间距离计算方式为 1-R^2，

其中 R 为皮尔森相关系数。样本间聚类方式为 Hierarchical  clustering。

聚类软件：R 

结果目录：6_expression_profile/ 

All.genes.correlation.heatmap.pdf：样本间距离热图，结果展示如下图：

图 5.29 样本间距离热图

说明：上图中每个颜色方块表示两两样本间距离，聚类最大值为 1，最小值为 0，距离值越大颜色越蓝，反之距离越小颜色越红，

且越相似的样本在聚类时会越靠近。上图可反应出所有样本间的相似度情况。

All.genes.Sample.clustering.pdf：样本间聚类树图，如下图：

图 5.30 样本间聚类树图
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说明：样本聚类图，图中每一个分支代表一个样本，长度值表示样本间的距离，样本间相似度越高，则在树图中越靠近。

5.6.3  样本间相关性分析 

样品间基因表达水平相关性是检验实验可靠性和样本选择是合理性的重要指标。相关系数越接近 1，表明样品之间表达模式的相似

度越高。若样品中有生物学重复，通常生物重复间相关系数要求较高。

结果目录：6_expression_profile/correlation_analysis/ 

All.genes.pearson.correlation.matrix.csv：各样本间 pearson 相关系数矩阵，结果如下表：

表 5.12 pearson 相关性系数矩阵

 CONT1 CONT2 CONT3 LTS1 LTS2 LTS3 

CONT1 1 0.778578 0.781552 0.611861 0.602395 0.605342 

CONT2 0.778578 1 0.776422 0.605262 0.596534 0.600413 

CONT3 0.781552 0.776422 1 0.611913 0.600308 0.605311 

LTS1 0.611861 0.605262 0.611913 1 0.702253 0.702811 

LTS2 0.602395 0.596534 0.600308 0.702253 1 0.698366 

LTS3 0.605342 0.600413 0.605311 0.702811 0.698366 1 

注：上面只展示了 pearson 相关性系数矩阵结果，其它两类系数结果见相关文件夹。

A_vs_B.genes.correlation.pdf：样本间相关性分析图，结果如下：

图 5.31 样本间相关性分析图

注：此处只展示了两样本间的结果，其它样本间分析见对应的文件夹。

说明：上图横坐标为样品 1 的 log2FPKM, 纵坐标为样品 2 的 log2FPKM，并计算了三个相关性系数，分别为 pearson、kendall、

spearman。样本越相似，则上图中的大部分的点应集中在对角线附近。
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5.6.4  样本间共同表达基因韦恩图 

结果目录：6_expression_profile/VENN/ 

*.genes.venn.pdf：样本间共同表达基因韦恩图，结果如下：

图 5.32 样本间共同表达基因韦恩图

注：此处只展示一组韦恩图，且最多只会做五个样本间的韦恩图，若样本数目超过 5 个则不做，其它韦恩图结果见对应文件夹。

5.6.5  PCA 分析 

PCA 分析（Principal Component Analysis）即主成分分析，是一种对数据进行简化分析的技术，这种方法可以有效的找出数据中

最“主要”的元素和结构，去除噪音和冗余，将原有的复杂数据降维，揭示隐藏在复杂数据背后的简单结构。通过 PCA 分析可以较好的找

出样本间的关系以及主要影响样本间差异的一些基因。

结果目录：6_expression_profile/PCA/ 

All.genes.PCA.3dplot.pdf：前 3 主成分 3D 图，结果展示如下：

图 5.33 PCA 3Dplot 

PCA 3dplot
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说明：PCA 三维散点图，图中不同颜色代表不同样本或者不同 group 中的样本，样本间相似度越高则在图中越聚集，反之样本间

相似度越低则空间距离越远。

All.genes.PCA.2dplot.heatmap.pdf：前 3 主成分 2D 图，结果展示如下: 

图 5.34 PCA 2Dplot (PC1 vs PC2) 

图 5.35 PCA 2Dplot (PC2 vs PC3) 

5.7  SNP 分析（样本数大于等于 2 时才做） 

5.7.1 方法说明 

基于比对结果对各样本做 SNP/INDEL calling，采用软件为samtools，得到SNP及INDEL结果后对原始结果进行过滤，过滤条件为：

1）QUAL 值大于 20，2）覆盖度大于 2。通过 SNP 结果可以找出不同品系间样本在 mRNA 层面的基因型差异，进而与表达量及表型关

联起来。

采用软件：Samtools，bcftools（http://samtools.sourceforge.net/）。

参数设置：samtools mpileup -uD 
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5.7.2 结果展示 

结果目录：7_SNP/ 

All.bam.filtered.vcf：各样本原始 SNP 结果 VCF 文件，vcf 文件格式详细介绍见

http://www.1000genomes.org/wiki/Analysis/Variant%20Call%20Format/vcf-variant-call-format-version-40。

All.SNP.Indel.count.pdf：所有样本 SNP、INDEL 数目条形图，绘图源文件为 All.snp.indel.count.xls，结果展示如下图：

图 5.36 各样本 SNP 数目统计图

*/*.snp.density.pdf：某样本 SNP 密度度，结果展示如下：

图 5.37 单样本 SNP 密度直方图
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说明：上图横坐标表示每 1KB 里面 SNP 的数目，纵坐标为对应的基因数目

*/*.mutation.spectrum.pdf：各样本突变谱系图，结果展示如下：

图 5.38 单样本突变谱系图

注：在 SNP 结果文件夹中每个样本分别会有自身样本名对应的文件夹，上面展示的只是其中一个样本的结果，其他样本结果见对

应的文件夹。

5.8  差异表达分析 

注：以下全部展示的均为基因层面，转录本层面的结果在对应的文件夹里面均有，带 isoforms 命名的均为转录本层面结果。

5.8.1 方法说明 

无生物学重复样本分析方法如下：

参照 Audic S.等人发表在 Genome Research 上的基于测序的差异基因检测方法{Audic, 1997 #8}（该文献已被引用超过五百次）。

假设观测到基因 A 对应的 reads 数为 x，已知在一个大文库中，每个基因的表达量只占所有基因表达量的一小部分，在这种情况下，p(x)

的分布服从泊松分布：

已知，样本一中唯一比对上总 reads 数为 N1，样本二中比对上的总 reads 数为 N2，样本一中比对到基因 A 的总 reads 数为 x，样本二

中比对到基因 A 的总 reads 数为 y，则基因 A 在两样本中表达量相等的概率可由以下公式计算：
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然后，我们对差异检验的 p value 作多重假设检验校正，采用的方法为 FDR，在我们的分析中，差异表达基因定义为 p≤0.01 且倍数差

异在 2 倍以上的基因。

有生物学重复样本筛选方法如下：

采用 DEseq 进行差异分析,筛选阈值为 qvalue<0.001 且|FoldChange|>2。

差异分析软件：DESeq、edgeR（http://www.bioconductor.org/）

5.8.2 结果展示   

结果目录：8_DEGs_analysis/ 

genes.DEGs.num.xls：差异基因统计结果，结果如下：

表 5.13 差异基因数目统计

LLANWODPUerapmoC

7172083173311T_sv_1C

82118760542T_sv_1C

5789246443T_sv_1C

5966249622T_sv_1T

2388464813T_sv_1T

2944828023T_sv_2T

A_vs_B/*genes.DEGs.count.pdf：差异基因数目统计条形图，结果展示如下：

图 5.39 差异基因数目条形图
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A_vs_B/*.genes.FPKM.boxplot.pdf：比较对样本表达盒状图，结果如下：

图 5.40 比较对间样本表达量盒状图

注：上述展示的只是一组比较对间的结果，若有多组比较，到对应的比较对文件夹中可以找到相应的结果，若只有一组比较此处展

示的结果与图 6.26 一样，下同。

A_vs_B/*.genes.FPKM.density.pdf：比较对样本表达密度曲线图，结果如下：

图 5.41 比较对间样本表达密度曲线
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A_vs_B/.genes.FPKM.Scatter.plot.pdf：比较对样本间表达量散点图，结果如下图：

图 5.42 比较对样本件表达量散点图

说明：上图为样本间表达量散点图，每一个点代表一个基因，横纵坐标分别表示 log2(FPKM)值，若为有生物学重复样本则 X/Y 轴的

值为 Log2(Mean FPKM)，即为 log2(生物学重复 FPKM 的均值)。其中红色表示上调基因，绿色表示下调基因，蓝色 表示非差异表达基因，

上调 /下调均是 Y 轴样本相对于 X 轴样本。

A_vs_B/.genes.FPKM.MA.plot.pdf：比较对样本件表达量 MA 图，结果展示如下：

图 5.43 比较对样本件表达量 MA 图

说明：横坐标 X 轴表示 log 均值，即（log2(A)+log2(B)）/2,  纵坐标为代表 log（Foldchange），即 log2(B/ A), 各个数据点红色

代表筛选出的差异基因，蓝色代表非差异基因。

A_vs_B/*.genes.volcano.plot.pdf：火山图，结果展示如下：
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图 5.44 差异分析火山图

说明：横坐标代表基因在不同实验组中/不同样品中表达倍数变化；纵坐标代表基因表达量变化的统计学显著程度，p-value 越小，

-log10(p-value)越大，即差异越显著。图中的散点代表各个基因，蓝色圆点表示无显著性差异的基因，红色圆点表示有显著性差异的基

因，火山图可以直观展现 pvalue 与 log2（foldchange）的关系。

VENN/*.genes.all.venn.pdf：指定的比较对间差异表达基因韦恩图，结果展示如下：

图 5.45 差异基因韦恩图
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注：默认为所有比较对间做韦恩图，当比较对数目大于五时或未指定，则该项分析不会做，上图展示的为所有差异基因，上调与下

调差异基因韦恩图见相关文件夹。

说明：上图展示的为特定比较对间差异基因的韦恩图，通过该图可以看出不同比较对间差异基因的异同。

5.9  差异基因表达模式聚类分析 

5.9.1 方法说明 

差异基因聚类分析用于判断不同实验条件下差异基因表达量的聚类模式。 每个比较组合都会得到一个差异基因集，将所有比较组

合的差异基因求并集，获得该基因集在每个样品中的FPKM值，做后续聚类分析，获得表达模式相近的基因集。

5.9.2 结果展示 

结果目录：8_DEGs_analysis/*_DEGs_cluster/genes 

All_DEGs_samples_heatmap.pdf：所有差异基因表达聚类热图(指定比较组别)，结果展示如下

图 5.46 表达模式聚类热图

说明：热图，所有差异表达基因表达量热图，图中每行代表一个 基因，每列代表一个样本，颜色表示表达量高低，越红表示表达

量越高，反之越绿表示表达量越低。图中分别对样本及基因做聚类，相似的样本会聚在一起，另表达模式相近的基因亦会聚在一起，如

图左侧的距离结果。聚类树下面的颜色块表示 group，颜色相同说明这些样本未同一 group 或者为生物学重复。
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All_DEGs_sample_cor_matrix.pdf：样本相关性热图，该结果基于所有差异表达基因，展示如下：

图 5.47 表达相关性热图

说明：样本相关性热图，图中行列代表样本，每一格表示两样本间的相关性，颜色越红表示样本间相关性越高，越相似，反之越绿

表示相关性越低。聚类树旁边的颜色块表示 group，颜色相同说明这些样本未同一 group 或者为生物学重复。

DEGs_cluster_plot.pdf：基因集表达量散点图，表达模式相近的基因聚为一类，归为一个 cluster，结果展示如下：
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图 5.48 前 4 个 cluster 中基因在各样本中表达量折线图

说明：图中一条折线表示一个基因在不同样本中的表达量值，图中看出每个 cluster 下面的所有基因在所有样本中表达模式均类似。

All_DEGs_genes_foldchange_heatmap.pdf：所有差异表达基因 log2(foldchange)热图，结果展示如下：

图 5.49 foldchange 热图

注：当比较对大于两组时此图才会生成，只有一组比较时此图没有。

说明：上图中红色表示上调表达，绿色表示下调表达，颜色越红表示上调倍数越高，颜色越绿表示下调倍数越高，每一行代表一

个基因，每一列代表一组比较对。
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GO:0032501 
multicellular organismal 
process 

biological_process 489 147 342 3.90E-11 2.90E-07 

GO:0043292 contractile fiber cellular_component 52 10 42 1.30E-10 4.83E-07 

GO:0030154 cell differentiation biological_process 289 103 186 2.70E-10 6.69E-07 

GO:0030016 myofibril cellular_component 49 9 40 6.90E-10 1.28E-06 

GO:0044449 contractile fiber part cellular_component 45 9 36 4.30E-09 5.63E-06 

GO:0044707 
single-multicellular 
organism process 

biological_process 465 146 319 4.80E-09 5.63E-06 

GO:0007275 
multicellular organismal 
development 

biological_process 398 126 272 5.30E-09 5.63E-06 

GO:0044767 
single-organism 
developmental process 

biological_process 444 136 308 1.90E-08 1.77E-05 

GO:0030017 sarcomere cellular_component 41 8 33 3.40E-08 2.30E-05 

GO:0032982 myosin filament cellular_component 17 6 11 3.40E-08 2.30E-05 

GO:0048731 system development biological_process 342 113 229 3.40E-08 2.30E-05 

GO:0032502 developmental process biological_process 444 136 308 4.50E-08 2.79E-05 

GO:0061061 
muscle structure 
development 

biological_process 82 34 48 6.60E-08 3.77E-05 

GO:0048856 
anatomical structure 
development 

biological_process 399 124 275 7.70E-08 4.09E-05 

GO:0060537 
muscle tissue 
development 

biological_process 56 19 37 9.80E-08 4.65E-05 

GO:0055001 muscle cell development biological_process 33 12 21 1.00E-07 4.65E-05 

GO:0048869 
cellular developmental 
process 

biological_process 303 109 194 1.20E-07 5.25E-05 

GO:0042692 
muscle cell 
differentiation 

biological_process 54 20 34 1.60E-07 6.61E-05 

GO:0031674 I band cellular_component 31 7 24 1.90E-07 7.43E-05 

GO:0048523 
negative regulation of 
cellular process 

biological_process 305 98 207 2.70E-07 0.0001 

5.10  差异基因 GO 富集分析 

5.10.1 方法说明 

Gene Ontology（简称 GO, http://www.geneontology.org/）是基因功能国际标准分类体系。根据实验目的筛选差异基因后，研

究差异基因在 Gene Ontology 中的分布状况将阐明实验中样本差异在基因功能上的体现。GO 富集分析方法为 GOseq（Young et al, 

2010）,此方法基于 Wallenius non-central hyper-geometric distribution 。相对于普通的 Hyper-geometric distribution，此分布的特点

是从某个类别中抽取个体的概率与从某个类别之外抽取一个个体的概率是不同的，这种概率的不同是通过对基因长度的偏好性进行估计

得到的，从而能更为准确地计算出 GOterm 被差异基因富集的概率。

5.10.2 结果展示 

结果目录：9_GO_enrichment/，每个比较对在这里面均会有对应的文件夹

A_vs_B/*.genes.all_GO_enrichment.xls：所有差异表达基因 GO 富集分析列表，结果如下

表 5.14 GO 富集分析结果

GO_ID Term Type DEGs_this_ term UP Down Pvalue FDR 
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BP CC MF

GO term

UP
DOWN

注：上述展示的只是富集分析中前 20 的 GO，且为所有差异基因富集分析结果，UP/Down 基因分别的富集分析结果见对应的文

件夹。

GO_ID：GO ID 

Term：GO 名字

Type：GO 功能类

DEGs_this_term：该功能类下的差异基因数目

UP：该功能类下上调基因数目

Down：该功能类下下调基因数目

Pvalue：富集分析 P 值，P 值越小越显著

FDR：P 值校正值

*.genes.all_GO_enrichment_barplot.pdf：GO 富集分析前 50 个 GO 差异基因数目条形图，结果展示如下图：

图 5.50 前 50 个 GO 差异基因数目条形图

说明：横轴为前 50 个显著富集的 GO 名称，纵坐标为差异基因数目，黑色条为上调基因数目，灰色条为下调基因数目，该图可以

反应出所有差异基因在富集的 GO 中的分布。从左到右分别表示 BP,CC,MF。

*.genes.all_GO_enrichment_scatterPlot.pdf：所有差异基因 GO 富集分析前 30 个 GO 富集散点图，结果如下：

图 5.51 GO 富集分析前 30 个 GO 富集散点图



生
工
转
录
调
控
测
序
服
务

生
工
转
录
调
控
测
序
服
务

53
邮箱 /Email：ngs@sangon.com; RNAseq@sangon.com
网址 / Web ：www.sangon.com

GO:0000975
regulatory region DN...

0.000159
46 / 352

GO:0000976
transcription regula...

0.000179
20 / 110

GO:0000981
sequence�specific DN...

0.000102
33 / 220

GO:0000987
core promoter proxim...

2.05e�05
10 / 28

GO:0000988
protein binding tran...

0.000183
71 / 616

GO:0001067
regulatory region nu...

0.000159
46 / 352

GO:0001071
nucleic acid binding...

0.065567
94 / 1076

GO:0001159
core promoter proxim...

2.05e�05
10 / 28

GO:0003674
molecular_function

1.000000
1195 / 15923

GO:0003676
nucleic acid binding

0.735589
361 / 4933

GO:0003677
DNA binding

0.253038
250 / 3207

GO:0003700
sequence�specific DN...

0.057685
94 / 1069

GO:0003824
catalytic activity

0.898382
546 / 7550

GO:0005198
structural molecule ...

0.060536
58 / 630

GO:0005488
binding

0.022018
952 / 12308

GO:0008307
structural constitue...

7.35e�06
16 / 61

GO:0016462
pyrophosphatase acti...

0.410935
100 / 1300

GO:0016787
hydrolase activity

0.991577
221 / 3365

GO:0016817
hydrolase activity, ...

0.440063
100 / 1309

GO:0016818
hydrolase activity, ...

0.420613
100 / 1303

GO:0016887
ATPase activity

0.641745
47 / 653

GO:0017111
nucleoside�triphosph...

0.423352
96 / 1251

GO:0030898
actin�dependent ATPa...

0.000174
8 / 23

GO:0042623
ATPase activity, cou...

0.647999
36 / 504

GO:0043565
sequence�specific DN...

0.000238
75 / 665

GO:0044212
transcription regula...

0.000194
45 / 345

GO:0097159
organic cyclic compo...

0.157927
603 / 7806

GO:1901363
heterocyclic compoun...

0.171303
600 / 7778

说明：纵轴表示 GO 名称，横轴表示 GO 对应的 Rich factor，Pvalue 的大小用点的颜色来表示，Pvalue 越小则颜色越接近红色，

每个 GO 下包含的差异基因的多少用点的大小来表示。

*.genes.all_*_classic_5_all.pdf：topGO 有向无环图

图 5.52 GO 富集有向无环图

说明：topGO 有向无环图（图 19）能直观展示差异基因富集的 GO term 及其层级关系。有向无环图为差异基因 GO 富集分析的

结果图形化展示方式，分支代表包含关系，从上至下所 定义的功能范围越来越具体。对 GO 三大分类（CC 细胞成分，MF 分子功能，

BP 生物学过程）的每一类都取富集程度最高的前 5 位作为有向无环图的主节点，用方框表示，并通过 包含关系将相关联的 GO Term

一起展示，颜色的深浅代表富集程度，颜色越深代表富集程度越高。每个方框或圆圈代表一个 GO term，放大方框中内容从上到下代表

的含义依次为:GO term 的 id、GO 的描述、 GO 富集的 Pvalue、该 GO 下差异基因的数目/该 GO 下背景基因的数目。每组比较三张

图（BP,CC,MF）。

*genes.enriched.GO.heatmap2.pdf：所有比较组 GO 富集 Pvalue 热图，该图通过对所有比较组（或指定比较组）显著富集的

GO 的 P 值做热图（默认为 p<0.01，可调整），结果如下：

GO:0007275
multicellular organi...

5.35e�09
398 / 4127

GO:0008150
biological_process

1.00000
1286 / 17069

GO:0009888
tissue development

0.00106
149 / 1554

GO:0009987
cellular process

0.92425
1128 / 15173

GO:0030154
cell differentiation

2.70e�10
289 / 2742

GO:0032501
multicellular organi...

3.91e�11
489 / 5094

GO:0032502
developmental proces...

4.51e�08
444 / 4768

GO:0044699
single�organism proc...

0.00514
977 / 12444

GO:0044707
single�multicellular...

4.82e�09
465 / 4951

GO:0044763
single�organism cell...

0.08020
850 / 10968

GO:0044767
single�organism deve...

1.89e�08
444 / 4737

GO:0048731
system development

3.40e�08
342 / 3506

GO:0048856
anatomical structure...

7.66e�08
399 / 4229

GO:0048869
cellular development...

1.18e�07
303 / 3077

GO:0060537
muscle tissue develo...

9.79e�08
56 / 355

GO:0061061
muscle structure dev...

6.64e�08
82 / 596

GO:0005575
cellular_component

1.000000
1414 / 18720

GO:0005622
intracellular
0.013083

1223 / 15804

GO:0005623
cell

0.017292
1301 / 16925

GO:0005737
cytoplasm
3.31e�06

904 / 10905

GO:0005856
cytoskeleton

0.008453
215 / 2448

GO:0005912
adherens junction

0.000610
42 / 330

GO:0005924
cell�substrate adher...

5.08e�05
34 / 220

GO:0005925
focal adhesion

3.15e�05
34 / 215

GO:0005954
calcium� and calmodu...

3.24e�05
4 / 4

GO:0015629
actin cytoskeleton

0.000190
63 / 527

GO:0016459
myosin complex

4.33e�05
26 / 148

GO:0030016
myofibril
6.94e�10
49 / 252

GO:0030017
sarcomere
3.44e�08
41 / 216

GO:0030018
Z disc

9.21e�07
28 / 136

GO:0030054
cell junction
0.032971
81 / 876

GO:0030055
cell�substrate junct...

7.86e�05
35 / 234

GO:0031674
I band

1.91e�07
31 / 149

GO:0032982
myosin filament

3.43e�08
17 / 48

GO:0032991
macromolecular compl...

0.000847
421 / 4899

GO:0043226
organelle
0.010690

1059 / 13524

GO:0043228
non�membrane�bounded...

0.011360
368 / 4399

GO:0043229
intracellular organe...

0.009596
1051 / 13406

GO:0043232
intracellular non�me...

0.011360
368 / 4399

GO:0043234
protein complex

0.000236
361 / 4071

GO:0043292
contractile fiber

1.28e�10
52 / 264

GO:0044422
organelle part

0.107426
595 / 7579

GO:0044424
intracellular part

0.002298
1200 / 15369

GO:0044430
cytoskeletal part

0.074326
143 / 1687

GO:0044444
cytoplasmic part

0.014381
606 / 7502

GO:0044446
intracellular organe...

0.359471
567 / 7416

GO:0044449
contractile fiber pa...

4.27e�09
45 / 233

GO:0044464
cell part

0.017292
1301 / 16925

GO:0070161
anchoring junction

0.000466
44 / 346
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GO:0008307�structural constituent of muscleGO:0030018�Z discGO:0031674�I bandGO:0030017�sarcomereGO:0044449�contractile fiber partGO:0030016�myofibrilGO:0043292�contractile fiberGO:0005576�extracellular regionGO:0005578�proteinaceous extracellular matrixGO:0005198�structural molecule activityGO:0044421�extracellular region partGO:0031012�extracellular matrixGO:0055114�oxidation�reduction processGO:0003012�muscle system processGO:0006936�muscle contractionGO:0033275�actin�myosin filament slidingGO:0030049�muscle filament slidingGO:0005201�extracellular matrix structural constituentGO:0044420�extracellular matrix partGO:0005615�extracellular spaceGO:0005604�basement membraneGO:0070208�protein heterotrimerizationGO:0005581�collagen trimerGO:0006091�generation of precursor metabolites and energyGO:0022900�electron transport chainGO:0022904�respiratory electron transport chainGO:0070469�respiratory chainGO:0045333�cellular respirationGO:0015980�energy derivation by oxidation of organic compoundsGO:0032982�myosin filamentGO:0005737�cytoplasmGO:0061061�muscle structure developmentGO:0016459�myosin complexGO:0015629�actin cytoskeletonGO:0014706�striated muscle tissue developmentGO:0060537�muscle tissue developmentGO:0030239�myofibril assemblyGO:0045214�sarcomere organizationGO:0055001�muscle cell developmentGO:0055002�striated muscle cell developmentGO:0051146�striated muscle cell differentiationGO:0044707�single�multicellular organism processGO:0032501�multicellular organismal processGO:0042692�muscle cell differentiationGO:0048731�system developmentGO:0007275�multicellular organismal developmentGO:0048856�anatomical structure developmentGO:0032502�developmental processGO:0044767�single�organism developmental processGO:0070252�actin�mediated cell contractionGO:0072359�circulatory system developmentGO:0072358�cardiovascular system developmentGO:0030048�actin filament�based movementGO:0015002�heme�copper terminal oxidase activityGO:0016676�oxidoreductase activity, acting on a heme group of donors, oxygen as acceptorGO:0016675�oxidoreductase activity, acting on a heme group of donorsGO:0004129�cytochrome�c oxidase activityGO:0003008�system processGO:0031672�A bandGO:0030029�actin filament�based processGO:0044057�regulation of system processGO:0008016�regulation of heart contractionGO:0031430�M bandGO:0003013�circulatory system processGO:0008015�blood circulationGO:0003015�heart processGO:0060047�heart contractionGO:0044444�cytoplasmic partGO:0044429�mitochondrial partGO:0042383�sarcolemmaGO:0043034�costamereGO:0016528�sarcoplasmGO:0002026�regulation of the force of heart contractionGO:0016529�sarcoplasmic reticulumGO:0090257�regulation of muscle system processGO:0007517�muscle organ developmentGO:0048738�cardiac muscle tissue developmentGO:0055008�cardiac muscle tissue morphogenesisGO:0060415�muscle tissue morphogenesisGO:0048644�muscle organ morphogenesisGO:0009055�electron carrier activityGO:0015078�hydrogen ion transmembrane transporter activityGO:1901700�response to oxygen�containing compoundGO:0007507�heart developmentGO:0019866�organelle inner membraneGO:0016491�oxidoreductase activityGO:0001525�angiogenesisGO:0007512�adult heart developmentGO:0009060�aerobic respirationGO:0061134�peptidase regulator activityGO:0005743�mitochondrial inner membraneGO:0005740�mitochondrial envelopeGO:0031966�mitochondrial membraneGO:0006119�oxidative phosphorylationGO:0016655�oxidoreductase activity, acting on NAD(P)H, quinone or similar compound as acceptorGO:0003954�NADH dehydrogenase activityGO:0050136�NADH dehydrogenase (quinone) activityGO:0008137�NADH dehydrogenase (ubiquinone) activityGO:0030199�collagen fibril organizationGO:0070206�protein trimerizationGO:0071230�cellular response to amino acid stimulusGO:0030198�extracellular matrix organizationGO:0043062�extracellular structure organizationGO:0031432�titin bindingGO:0005509�calcium ion bindingGO:0051291�protein heterooligomerizationGO:0005583�fibrillar collagen trimerGO:0098651�basement membrane collagen trimerGO:0005584�collagen type I trimerGO:0051259�protein oligomerizationGO:0030414�peptidase inhibitor activityGO:0061135�endopeptidase regulator activityGO:0004866�endopeptidase inhibitor activityGO:0042773�ATP synthesis coupled electron transportGO:0016651�oxidoreductase activity, acting on NAD(P)HGO:0043200�response to amino acidGO:0001101�response to acid chemicalGO:0071229�cellular response to acid chemicalGO:0043933�macromolecular complex subunit organizationGO:0071822�protein complex subunit organizationGO:0065003�macromolecular complex assemblyGO:0070271�protein complex biogenesisGO:0006461�protein complex assemblyGO:0030154�cell differentiationGO:0048869�cellular developmental processGO:0048523�negative regulation of cellular processGO:0048468�cell developmentGO:0048519�negative regulation of biological processGO:0044699�single�organism processGO:0031032�actomyosin structure organizationGO:0042221�response to chemicalGO:0048513�organ developmentGO:0048646�anatomical structure formation involved in morphogenesisGO:0055003�cardiac myofibril assemblyGO:0009653�anatomical structure morphogenesisGO:0007525�somatic muscle developmentGO:0010906�regulation of glucose metabolic processGO:0006109�regulation of carbohydrate metabolic processGO:0010675�regulation of cellular carbohydrate metabolic processGO:0065008�regulation of biological qualityGO:0046320�regulation of fatty acid oxidationGO:0070161�anchoring junctionGO:0005912�adherens junctionGO:0042641�actomyosinGO:0032432�actin filament bundleGO:0001725�stress fiberGO:0030898�actin�dependent ATPase activityGO:0005925�focal adhesionGO:0030055�cell�substrate junctionGO:0005924�cell�substrate adherens junctionGO:0000502�proteasome complexGO:0005739�mitochondrionGO:0045822�negative regulation of heart contractionGO:0033017�sarcoplasmic reticulum membraneGO:0004857�enzyme inhibitor activityGO:0008092�cytoskeletal protein bindingGO:0007162�negative regulation of cell adhesionGO:0048668�collateral sproutingGO:0014701�junctional sarcoplasmic reticulum membraneGO:2001257�regulation of cation channel activityGO:0060314�regulation of ryanodine�sensitive calcium�release channel activityGO:0002027�regulation of heart rateGO:0034330�cell junction organizationGO:0034329�cell junction assemblyGO:0005856�cytoskeletonGO:0003229�ventricular cardiac muscle tissue developmentGO:0055010�ventricular cardiac muscle tissue morphogenesisGO:0048659�smooth muscle cell proliferationGO:0048660�regulation of smooth muscle cell proliferationGO:0019395�fatty acid oxidationGO:0034440�lipid oxidationGO:0004859�phospholipase inhibitor activityGO:0005544�calcium�dependent phospholipid bindingGO:0019254�carnitine metabolic process, CoA�linkedGO:0043501�skeletal muscle adaptationGO:0014733�regulation of skeletal muscle adaptationGO:0006631�fatty acid metabolic processGO:0032787�monocarboxylic acid metabolic processGO:0007044�cell�substrate junction assemblyGO:0031581�hemidesmosome assemblyGO:0051239�regulation of multicellular organismal processGO:0005829�cytosolGO:0042789�mRNA transcription from RNA polymerase II promoterGO:0009719�response to endogenous stimulusGO:0044085�cellular component biogenesisGO:0022607�cellular component assemblyGO:0070062�extracellular vesicular exosomeGO:0065010�extracellular membrane�bounded organelleGO:0043230�extracellular organelleGO:0042613�MHC class II protein complexGO:0048662�negative regulation of smooth muscle cell proliferationGO:1901681�sulfur compound bindingGO:0048514�blood vessel morphogenesisGO:0008201�heparin bindingGO:0005539�glycosaminoglycan bindingGO:0031967�organelle envelopeGO:0031975�envelopeGO:0001944�vasculature developmentGO:0001568�blood vessel developmentGO:0046034�ATP metabolic processGO:0044236�multicellular organismal metabolic processGO:0044259�multicellular organismal macromolecule metabolic processGO:0032963�collagen metabolic processGO:0009161�ribonucleoside monophosphate metabolic processGO:0009123�nucleoside monophosphate metabolic processGO:0009167�purine ribonucleoside monophosphate metabolic processGO:0009126�purine nucleoside monophosphate metabolic processGO:1990204�oxidoreductase complexGO:0005746�mitochondrial respiratory chainGO:0044455�mitochondrial membrane partGO:0016504�peptidase activator activityGO:0045271�respiratory chain complex IGO:0005747�mitochondrial respiratory chain complex IGO:0030964�NADH dehydrogenase complexGO:0060343�trabecula formationGO:2001179�regulation of interleukin�10 secretionGO:0072608�interleukin�10 secretionGO:0019843�rRNA bindingGO:0019825�oxygen bindingGO:0019646�aerobic electron transport chainGO:0006120�mitochondrial electron transport, NADH to ubiquinoneGO:0005582�collagen type XV trimerGO:0098642�network�forming collagen trimerGO:0005587�collagen type IV trimerGO:0098645�collagen networkGO:0014812�muscle cell migrationGO:0018149�peptide cross�linkingGO:0071605�monocyte chemotactic protein�1 productionGO:0071637�regulation of monocyte chemotactic protein�1 productionGO:0043589�skin morphogenesisGO:0002504�antigen processing and presentation of peptide or polysaccharide antigen via MHC class IIGO:0019432�triglyceride biosynthetic processGO:0046463�acylglycerol biosynthetic processGO:0046460�neutral lipid biosynthetic processGO:0006641�triglyceride metabolic processGO:0006638�neutral lipid metabolic processGO:0006639�acylglycerol metabolic processGO:0003774�motor activityGO:0040013�negative regulation of locomotionGO:0051271�negative regulation of cellular component movementGO:2000146�negative regulation of cell motilityGO:0030336�negative regulation of cell migrationGO:0007527�adult somatic muscle developmentGO:0034707�chloride channel complexGO:0070938�contractile ringGO:0005826�actomyosin contractile ringGO:0006952�defense responseGO:0006950�response to stressGO:0014912�negative regulation of smooth muscle cell migrationGO:0014909�smooth muscle cell migrationGO:2000278�regulation of DNA biosynthetic processGO:2000279�negative regulation of DNA biosynthetic processGO:0007263�nitric oxide mediated signal transductionGO:0045721�negative regulation of gluconeogenesisGO:0050765�negative regulation of phagocytosisGO:0032722�positive regulation of chemokine productionGO:0014823�response to activityGO:0004115�3',5'�cyclic�AMP phosphodiesterase activityGO:0071356�cellular response to tumor necrosis factorGO:0010739�positive regulation of protein kinase A signalingGO:0031233�intrinsic component of external side of plasma membraneGO:0031362�anchored component of external side of plasma membraneGO:0009187�cyclic nucleotide metabolic processGO:0046058�cAMP metabolic processGO:0004114�3',5'�cyclic�nucleotide phosphodiesterase activityGO:0009214�cyclic nucleotide catabolic processGO:0006198�cAMP catabolic processGO:0005253�anion channel activityGO:0005254�chloride channel activityGO:0009607�response to biotic stimulusGO:0051707�response to other organismGO:0043207�response to external biotic stimulusGO:0035912�dorsal aorta morphogenesisGO:0035907�dorsal aorta developmentGO:0006955�immune responseGO:0050764�regulation of phagocytosisGO:0006457�protein foldingGO:0006954�inflammatory responseGO:0005886�plasma membraneGO:0071944�cell peripheryGO:0042168�heme metabolic processGO:0033013�tetrapyrrole metabolic processGO:0009986�cell surfaceGO:0043569�negative regulation of insulin�like growth factor receptor signaling pathwayGO:0031225�anchored component of membraneGO:0097367�carbohydrate derivative bindingGO:0015108�chloride transmembrane transporter activityGO:0001778�plasma membrane repairGO:0001819�positive regulation of cytokine productionGO:0051240�positive regulation of multicellular organismal processGO:0030060�L�malate dehydrogenase activityGO:0005853�eukaryotic translation elongation factor 1 complexGO:0034121�regulation of toll�like receptor signaling pathwayGO:0016615�malate dehydrogenase activityGO:0006108�malate metabolic processGO:0009615�response to virusGO:0015103�inorganic anion transmembrane transporter activityGO:0006909�phagocytosisGO:0009617�response to bacteriumGO:0002237�response to molecule of bacterial originGO:0032496�response to lipopolysaccharideGO:0051180�vitamin transportGO:0019935�cyclic�nucleotide�mediated signalingGO:0017111�nucleoside�triphosphatase activityGO:0016817�hydrolase activity, acting on acid anhydridesGO:0016818�hydrolase activity, acting on acid anhydrides, in phosphorus�containing anhydridesGO:0016462�pyrophosphatase activityGO:0002376�immune system processGO:0045595�regulation of cell differentiationGO:0001159�core promoter proximal region DNA bindingGO:0000987�core promoter proximal region sequence�specific DNA bindingGO:0043565�sequence�specific DNA bindingGO:0048518�positive regulation of biological processGO:0051704�multi�organism processGO:0050896�response to stimulusGO:0002224�toll�like receptor signaling pathwayGO:0060261�positive regulation of transcription initiation from RNA polymerase II promoterGO:0034130�toll�like receptor 1 signaling pathwayGO:0051147�regulation of muscle cell differentiationGO:0000978�RNA polymerase II core promoter proximal region sequence�specific DNA bindingGO:0002756�MyD88�independent toll�like receptor signaling pathwayGO:0035666�TRIF�dependent toll�like receptor signaling pathwayGO:0034142�toll�like receptor 4 signaling pathwayGO:0002755�MyD88�dependent toll�like receptor signaling pathwayGO:0008063�Toll signaling pathwayGO:0034138�toll�like receptor 3 signaling pathwayGO:0045944�positive regulation of transcription from RNA polymerase II promoterGO:0009891�positive regulation of biosynthetic processGO:0010557�positive regulation of macromolecule biosynthetic processGO:0031328�positive regulation of cellular biosynthetic processGO:0050794�regulation of cellular processGO:0045136�development of secondary sexual characteristicsGO:0002520�immune system developmentGO:0065007�biological regulationGO:0050789�regulation of biological processGO:0030520�intracellular estrogen receptor signaling pathwayGO:0051173�positive regulation of nitrogen compound metabolic processGO:0033148�positive regulation of intracellular estrogen receptor signaling pathwayGO:0033145�positive regulation of intracellular steroid hormone receptor signaling pathwayGO:0010628�positive regulation of gene expressionGO:0048522�positive regulation of cellular processGO:0045893�positive regulation of transcription, DNA�templatedGO:1902680�positive regulation of RNA biosynthetic processGO:0051254�positive regulation of RNA metabolic processGO:0005515�protein bindingGO:0043009�chordate embryonic developmentGO:0009792�embryo development ending in birth or egg hatchingGO:0003713�transcription coactivator activityGO:0000988�protein binding transcription factor activityGO:0033146�regulation of intracellular estrogen receptor signaling pathwayGO:0031325�positive regulation of cellular metabolic processGO:0003712�transcription cofactor activityGO:0000989�transcription factor binding transcription factor activityGO:0045637�regulation of myeloid cell differentiationGO:0022414�reproductive processGO:0045935�positive regulation of nucleobase�containing compound metabolic processGO:0006366�transcription from RNA polymerase II promoterGO:0030518�intracellular steroid hormone receptor signaling pathwayGO:0044212�transcription regulatory region DNA bindingGO:0001067�regulatory region nucleic acid bindingGO:0000975�regulatory region DNA bindingGO:0010629�negative regulation of gene expressionGO:0006357�regulation of transcription from RNA polymerase II promoterGO:0030522�intracellular receptor signaling pathwayGO:1902679�negative regulation of RNA biosynthetic processGO:0045892�negative regulation of transcription, DNA�templatedGO:0040029�regulation of gene expression, epigeneticGO:0031323�regulation of cellular metabolic processGO:0019222�regulation of metabolic processGO:0031072�heat shock protein bindingGO:0000415�negative regulation of histone H3�K36 methylationGO:0000414�regulation of histone H3�K36 methylationGO:0065001�specification of axis polarityGO:0010107�potassium ion importGO:0000981�sequence�specific DNA binding RNA polymerase II transcription factor activityGO:0005954�calcium� and calmodulin�dependent protein kinase complexGO:0045597�positive regulation of cell differentiationGO:0004674�protein serine/threonine kinase activityGO:0044703�multi�organism reproductive processGO:0030099�myeloid cell differentiationGO:0000976�transcription regulatory region sequence�specific DNA bindingGO:0048534�hematopoietic or lymphoid organ developmentGO:0030097�hemopoiesisGO:0007154�cell communicationGO:0035821�modification of morphology or physiology of other organismGO:0051817�modification of morphology or physiology of other organism involved in symbiotic interactionGO:0001881�receptor recyclingGO:0044700�single organism signalingGO:0023052�signalingGO:0051094�positive regulation of developmental processGO:0010033�response to organic substanceGO:0050793�regulation of developmental processGO:2000026�regulation of multicellular organismal developmentGO:0000982�RNA polymerase II core promoter proximal region sequence�specific DNA binding transcription factor a...GO:0042127�regulation of cell proliferationGO:0001012�RNA polymerase II regulatory region DNA bindingGO:0000977�RNA polymerase II regulatory region sequence�specific DNA bindingGO:0016922�ligand�dependent nuclear receptor bindingGO:0070008�serine�type exopeptidase activityGO:0001503�ossificationGO:0004185�serine�type carboxypeptidase activityGO:0001228�RNA polymerase II transcription regulatory region sequence�specific DNA binding transcription factor...GO:0001077�RNA polymerase II core promoter proximal region sequence�specific DNA binding transcription factor a...GO:0001659�temperature homeostasisGO:0042180�cellular ketone metabolic processGO:0004683�calmodulin�dependent protein kinase activityGO:0010565�regulation of cellular ketone metabolic processGO:0019217�regulation of fatty acid metabolic processGO:1901575�organic substance catabolic processGO:0055102�lipase inhibitor activityGO:0072329�monocarboxylic acid catabolic processGO:0009062�fatty acid catabolic processGO:0019834�phospholipase A2 inhibitor activityGO:0043114�regulation of vascular permeabilityGO:0006635�fatty acid beta�oxidationGO:0030258�lipid modificationGO:0002682�regulation of immune system processGO:0045638�negative regulation of myeloid cell differentiationGO:0030856�regulation of epithelial cell differentiationGO:0002573�myeloid leukocyte differentiationGO:0015732�prostaglandin transportGO:0032310�prostaglandin secretionGO:0032306�regulation of prostaglandin secretionGO:0014902�myotube differentiationGO:0007249�I�kappaB kinase/NF�kappaB signalingGO:0014904�myotube cell developmentGO:0048741�skeletal muscle fiber developmentGO:0002102�podosomeGO:0051150�regulation of smooth muscle cell differentiationGO:0030855�epithelial cell differentiationGO:0051093�negative regulation of developmental processGO:0046907�intracellular transportGO:0042304�regulation of fatty acid biosynthetic processGO:0043116�negative regulation of vascular permeabilityGO:0009725�response to hormoneGO:0003365�establishment of cell polarity involved in ameboidal cell migrationGO:0051721�protein phosphatase 2A bindingGO:0031175�neuron projection developmentGO:0048666�neuron developmentGO:1902001�fatty acid transmembrane transportGO:0098656�anion transmembrane transportGO:0008283�cell proliferationGO:0033555�multicellular organismal response to stressGO:0051318�G1 phaseGO:0051701�interaction with hostGO:0044003�modification by symbiont of host morphology or physiologyGO:0019048�modulation by virus of host morphology or physiologyGO:0015459�potassium channel regulator activityGO:0071352�cellular response to interleukin�2GO:0007165�signal transductionGO:0031082�BLOC complexGO:0031083�BLOC�1 complexGO:0045596�negative regulation of cell differentiationGO:0043112�receptor metabolic processGO:0060213�positive regulation of nuclear�transcribed mRNA poly(A) tail shorteningGO:1900151�regulation of nuclear�transcribed mRNA catabolic process, deadenylation�dependent decayGO:0060211�regulation of nuclear�transcribed mRNA poly(A) tail shorteningGO:0046825�regulation of protein export from nucleusGO:0046660�female sex differentiationGO:0009790�embryo developmentGO:0045605�negative regulation of epidermal cell differentiationGO:0045632�negative regulation of mechanoreceptor differentiationGO:0045608�negative regulation of auditory receptor cell differentiationGO:2000981�negative regulation of inner ear receptor cell differentiationGO:0045631�regulation of mechanoreceptor differentiationGO:0045607�regulation of auditory receptor cell differentiationGO:0070869�heterochromatin assembly involved in chromatin silencingGO:2000980�regulation of inner ear receptor cell differentiationGO:0070868�heterochromatin organization involved in chromatin silencingGO:0006886�intracellular protein transportGO:0030981�cortical microtubule cytoskeletonGO:0031592�centrosomal coronaGO:0046543�development of secondary female sexual characteristicsGO:0019903�protein phosphatase bindingGO:0042098�T cell proliferationGO:0046545�development of primary female sexual characteristicsGO:0048871�multicellular organismal homeostasisGO:0034101�erythrocyte homeostasisGO:0032844�regulation of homeostatic processGO:0001649�osteoblast differentiationGO:0035556�intracellular signal transductionGO:0030218�erythrocyte differentiationGO:0030182�neuron differentiationGO:0048583�regulation of response to stimulusGO:0048699�generation of neuronsGO:0022008�neurogenesisGO:0005667�transcription factor complexGO:0070935�3'�UTR�mediated mRNA stabilizationGO:0060561�apoptotic process involved in morphogenesisGO:0072332�intrinsic apoptotic signaling pathway by p53 class mediatorGO:2000142�regulation of DNA�templated transcription, initiationGO:0060260�regulation of transcription initiation from RNA polymerase II promoterGO:0045445�myoblast differentiationGO:0000710�meiotic mismatch repairGO:0010605�negative regulation of macromolecule metabolic processGO:0009892�negative regulation of metabolic processGO:0031324�negative regulation of cellular metabolic processGO:0009893�positive regulation of metabolic processGO:2000113�negative regulation of cellular macromolecule biosynthetic processGO:0051253�negative regulation of RNA metabolic processGO:0051172�negative regulation of nitrogen compound metabolic processGO:0045934�negative regulation of nucleobase�containing compound metabolic processGO:0030521�androgen receptor signaling pathwayGO:0009890�negative regulation of biosynthetic processGO:0010604�positive regulation of macromolecule metabolic processGO:0031327�negative regulation of cellular biosynthetic processGO:0045604�regulation of epidermal cell differentiationGO:0010558�negative regulation of macromolecule biosynthetic processGO:0044424�intracellular partGO:0035068�micro�ribonucleoprotein complexGO:0045974�regulation of translation, ncRNA�mediatedGO:0040033�negative regulation of translation, ncRNA�mediatedGO:0035278�negative regulation of translation involved in gene silencing by miRNAGO:0033143�regulation of intracellular steroid hormone receptor signaling pathwayGO:0009889�regulation of biosynthetic processGO:0045814�negative regulation of gene expression, epigeneticGO:0006342�chromatin silencingGO:0051171�regulation of nitrogen compound metabolic processGO:0019219�regulation of nucleobase�containing compound metabolic processGO:2000112�regulation of cellular macromolecule biosynthetic processGO:0010556�regulation of macromolecule biosynthetic processGO:0010468�regulation of gene expressionGO:0044702�single organism reproductive processGO:0031326�regulation of cellular biosynthetic processGO:0006306�DNA methylationGO:0006305�DNA alkylationGO:0051572�negative regulation of histone H3�K4 methylationGO:0070171�negative regulation of tooth mineralizationGO:0070170�regulation of tooth mineralizationGO:0043414�macromolecule methylationGO:0080090�regulation of primary metabolic processGO:0001555�oocyte growthGO:0010452�histone H3�K36 methylationGO:0045646�regulation of erythrocyte differentiationGO:0000003�reproductionGO:0023051�regulation of signalingGO:0010646�regulation of cell communicationGO:0046930�pore complexGO:0009966�regulation of signal transductionGO:0045667�regulation of osteoblast differentiationGO:0045648�positive regulation of erythrocyte differentiationGO:0048477�oogenesisGO:0033553�rDNA heterochromatinGO:0048609�multicellular organismal reproductive processGO:0019953�sexual reproductionGO:0045683�negative regulation of epidermis developmentGO:0031507�heterochromatin assemblyGO:0070828�heterochromatin organizationGO:0048562�embryonic organ morphogenesisGO:0050681�androgen receptor bindingGO:0003690�double�stranded DNA bindingGO:0051427�hormone receptor bindingGO:0035257�nuclear hormone receptor bindingGO:0009913�epidermal cell differentiationGO:0000122�negative regulation of transcription from RNA polymerase II promoterGO:0045682�regulation of epidermis developmentGO:0043627�response to estrogenGO:0032007�negative regulation of TOR signalingGO:0048599�oocyte developmentGO:0005643�nuclear poreGO:0042766�nucleosome mobilizationGO:0006355�regulation of transcription, DNA�templatedGO:0051252�regulation of RNA metabolic processGO:0044728�DNA methylation or demethylationGO:0034968�histone lysine methylationGO:0003682�chromatin bindingGO:0060255�regulation of macromolecule metabolic processGO:0009994�oocyte differentiationGO:0008213�protein alkylationGO:0006479�protein methylationGO:0048568�embryonic organ developmentGO:2001141�regulation of RNA biosynthetic processGO:0090595�acetyl�CoA:L�lysine N6�acetyltransferaseGO:0004402�histone acetyltransferase activityGO:0032259�methylationGO:0045639�positive regulation of myeloid cell differentiationGO:0043229�intracellular organelleGO:0016458�gene silencingGO:1901699�cellular response to nitrogen compoundGO:0071417�cellular response to organonitrogen compoundGO:0030036�actin cytoskeleton organizationGO:0005996�monosaccharide metabolic processGO:0019318�hexose metabolic processGO:0006006�glucose metabolic processGO:1901342�regulation of vasculature developmentGO:0045765�regulation of angiogenesisGO:0015077�monovalent inorganic cation transmembrane transporter activityGO:0006928�cellular component movementGO:1901698�response to nitrogen compoundGO:0010243�response to organonitrogen compoundGO:0048747�muscle fiber developmentGO:0009887�organ morphogenesisGO:0071495�cellular response to endogenous stimulusGO:0009299�mRNA transcriptionGO:0007015�actin filament organizationGO:0055006�cardiac cell developmentGO:0035051�cardiocyte differentiationGO:0055007�cardiac muscle cell differentiationGO:0055013�cardiac muscle cell developmentGO:0051592�response to calcium ionGO:0032272�negative regulation of protein polymerizationGO:0048769�sarcomerogenesisGO:0030837�negative regulation of actin filament polymerizationGO:0033058�directional locomotionGO:0043056�forward locomotionGO:0048739�cardiac muscle fiber developmentGO:0030240�skeletal muscle thin filament assemblyGO:0031034�myosin filament assemblyGO:0030241�skeletal muscle myosin thick filament assemblyGO:0031033�myosin filament organizationGO:0071688�striated muscle myosin thick filament assemblyGO:0046906�tetrapyrrole bindingGO:0020037�heme bindingGO:0031333�negative regulation of protein complex assemblyGO:0010035�response to inorganic substanceGO:0005865�striated muscle thin filamentGO:0042805�actinin bindingGO:0003007�heart morphogenesisGO:1901701�cellular response to oxygen�containing compoundGO:0036379�myofilamentGO:0006941�striated muscle contractionGO:0044042�glucan metabolic processGO:0006073�cellular glucan metabolic processGO:0005977�glycogen metabolic processGO:0042989�sequestering of actin monomersGO:0046323�glucose importGO:0045725�positive regulation of glycogen biosynthetic processGO:0070875�positive regulation of glycogen metabolic processGO:0043542�endothelial cell migrationGO:0009605�response to external stimulusGO:0043534�blood vessel endothelial cell migrationGO:0040011�locomotionGO:0043255�regulation of carbohydrate biosynthetic processGO:0045913�positive regulation of carbohydrate metabolic processGO:0090066�regulation of anatomical structure sizeGO:0008286�insulin receptor signaling pathwayGO:0022603�regulation of anatomical structure morphogenesisGO:0010676�positive regulation of cellular carbohydrate metabolic processGO:0010907�positive regulation of glucose metabolic processGO:0071241�cellular response to inorganic substanceGO:0044262�cellular carbohydrate metabolic processGO:0046324�regulation of glucose importGO:0046326�positive regulation of glucose importGO:0051897�positive regulation of protein kinase B signalingGO:0010828�positive regulation of glucose transportGO:0044342�type B pancreatic cell proliferationGO:1901652�response to peptideGO:0043434�response to peptide hormoneGO:0071375�cellular response to peptide hormone stimulusGO:1901653�cellular response to peptideGO:0032869�cellular response to insulin stimulusGO:0032868�response to insulinGO:0043567�regulation of insulin�like growth factor receptor signaling pathwayGO:2001212�regulation of vasculogenesisGO:2001214�positive regulation of vasculogenesisGO:0030054�cell junctionGO:0034361�very�low�density lipoprotein particleGO:0034385�triglyceride�rich lipoprotein particleGO:0045766�positive regulation of angiogenesisGO:0090130�tissue migrationGO:0090132�epithelium migrationGO:0010631�epithelial cell migrationGO:0019752�carboxylic acid metabolic processGO:0044763�single�organism cellular processGO:0006082�organic acid metabolic processGO:0043436�oxoacid metabolic processGO:0004331�fructose�2,6�bisphosphate 2�phosphatase activityGO:0003873�6�phosphofructo�2�kinase activityGO:0006003�fructose 2,6�bisphosphate metabolic processGO:0005641�nuclear envelope lumenGO:0042573�retinoic acid metabolic processGO:0051385�response to mineralocorticoidGO:0051412�response to corticosteroneGO:0048535�lymph node developmentGO:0008121�ubiquinol�cytochrome�c reductase activityGO:0016681�oxidoreductase activity, acting on diphenols and related substances as donors, cytochrome as accepto...GO:0016679�oxidoreductase activity, acting on diphenols and related substances as donorsGO:0046870�cadmium ion bindingGO:0021542�dentate gyrus developmentGO:0048133�male germ�line stem cell asymmetric divisionGO:0098728�germline stem cell asymmetric divisionGO:0042078�germ�line stem cell divisionGO:0006083�acetate metabolic processGO:0051188�cofactor biosynthetic processGO:0051186�cofactor metabolic processGO:0046686�response to cadmium ionGO:0015749�monosaccharide transportGO:0015758�glucose transportGO:0008645�hexose transportGO:0006732�coenzyme metabolic processGO:0030001�metal ion transportGO:0006812�cation transportGO:0010042�response to manganese ionGO:0044415�evasion or tolerance of host defensesGO:0019049�evasion or tolerance of host defenses by virusGO:0051834�evasion or tolerance of defenses of other organism involved in symbiotic interactionGO:0051832�avoidance of defenses of other organism involved in symbiotic interactionGO:0044413�avoidance of host defensesGO:0050798�activated T cell proliferationGO:0046006�regulation of activated T cell proliferationGO:0071310�cellular response to organic substanceGO:0048865�stem cell fate commitmentGO:0048866�stem cell fate specificationGO:0008285�negative regulation of cell proliferationGO:0006935�chemotaxisGO:0042330�taxisGO:0001735�prenylcysteine oxidase activityGO:0072364�regulation of cellular ketone metabolic process by regulation of transcription from RNA polymerase I...GO:0008282�ATP�sensitive potassium channel complexGO:0071732�cellular response to nitric oxideGO:1902170�cellular response to reactive nitrogen speciesGO:0043271�negative regulation of ion transportGO:0009064�glutamine family amino acid metabolic processGO:0016235�aggresomeGO:0042133�neurotransmitter metabolic processGO:0042053�regulation of dopamine metabolic processGO:0061009�common bile duct developmentGO:0004957�prostaglandin E receptor activityGO:0030327�prenylated protein catabolic processGO:0042069�regulation of catecholamine metabolic processGO:0098531�direct ligand regulated sequence�specific DNA binding transcription factor activityGO:0004879�ligand�activated sequence�specific DNA binding RNA polymerase II transcription factor activityGO:0002209�behavioral defense responseGO:0042596�fear responseGO:0001662�behavioral fear responseGO:0001542�ovulation from ovarian follicleGO:0004517�nitric�oxide synthase activityGO:0006527�arginine catabolic processGO:0014745�negative regulation of muscle adaptationGO:0030328�prenylcysteine catabolic processGO:0030329�prenylcysteine metabolic processGO:0034618�arginine bindingGO:0034617�tetrahydrobiopterin bindingGO:0002635�negative regulation of germinal center formationGO:0014738�regulation of muscle hyperplasiaGO:0014900�muscle hyperplasiaGO:0014740�negative regulation of muscle hyperplasiaGO:0071731�response to nitric oxideGO:0006110�regulation of glycolytic processGO:0045722�positive regulation of gluconeogenesisGO:0071805�potassium ion transmembrane transportGO:0071804�cellular potassium ion transportGO:0033962�cytoplasmic mRNA processing body assemblyGO:0008360�regulation of cell shapeGO:0043467�regulation of generation of precursor metabolites and energyGO:0032989�cellular component morphogenesisGO:0005753�mitochondrial proton�transporting ATP synthase complexGO:0046209�nitric oxide metabolic processGO:0006809�nitric oxide biosynthetic processGO:0010759�positive regulation of macrophage chemotaxisGO:0032881�regulation of polysaccharide metabolic processGO:0032885�regulation of polysaccharide biosynthetic processGO:0010962�regulation of glucan biosynthetic processGO:0070873�regulation of glycogen metabolic processGO:0005979�regulation of glycogen biosynthetic processGO:0006084�acetyl�CoA metabolic processGO:0035384�thioester biosynthetic processGO:0071616�acyl�CoA biosynthetic processGO:0007169�transmembrane receptor protein tyrosine kinase signaling pathwayGO:0000146�microfilament motor activityGO:0003018�vascular process in circulatory systemGO:0006637�acyl�CoA metabolic processGO:0035383�thioester metabolic processGO:0042611�MHC protein complexGO:0043234�protein complexGO:0032991�macromolecular complexGO:0034505�tooth mineralizationGO:0036075�replacement ossificationGO:0001958�endochondral ossificationGO:0009888�tissue developmentGO:0051260�protein homooligomerizationGO:0044706�multi�multicellular organism processGO:0007565�female pregnancyGO:0050673�epithelial cell proliferationGO:0051090�regulation of sequence�specific DNA binding transcription factor activityGO:0050678�regulation of epithelial cell proliferationGO:0001756�somitogenesisGO:0061053�somite developmentGO:0034622�cellular macromolecular complex assemblyGO:0008140�cAMP response element binding protein bindingGO:0060538�skeletal muscle organ developmentGO:0007519�skeletal muscle tissue developmentGO:0016311�dephosphorylationGO:0035303�regulation of dephosphorylationGO:0010921�regulation of phosphatase activityGO:0001701�in utero embryonic developmentGO:0043487�regulation of RNA stabilityGO:0043488�regulation of mRNA stabilityGO:0061028�establishment of endothelial barrierGO:0002830�positive regulation of type 2 immune responseGO:0060351�cartilage development involved in endochondral bone morphogenesisGO:0050873�brown fat cell differentiationGO:0044092�negative regulation of molecular functionGO:0072202�cell differentiation involved in metanephros developmentGO:0001885�endothelial cell developmentGO:0051393�alpha�actinin bindingGO:0051371�muscle alpha�actinin bindingGO:0003300�cardiac muscle hypertrophyGO:0014897�striated muscle hypertrophyGO:0014896�muscle hypertrophyGO:0071986�Ragulator complexGO:0032692�negative regulation of interleukin�1 productionGO:0032971�regulation of muscle filament slidingGO:0038086�VEGF�activated platelet�derived growth factor receptor signaling pathwayGO:0038091�positive regulation of cell proliferation by VEGF�activated platelet derived growth factor receptor ...GO:0033209�tumor necrosis factor�mediated signaling pathwayGO:0072386�plus�end�directed organelle transport along microtubuleGO:0072383�plus�end�directed vesicle transport along microtubuleGO:0048008�platelet�derived growth factor receptor signaling pathwayGO:0003746�translation elongation factor activityGO:0090209�negative regulation of triglyceride metabolic processGO:0010868�negative regulation of triglyceride biosynthetic processGO:0043484�regulation of RNA splicingGO:0055103�ligase regulator activityGO:0008135�translation factor activity, nucleic acid bindingGO:0060324�face developmentGO:0071889�14�3�3 protein bindingGO:0071706�tumor necrosis factor superfamily cytokine productionGO:0032640�tumor necrosis factor productionGO:0032680�regulation of tumor necrosis factor productionGO:2000117�negative regulation of cysteine�type endopeptidase activityGO:0043154�negative regulation of cysteine�type endopeptidase activity involved in apoptotic processGO:0010466�negative regulation of peptidase activityGO:0010951�negative regulation of endopeptidase activityGO:0042542�response to hydrogen peroxideGO:0048669�collateral sprouting in absence of injuryGO:0042743�hydrogen peroxide metabolic processGO:0016684�oxidoreductase activity, acting on peroxide as acceptorGO:0004601�peroxidase activityGO:0016051�carbohydrate biosynthetic processGO:0035994�response to muscle stretchGO:0003729�mRNA bindingGO:0044822�poly(A) RNA bindingGO:0019319�hexose biosynthetic processGO:0006094�gluconeogenesisGO:0097017�renal protein absorptionGO:0097018�renal albumin absorptionGO:2000532�regulation of renal albumin absorptionGO:0005212�structural constituent of eye lensGO:2000696�regulation of epithelial cell differentiation involved in kidney developmentGO:0010804�negative regulation of tumor necrosis factor�mediated signaling pathwayGO:2000467�positive regulation of glycogen (starch) synthase activityGO:0005788�endoplasmic reticulum lumenGO:0051693�actin filament cappingGO:0043623�cellular protein complex assemblyGO:0014866�skeletal myofibril assemblyGO:0004867�serine�type endopeptidase inhibitor activityGO:0005859�muscle myosin complexGO:0071277�cellular response to calcium ionGO:0001957�intramembranous ossificationGO:0036072�direct ossificationGO:0071559�response to transforming growth factor betaGO:0071560�cellular response to transforming growth factor beta stimulusGO:0061430�bone trabecula morphogenesisGO:0010866�regulation of triglyceride biosynthetic processGO:0031589�cell�substrate adhesionGO:0050840�extracellular matrix bindingGO:0005605�basal laminaGO:0030162�regulation of proteolysisGO:0001501�skeletal system developmentGO:0051494�negative regulation of cytoskeleton organizationGO:0032720�negative regulation of tumor necrosis factor productionGO:0043066�negative regulation of apoptotic processGO:0030833�regulation of actin filament polymerizationGO:0005606�laminin�1 complexGO:0043256�laminin complexGO:0001936�regulation of endothelial cell proliferationGO:1901879�regulation of protein depolymerizationGO:0043244�regulation of protein complex disassemblyGO:0030834�regulation of actin filament depolymerizationGO:0046364�monosaccharide biosynthetic processGO:0016209�antioxidant activityGO:0042744�hydrogen peroxide catabolic processGO:0030835�negative regulation of actin filament depolymerizationGO:0043242�negative regulation of protein complex disassemblyGO:1901880�negative regulation of protein depolymerizationGO:0006103�2�oxoglutarate metabolic processGO:0003995�acyl�CoA dehydrogenase activityGO:0010881�regulation of cardiac muscle contraction by regulation of the release of sequestered calcium ionGO:0005759�mitochondrial matrixGO:0030949�positive regulation of vascular endothelial growth factor receptor signaling pathwayGO:0043559�insulin bindingGO:0072171�mesonephric tubule morphogenesisGO:0033539�fatty acid beta�oxidation using acyl�CoA dehydrogenaseGO:0071313�cellular response to caffeineGO:0046322�negative regulation of fatty acid oxidationGO:0044257�cellular protein catabolic processGO:0005955�calcineurin complexGO:0004723�calcium�dependent protein serine/threonine phosphatase activityGO:0033192�calmodulin�dependent protein phosphatase activityGO:0022624�proteasome accessory complexGO:0048037�cofactor bindingGO:0050660�flavin adenine dinucleotide bindingGO:0010880�regulation of release of sequestered calcium ion into cytosol by sarcoplasmic reticulumGO:0014808�release of sequestered calcium ion into cytosol by sarcoplasmic reticulumGO:0070296�sarcoplasmic reticulum calcium ion transportGO:0010882�regulation of cardiac muscle contraction by calcium ion signalingGO:0030315�T�tubuleGO:0008565�protein transporter activityGO:0005080�protein kinase C bindingGO:0031017�exocrine pancreas developmentGO:0005927�muscle tendon junctionGO:0008252�nucleotidase activityGO:0008253�5'�nucleotidase activityGO:0048016�inositol phosphate�mediated signalingGO:0019722�calcium�mediated signalingGO:0019725�cellular homeostasisGO:0055082�cellular chemical homeostasisGO:0044430�cytoskeletal partGO:0051279�regulation of release of sequestered calcium ion into cytosolGO:0034364�high�density lipoprotein particleGO:0051241�negative regulation of multicellular organismal processGO:0022892�substrate�specific transporter activityGO:0003231�cardiac ventricle developmentGO:2000147�positive regulation of cell motilityGO:0030335�positive regulation of cell migrationGO:0044275�cellular carbohydrate catabolic processGO:0032513�negative regulation of protein phosphatase type 2B activityGO:0050849�negative regulation of calcium�mediated signalingGO:0070885�negative regulation of calcineurin�NFAT signaling cascadeGO:0016627�oxidoreductase activity, acting on the CH�CH group of donorsGO:0005391�sodium:potassium�exchanging ATPase activityGO:0008556�potassium�transporting ATPase activityGO:0044803�multi�organism membrane organizationGO:0061082�myeloid leukocyte cytokine productionGO:0032412�regulation of ion transmembrane transporter activityGO:0032409�regulation of transporter activityGO:0030314�junctional membrane complexGO:0015934�large ribosomal subunitGO:0022898�regulation of transmembrane transporter activityGO:0070588�calcium ion transmembrane transportGO:1901019�regulation of calcium ion transmembrane transporter activityGO:1903169�regulation of calcium ion transmembrane transportGO:0019064�fusion of virus membrane with host plasma membraneGO:0044800�multi�organism membrane fusionGO:0039663�membrane fusion involved in viral entry into host cellGO:0044406�adhesion of symbiont to hostGO:0019062�virion attachment to host cellGO:0044650�adhesion of symbiont to host cellGO:0015288�porin activityGO:0001953�negative regulation of cell�matrix adhesionGO:0060347�heart trabecula formationGO:0006099�tricarboxylic acid cycleGO:0032588�trans�Golgi network membraneGO:0022829�wide pore channel activityGO:0016411�acylglycerol O�acyltransferase activityGO:1903392�negative regulation of adherens junction organizationGO:0051895�negative regulation of focal adhesion assemblyGO:1901889�negative regulation of cell junction assemblyGO:0045281�succinate dehydrogenase complexGO:0045273�respiratory chain complex IIGO:0000104�succinate dehydrogenase activityGO:0045257�succinate dehydrogenase complex (ubiquinone)GO:0005749�mitochondrial respiratory chain complex IIGO:0045283�fumarate reductase complexGO:0010640�regulation of platelet�derived growth factor receptor signaling pathwayGO:0010642�negative regulation of platelet�derived growth factor receptor signaling pathwayGO:0033034�positive regulation of myeloid cell apoptotic processGO:0043588�skin developmentGO:0002455�humoral immune response mediated by circulating immunoglobulinGO:0044710�single�organism metabolic processGO:0046933�proton�transporting ATP synthase activity, rotational mechanismGO:0030033�microvillus assemblyGO:0006692�prostanoid metabolic processGO:0006693�prostaglandin metabolic processGO:0046457�prostanoid biosynthetic processGO:0001516�prostaglandin biosynthetic processGO:0031420�alkali metal ion bindingGO:0071624�positive regulation of granulocyte chemotaxisGO:1902624�positive regulation of neutrophil migrationGO:0090023�positive regulation of neutrophil chemotaxisGO:0070371�ERK1 and ERK2 cascadeGO:0010810�regulation of cell�substrate adhesionGO:0070372�regulation of ERK1 and ERK2 cascadeGO:0014850�response to muscle activityGO:0070761�pre�snoRNP complexGO:0061383�trabecula morphogenesisGO:0010812�negative regulation of cell�substrate adhesionGO:0044247�cellular polysaccharide catabolic processGO:0005980�glycogen catabolic processGO:0009251�glucan catabolic processGO:0000272�polysaccharide catabolic processGO:0003735�structural constituent of ribosomeGO:0032024�positive regulation of insulin secretionGO:0048407�platelet�derived growth factor bindingGO:0009279�cell outer membraneGO:0000990�core RNA polymerase binding transcription factor activityGO:0016987�sigma factor activityGO:0000996�core DNA�dependent RNA polymerase binding promoter specificity activityGO:0045261�proton�transporting ATP synthase complex, catalytic core F(1)GO:0015985�energy coupled proton transport, down electrochemical gradientGO:0015986�ATP synthesis coupled proton transportGO:0042775�mitochondrial ATP synthesis coupled electron transportGO:0032964�collagen biosynthetic processGO:0007155�cell adhesionGO:0022610�biological adhesionGO:0019932�second�messenger�mediated signalingGO:0003779�actin bindingGO:0070884�regulation of calcineurin�NFAT signaling cascadeGO:0016525�negative regulation of angiogenesisGO:0006937�regulation of muscle contractionGO:0033173�calcineurin�NFAT signaling cascadeGO:0007010�cytoskeleton organizationGO:0008443�phosphofructokinase activityGO:0070887�cellular response to chemical stimulusGO:0051004�regulation of lipoprotein lipase activityGO:0016460�myosin II complexGO:0051924�regulation of calcium ion transportGO:0005978�glycogen biosynthetic processGO:0009250�glucan biosynthetic processGO:0043500�muscle adaptationGO:0043502�regulation of muscle adaptationGO:0030056�hemidesmosomeGO:0043228�non�membrane�bounded organelleGO:0043232�intracellular non�membrane�bounded organelleGO:0014888�striated muscle adaptationGO:0006942�regulation of striated muscle contractionGO:0044282�small molecule catabolic processGO:0019216�regulation of lipid metabolic processGO:0046395�carboxylic acid catabolic processGO:0016054�organic acid catabolic processGO:0005506�iron ion bindingGO:0045259�proton�transporting ATP synthase complexGO:0051591�response to cAMPGO:0050727�regulation of inflammatory responseGO:1903034�regulation of response to woundingGO:0009611�response to woundingGO:0016477�cell migrationGO:0043491�protein kinase B signalingGO:0043568�positive regulation of insulin�like growth factor receptor signaling pathwayGO:0051896�regulation of protein kinase B signalingGO:0046129�purine ribonucleoside biosynthetic processGO:0042451�purine nucleoside biosynthetic processGO:0072522�purine�containing compound biosynthetic processGO:0006164�purine nucleotide biosynthetic processGO:0009152�purine ribonucleotide biosynthetic processGO:0006112�energy reserve metabolic processGO:0000302�response to reactive oxygen speciesGO:0034614�cellular response to reactive oxygen speciesGO:0030832�regulation of actin filament lengthGO:0032535�regulation of cellular component sizeGO:0034599�cellular response to oxidative stressGO:0035924�cellular response to vascular endothelial growth factor stimulusGO:0030261�chromosome condensationGO:0007076�mitotic chromosome condensationGO:0030041�actin filament polymerizationGO:0035995�detection of muscle stretchGO:0031433�telethonin bindingGO:0072593�reactive oxygen species metabolic processGO:0010038�response to metal ionGO:0060048�cardiac muscle contractionGO:0005976�polysaccharide metabolic processGO:0044264�cellular polysaccharide metabolic processGO:0022890�inorganic cation transmembrane transporter activityGO:0032528�microvillus organizationGO:0009142�nucleoside triphosphate biosynthetic processGO:0009201�ribonucleoside triphosphate biosynthetic processGO:0006754�ATP biosynthetic processGO:0009145�purine nucleoside triphosphate biosynthetic processGO:0009206�purine ribonucleoside triphosphate biosynthetic processGO:0032530�regulation of microvillus organizationGO:0033002�muscle cell proliferationGO:0003208�cardiac ventricle morphogenesisGO:0030334�regulation of cell migrationGO:0040012�regulation of locomotionGO:2000145�regulation of cell motilityGO:0051272�positive regulation of cellular component movementGO:0044724�single�organism carbohydrate catabolic processGO:0032515�negative regulation of phosphoprotein phosphatase activityGO:0019829�cation�transporting ATPase activityGO:0033018�sarcoplasmic reticulum lumenGO:0003206�cardiac chamber morphogenesisGO:0003205�cardiac chamber developmentGO:0016052�carbohydrate catabolic processGO:0008217�regulation of blood pressureGO:0051270�regulation of cellular component movement
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图 5.53 所有显著富集的 GO pvalue 热图

注：当比较对大于两组时此图才会生成，只有一组比较时此图没有。

说明：上图中每一行代表一个 GO term，每一列为一组比较组，颜色越黄表示越显著，即 P 值越小，上图中内反应出在不同比较

对间富集的 GO 差异，尤其当样本为时间序列样本时可以很好的看出在不同时间段差异表达基因功能的差异。

5.11  差异基因 KEGG 富集分析 

5.11.1 方法说明 

在生物体内，不同基因相互协调行使其生物学功能，通过 Pathway 显著性富集能确定 差异表达基因参与的最主要生化代谢途径和

信号转导途径。KEGG（Kyoto Encyclopedia of Genes and Genomes）是有关 Pathway 的主要公共数据库（Kanehisa,2008）。Pathway 

显著性富集分析以 KEGG Pathway 为单位，应用超几何检验，找出与整个基因组背景相比，在差异表达基因中显著性富集的 Pathway。

该分析的计算公式如下：

1

0
1

m

i

n N n
m M m

Pvalue
N
M

-

=

-(   )
(    )
(          )-

= -∑

在这里 N 为所有基因中具有 Pathway 注释的基因数目；n 为 N 中差异表达基因的数目；M 为所有基因中注释为某特定 Pathway 的基因

数目；m 为注释为某特定 Pathway 的差异表达基因数目。P≤0.05 的 Pathway 定义为在差异表达基因中显著富集的 Pathway。

5.11.2 结果展示 

结果目录：10_kegg_enrichment/每个比较对在这里面均会有对应的文件夹
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ko05020 Prion diseases Human Diseases 8 5 3 0.001034 0.180191 

ko04020 
Calcium signaling 

pathway 

Environmental Information 

Processing 
18 5 13 0.003128 0.180191 

ko04310 Wnt signaling pathway 
Environmental Information 

Processing 
18 5 13 0.003128 0.180191 

ko04530 Tight junction Cellular Processes 16 4 12 0.003363 0.180191 

ko04750 

Inflammatory mediator 

regulation of TRP 

channels 

Organismal Systems 12 1 11 0.004629 0.180191 

ko05322 
Systemic lupus 

erythematosus 
Human Diseases 11 11 0 0.004847 0.180191 

ko04919 
Thyroid hormone 

signaling pathway 
Organismal Systems 16 3 13 0.005062 0.180191 

ko04911 Insulin secretion Organismal Systems 11 1 10 0.005796 0.180191 

ko04261 
Adrenergic signaling in 

cardiomyocytes 
Organismal Systems 17 5 12 0.006556 0.180191 

ko04713 Circadian entrainment Organismal Systems 12 4 8 0.008752 0.180191 

ko04971 Gastric acid secretion Organismal Systems 9 1 8 0.008998 0.180191 

ko05150 
Staphylococcus aureus 

infection 
Human Diseases 8 8 0 0.009041 0.180191 

ko04921 
Oxytocin signaling 

pathway 
Organismal Systems 18 5 13 0.00907 0.180191 

ko05166 HTLV-I infection Human Diseases 29 13 16 0.009696 0.180191 

ko05310 Asthma Human Diseases 5 5 0 0.010334 0.180191 

ko01212 Fatty acid metabolism Metabolism 9 1 8 0.010839 0.180191 

ko03320 PPAR signaling pathway Organismal Systems 11 7 4 0.012922 0.198418 

ko04360 Axon guidance Organismal Systems 14 6 8 0.013596 0.198418 

ko05031 Amphetamine addiction Human Diseases 10 1 9 0.014173 0.198418 

ko04912 GnRH signaling pathway Organismal Systems 12 1 11 0.0153 0.203487 

注：上述展示的只是富集分析中前 20 的 pathway，且为所有差异基因富集分析结果，UP/Down 基因的富集分析结果见对应的文

件夹。

KO_ID：KO ID 

Term：pathway 名称

All_num_this_term：注释到该通路上的所有基因

DEGs_this_term：该功能类下的差异基因数目

UP：该功能类下上调基因数目

Down：该功能类下下调基因数目

Pvalue：富集分析 P 值，P 值越小越显著

FDR：P 值校正值

*.genes.all_kegg_enrichment.xls：所有差异基因 KEGG 富集分析结果，结果如下：

epyTmreTDI_OK DEGs_this_ term UP Down Pvalue FDR 
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ko04510�Focal adhesion

ko04974�Protein digestion and absorption

ko04512�ECM�receptor interaction

ko04260�Cardiac muscle contraction

ko05146�Amoebiasis

ko04151�PI3K�Akt signaling pathway

ko05410�Hypertrophic cardiomyopathy (HCM)

ko05414�Dilated cardiomyopathy (DCM)

ko05010�Alzheimer's disease

ko05016�Huntington's disease

ko04068�FoxO signaling pathway

ko04932�Non�alcoholic fatty liver disease (NAFLD)

ko00190�Oxidative phosphorylation

ko05012�Parkinson's disease

ko01200�Carbon metabolism

ko00010�Glycolysis / Gluconeogenesis

ko04940�Type I diabetes mellitus

ko05332�Graft�versus�host disease

ko05323�Rheumatoid arthritis

ko04672�Intestinal immune network for IgA production

ko05416�Viral myocarditis

ko05140�Leishmaniasis

ko05150�Staphylococcus aureus infection

ko05322�Systemic lupus erythematosus

ko05310�Asthma

ko05330�Allograft rejection

ko05320�Autoimmune thyroid disease

ko04261�Adrenergic signaling in cardiomyocytes

ko05205�Proteoglycans in cancer

ko04611�Platelet activation

ko04010�MAPK signaling pathway

ko03320�PPAR signaling pathway

ko04921�Oxytocin signaling pathway

ko00071�Fatty acid degradation

ko01212�Fatty acid metabolism

ko04390�Hippo signaling pathway

ko04391�Hippo signaling pathway �fly

ko04961�Endocrine and other factor�regulated calcium reabsorption

ko04728�Dopaminergic synapse

ko04740�Olfactory transduction

ko04745�Phototransduction � fly

ko04750�Inflammatory mediator regulation of TRP channels

ko05020�Prion diseases

ko04911�Insulin secretion

ko04919�Thyroid hormone signaling pathway

ko04310�Wnt signaling pathway

ko05143�African trypanosomiasis

ko04530�Tight junction

ko04020�Calcium signaling pathway

ko05206�MicroRNAs in cancer

ko05166�HTLV�I infection

ko04022�cGMP � PKG signaling pathway

ko04360�Axon guidance

ko04713�Circadian entrainment

ko05031�Amphetamine addiction

ko04912�GnRH signaling pathway

ko04971�Gastric acid secretion

ko04720�Long�term potentiation

ko04270�Vascular smooth muscle contraction

ko04810�Regulation of actin cytoskeleton

ko04913�Ovarian Steroidogenesis

ko04514�Cell adhesion molecules (CAMs)

ko02020�Two�component system

ko04640�Hematopoietic cell lineage

ko04614�Renin�angiotensin system

ko00195�Photosynthesis

ko00254�Aflatoxin biosynthesis

ko05144�Malaria

ko04622�RIG�I�like receptor signaling pathway

ko05164�Influenza A

ko04610�Complement and coagulation cascades

ko00960�Tropane

ko00380�Tryptophan metabolism

ko00410�beta�Alanine metabolism

ko00020�Citrate cycle (TCA cycle)

ko01210�2�Oxocarboxylic acid metabolism

ko00627�Aminobenzoate degradation

ko03050�Proteasome

ko00280�Valine

ko00480�Glutathione metabolism

ko05200�Pathways in cancer

ko05219�Bladder cancer

ko00710�Carbon fixation in photosynthetic organisms

ko01051�Biosynthesis of ansamycins

ko05321�Inflammatiory bowel disease (IBD)

ko05222�Small cell lung cancer

ko05145�Toxoplasmosis

ko00561�Glycerolipid metabolism

ko01230�Biosynthesis of amino acids

ko00590�Arachidonic acid metabolism

ko00030�Pentose phosphate pathway

ko04612�Antigen processing and presentation

ko00350�Tyrosine metabolism

ko04145�Phagosome
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*.genes.all_kegg_enrichment_scatterPlot.pdf：所有差异基因 pathway 富集分析前 30 个富集散点图，结果如下：

图 5.54 pathway 富集分析前 30 个富集散点图

说明：纵轴表示 pathway 名称，横轴表示 pathway 对应的 Rich factor，Pvalue 的大小用点的颜色来表示，Pvalue 越小则颜色越接

近红色，每个 pathway 下包含的差异基因的多少用点的大小来表示。

*genes.enriched.kegg.heatmap2.pdf：所有比较组 kegg 富集 Pvalue 热图，该图通过对所有比较组显著富集的 kegg 的 P 值做

热图（默认为 p<0.05，可调整），结果如下：

图 5.55 所有显著富集的 pathway pvalue 热图

注：当比较对大于两组时此图才会生成，只有一组比较时此图没有。
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说明：上图中每一行代表一个 pathway，每一列为一组比较组，颜色越黄表示越显著，即 P 值越小，上图中内反应出在不同比较对

间富集的 pathway 差异，尤其当样本为时间序列样本时可以很好的看出在不同时间段差异表达基因功能的差异。

*.pathway.tgz：差异基因代谢通路图，里面为所有代谢通路图，并对差异基因进行上色，如下图：

图 5.56 代谢通路上色图

注：上图只展示某一比较对中最显著富集的代谢通路

说明：上图中所有有颜色的表示该物种在该通路上注释上的基因，颜色越红表示上调差异倍数越大，颜色越绿表示下调差异倍数

越大，蓝色表示非差异表达基因。

5.12 共表达网络分析 

5.12.1 方法说明 

基因共表达分析可以揭示转录调控的机制，选定一组基因，通过分析在不同样品中基因间表达量的相关性系数，构建基因间的共

表达网络，从而可以明确其中的相互作用关系。分析采用目前较为权威的加权共表达网络构建方法 WGCNA（Weighted correlation 

networkAnalysis，

http://www.genetics.ucla.edu/labs/horvath/CoexpressionNetwork/Rpackages/WGCNA）针对所选目标基因进行共表达网络的构建。大

致流程如下所述：

（1）针对任意两个基因，采用斯皮尔曼方法计算二者相关系数

（2）选取合适的阈值对相关性进行 cutoff 

（3）模拟 B 参数，为网络加权。最终，得到一个符合生物学意义的加权共表达网络。

5.12.2 结果展示 

结果目录：11_Co-expression/ 

*co-expression_cluster.pdf：共表达基因聚类图，展示如下：
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图 5.57 共表达基因聚类图

说明：上图中每一条分支代表一个差异表达基因，存在相同共表达关系的基因被聚类再一起。

*co-expression_network.pdf：共表达网络图，展示如下：

图 5.58 基因共表达网络图
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5.13 蛋白互作分析 

5.13.1 方法说明 

将差异基因映射至 HPRD（http://www.hprd.org/，Release 9）、biogrid（http://thebiogrid.org/)等蛋白关系网络数据库获得差异基

因的相互作用关系，用 Cytoscape 软件（http://www.cytoscape.org/）对差异基因进行网络可视化。统计差异基因互作关系网络的各种

拓扑性质，如网络中各个节点的联通性（Degree），介数中心性（Betweeness），亲密系数（Closeness）以及聚类系数（Cluster Coefficient），

可以获得互作网络中关键节点。

5.13.2 结果展示 

结果目录：12_PPI_result/ 

*_PPI_network.pdf：蛋白互作网络图，展示如下：

图 5.59 蛋白互作网络图
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Small RNA 测序 

1. 名词解释 

Bp :base-pair，碱基对，读长的单位，每一个 bp 指一对互补的碱基。

Read ：序列，测序数据中每一条序列就是一个 read。

Raw_reads: 原始数据

Clean_reads ：QC 之后的数据

Fastq : 序列数据存储的标准格式之一，每 4 行为一条 read 的信息。包含测序 read 名，序列，正反链标示，序列质量值

Single-end 测序：单端测序，只测一端，即为一条 read。

质量评分：指的是一个碱基的错误概率的对数值，即质量评分越高，错误概率越小。

QC： Quality control，即质量控制。

滑窗法：检测一个窗口内的碱基质量值，如果满足条件则向前移动一个单位继续检测，如果不满足条件即做删除处理，随后继续移动到

下一个单位进行检测，直到检测完所有的数据。

测序接头：序列在上机测序的时候需要在两端各加上一段人工序列，当序列片段比实际测序读长短时，3’端会测到接头序列，该段序列

在分析之前需要去除掉。

N：表示未知碱基，在测序的时候，当某个碱基无法确定为某个碱基时，改位判定为 N，某条序列中 N 越多说明该序列质量越低，一般

该种序列需要剔除掉。

Mapping ：序列比对，将测序的短序列与参考序列比较，找出短序列在参考序列中的准确位置。

Unique 序列：测序中相同序列的集合称之为 Unique 序列

Novel miRNA ：数据库中未有的 miRNA，一般为预测的新 miRNA 

TPM：TPM（Tag per million）是每百万 reads 中来自某一 miRNA 的 reads 数目，用于评估 miRNA 的表达量。

样品间相关性分析：衡量样本间相关性，相关系数越接近 1，表明样品之间表达模式的相似度越高。若样品中有生物学重复，通常生物

重复间相关系数要求较高。

热图：通过颜色深浅来可视化数据大小，每一个颜色块表示一个数值，一般颜色越深说明数值越大。

密度曲线：用来衡量数据的分布，数据在某个区域越集中，则该区域的面积越大。

PCA 分析：PCA分析（Principal component analysis）是一种研究数据相似性和差异性的可视化方法。经过一系列的计算之后，选择主

要的，排在前几位的特征值，对样本之间的关系进行描述。

韦恩图：又叫文氏图，用于反应不同数据集合的共性及特异性。

Pvalue ：统计学检验的 P 值，P 值越小说明样本间差异越大

FDR：多重假设检验校正后的 P 值，在做多次检验的时候为控制假阳性率需对 P 值再做校正，一般 P 值越小，FDR 值也越小。

Foldchange ：表达量差异倍数，一般差异倍数越大，说明表达差异越大。

火山图：火山图（Volcano Plot）在一张图中显示了两个重要的指标（Fold change/p-Value），可以非常直观且合理地筛选出在两样本

间发生差异表达的基因。

MA图：横坐标 X 轴表示 log 均值，即（log2(A)+log2(B)）/2,  纵坐标为代表 log（Foldchange），即 log2(B/ A), 据此图可看出差异基

因分布在高表达基因或者低表达基因。

表达模式聚类：对所有的差异基因进行聚类分析，该分析可以将表达模式相近的基因聚到一起，筛选出特定表达模式的基因类。

功能富集分析：对差异基因做检验，看差异基因在不同功能类下的分布，通过此分析可找出差异主要集中在哪些功能下面。



生
工
转
录
调
控
测
序
服
务

生
工
转
录
调
控
测
序
服
务

63
邮箱 /Email：ngs@sangon.com; RNAseq@sangon.com
网址 / Web ：www.sangon.com

2. 相关软件及数据库 

cutadapt ：https://pypi.python.org/pypi/cutadapt/1.2.1，版本 1.2.1。

Prinseq ：http://prinseq.sourceforge.net/，版本 0.19.5。

blast+ ：http://blast.ncbi.nlm.nih.gov/Blast.cgi?CMD=Web&PAGE_TYPE=BlastDocs&DOC_TYPE=Download，版本 2.28。

bowtie2 ：http://bowtie-bio.sourceforge.net/bowtie2/，版本 2.2.3。

mirDeep2 ：

https://www.mdc-berlin.de/8551903/en/research/research_teams/systems_biology_of_gene_regulatory_elements/projects/miRDeep 

版本 2.0。

Miranda：

R：https://www.r-project.org 版本 3.1.2。

Bioconductor ：http://www.bioconductor.org/。

R 包：qvalue，pheatmap，scatterplot3d，gplots，topGO，RColorBrewer，VennDiagram，DESeq，edgeR，Rgraphviz ，Statistics.R 

perl。

2.2 数据库 

Pfam 数据库：http://pfam.janelia.org/

Gene Ontology ：http://www.geneontology.org/

MirBase ：http://www.mirbase.org/

NONCODE：http://www.noncode.org/NONCODERv3/

silva rRNA ：http://www.arb-silva.de/

tRNAdb：http://trna.bioinf.uni-leipzig.de/DataOutput/Search

KEGG：http://www.kegg.jp/ KEGG 是 Kyoto Encyclopedia of Genes and Genomes 的简称，是系统分析基因产物和化合物在细胞中的

代谢途径以及这些基因产物的功能的数据库。

Ensembl ：欧洲基因组数据库，与 NCBI，UCSC 并为三大基因组数据库，其中可下载大部分物种的基因组序列及相关注释文件；动物

基因组：http://asia.ensembl.org/index.html，其它物种基因组：http://ensemblgenomes.org/。

Biomartview ：http://www.ensembl.org/biomart/martview/f0c1eaeff9cf930ca8180723e05ede99，可用于导出物种相关数据库信息。

3. 实验流程 

Total RNA

3'端接头连接

逆转录引物杂交

5'端接头连接

连接产物逆转录

PCR扩增

文库检测

Illumina测序
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4. 分析流程 

5. 结果展示 

5.1 序列预处理 

5.1.1  方法说明 

应用 cutadapt-1.2.1 和质量分数预处理方法对测序原始 reads 进行预处理，包括去除接头序列预处理和低质量序列预处理， 步骤

如下：

1) 去除 3’端接头序列

2) 去除掉低质量序列，平均质量值小于 20 的去掉

3) 去除含 N 的序列

4) 去除含 polyA 尾巴的序列

5) 去除长度过短序列及过长序列（小于 17，大于 35 的序列过滤掉）

6) 做序列长度分布图。

去除测序接头软件：cutadapt（ https://pypi.python.org/pypi/cutadapt/1.2.1）

主要参数设置：-O 10 -min_len 35 -a AGATCGGAAGAGCACACGTCTGAAC 

质量控制使用软件：Prinseq（http://prinseq.sourceforge.net/）

主要参数设置：-trim_qual_left 20 -trim_qual_right 20 -trim_qual_window 10 -trim_qual_step 1 -min_len 35 

5.1.2  结果展示 

结果目录：1_QC/ 

All_sample_data_infor.xlsx：所有样本 QC 结果统计，结果如下：

Raw Data

Quality Control

Length Filter Common/Specific sRNALength Distribution

Mapping

siRNA

Assembly

Find Virus

sRNA Classification

Known
miRNA

Bias analysis

tRNA/rRMA/snR
NA/snoRNA

Differential
expression analysis

GO
enrichment

KEGG
enrichment

miRNA/mRN
A network

Target gene
prediction

miRNA Family
analysis

Gene exon
intron

Novel miRNA
prediction
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表 5.1 数据统计结果

Sample Raw Reads Raw Base Clean Reads Clean Base Average Length Uniq_num Clean ratio

0h 20944743 3141711450 7286184 153739482 21.1 419606 34.787651 

24h 24521450 3678217500 12018170 259409360 21.58 1268384 49.010846 

30h 24308244 3646236600 13825713 311154771 22.51 1326899 56.876642 

48h 28478169 4271725350 16520594 380923470 23.06 1847731 58.011433 

结论：所有样本原始序列条数均大于 10M，达到分析要求。

*/Length_Distribution.pdf：各样本小 RNA 长度分布图，展示如下：

各样本长度分布图如下：

图 5.1 长度分布图

注：上图中只展示了 1 个样本结果，其他结果见 1_QC/对应样本文件夹中。

说明：图中 Total reads 表示总的 reads 数统计结果，Uniq Reads 表示每种拷贝只取一条统计结果。所有样本小 RNA 长度均分布在

18-24 之间，无异常，其它样本结果见 1_QC/中各对应样本文件夹。

Common-Specific_sRNA：样本间 sRNA 种类韦恩图，展示如下：

图 5.2 公共及特有序列统计
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注：结题报告中只显示一对样本间的公共及特有结果，其他样本间的信息包含在结果文件夹

(1)样本 1 specific：样本 1 的特有序列。

(2)样本 1 & 样本 2：样本间的公共序列。

(3)样本 2 specific：样本 2 的特有序列。

5.2 序列注释和鉴定已知 microRNA 

5.2.1  方法说明 

将 clean reads 分别比对到人的 tRNA、rRNA、snoRNA、mRNA 等数据库中，允许一个错配，之后将比对到该些数据库的序列过

滤；将过滤后序列比对到 mirBase 数据库中人的 miRNA，详细注释结果见表 4.1。

比对软件： bowtie（http://bowtie-bio.sourceforge.net/index.shtml ）bowtie 主要用于测序短序列比对，其特点是速度快，精

度高，被大量用于短序列比对。

5.2.2  结果展示 

结果目录：2_Annotation/ 

sRNA_Annotation_result.xlsx ：所有样本 sRNA 注释结果统计表，结果如下：

表 5.2 部分样本序列注释结果

*_sRNA_Annotation_result.pdf ：各样本注释结果饼图，详细注释信息分布图如下：

图 5.3 sRNA 注释结果饼图

注：上图展示的为部分样本结果，其他样本结果见 2_Annotation/文件夹。

说明：图中 All reads 表示总的 reads 数统计结果，Uniq Reads 表示每种拷贝只取一条统计结果。

5.3 已知 miRNA 分析 

5.3.1  方法说明 

过滤掉 tRNA、rRNA、snRNA、snoRNA，mRNA 等非 miRNA 序列后，将过滤之后的序列比对到 mirBaseV21 中人的已知 miRNA

中，计算各 miRNA 的表达量。数据库中人有 2588 个成熟 miRNA，总共鉴定到 1303 个。

 5.3.2 结果展示 

结果目录：3_known_miRNA_analysis/ 

All_sample_known_miRNAs_expression.xls：所有样本各已知 miRNA 表达量统计，结果如下：

All sRNA distribution

miRNA
Unannot
cds
lincRNA
sense_intronic
rRNA
snoRNA
retained_intron
Mt_rRNA
Mt_tRNA
other

Unique sRNA distribution

miRNA
Unannot
cds
lincRNA
sense_intronic
rRNA
snoRNA
retained_intron
Mt_rRNA
Mt_tRNA
other

All cds lincRNA macro_lncRNAMt_rRNA Mt_tRNA rRNA scaRNA snoRNA snRNA TEC vaultRNA miRNA Unannot
Uniq 419606 93034.338 18801.571 388.8829 2740.3667 1655.833 2727.5 117.25 3693.83564 1597.2031 84.72407 7 29596 265161.5
All 7286184 1063763.5 446110.81 936.1164 8638.3667 9377.167 26809.62 640.41667 54801.1657 7003.8095 182.4532 10 5002001 665909.6

Uniq 1268384 324289.04 79073.086 2376.217 37026.183 14372.33 13310.68 419.33333 9008.6371 7657.3357 502.2505 48.5 30567 749733.4
All 12018170 3452647.8 847055.52 4940.349 361325.38 179433.7 414241.2 1470.6667 49953.9882 138688.17 1371.785 320 2722075 3844646

Uniq 1326899 403664.61 111772.37 3185.104 26107.95 9060.833 19881.85 357.66667 7997.85477 5561.0674 663.4334 26.5 29475 709144.8
All 13825713 3057214.5 1537904.8 6490.119 220194.12 73122 914700.4 940 43951.7639 50187.341 1858.322 115.5 1651986 6267048

Uniq 1847731 601037.18 136027.41 4301.375 16850.367 5683.5 22894.49 499.16667 11377.9521 5230.831 938.1451 28.75 34363 1008499
All 16520594 3017005.7 1722578.2 9476.78 136667.12 30287.33 1072484 993.83333 60809.4932 38485.534 2845.487 88.75 1124728 9304144

0h

24h

30h

48h
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表 5.3 表达丰度值前 10 位的 miRNA 

miRNA precursor total 0h_RPM 24h_RPM 30h_RPM 48h_RPM 

hsa-miR-10a-5p hsa-mir-10a 670240.5 86498.03 33985.35 45093.78 62742.52 

hsa-miR-99b-5p hsa-mir-99b 354254 48677.95 18026.99 18936.55 27038.45 

hsa-miR-10b-5p hsa-mir-10b 342672 43577.33 18189 23491.35 32342.82 

hsa-miR-7-5p hsa-mir-7-1 299195 35734.42 16735.7 20267.67 36819.44 

hsa-miR-30e-5p hsa-mir-30e 242585.5 26909.73 17681.49 16673.52 28724.18 

hsa-miR-148a-3p hsa-mir-148a 219957.5 32355.51 10229.11 9056.65 13610.36 

hsa-miR-17-5p hsa-mir-17 211529.5 27459.44 11501.24 12339.66 19990.55 

hsa-miR-92a-3p hsa-mir-92a-1 210951 21827.16 17163.56 17516.24 23217.39 

hsa-miR-191-5p hsa-mir-191 210531 28763.07 11803.45 10997.64 14544.8 

注: 上表展示的展示的为部分样本结果，其他见 3_known_miRNA_analysis/  

Base_bias.pdf：已知 miRNA 碱基偏好性结果，展示如下：

图 5.4 已知 miRNA 各位置碱基偏好性

说明：横坐标为 sRNA 的碱基位置，纵坐标为该位置 sRNA 中出现碱基 A/U/C/G 的百分率

图 5.5 长度 18~30nt 的已知 miRNA 首位碱基偏好性

说明：横坐标为 sRNA 长度，纵坐标为该长度 sRNA 中首位碱基出现 A/U/C/G 的百分率（柱形图上方的数值为该长度 sRNA 的总

条数）
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5.4 novel miRNA 预测 

5.4.1 方法说明 

将各样本过滤之后的 sRNA 序列合并，比对到人基因组中，后采用 mirDeep2 做 novel miRNA 预测，参数采用默认参数。去除预测

结果中人中已知的 miRN，剩余的为 novel miRNA。mirDeep2 是一款专门用于做 know 及 novel miRNA 鉴定的软件。

软件信息详见：

https://www.mdc-berlin.de/8551903/en/research/research_teams/systems_biology_of_gene_regulatory_elements/projects/miRDeep

5.4.2 结果展示 

结果目录：4_novel_miRNA_predict/ 

All_novel_miRNA_expression.xlsx：各样本 novelmiRNA 表达量统计，所有样本总共预测到 354 个 novel miRNA。结果如下：

表 5.4 novel miRNA 表达量前十结果

latotrosrucerpANRim

hsa-novel-214-mature 1380963412-levon-ash

von-asherutam-461-levon-ash el-1,hsa-novel-164 316420.7 

hsa-novel-1-mature 8.4676511-levon-ash

hsa-novel-245-mature 3.792901542-levon-ash

hsa-novel-2-mature 987332-levon-ash

hsa-novel-154-mature 71892451-levon-ash

5094201-levon-asherutam-01-levon-ash

hsa-novel-267-mature 10732762-levon-ash

hsa-novel-148-mature 85622841-levon-ash

hsa-novel-7-mature 337817-levon-ash

图 5.6 novel miRNA 结构示意图

Provisional ID :  9_43531
Score total :    19076.8
Score for star read(s) :        3.9
Score for read counts :    19074.7
Score for mfe :        0.3
Score for randfold :       -2.2
Score for cons. seed :           
Total read count :      37426
Mature read count :      37357
Loop read count :          0
Star read count :         69

5'
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A
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0.5

0.25

0

1

Mature
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Star
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gggguugggccuggggauuagcgggugcuguaggcuuuaaaaaauaaaaauaaaaagacaggcacaguggcacacaccuguaaucccagcuacucaggaggccaaagc -3'5'- obs

gggguugggccuggggauuagcgggugcuguaggcuuuaaaaaauaaaaauaaaaagacaggcacaguggcacacaccuguaaucccagcuacucaggaggccaaagc exp

..((((...(((((((((((.((((((.(((..(((................................))))))))))))))))))).......)))).))))..... reads mm sample

.............gggauuaCcgggugcuguaggcu........................................................................ 1 1 bbb

.............gggauuaCcgggugcuguaggcuu....................................................................... 2 1 bbb

.............gggauuaCcgggugcuguaggcuuu...................................................................... 4 1 bbb

.............gggaAuagcgggugcuguaggcuuu...................................................................... 1 1 bbb

..............ggauuaCcgggugcuguaggcu........................................................................ 1 1 bbb

..............ggauuaCcgggugcuguaggcuu....................................................................... 16 1 bbb

..............ggaAuagcgggugcuguaggcuu....................................................................... 1 1 bbb

..............ggaAuagcgggugcuguaggcuuu...................................................................... 8 1 bbb

..............ggauuaCcgggugcuguaggcuuu...................................................................... 27 1 bbb

...............gaAuagcgggugcugua............................................................................ 1 1 bbb

...............gauuaCcgggugcuguaggcu........................................................................ 3 1 bbb

...............gauuaCcgggugcuguaggcuu....................................................................... 1 1 bbb

...............gaAuagcgggugcuguaggcuu....................................................................... 4 1 bbb

...............gaAuagcgggugcuguaggcuuu...................................................................... 14 1 bbb

...............gauuaCcgggugcuguaggcuuu...................................................................... 12 1 bbb

................aAuagcgggugcuguaggcu........................................................................ 2 1 bbb

................auuaCcgggugcuguaggcu........................................................................ 4 1 bbb

................auuaCcgggugcuguaggcuu....................................................................... 8 1 bbb

................aAuagcgggugcuguaggcuuu...................................................................... 2 1 bbb

................auuaCcgggugcuguaggcuuu...................................................................... 21 1 bbb

.................uuaCcgggugcuguaggcu........................................................................ 3 1 bbb

.................Auagcgggugcuguaggcuu....................................................................... 3 1 bbb

.................uuaCcgggugcuguaggcuu....................................................................... 6 1 bbb

.................Auagcgggugcuguaggcuuu...................................................................... 3 1 bbb

.................uuaCcgggugcuguaggcuuu...................................................................... 3 1 bbb

..................uaUcgggugcuguaggc......................................................................... 1 1 bbb

..................uaUcgggugcuguaggcu........................................................................ 2 1 bbb

..................uagcgggugcuguaggcuu....................................................................... 1 0 bbb
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5.5  miRNA 家族分析 

对检测到的已知 miRNA 和新 miRNA 进行家族分析，探索其所属的 miRNA 家族在其他物种中的存在情况。结果表格中第一列是

miRBase 数据库中收录的各个物种名，第一行是检测到的已知和新 miRNA 前体的家族名，表格中的数据项“+”表示在该物种中存在对应家

族，“-”表示不存在。结果见表 4.5。

表 5.5 miRNA 家族分析结果（部分）

954-rim0912-rim012-rim712-rim51-rim573-rim

Xenopus tropicalis + + + + - - 

Branchiostoma floridae + - + + - - 

Petromyzon marinus + + + - - - 

Macaca mulatta + + + + - - 

Strongylocentrotus purpuratus + - - - - - 

Tetraodon nigroviridis + + + + - - 

Culex quinquefasciatus + - - + - - 

----+-attacrumeL

Ixodes scapularis + - - - - - 

注：结题报告中只显示部分 miRNA 家族分析统计结果，更多信息见结果文件夹 miRNA_family。

5.6 样本聚类及 PCA 分析 

5.6.1 方法说明 

聚类分析：通过计算样本间距离可以获取样本间相似度，表达模式越接近的样本在聚类分析的时候会越靠近，样本间距离计算方式为

1-R^2，其中 R 为皮尔森相关系数。样本间聚类方式为 Hierarchical  clustering。

PCA 分析（Principal Component Analysis）即主成分分析，是一种对数据进行简化分析的技术，这种方法可以有效的找出数据中

最“主要”的元素和结构，去除噪音和冗余，将原有的复杂数据降维，揭示隐藏在复杂数据背后的简单结构。通过 PCA 分析可以较好的找出

样本间的关系以及主要影响样本间差异的一些基因。

5.6.2  结果展示 

结果目录：5_Sample_cluster/ 

All.correlation.heatmap.pdf：样本间距离热图，结果展示如下图：

图 5.7 样本间距离热图 图 5.8 样本间聚类树图

Heatmap of Sample correlation

0h 48h

24h

30h

0h

48h

24h

30h

0

0.1

0.2

0.3

0.4

0.4 0.3 0.2 0.1 0.0

Sample clustering

●

●0h

●

●48h

●

●24h

●30h



生
工
转
录
调
控
测
序
服
务

生
工
转
录
调
控
测
序
服
务

70
地       址：上海市松江区香闵路 698 号                     Add:   698 Xiang Min Road SongJiang Shanghai China
技术支持：021-37772413/57072083/57072061

说明：样本间距离热图，图中每个颜色方块表示两两样本间距离，聚类最大值为 1，最小值为 0，距离值越大颜色越蓝，反之距离越小

颜色越红，且越相似的样本在聚类时会越靠近。上图可反应出所有样本间的相似度情况。

样本聚类图，图中每一个分支代表一个样本，长度值表示样本间的距离，样本间相似度越高，则在树图中越靠近。

All.genes.PCA.3dplot.pdf ：前 3 主成分 3D 图，结果展示如下：

图 5.9 PCA 3Dplot 

说明：PCA三维散点图，图中不同颜色代表不同样本或者不同 group中的样本，样本间相似度越高则在图中越聚集，反之样本间

相似度越低则空间距离越远。

All.genes.PCA.2dplot.heatmap.pdf ：前 3 主成分 2D 图，结果展示如下: 

图 5.10 PCA 2Dplot (PC1 vs PC2) 

图 5.11 PCA 2Dplot (PC2 vs PC3) 

PCA 3dplot
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5.7 差异表达分析 

5.7.1 方法说明 

无生物学重复：差异分析方法参照 Audic S.等人发表在 Genome Research 上的基于测序的差异基因检测方法{Audic, 1997 #8}（该

文献已被引用超过五百次）。假设观测到基因 A 对应的 reads 数为 x，已知在一个大文库中，每个基因的表达量只占所有基因表达量的

一小部分，在这种情况下，p(x)的分布服从泊松分布：

已知，样本一中唯一比对上总 reads 数为 N1，样本二中比对上的总 reads 数为 N2，样本一中比对到基因 A 的总 reads 数为 x，样本二

中比对到基因 A 的总 reads 数为 y，则基因 A 在两样本中表达量相等的概率可由以下公式计算：

然后，我们对差异检验的 p value 作多重假设检验校正。差异基因筛选条件为： P<=0.05 且|Log2Fold Change|>=1。

有生物学重复样本筛选方法如下：采用 DEseq 进行差异分析,筛选阈值为 pvalue<0.05。

差异分析软件： DESeq（http://www.bioconductor.org/）

5.7.2 结果展示 

结果目录：6_DEGs_analysis 

差异基因统计结果，结果如下：

表 5.5 差异基因数目统计

LLANWODPUerapmoC

22283481h42_sv_h0

39183551h03_sv_h0

64226481h84_sv_h0

081295h03_sv_h42

3110437h84_sv_h42

435191h84_sv_h03

A_vs_B/*genes.DEGs.count.pdf：差异基因数目统计条形图，结果展示如下：

图 5.12 差异基因数目条形图
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A_vs_B/*.genes.RPM.boxplot.pdf：比较对样本表达盒状图，结果如下：

图 5.13 比较对间样本表达量盒状图

注：上述展示的只是一组比较对间的结果，若有多组比较，到对应的比较对文件夹中可以找到相应的结果，若只有一组比较此处

展示的结果与图 6.26 一样，下同。

A_vs_B/*.genes.RPM.density.pdf：比较对样本表达密度曲线图，结果如下：

图 5.14 比较对间样本表达密度曲线

A_vs_B/.genes.RPM.Scatter.plot.pdf：比较对样本件表达量散点图，结果如下图：

图 5.15 比较对样本件表达量散点图
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A_vs_B/*.genes.RPM.boxplot.pdf：比较对样本表达盒状图，结果如下：

图 5.13 比较对间样本表达量盒状图

注：上述展示的只是一组比较对间的结果，若有多组比较，到对应的比较对文件夹中可以找到相应的结果，若只有一组比较此处

展示的结果与图 6.26 一样，下同。

A_vs_B/*.genes.RPM.density.pdf：比较对样本表达密度曲线图，结果如下：

图 5.14 比较对间样本表达密度曲线

A_vs_B/.genes.RPM.Scatter.plot.pdf：比较对样本件表达量散点图，结果如下图：

图 5.15 比较对样本件表达量散点图
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说明：上图为样本间表达量散点图，每一个点代表一个基因，横纵坐标分别表示 log2(RPM)值，若为有生物学重复样本则X/Y 轴的

值为 Log2(Mean RPM)，即为 log2(生物学重复 RPM 的均值)。其中红色表示上调基因，绿色表示下调基因，蓝色表示非差异表达基因，上

调 /下调均是 Y 轴样本相对于 X 轴样本。

A_vs_B/.genes.RPM.MA.plot.pdf：比较对样本件表达量 MA 图，结果展示如下：

图 5.16 比较对样本件表达量 MA 图

说明：横坐标 X 轴表示 log 均值，即（log2(A)+log2(B)）/2,  纵坐标为代表 log（Foldchange），即 log2(B/ A), 各个数据点红色

代表筛选出的差异基因，蓝色代表非差异基因。

A_vs_B/*.genes.volcano.plot.pdf：火山图，结果展示如下：

图 5.17 差异分析火山图

说明：横坐标代表基因在不同实验组中/不同样品中表达倍数变化；纵坐标代表基因表达量变化的统计学显著程度，p-value 越小，

-log10(p-value)越大，即差异越显著。图中的散点代表各个基因，蓝色圆点表示无显著性差异的基因，红色圆点表示有显著性差异的基

因，火山图可以直观展现 pvalue 与 log2（foldchange）的关系。

VENN/*.genes.all.venn.pdf：指定的比较对间差异表达基因韦恩图，结果展示如下：

图 5.18 差异基因韦恩图
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注：默认为所有比较对间做韦恩图，当比较对数目大于五时或未指定，则该项分析不会做，上图展示的为所有差异基因，上调与

下调差异基因韦恩图见相关文件夹。

说明：上图展示的为特定比较对间差异基因的韦恩图，通过该图可以看出不同比较对间差异基因的异同。

5.8 差异基因表达模式聚类分析 

5.8.1 方法说明 

差异基因聚类分析用于判断不同实验条件下差异基因表达量的聚类模式。 每个比较组合都会得到一个差异基因集，将所有比较组

合的差异基因集求并集，获得该基因集在每个样品中的TPM值/ ，做后续聚类分析，获得表达模式相近的基因集。

5.8.2 结果展示 

结果目录：6_DEGs_analysis/*_DEGs_cluster 

All_DEGs_samples_heatmap.pdf：所有差异基因表达聚类热图，结果展示如下

图 5.19 表达模式聚类热图

说明：热图，所有差异表达基因表达量热图，图中每行代表一个 基因，每列代表一个样本，颜色表示表达量高低，越红表示表达

量越高，反之越绿表示表达量越低。图中分别对样本及基因做聚类，相似的样本会聚在一起，另表达模式相近的基因亦会聚在一起，如

图左侧的距离结果。聚类树下面的颜色块表示 group，颜色相同说明这些样本未同一 group或者为生物学重复。

All_DEGs_sample_cor_matrix.pdf：样本相关性热图，该结果基于所有差异表达基因，展示如下：

图 5.20 表达相关性热图
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说明：样本相关性热图，图中行列代表样本，每一格表示两样本间的相关性，颜色越红表示样本间相关性越高，越相似，反之越

绿表示相关性越低。聚类树旁边的颜色块表示 group，颜色相同说明这些样本未同一 group 或者为生物学重复。

DEGs_cluster_plot.pdf：基因集表达量散点图，表达模式相近的基因聚为一类，归为一个 cluster，结果展示如下：

图 5.21 前 4 个 cluster 中基因在各样本中表达量折线图

说明：图中一条折线表示一个基因在不同样本中的表达量值，图中看出每个 cluster 下面的所有基因在所有样本中表达模式均类似。

All_DEGs_genes_foldchange_heatmap.pdf：所有差异表达基因 log2(foldchange)热图，结果展示如下：

图 5.22 foldchange 热图

注：当比较对大于两组时此图才会生成，只有一组比较时此图没有。

说明：上图中红色表示上调表达，绿色表示下调表达，颜色越红表示上调倍数越高，颜色越绿表示下调倍数越高，每一行代表一

个基因，每一列代表一组比较对。
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5.9  miRNA 靶基因预测 

5.9.1 方法说明 

对所有已知差异表达的 miRNA 做靶基因预测，预测的数据来源为 mirDB(http://mirdb.org/miRDB/index.html)。详细结果见

7_target_prediction/ 

5.10  差异基因 GO 富集分析 

注：一下展示内容均为第一组比较对的富集分析结果

5.10.1 方法说明 

Gene Ontology（简称 GO, http://www.geneontology.org/）是基因功能国际标准分类体系。根据实验目的筛选差异基因后，研

究差异基因在 Gene Ontology 中的分布状况将阐明实验中样本差异在基因功能上的体现。GO 富集分析方法为 GOseq（Young et al, 

2010）,此方法基于 Wallenius non-central hyper-geometric distribution 。相对于普通的 Hyper-geometric distribution，此分布的特点

是从某个类别中抽取个体的概率与从某个类别之外抽取一个个体的概率是不同的，这种概率的不同是通过对基因长度的偏好性进行估计

得到的，从而能更为准确地计算出 GOterm 被差异基因富集的概率。

5.10.2 结果展示 

结果目录：8_GO_enrichment/，每个比较对在这里面均会有对应的文件夹

A_vs_B/*.genes.all_GO_enrichment.xls：所有差异表达基因 GO 富集分析列表，结果如下

表 5.5 GO 富集分析结果

RDFeulavPdetcepxEmret_siht_sGEDepyTmreTDI_OG

GO:0005488 binding molecular_function 5987 5623.94 1.00E-30 2.35E-28 

GO:0005622 intracellular cellular_component 7756 7123.96 1.00E-30 2.35E-28 

GO:0005634 nucleus cellular_component 3762 3318.97 1.00E-30 2.35E-28 

GO:0005737 cytoplasm cellular_component 5596 5090.13 1.00E-30 2.35E-28 

GO:0006351 
transcription, 

DNA-templated 
biological_process 2146 1792.55 1.00E-30 2.35E-28 

GO:0006355 
regulation of transcription, 

DNA-templated 
biological_process 1932 1597.87 1.00E-30 2.35E-28 

GO:0007154 cell communication biological_process 3144 2735.19 1.00E-30 2.35E-28 

GO:0007275 
multicellular organismal 

development 
biological_process 2634 2211.1 1.00E-30 2.35E-28 

GO:0007399 
nervous system 

development 
biological_process 1244 952.37 1.00E-30 2.35E-28 

GO:0009058 biosynthetic process biological_process 3315 2947.79 1.00E-30 2.35E-28 

注：上述展示的只是富集分析中前 10 的 GO，且为所有差异基因富集分析结果，UP/Down 基因分别的富集分析结果见对应的文

件夹。

GO_ID：GO ID 

Term：GO 名字

Type：GO 功能类

DEGs_this_term：该功能类下的差异基因数目

Pvalue：富集分析 P 值，P 值越小越显著

FDR：P 值校正值
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*.genes.all_GO_enrichment_scatterPlot.pdf：所有差异基因 GO 富集分析前 30 个 GO 富集散点图，结果如下：

图 5.23 GO 富集分析前 30 个 GO 富集散点图

说明：纵轴表示 GO 名称，横轴表示 GO 对应的 Rich factor，Pvalue 的大小用点的颜色来表示，Pvalue 越小则颜色越接近红色，

每个 GO 下包含的差异基因的多少用点的大小来表示。

*.genes.all_*_classic_5_all.pdf：topGO 有向无环图

图 5.24 GO 富集工人村有向无环图

说明：topGO 有向无环图（图 19）能直观展示差异基因富集的 GO term 及其层级关系。有向无环图为差异基因 GO 富集分析的

结果图形化展示方式，分支代表包含关系，从上至下所 定义的功能范围越来越具体。对 GO 三大分类（CC 细胞成分，MF 分子功能，

BP 生物学过程）的每一类都取富集程度最高的前 5 位作为有向无环图的主节点，用方框表示，并通过 包含关系将相关联的 GO Term

一起展示，颜色的深浅代表富集程度，颜色越深代表富集程度越高。每个方框或圆圈代表一个 GO term，放大方框中内容从上到下代表

的含义依次为:GO term 的 id、GO 的描述、 GO 富集的 Pvalue、该 GO 下差异基因的数目/该 GO 下背景基因的数目。每组比较三张

图（BP,CC,MF）。
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*genes.enriched.GO.heatmap2.pdf：所有比较组 GO 富集 Pvalue 热图，该图通过对所有比较组显著富集的 GO 的 P 值做热图

（默认为 p<0.01，可调整），结果如下： 

 

图 5.25 所有显著富集的 GO pvalue 热图 

注：当比较对大于两组时此图才会生成，只有一组比较时此图没有。 

说明：上图中每一行代表一个 GO term，每一列为一组比较组，颜色越黄表示越显著，即 P 值越小，上图中内反应出在不同比较

对间富集的 GO 差异，尤其当样本为时间序列样本时可以很好的看出在不同时间段差异表达基因功能的差异。 

5.11 靶基因 KEGG 富集分析 

注：一下展示内容均为第一组比较对的富集分析结果 

5.11.1 方法说明 

在生物体内，不同基因相互协调行使其生物学功能，通过 Pathway 显著性富集能确定 差异表达基因参与的最主要生化代谢途径

和信号转导途径。KEGG（Kyoto Encyclopedia of Genes and Genomes）是有关 Pathway 的主要公共数据库（Kanehisa,2008）。Pathway 

显著性富集分析以 KEGG Pathway 为单位，应用超几何检验，找出与整个基因组背景相比， 在差异表达基因中显著性富集的 Pathway。

该分析的计算公式如下： 

 

在这里 N 为所有基因中具有 Pathway 注释的基因数目；n 为 N 中差异表达基因的数目；M 为所有基因中注释为某特定 Pathway 的基因

数目；m 为注释为某特定 Pathway 的差异表达基因数目。P≤0.05 的 Pathway 定义为在差异表达基因中显著富集的 Pathway。 

5.11.2 结果展示 

结果目录：9_kegg_enrichment/每个比较对在这里面均会有对应的文件夹 

*.genes.all_kegg_enrichment.xls：所有差异基因 KEGG 富集分析结果，结果如下： 
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GO:0097159�organic cyclic compound bindingGO:1901363�heterocyclic compound bindingGO:0006807�nitrogen compound metabolic processGO:0008270�zinc ion bindingGO:0016070�RNA metabolic processGO:0042995�cell projectionGO:0072358�cardiovascular system developmentGO:0072359�circulatory system developmentGO:0016740�transferase activityGO:0051128�regulation of cellular component organizationGO:0048523�negative regulation of cellular processGO:0048519�negative regulation of biological processGO:0007417�central nervous system developmentGO:0012505�endomembrane systemGO:0045935�positive regulation of nucleobase�containing compound metabolic processGO:0051173�positive regulation of nitrogen compound metabolic processGO:0009891�positive regulation of biosynthetic processGO:0031328�positive regulation of cellular biosynthetic processGO:0065008�regulation of biological qualityGO:0065009�regulation of molecular functionGO:0040011�locomotionGO:0007264�small GTPase mediated signal transductionGO:0009790�embryo developmentGO:0044456�synapse partGO:0060429�epithelium developmentGO:0016772�transferase activity, transferring phosphorus�containing groupsGO:0071495�cellular response to endogenous stimulusGO:0007420�brain developmentGO:0048646�anatomical structure formation involved in morphogenesisGO:0016192�vesicle�mediated transportGO:0032879�regulation of localizationGO:0006928�cellular component movementGO:0016301�kinase activityGO:0009719�response to endogenous stimulusGO:0007409�axonogenesisGO:0061564�axon developmentGO:0070848�response to growth factorGO:0071363�cellular response to growth factor stimulusGO:0044765�single�organism transportGO:0006796�phosphate�containing compound metabolic processGO:0006793�phosphorus metabolic processGO:0009887�organ morphogenesisGO:1902531�regulation of intracellular signal transductionGO:2000026�regulation of multicellular organismal developmentGO:0051239�regulation of multicellular organismal processGO:0043565�sequence�specific DNA bindingGO:0007267�cell�cell signalingGO:0022610�biological adhesionGO:0007155�cell adhesionGO:0003712�transcription cofactor activityGO:0007507�heart developmentGO:0036477�somatodendritic compartmentGO:0022603�regulation of anatomical structure morphogenesisGO:0016773�phosphotransferase activity, alcohol group as acceptorGO:0051641�cellular localizationGO:0001568�blood vessel developmentGO:0001944�vasculature developmentGO:0043168�anion bindingGO:0008152�metabolic processGO:0007411�axon guidanceGO:0097485�neuron projection guidanceGO:0035295�tube developmentGO:0071704�organic substance metabolic processGO:0019220�regulation of phosphate metabolic processGO:0051174�regulation of phosphorus metabolic processGO:0048729�tissue morphogenesisGO:0016310�phosphorylationGO:0098588�bounding membrane of organelleGO:0045595�regulation of cell differentiationGO:0045944�positive regulation of transcription from RNA polymerase II promoterGO:0060284�regulation of cell developmentGO:0051960�regulation of nervous system developmentGO:0050767�regulation of neurogenesisGO:0000989�transcription factor binding transcription factor activityGO:0000988�protein binding transcription factor activityGO:0045664�regulation of neuron differentiationGO:0007169�transmembrane receptor protein tyrosine kinase signaling pathwayGO:0007167�enzyme linked receptor protein signaling pathwayGO:0044464�cell partGO:0005623�cellGO:0006725�cellular aromatic compound metabolic processGO:0003677�DNA bindingGO:0046914�transition metal ion bindingGO:0046483�heterocycle metabolic processGO:0006139�nucleobase�containing compound metabolic processGO:0009792�embryo development ending in birth or egg hatchingGO:0043009�chordate embryonic developmentGO:1901360�organic cyclic compound metabolic processGO:0090304�nucleic acid metabolic processGO:0010467�gene expressionGO:0034641�cellular nitrogen compound metabolic processGO:0005622�intracellularGO:0050794�regulation of cellular processGO:0009987�cellular processGO:0009653�anatomical structure morphogenesisGO:0007154�cell communicationGO:0044763�single�organism cellular processGO:0007399�nervous system developmentGO:0023052�signalingGO:0044700�single organism signalingGO:0065007�biological regulationGO:0032502�developmental processGO:0044767�single�organism developmental processGO:0048731�system developmentGO:0007275�multicellular organismal developmentGO:0048856�anatomical structure developmentGO:0044424�intracellular partGO:0043229�intracellular organelleGO:0043226�organelleGO:0043231�intracellular membrane�bounded organelleGO:0043227�membrane�bounded organelleGO:0043167�ion bindingGO:0019222�regulation of metabolic processGO:0019219�regulation of nucleobase�containing compound metabolic processGO:0031323�regulation of cellular metabolic processGO:0051179�localizationGO:0005488�bindingGO:0005737�cytoplasmGO:0043169�cation bindingGO:0046872�metal ion bindingGO:0010556�regulation of macromolecule biosynthetic processGO:0060255�regulation of macromolecule metabolic processGO:0032774�RNA biosynthetic processGO:2000112�regulation of cellular macromolecule biosynthetic processGO:0006355�regulation of transcription, DNA�templatedGO:0010468�regulation of gene expressionGO:2001141�regulation of RNA biosynthetic processGO:0050789�regulation of biological processGO:0023051�regulation of signalingGO:0010646�regulation of cell communicationGO:0006351�transcription, DNA�templatedGO:0051252�regulation of RNA metabolic processGO:0080090�regulation of primary metabolic processGO:0051171�regulation of nitrogen compound metabolic processGO:0005634�nucleusGO:1901362�organic cyclic compound biosynthetic processGO:0031326�regulation of cellular biosynthetic processGO:0009889�regulation of biosynthetic processGO:0019438�aromatic compound biosynthetic processGO:0018130�heterocycle biosynthetic processGO:0044271�cellular nitrogen compound biosynthetic processGO:0034654�nucleobase�containing compound biosynthetic processGO:0071840�cellular component organization or biogenesisGO:0044237�cellular metabolic processGO:0016043�cellular component organizationGO:0032989�cellular component morphogenesisGO:0000902�cell morphogenesisGO:0048869�cellular developmental processGO:0048513�organ developmentGO:0048468�cell developmentGO:0035556�intracellular signal transductionGO:0030182�neuron differentiationGO:0022008�neurogenesisGO:0048699�generation of neuronsGO:0007165�signal transductionGO:0051716�cellular response to stimulusGO:0009966�regulation of signal transductionGO:0050793�regulation of developmental processGO:0009888�tissue developmentGO:0048522�positive regulation of cellular processGO:0006357�regulation of transcription from RNA polymerase II promoterGO:0030054�cell junctionGO:0043005�neuron projectionGO:0048667�cell morphogenesis involved in neuron differentiationGO:0048812�neuron projection morphogenesisGO:0007268�synaptic transmissionGO:0030154�cell differentiationGO:0006810�transportGO:0051234�establishment of localizationGO:0045202�synapseGO:0001071�nucleic acid binding transcription factor activityGO:0003700�sequence�specific DNA binding transcription factor activityGO:0044444�cytoplasmic partGO:0010557�positive regulation of macromolecule biosynthetic processGO:0043412�macromolecule modificationGO:1902680�positive regulation of RNA biosynthetic processGO:0045893�positive regulation of transcription, DNA�templatedGO:0051254�positive regulation of RNA metabolic processGO:0044260�cellular macromolecule metabolic processGO:0009058�biosynthetic processGO:0044249�cellular biosynthetic processGO:1901576�organic substance biosynthetic processGO:0009059�macromolecule biosynthetic processGO:0034645�cellular macromolecule biosynthetic processGO:0097458�neuron partGO:0031175�neuron projection developmentGO:0030030�cell projection organizationGO:0048666�neuron developmentGO:0009893�positive regulation of metabolic processGO:0010604�positive regulation of macromolecule metabolic processGO:0010628�positive regulation of gene expressionGO:0006464�cellular protein modification processGO:0036211�protein modification processGO:0006366�transcription from RNA polymerase II promoterGO:0000904�cell morphogenesis involved in differentiationGO:0031325�positive regulation of cellular metabolic processGO:0048858�cell projection morphogenesisGO:0032990�cell part morphogenesisGO:0005543�phospholipid bindingGO:0098609�cell�cell adhesionGO:0007156�homophilic cell adhesionGO:0008289�lipid bindingGO:0007265�Ras protein signal transductionGO:0051056�regulation of small GTPase mediated signal transductionGO:0016197�endosomal transportGO:0048568�embryonic organ developmentGO:0016055�Wnt signaling pathwayGO:0014069�postsynaptic densityGO:0022891�substrate�specific transmembrane transporter activityGO:0022892�substrate�specific transporter activityGO:0015075�ion transmembrane transporter activityGO:0000165�MAPK cascadeGO:0048864�stem cell developmentGO:1901698�response to nitrogen compoundGO:0051049�regulation of transportGO:0021953�central nervous system neuron differentiationGO:0048863�stem cell differentiationGO:0004674�protein serine/threonine kinase activityGO:0048518�positive regulation of biological processGO:0044087�regulation of cellular component biogenesisGO:0042391�regulation of membrane potentialGO:0045597�positive regulation of cell differentiationGO:0010243�response to organonitrogen compoundGO:0046578�regulation of Ras protein signal transductionGO:0022607�cellular component assemblyGO:0042330�taxisGO:0006935�chemotaxisGO:0009952�anterior/posterior pattern specificationGO:0034702�ion channel complexGO:0048562�embryonic organ morphogenesisGO:0043408�regulation of MAPK cascadeGO:0022836�gated channel activityGO:0022838�substrate�specific channel activityGO:0005216�ion channel activityGO:0015267�channel activityGO:0022803�passive transmembrane transporter activityGO:1902533�positive regulation of intracellular signal transductionGO:0010033�response to organic substanceGO:0070887�cellular response to chemical stimulusGO:0071310�cellular response to organic substanceGO:0009892�negative regulation of metabolic processGO:0097060�synaptic membraneGO:0010605�negative regulation of macromolecule metabolic processGO:0031324�negative regulation of cellular metabolic processGO:0007423�sensory organ developmentGO:1902532�negative regulation of intracellular signal transductionGO:0001501�skeletal system developmentGO:0014031�mesenchymal cell developmentGO:0007389�pattern specification processGO:0048762�mesenchymal cell differentiationGO:0048167�regulation of synaptic plasticityGO:0050773�regulation of dendrite developmentGO:0043025�neuronal cell bodyGO:0008134�transcription factor bindingGO:0007517�muscle organ developmentGO:0044708�single�organism behaviorGO:0042327�positive regulation of phosphorylationGO:0008324�cation transmembrane transporter activityGO:0005261�cation channel activityGO:0022857�transmembrane transporter activityGO:0048813�dendrite morphogenesisGO:0042578�phosphoric ester hydrolase activityGO:0005856�cytoskeletonGO:0001228�RNA polymerase II transcription regulatory region sequence�specific DNA binding transcription factor...GO:0014706�striated muscle tissue developmentGO:0045216�cell�cell junction organizationGO:0030155�regulation of cell adhesionGO:0016311�dephosphorylationGO:0003714�transcription corepressor activityGO:0060537�muscle tissue developmentGO:0007610�behaviorGO:0001505�regulation of neurotransmitter levelsGO:0006836�neurotransmitter transportGO:0023061�signal releaseGO:0043085�positive regulation of catalytic activityGO:0000976�transcription regulatory region sequence�specific DNA bindingGO:0044699�single�organism processGO:0042060�wound healingGO:0005215�transporter activityGO:1901699�cellular response to nitrogen compoundGO:0007166�cell surface receptor signaling pathwayGO:0071417�cellular response to organonitrogen compoundGO:0043434�response to peptide hormoneGO:1901652�response to peptideGO:0000977�RNA polymerase II regulatory region sequence�specific DNA bindingGO:0001012�RNA polymerase II regulatory region DNA bindingGO:0009725�response to hormoneGO:0050790�regulation of catalytic activityGO:0009890�negative regulation of biosynthetic processGO:0031327�negative regulation of cellular biosynthetic processGO:1902589�single�organism organelle organizationGO:0007049�cell cycleGO:0044446�intracellular organelle partGO:0044422�organelle partGO:0018193�peptidyl�amino acid modificationGO:0035091�phosphatidylinositol bindingGO:1902582�single�organism intracellular transportGO:0046907�intracellular transportGO:0016569�covalent chromatin modificationGO:0005794�Golgi apparatusGO:0048471�perinuclear region of cytoplasmGO:0001822�kidney developmentGO:0072001�renal system developmentGO:0051129�negative regulation of cellular component organizationGO:0060485�mesenchyme developmentGO:0042326�negative regulation of phosphorylationGO:0010563�negative regulation of phosphorus metabolic processGO:0045936�negative regulation of phosphate metabolic processGO:0021537�telencephalon developmentGO:0003824�catalytic activityGO:0004842�ubiquitin�protein transferase activityGO:0000982�RNA polymerase II core promoter proximal region sequence�specific DNA binding transcription factor a...GO:0032553�ribonucleotide bindingGO:0017076�purine nucleotide bindingGO:0032555�purine ribonucleotide bindingGO:0014070�response to organic cyclic compoundGO:0031252�cell leading edgeGO:0001525�angiogenesisGO:1901700�response to oxygen�containing compoundGO:0031399�regulation of protein modification processGO:0050808�synapse organizationGO:0042325�regulation of phosphorylationGO:0042127�regulation of cell proliferationGO:0016265�deathGO:0008219�cell deathGO:0006996�organelle organizationGO:0008283�cell proliferationGO:0001655�urogenital system developmentGO:0030900�forebrain developmentGO:0044267�cellular protein metabolic processGO:0048514�blood vessel morphogenesisGO:0044238�primary metabolic processGO:0043170�macromolecule metabolic processGO:0046873�metal ion transmembrane transporter activityGO:0002009�morphogenesis of an epitheliumGO:0010647�positive regulation of cell communicationGO:0023057�negative regulation of signalingGO:0010648�negative regulation of cell communicationGO:0031090�organelle membraneGO:0009968�negative regulation of signal transductionGO:0009967�positive regulation of signal transductionGO:0023056�positive regulation of signalingGO:0016568�chromatin modificationGO:0005829�cytosolGO:0019899�enzyme bindingGO:0007010�cytoskeleton organizationGO:0033036�macromolecule localizationGO:0016570�histone modificationGO:1990234�transferase complexGO:0030036�actin cytoskeleton organizationGO:0030029�actin filament�based processGO:0001701�in utero embryonic developmentGO:0003676�nucleic acid bindingGO:0005911�cell�cell junctionGO:0008104�protein localizationGO:0030424�axonGO:0031344�regulation of cell projection organizationGO:0034330�cell junction organizationGO:0008092�cytoskeletal protein bindingGO:0048598�embryonic morphogenesisGO:0023014�signal transduction by phosphorylationGO:0016477�cell migrationGO:0045892�negative regulation of transcription, DNA�templatedGO:2000113�negative regulation of cellular macromolecule biosynthetic processGO:0005515�protein bindingGO:0051094�positive regulation of developmental processGO:0004672�protein kinase activityGO:0000122�negative regulation of transcription from RNA polymerase II promoterGO:0000981�sequence�specific DNA binding RNA polymerase II transcription factor activityGO:0010975�regulation of neuron projection developmentGO:0044212�transcription regulatory region DNA bindingGO:0000975�regulatory region DNA bindingGO:0001067�regulatory region nucleic acid bindingGO:0003682�chromatin bindingGO:0044463�cell projection partGO:0061061�muscle structure developmentGO:0022604�regulation of cell morphogenesisGO:0071702�organic substance transportGO:0048732�gland developmentGO:0034329�cell junction assemblyGO:0010769�regulation of cell morphogenesis involved in differentiationGO:0006468�protein phosphorylationGO:0051130�positive regulation of cellular component organizationGO:0051649�establishment of localization in cellGO:0010629�negative regulation of gene expressionGO:0051253�negative regulation of RNA metabolic processGO:0044093�positive regulation of molecular functionGO:0048011�neurotrophin TRK receptor signaling pathwayGO:0038179�neurotrophin signaling pathwayGO:0010558�negative regulation of macromolecule biosynthetic processGO:1902679�negative regulation of RNA biosynthetic processGO:0030425�dendriteGO:0051674�localization of cellGO:0048870�cell motilityGO:0051172�negative regulation of nitrogen compound metabolic processGO:0045934�negative regulation of nucleobase�containing compound metabolic processGO:0048193�Golgi vesicle transportGO:0034613�cellular protein localizationGO:0070727�cellular macromolecule localizationGO:0031981�nuclear lumenGO:0044428�nuclear partGO:0010256�endomembrane system organizationGO:0043010�camera�type eye developmentGO:0006367�transcription initiation from RNA polymerase II promoterGO:0007270�neuron�neuron synaptic transmissionGO:0016791�phosphatase activityGO:0070647�protein modification by small protein conjugation or removalGO:0005654�nucleoplasmGO:0036094�small molecule bindingGO:0000166�nucleotide bindingGO:1901265�nucleoside phosphate bindingGO:0003713�transcription coactivator activityGO:0051640�organelle localizationGO:0097367�carbohydrate derivative bindingGO:0035639�purine ribonucleoside triphosphate bindingGO:0001883�purine nucleoside bindingGO:0032550�purine ribonucleoside bindingGO:0032549�ribonucleoside bindingGO:0001882�nucleoside bindingGO:0051259�protein oligomerizationGO:0042692�muscle cell differentiationGO:0051648�vesicle localizationGO:0035239�tube morphogenesisGO:0001654�eye developmentGO:0060562�epithelial tube morphogenesisGO:0001508�action potentialGO:0061008�hepaticobiliary system developmentGO:0001889�liver developmentGO:0007416�synapse assemblyGO:0060070�canonical Wnt signaling pathwayGO:0048589�developmental growthGO:0034332�adherens junction organizationGO:0001077�RNA polymerase II core promoter proximal region sequence�specific DNA binding transcription factor a...GO:0016358�dendrite developmentGO:0051146�striated muscle cell differentiationGO:0040007�growthGO:0001076�RNA polymerase II transcription factor binding transcription factor activityGO:0061448�connective tissue developmentGO:0003002�regionalizationGO:0043409�negative regulation of MAPK cascadeGO:1990351�transporter complexGO:1902495�transmembrane transporter complexGO:0005096�GTPase activator activityGO:0034703�cation channel complexGO:0008047�enzyme activator activityGO:0060589�nucleoside�triphosphatase regulator activityGO:0030695�GTPase regulator activityGO:0009628�response to abiotic stimulusGO:0051345�positive regulation of hydrolase activityGO:0007626�locomotory behaviorGO:0008021�synaptic vesicleGO:0022832�voltage�gated channel activityGO:0005244�voltage�gated ion channel activityGO:0033124�regulation of GTP catabolic processGO:0043087�regulation of GTPase activityGO:0006897�endocytosisGO:0051336�regulation of hydrolase activityGO:1901068�guanosine�containing compound metabolic processGO:0046039�GTP metabolic processGO:0006184�GTP catabolic processGO:1901069�guanosine�containing compound catabolic processGO:0021700�developmental maturationGO:0048814�regulation of dendrite morphogenesisGO:0021954�central nervous system neuron developmentGO:0007179�transforming growth factor beta receptor signaling pathwayGO:0005667�transcription factor complexGO:0030278�regulation of ossificationGO:0001503�ossificationGO:0001837�epithelial to mesenchymal transitionGO:0022843�voltage�gated cation channel activityGO:0030672�synaptic vesicle membraneGO:0090101�negative regulation of transmembrane receptor protein serine/threonine kinase signaling pathwayGO:0050678�regulation of epithelial cell proliferationGO:0090287�regulation of cellular response to growth factor stimulusGO:0008285�negative regulation of cell proliferationGO:0033043�regulation of organelle organizationGO:0050673�epithelial cell proliferationGO:2000736�regulation of stem cell differentiationGO:0016331�morphogenesis of embryonic epitheliumGO:0001933�negative regulation of protein phosphorylationGO:0035249�synaptic transmission, glutamatergicGO:0042594�response to starvationGO:0051291�protein heterooligomerizationGO:0035637�multicellular organismal signalingGO:0070161�anchoring junctionGO:0005912�adherens junctionGO:0000151�ubiquitin ligase complexGO:0051090�regulation of sequence�specific DNA binding transcription factor activityGO:0033554�cellular response to stressGO:0030902�hindbrain developmentGO:0003779�actin bindingGO:0061458�reproductive system developmentGO:0048608�reproductive structure developmentGO:0015629�actin cytoskeletonGO:0045937�positive regulation of phosphate metabolic processGO:0010562�positive regulation of phosphorus metabolic processGO:0071496�cellular response to external stimulusGO:0071559�response to transforming growth factor betaGO:0071560�cellular response to transforming growth factor beta stimulusGO:0044297�cell bodyGO:0042476�odontogenesisGO:0031669�cellular response to nutrient levelsGO:0080135�regulation of cellular response to stressGO:0006915�apoptotic processGO:0012501�programmed cell deathGO:0048585�negative regulation of response to stimulusGO:0051270�regulation of cellular component movementGO:1901701�cellular response to oxygen�containing compoundGO:0001932�regulation of protein phosphorylationGO:0032268�regulation of cellular protein metabolic processGO:0045121�membrane raftGO:0010810�regulation of cell�substrate adhesionGO:0050890�cognitionGO:0061024�membrane organizationGO:0003705�RNA polymerase II distal enhancer sequence�specific DNA binding transcription factor activityGO:0032869�cellular response to insulin stimulusGO:0071375�cellular response to peptide hormone stimulusGO:1901653�cellular response to peptideGO:0032870�cellular response to hormone stimulusGO:0007173�epidermal growth factor receptor signaling pathwayGO:0038127�ERBB signaling pathwayGO:0060627�regulation of vesicle�mediated transportGO:0061138�morphogenesis of a branching epitheliumGO:0097479�synaptic vesicle localizationGO:0016575�histone deacetylationGO:0016324�apical plasma membraneGO:0043235�receptor complexGO:0031668�cellular response to extracellular stimulusGO:0031329�regulation of cellular catabolic processGO:0070646�protein modification by small protein removalGO:0016579�protein deubiquitinationGO:0040012�regulation of locomotionGO:0030334�regulation of cell migrationGO:2000145�regulation of cell motilityGO:0009894�regulation of catabolic processGO:0051650�establishment of vesicle localizationGO:0000118�histone deacetylase complexGO:0001763�morphogenesis of a branching structureGO:0031098�stress�activated protein kinase signaling cascadeGO:0051403�stress�activated MAPK cascadeGO:0005085�guanyl�nucleotide exchange factor activityGO:0005938�cell cortexGO:0022890�inorganic cation transmembrane transporter activityGO:0090002�establishment of protein localization to plasma membraneGO:0045177�apical part of cellGO:0050804�regulation of synaptic transmissionGO:0032868�response to insulinGO:0001952�regulation of cell�matrix adhesionGO:0006476�protein deacetylationGO:0035601�protein deacylationGO:0098732�macromolecule deacylationGO:0032501�multicellular organismal processGO:0044707�single�multicellular organism processGO:0001934�positive regulation of protein phosphorylationGO:0045860�positive regulation of protein kinase activityGO:0033674�positive regulation of kinase activityGO:0007269�neurotransmitter secretionGO:0032940�secretion by cellGO:0046903�secretionGO:0001764�neuron migrationGO:0050878�regulation of body fluid levelsGO:0007599�hemostasisGO:0007596�blood coagulationGO:0050817�coagulationGO:0060191�regulation of lipase activityGO:0032012�regulation of ARF protein signal transductionGO:0032011�ARF protein signal transductionGO:0048878�chemical homeostasisGO:0060193�positive regulation of lipase activityGO:0010518�positive regulation of phospholipase activityGO:1900274�regulation of phospholipase C activityGO:0010863�positive regulation of phospholipase C activityGO:0019902�phosphatase bindingGO:0019903�protein phosphatase bindingGO:0008286�insulin receptor signaling pathwayGO:0001945�lymph vessel developmentGO:0060076�excitatory synapseGO:0030178�negative regulation of Wnt signaling pathwayGO:0010812�negative regulation of cell�substrate adhesionGO:0055037�recycling endosomeGO:0060828�regulation of canonical Wnt signaling pathwayGO:0005768�endosomeGO:0009791�post�embryonic developmentGO:0060560�developmental growth involved in morphogenesisGO:0098590�plasma membrane regionGO:0097480�establishment of synaptic vesicle localizationGO:0048489�synaptic vesicle transportGO:0030866�cortical actin cytoskeleton organizationGO:0034706�sodium channel complexGO:0001953�negative regulation of cell�matrix adhesionGO:0004197�cysteine�type endopeptidase activityGO:0042733�embryonic digit morphogenesisGO:0008076�voltage�gated potassium channel complexGO:0034705�potassium channel complexGO:0032872�regulation of stress�activated MAPK cascadeGO:0070302�regulation of stress�activated protein kinase signaling cascadeGO:0042592�homeostatic processGO:0070482�response to oxygen levelsGO:0001666�response to hypoxiaGO:0036293�response to decreased oxygen levelsGO:0005516�calmodulin bindingGO:0035591�signaling adaptor activityGO:0005083�small GTPase regulator activityGO:0010517�regulation of phospholipase activityGO:0032318�regulation of Ras GTPase activityGO:0043547�positive regulation of GTPase activityGO:0009743�response to carbohydrateGO:0071705�nitrogen compound transportGO:0002790�peptide secretionGO:0030073�insulin secretionGO:0030072�peptide hormone secretionGO:0050796�regulation of insulin secretionGO:0090087�regulation of peptide transportGO:0002791�regulation of peptide secretionGO:0042475�odontogenesis of dentin�containing toothGO:0001159�core promoter proximal region DNA bindingGO:0000987�core promoter proximal region sequence�specific DNA bindingGO:0048545�response to steroid hormoneGO:0009986�cell surfaceGO:0098602�single organism cell adhesionGO:0006887�exocytosisGO:0022037�metencephalon developmentGO:0051338�regulation of transferase activityGO:0004702�receptor signaling protein serine/threonine kinase activityGO:0097305�response to alcoholGO:0016337�single organismal cell�cell adhesionGO:0000978�RNA polymerase II core promoter proximal region sequence�specific DNA bindingGO:0072659�protein localization to plasma membraneGO:0009267�cellular response to starvationGO:0060341�regulation of cellular localizationGO:0015291�secondary active transmembrane transporter activityGO:0015031�protein transportGO:0045184�establishment of protein localizationGO:0007009�plasma membrane organizationGO:0048168�regulation of neuronal synaptic plasticityGO:0003279�cardiac septum developmentGO:0031401�positive regulation of protein modification processGO:0032270�positive regulation of cellular protein metabolic processGO:0003281�ventricular septum developmentGO:0046777�protein autophosphorylationGO:0010720�positive regulation of cell developmentGO:0032835�glomerulus developmentGO:0051247�positive regulation of protein metabolic processGO:0045859�regulation of protein kinase activityGO:0043549�regulation of kinase activityGO:0051656�establishment of organelle localizationGO:0090288�negative regulation of cellular response to growth factor stimulusGO:0022898�regulation of transmembrane transporter activityGO:0032409�regulation of transporter activityGO:0032412�regulation of ion transmembrane transporter activityGO:0002040�sprouting angiogenesisGO:0051493�regulation of cytoskeleton organizationGO:0003007�heart morphogenesisGO:0005525�GTP bindingGO:0003205�cardiac chamber developmentGO:0019001�guanyl nucleotide bindingGO:0032561�guanyl ribonucleotide bindingGO:0030426�growth coneGO:0030427�site of polarized growthGO:0007162�negative regulation of cell adhesionGO:0001892�embryonic placenta developmentGO:0001890�placenta developmentGO:0021766�hippocampus developmentGO:0000287�magnesium ion bindingGO:0048593�camera�type eye morphogenesisGO:0050807�regulation of synapse organizationGO:0048634�regulation of muscle organ developmentGO:1901861�regulation of muscle tissue developmentGO:0016202�regulation of striated muscle tissue developmentGO:0001570�vasculogenesisGO:0042787�protein ubiquitination involved in ubiquitin�dependent protein catabolic processGO:0021543�pallium developmentGO:0060090�binding, bridgingGO:0007612�learningGO:0051963�regulation of synapse assemblyGO:0007160�cell�matrix adhesionGO:0050803�regulation of synapse structure and activityGO:0048738�cardiac muscle tissue developmentGO:0007045�cell�substrate adherens junction assemblyGO:0048041�focal adhesion assemblyGO:0030111�regulation of Wnt signaling pathwayGO:1901888�regulation of cell junction assemblyGO:0090109�regulation of cell�substrate junction assemblyGO:0051893�regulation of focal adhesion assemblyGO:1903391�regulation of adherens junction organizationGO:0031589�cell�substrate adhesionGO:0034333�adherens junction assemblyGO:0007044�cell�substrate junction assemblyGO:0033267�axon partGO:0030855�epithelial cell differentiationGO:0007611�learning or memoryGO:0001047�core promoter bindingGO:0033993�response to lipidGO:0051726�regulation of cell cycleGO:0016567�protein ubiquitinationGO:0032446�protein modification by small protein conjugationGO:0050768�negative regulation of neurogenesisGO:0031345�negative regulation of cell projection organizationGO:0003006�developmental process involved in reproductionGO:0030055�cell�substrate junctionGO:0005925�focal adhesionGO:0005924�cell�substrate adherens junctionGO:0030512�negative regulation of transforming growth factor beta receptor signaling pathwayGO:0005923�tight junctionGO:0070160�occluding junctionGO:0006112�energy reserve metabolic processGO:0008543�fibroblast growth factor receptor signaling pathwayGO:0072509�divalent inorganic cation transmembrane transporter activityGO:0043296�apical junction complexGO:0044344�cellular response to fibroblast growth factor stimulusGO:0071774�response to fibroblast growth factorGO:0006338�chromatin remodelingGO:0019228�neuronal action potentialGO:0017053�transcriptional repressor complexGO:0001104�RNA polymerase II transcription cofactor activityGO:0060840�artery developmentGO:0051899�membrane depolarizationGO:0060021�palate developmentGO:0050770�regulation of axonogenesisGO:0044448�cell cortex partGO:0006811�ion transportGO:0060538�skeletal muscle organ developmentGO:0007519�skeletal muscle tissue developmentGO:0003231�cardiac ventricle developmentGO:0044431�Golgi apparatus partGO:0005509�calcium ion bindingGO:0015081�sodium ion transmembrane transporter activityGO:0048592�eye morphogenesisGO:0072073�kidney epithelium developmentGO:0051216�cartilage developmentGO:0051260�protein homooligomerizationGO:0048705�skeletal system morphogenesisGO:0045211�postsynaptic membraneGO:0097285�cell�type specific apoptotic processGO:0070997�neuron deathGO:0051402�neuron apoptotic processGO:0043523�regulation of neuron apoptotic processGO:1901214�regulation of neuron deathGO:0043410�positive regulation of MAPK cascadeGO:0048706�embryonic skeletal system developmentGO:0030811�regulation of nucleotide catabolic processGO:0009118�regulation of nucleoside metabolic processGO:0033121�regulation of purine nucleotide catabolic processGO:0007254�JNK cascadeGO:0005088�Ras guanyl�nucleotide exchange factor activityGO:0098589�membrane regionGO:0006470�protein dephosphorylationGO:0004721�phosphoprotein phosphatase activityGO:0014902�myotube differentiationGO:0015079�potassium ion transmembrane transporter activityGO:0006024�glycosaminoglycan biosynthetic processGO:0006023�aminoglycan biosynthetic processGO:0010941�regulation of cell deathGO:0030323�respiratory tube developmentGO:0030324�lung developmentGO:0060541�respiratory system developmentGO:0072089�stem cell proliferationGO:0021915�neural tube developmentGO:0017015�regulation of transforming growth factor beta receptor signaling pathwayGO:0006352�DNA�templated transcription, initiationGO:0019226�transmission of nerve impulseGO:0007178�transmembrane receptor protein serine/threonine kinase signaling pathwayGO:0001841�neural tube formationGO:0005604�basement membraneGO:0031647�regulation of protein stabilityGO:0035148�tube formationGO:0001838�embryonic epithelial tube formationGO:0072175�epithelial tube formationGO:0045667�regulation of osteoblast differentiationGO:0008509�anion transmembrane transporter activityGO:0045165�cell fate commitmentGO:0033673�negative regulation of kinase activityGO:0006469�negative regulation of protein kinase activityGO:0005267�potassium channel activityGO:0051246�regulation of protein metabolic processGO:0031982�vesicleGO:0031410�cytoplasmic vesicleGO:0042734�presynaptic membraneGO:0043583�ear developmentGO:0071214�cellular response to abiotic stimulusGO:0044451�nucleoplasm partGO:0015630�microtubule cytoskeletonGO:0030496�midbodyGO:0051101�regulation of DNA bindingGO:0010463�mesenchymal cell proliferationGO:0010464�regulation of mesenchymal cell proliferationGO:0044711�single�organism biosynthetic processGO:0010721�negative regulation of cell developmentGO:0044272�sulfur compound biosynthetic processGO:0030554�adenyl nucleotide bindingGO:0032559�adenyl ribonucleotide bindingGO:0009100�glycoprotein metabolic processGO:0040008�regulation of growthGO:0021955�central nervous system neuron axonogenesisGO:0000910�cytokinesisGO:0010001�glial cell differentiationGO:0043433�negative regulation of sequence�specific DNA binding transcription factor activityGO:0048511�rhythmic processGO:0034637�cellular carbohydrate biosynthetic processGO:0005815�microtubule organizing centerGO:0044262�cellular carbohydrate metabolic processGO:0016051�carbohydrate biosynthetic processGO:0000271�polysaccharide biosynthetic processGO:0033692�cellular polysaccharide biosynthetic processGO:0030018�Z discGO:0006886�intracellular protein transportGO:0034134�toll�like receptor 2 signaling pathwayGO:0005524�ATP bindingGO:0014074�response to purine�containing compoundGO:0048638�regulation of developmental growthGO:0035270�endocrine system developmentGO:0016571�histone methylationGO:0034968�histone lysine methylationGO:0016050�vesicle organizationGO:1901981�phosphatidylinositol phosphate bindingGO:0097610�cell surface furrowGO:0032154�cleavage furrowGO:0043233�organelle lumenGO:0031974�membrane�enclosed lumenGO:0070013�intracellular organelle lumenGO:0043388�positive regulation of DNA bindingGO:1901137�carbohydrate derivative biosynthetic processGO:0050680�negative regulation of epithelial cell proliferationGO:0072091�regulation of stem cell proliferationGO:0006029�proteoglycan metabolic processGO:0035257�nuclear hormone receptor bindingGO:0042552�myelinationGO:0032155�cell division site partGO:0032153�cell division siteGO:1901575�organic substance catabolic processGO:0044248�cellular catabolic processGO:0008328�ionotropic glutamate receptor complexGO:0014032�neural crest cell developmentGO:0005635�nuclear envelopeGO:0048704�embryonic skeletal system morphogenesisGO:0048754�branching morphogenesis of an epithelial tubeGO:0071901�negative regulation of protein serine/threonine kinase activityGO:0042472�inner ear morphogenesisGO:0016023�cytoplasmic membrane�bounded vesicleGO:0031988�membrane�bounded vesicleGO:0042471�ear morphogenesisGO:0030234�enzyme regulator activityGO:0071479�cellular response to ionizing radiationGO:0010717�regulation of epithelial to mesenchymal transitionGO:0010506�regulation of autophagyGO:0060548�negative regulation of cell deathGO:0005249�voltage�gated potassium channel activityGO:0006942�regulation of striated muscle contractionGO:0001823�mesonephros developmentGO:0001657�ureteric bud developmentGO:0072163�mesonephric epithelium developmentGO:0072164�mesonephric tubule developmentGO:0030510�regulation of BMP signaling pathwayGO:0060606�tube closureGO:0014020�primary neural tube formationGO:0001843�neural tube closureGO:0048857�neural nucleus developmentGO:0010608�posttranscriptional regulation of gene expressionGO:0044420�extracellular matrix partGO:0055123�digestive system developmentGO:0048546�digestive tract morphogenesisGO:0048565�digestive tract developmentGO:0001726�ruffleGO:0021952�central nervous system projection neuron axonogenesisGO:0021772�olfactory bulb developmentGO:0021988�olfactory lobe developmentGO:0050679�positive regulation of epithelial cell proliferationGO:0005783�endoplasmic reticulumGO:0090092�regulation of transmembrane receptor protein serine/threonine kinase signaling pathwayGO:0005741�mitochondrial outer membraneGO:0055117�regulation of cardiac muscle contractionGO:0061351�neural precursor cell proliferationGO:1902494�catalytic complexGO:0007215�glutamate receptor signaling pathwayGO:0014033�neural crest cell differentiationGO:0048844�artery morphogenesisGO:0004843�ubiquitin�specific protease activityGO:0032970�regulation of actin filament�based processGO:0051147�regulation of muscle cell differentiationGO:0072006�nephron developmentGO:0010469�regulation of receptor activityGO:0007219�Notch signaling pathwayGO:0008284�positive regulation of cell proliferationGO:0003206�cardiac chamber morphogenesisGO:1901135�carbohydrate derivative metabolic processGO:0043627�response to estrogenGO:0042981�regulation of apoptotic processGO:0043067�regulation of programmed cell deathGO:0004407�histone deacetylase activityGO:0018107�peptidyl�threonine phosphorylationGO:0033558�protein deacetylase activityGO:0018210�peptidyl�threonine modificationGO:0009605�response to external stimulusGO:0009056�catabolic processGO:0035107�appendage morphogenesisGO:0035108�limb morphogenesisGO:0034765�regulation of ion transmembrane transportGO:0019783�small conjugating protein�specific protease activityGO:0044085�cellular component biogenesisGO:0007266�Rho protein signal transductionGO:0031667�response to nutrient levelsGO:0009991�response to extracellular stimulusGO:1900542�regulation of purine nucleotide metabolic processGO:0006140�regulation of nucleotide metabolic processGO:0006022�aminoglycan metabolic processGO:0030203�glycosaminoglycan metabolic processGO:0048839�inner ear developmentGO:0048736�appendage developmentGO:0060173�limb developmentGO:0008653�lipopolysaccharide metabolic processGO:0060398�regulation of growth hormone receptor signaling pathwayGO:0004791�thioredoxin�disulfide reductase activityGO:0070102�interleukin�6�mediated signaling pathwayGO:0060215�primitive hemopoiesisGO:0042997�negative regulation of Golgi to plasma membrane protein transportGO:0043426�MRF bindingGO:0008172�S�methyltransferase activityGO:0016922�ligand�dependent nuclear receptor bindingGO:0005218�intracellular ligand�gated calcium channel activityGO:0052745�inositol phosphate phosphatase activityGO:0032528�microvillus organizationGO:0034454�microtubule anchoring at centrosomeGO:0016668�oxidoreductase activity, acting on a sulfur group of donors, NAD(P) as acceptorGO:0009103�lipopolysaccharide biosynthetic processGO:0015879�carnitine transportGO:0015838�amino�acid betaine transportGO:0015697�quaternary ammonium group transportGO:0001832�blastocyst growthGO:0005217�intracellular ligand�gated ion channel activityGO:0001937�negative regulation of endothelial cell proliferationGO:0006890�retrograde vesicle�mediated transport, Golgi to ERGO:0006853�carnitine shuttleGO:1902603�carnitine transmembrane transportGO:0030033�microvillus assemblyGO:0061419�positive regulation of transcription from RNA polymerase II promoter in response to hypoxiaGO:0034453�microtubule anchoringGO:0000164�protein phosphatase type 1 complexGO:0016741�transferase activity, transferring one�carbon groupsGO:0008168�methyltransferase activityGO:0042104�positive regulation of activated T cell proliferationGO:0035855�megakaryocyte developmentGO:0071354�cellular response to interleukin�6GO:0045185�maintenance of protein locationGO:0051186�cofactor metabolic processGO:0061418�regulation of transcription from RNA polymerase II promoter in response to hypoxiaGO:0015278�calcium�release channel activityGO:0032304�negative regulation of icosanoid secretionGO:0051651�maintenance of location in cellGO:0060017�parathyroid gland developmentGO:0035033�histone deacetylase regulator activityGO:0005793�endoplasmic reticulum�Golgi intermediate compartmentGO:0045913�positive regulation of carbohydrate metabolic processGO:0010676�positive regulation of cellular carbohydrate metabolic processGO:0043220�Schmidt�Lanterman incisureGO:0043218�compact myelinGO:0035459�cargo loading into vesicleGO:0035970�peptidyl�threonine dephosphorylationGO:0046184�aldehyde biosynthetic processGO:0007398�ectoderm developmentGO:0035162�embryonic hemopoiesisGO:0031127�alpha�(1,2)�fucosyltransferase activityGO:0008107�galactoside 2�alpha�L�fucosyltransferase activityGO:0019897�extrinsic component of plasma membraneGO:0005834�heterotrimeric G�protein complexGO:0031234�extrinsic component of cytoplasmic side of plasma membraneGO:0010882�regulation of cardiac muscle contraction by calcium ion signalingGO:0002070�epithelial cell maturationGO:0034399�nuclear peripheryGO:0016363�nuclear matrixGO:0035640�exploration behaviorGO:0070741�response to interleukin�6GO:0016757�transferase activity, transferring glycosyl groupsGO:0001935�endothelial cell proliferationGO:0031648�protein destabilizationGO:0032387�negative regulation of intracellular transportGO:0007369�gastrulationGO:0014904�myotube cell developmentGO:0017002�activin�activated receptor activityGO:0086019�cell�cell signaling involved in cardiac conductionGO:0086065�cell communication involved in cardiac conductionGO:0000578�embryonic axis specificationGO:0030042�actin filament depolymerizationGO:0046834�lipid phosphorylationGO:0046854�phosphatidylinositol phosphorylationGO:0008333�endosome to lysosome transportGO:0010970�microtubule�based transportGO:0030705�cytoskeleton�dependent intracellular transportGO:0032370�positive regulation of lipid transportGO:0051235�maintenance of locationGO:0032507�maintenance of protein location in cellGO:0032303�regulation of icosanoid secretionGO:0071616�acyl�CoA biosynthetic processGO:0035384�thioester biosynthetic processGO:0045023�G0 to G1 transitionGO:0072657�protein localization to membraneGO:0060982�coronary artery morphogenesisGO:0030904�retromer complexGO:0032411�positive regulation of transporter activityGO:0003333�amino acid transmembrane transportGO:0033192�calmodulin�dependent protein phosphatase activityGO:0014009�glial cell proliferationGO:0005874�microtubuleGO:1902578�single�organism localizationGO:1902580�single�organism cellular localizationGO:0010842�retina layer formationGO:0006109�regulation of carbohydrate metabolic processGO:0030145�manganese ion bindingGO:0032414�positive regulation of ion transmembrane transporter activityGO:0060074�synapse maturationGO:0060836�lymphatic endothelial cell differentiationGO:0031331�positive regulation of cellular catabolic processGO:0006487�protein N�linked glycosylationGO:0014015�positive regulation of gliogenesisGO:0035176�social behaviorGO:0051703�intraspecies interaction between organismsGO:0072372�primary ciliumGO:2001252�positive regulation of chromosome organizationGO:1902591�single�organism membrane buddingGO:0002221�pattern recognition receptor signaling pathwayGO:0060612�adipose tissue developmentGO:0032319�regulation of Rho GTPase activityGO:0090114�COPII�coated vesicle buddingGO:0046486�glycerolipid metabolic processGO:1901880�negative regulation of protein depolymerizationGO:0043242�negative regulation of protein complex disassemblyGO:0045076�regulation of interleukin�2 biosynthetic processGO:0006577�amino�acid betaine metabolic processGO:0052742�phosphatidylinositol kinase activityGO:0005942�phosphatidylinositol 3�kinase complexGO:0016303�1�phosphatidylinositol�3�kinase activityGO:0060707�trophoblast giant cell differentiationGO:0044705�multi�organism reproductive behaviorGO:0019098�reproductive behaviorGO:0007257�activation of JUN kinase activityGO:0048821�erythrocyte developmentGO:0006767�water�soluble vitamin metabolic processGO:0001931�uropodGO:0031254�cell trailing edgeGO:0033025�regulation of mast cell apoptotic processGO:0046449�creatinine metabolic processGO:0070662�mast cell proliferationGO:0033024�mast cell apoptotic processGO:0033023�mast cell homeostasisGO:0035095�behavioral response to nicotineGO:0021515�cell differentiation in spinal cordGO:0005042�netrin receptor activityGO:0001678�cellular glucose homeostasisGO:0033762�response to glucagonGO:0042625�ATPase activity, coupled to transmembrane movement of ionsGO:0048935�peripheral nervous system neuron developmentGO:0048934�peripheral nervous system neuron differentiationGO:0015662�ATPase activity, coupled to transmembrane movement of ions, phosphorylative mechanismGO:0071322�cellular response to carbohydrate stimulusGO:0005892�acetylcholine�gated channel complexGO:0048845�venous blood vessel morphogenesisGO:0070875�positive regulation of glycogen metabolic processGO:0036109�alpha�linolenic acid metabolic processGO:0031420�alkali metal ion bindingGO:0048644�muscle organ morphogenesisGO:0010876�lipid localizationGO:0045932�negative regulation of muscle contractionGO:0045086�positive regulation of interleukin�2 biosynthetic processGO:0072338�cellular lactam metabolic processGO:0031054�pre�miRNA processingGO:0043525�positive regulation of neuron apoptotic processGO:1901216�positive regulation of neuron deathGO:0034605�cellular response to heatGO:0000183�chromatin silencing at rDNAGO:0031960�response to corticosteroidGO:0040029�regulation of gene expression, epigeneticGO:0016441�posttranscriptional gene silencingGO:0035194�posttranscriptional gene silencing by RNAGO:0000900�translation repressor activity, nucleic acid bindingGO:2000738�positive regulation of stem cell differentiationGO:0044224�juxtaparanode region of axonGO:0042278�purine nucleoside metabolic processGO:0046128�purine ribonucleoside metabolic processGO:0045822�negative regulation of heart contractionGO:0009144�purine nucleoside triphosphate metabolic processGO:0009205�purine ribonucleoside triphosphate metabolic processGO:0009199�ribonucleoside triphosphate metabolic processGO:0030238�male sex determinationGO:0050435�beta�amyloid metabolic processGO:0017158�regulation of calcium ion�dependent exocytosisGO:0032045�guanyl�nucleotide exchange factor complexGO:0033270�paranode region of axonGO:0042166�acetylcholine bindingGO:0015748�organophosphate ester transportGO:0060292�long term synaptic depressionGO:0046661�male sex differentiationGO:0001865�NK T cell differentiationGO:0035305�negative regulation of dephosphorylationGO:0051588�regulation of neurotransmitter transportGO:0015932�nucleobase�containing compound transmembrane transporter activityGO:0010817�regulation of hormone levelsGO:0044459�plasma membrane partGO:0061082�myeloid leukocyte cytokine productionGO:0019894�kinesin bindingGO:0019725�cellular homeostasisGO:0045646�regulation of erythrocyte differentiationGO:0032312�regulation of ARF GTPase activityGO:0008060�ARF GTPase activator activityGO:0035115�embryonic forelimb morphogenesisGO:0003401�axis elongationGO:0002076�osteoblast developmentGO:0060198�clathrin�sculpted vesicleGO:0071257�cellular response to electrical stimulusGO:0004969�histamine receptor activityGO:0015749�monosaccharide transportGO:0015758�glucose transportGO:0008645�hexose transportGO:0055082�cellular chemical homeostasisGO:0010181�FMN bindingGO:0045161�neuronal ion channel clusteringGO:0008637�apoptotic mitochondrial changesGO:0008194�UDP�glycosyltransferase activityGO:0002042�cell migration involved in sprouting angiogenesisGO:0008375�acetylglucosaminyltransferase activityGO:0030514�negative regulation of BMP signaling pathwayGO:0002089�lens morphogenesis in camera�type eyeGO:0021846�cell proliferation in forebrainGO:0030276�clathrin bindingGO:0031594�neuromuscular junctionGO:0030166�proteoglycan biosynthetic processGO:0001836�release of cytochrome c from mitochondriaGO:0002702�positive regulation of production of molecular mediator of immune responseGO:0051248�negative regulation of protein metabolic processGO:0035235�ionotropic glutamate receptor signaling pathwayGO:0044710�single�organism metabolic processGO:0060071�Wnt signaling pathway, planar cell polarity pathwayGO:0090175�regulation of establishment of planar polarityGO:0007164�establishment of tissue polarityGO:0001736�establishment of planar polarityGO:0001738�morphogenesis of a polarized epitheliumGO:0042551�neuron maturationGO:0086001�cardiac muscle cell action potentialGO:0035282�segmentationGO:0090103�cochlea morphogenesisGO:0061337�cardiac conductionGO:0090342�regulation of cell agingGO:0006611�protein export from nucleusGO:0007405�neuroblast proliferationGO:0051169�nuclear transportGO:0006913�nucleocytoplasmic transportGO:0044209�AMP salvageGO:0022010�central nervous system myelinationGO:0032291�axon ensheathment in central nervous systemGO:0031965�nuclear membraneGO:0001755�neural crest cell migrationGO:0005884�actin filamentGO:0045444�fat cell differentiationGO:0001702�gastrulation with mouth forming secondGO:0060078�regulation of postsynaptic membrane potentialGO:0045022�early endosome to late endosome transportGO:0047496�vesicle transport along microtubuleGO:1902275�regulation of chromatin organizationGO:0015103�inorganic anion transmembrane transporter activityGO:0048701�embryonic cranial skeleton morphogenesisGO:0035414�negative regulation of catenin import into nucleusGO:0060079�regulation of excitatory postsynaptic membrane potentialGO:0051492�regulation of stress fiber assemblyGO:0051018�protein kinase A bindingGO:0004970�ionotropic glutamate receptor activityGO:0005234�extracellular�glutamate�gated ion channel activityGO:0000188�inactivation of MAPK activityGO:0071478�cellular response to radiationGO:0016595�glutamate bindingGO:0008610�lipid biosynthetic processGO:0016788�hydrolase activity, acting on ester bondsGO:0048048�embryonic eye morphogenesisGO:0048596�embryonic camera�type eye morphogenesisGO:0090398�cellular senescenceGO:0071636�positive regulation of transforming growth factor beta productionGO:0043933�macromolecular complex subunit organizationGO:0016758�transferase activity, transferring hexosyl groupsGO:2001251�negative regulation of chromosome organizationGO:0060766�negative regulation of androgen receptor signaling pathwayGO:0046006�regulation of activated T cell proliferationGO:0042800�histone methyltransferase activity (H3�K4 specific)GO:0031641�regulation of myelinationGO:0060433�bronchus developmentGO:0010586�miRNA metabolic processGO:0007186�G�protein coupled receptor signaling pathwayGO:0015949�nucleobase�containing small molecule interconversionGO:0030834�regulation of actin filament depolymerizationGO:0016246�RNA interferenceGO:0032825�positive regulation of natural killer cell differentiationGO:0046471�phosphatidylglycerol metabolic processGO:0042474�middle ear morphogenesisGO:0006929�substrate�dependent cell migrationGO:0030889�negative regulation of B cell proliferationGO:0031975�envelopeGO:0070373�negative regulation of ERK1 and ERK2 cascadeGO:0072111�cell proliferation involved in kidney developmentGO:0098644�complex of collagen trimersGO:0032627�interleukin�23 productionGO:0032667�regulation of interleukin�23 productionGO:0022028�tangential migration from the subventricular zone to the olfactory bulbGO:0004860�protein kinase inhibitor activityGO:0019210�kinase inhibitor activityGO:0035065�regulation of histone acetylationGO:2000756�regulation of peptidyl�lysine acetylationGO:1901983�regulation of protein acetylationGO:0031057�negative regulation of histone modificationGO:1903309�negative regulation of chromatin modificationGO:0002720�positive regulation of cytokine production involved in immune responseGO:0042473�outer ear morphogenesisGO:0060575�intestinal epithelial cell differentiationGO:0015277�kainate selective glutamate receptor activityGO:0030500�regulation of bone mineralizationGO:0070167�regulation of biomineral tissue developmentGO:0072012�glomerulus vasculature developmentGO:0035567�non�canonical Wnt signaling pathwayGO:0003690�double�stranded DNA bindingGO:0035872�nucleotide�binding domain, leucine rich repeat containing receptor signaling pathwayGO:0046823�negative regulation of nucleocytoplasmic transportGO:0006166�purine ribonucleoside salvageGO:0045926�negative regulation of growthGO:0030501�positive regulation of bone mineralizationGO:0005719�nuclear euchromatinGO:0040036�regulation of fibroblast growth factor receptor signaling pathwayGO:0043621�protein self�associationGO:0033151�V(D)J recombinationGO:0040023�establishment of nucleus localizationGO:0046839�phospholipid dephosphorylationGO:0014014�negative regulation of gliogenesisGO:0048029�monosaccharide bindingGO:0006369�termination of RNA polymerase II transcriptionGO:0000791�euchromatinGO:2000811�negative regulation of anoikisGO:0016405�CoA�ligase activityGO:0098651�basement membrane collagen trimerGO:2000647�negative regulation of stem cell proliferationGO:0061037�negative regulation of cartilage developmentGO:0060993�kidney morphogenesisGO:0098642�network�forming collagen trimerGO:0098645�collagen networkGO:0071542�dopaminergic neuron differentiationGO:0007584�response to nutrientGO:0046627�negative regulation of insulin receptor signaling pathwayGO:0048260�positive regulation of receptor�mediated endocytosisGO:1900077�negative regulation of cellular response to insulin stimulusGO:0016458�gene silencingGO:0086004�regulation of cardiac muscle cell contractionGO:0086002�cardiac muscle cell action potential involved in contractionGO:0086003�cardiac muscle cell contractionGO:0043508�negative regulation of JUN kinase activityGO:0060675�ureteric bud morphogenesisGO:0001658�branching involved in ureteric bud morphogenesisGO:0044265�cellular macromolecule catabolic processGO:0006978�DNA damage response, signal transduction by p53 class mediator resulting in transcription of p21 cla...GO:0030201�heparan sulfate proteoglycan metabolic processGO:1903308�regulation of chromatin modificationGO:0072210�metanephric nephron developmentGO:0071229�cellular response to acid chemicalGO:0060687�regulation of branching involved in prostate gland morphogenesisGO:0010657�muscle cell apoptotic processGO:0046930�pore complexGO:0019233�sensory perception of painGO:0065003�macromolecular complex assemblyGO:0051289�protein homotetramerizationGO:0035116�embryonic hindlimb morphogenesisGO:0050869�negative regulation of B cell activationGO:0070897�DNA�templated transcriptional preinitiation complex assemblyGO:0051123�RNA polymerase II transcriptional preinitiation complex assemblyGO:0016082�synaptic vesicle primingGO:0006067�ethanol metabolic processGO:0097194�execution phase of apoptosisGO:0040037�negative regulation of fibroblast growth factor receptor signaling pathwayGO:0090184�positive regulation of kidney developmentGO:0001787�natural killer cell proliferationGO:0032819�positive regulation of natural killer cell proliferationGO:0055013�cardiac muscle cell developmentGO:0055006�cardiac cell developmentGO:0097105�presynaptic membrane assemblyGO:0097090�presynaptic membrane organizationGO:2000058�regulation of protein ubiquitination involved in ubiquitin�dependent protein catabolic processGO:2000060�positive regulation of protein ubiquitination involved in ubiquitin�dependent protein catabolic proc...GO:0007033�vacuole organizationGO:0032436�positive regulation of proteasomal ubiquitin�dependent protein catabolic processGO:1901800�positive regulation of proteasomal protein catabolic processGO:1903052�positive regulation of proteolysis involved in cellular protein catabolic processGO:0061371�determination of heart left/right asymmetryGO:0045945�positive regulation of transcription from RNA polymerase III promoterGO:0090278�negative regulation of peptide hormone secretionGO:0046676�negative regulation of insulin secretionGO:0002792�negative regulation of peptide secretionGO:0071949�FAD bindingGO:0003950�NAD+ ADP�ribosyltransferase activityGO:0033002�muscle cell proliferationGO:0016574�histone ubiquitinationGO:0032947�protein complex scaffoldGO:0060042�retina morphogenesis in camera�type eyeGO:0002209�behavioral defense responseGO:0035050�embryonic heart tube developmentGO:0007368�determination of left/right symmetryGO:0001662�behavioral fear responseGO:0055086�nucleobase�containing small molecule metabolic processGO:0060047�heart contractionGO:0003015�heart processGO:0048339�paraxial mesoderm developmentGO:0034204�lipid translocationGO:0045332�phospholipid translocationGO:0030061�mitochondrial cristaGO:0002521�leukocyte differentiationGO:0033540�fatty acid beta�oxidation using acyl�CoA oxidaseGO:0006497�protein lipidationGO:0032516�positive regulation of phosphoprotein phosphatase activityGO:0032793�positive regulation of CREB transcription factor activityGO:0044091�membrane biogenesisGO:0071709�membrane assemblyGO:0010694�positive regulation of alkaline phosphatase activityGO:0060745�mammary gland branching involved in pregnancyGO:0017156�calcium ion�dependent exocytosisGO:0072102�glomerulus morphogenesisGO:0055010�ventricular cardiac muscle tissue morphogenesisGO:0060443�mammary gland morphogenesisGO:0060415�muscle tissue morphogenesisGO:0042481�regulation of odontogenesisGO:0032589�neuron projection membraneGO:0006449�regulation of translational terminationGO:0000932�cytoplasmic mRNA processing bodyGO:0050847�progesterone receptor signaling pathwayGO:0070925�organelle assemblyGO:0046467�membrane lipid biosynthetic processGO:0031463�Cul3�RING ubiquitin ligase complexGO:0007520�myoblast fusionGO:0045838�positive regulation of membrane potentialGO:0010642�negative regulation of platelet�derived growth factor receptor signaling pathwayGO:0030971�receptor tyrosine kinase bindingGO:0060043�regulation of cardiac muscle cell proliferationGO:0060045�positive regulation of cardiac muscle cell proliferationGO:0046620�regulation of organ growthGO:0002102�podosomeGO:0035051�cardiocyte differentiationGO:0060347�heart trabecula formationGO:0051240�positive regulation of multicellular organismal processGO:0060420�regulation of heart growthGO:0055021�regulation of cardiac muscle tissue growthGO:0055024�regulation of cardiac muscle tissue developmentGO:0051879�Hsp90 protein bindingGO:0060297�regulation of sarcomere organizationGO:0043392�negative regulation of DNA bindingGO:0007026�negative regulation of microtubule depolymerizationGO:0031114�regulation of microtubule depolymerizationGO:0060038�cardiac muscle cell proliferationGO:0014855�striated muscle cell proliferationGO:0032592�integral component of mitochondrial membraneGO:0098573�intrinsic component of mitochondrial membraneGO:0016604�nuclear bodyGO:0060219�camera�type eye photoreceptor cell differentiationGO:0031371�ubiquitin conjugating enzyme complexGO:0055015�ventricular cardiac muscle cell developmentGO:0019787�small conjugating protein ligase activityGO:0045746�negative regulation of Notch signaling pathwayGO:2000310�regulation of N�methyl�D�aspartate selective glutamate receptor activityGO:0032465�regulation of cytokinesisGO:0045446�endothelial cell differentiationGO:0051890�regulation of cardioblast differentiationGO:0008593�regulation of Notch signaling pathwayGO:0071392�cellular response to estradiol stimulusGO:0031045�dense core granuleGO:0015116�sulfate transmembrane transporter activityGO:0008272�sulfate transportGO:0044702�single organism reproductive processGO:0022414�reproductive processGO:0051591�response to cAMPGO:0031110�regulation of microtubule polymerization or depolymerizationGO:0019751�polyol metabolic processGO:0033158�regulation of protein import into nucleus, translocationGO:1903047�mitotic cell cycle processGO:0008589�regulation of smoothened signaling pathwayGO:0004653�polypeptide N�acetylgalactosaminyltransferase activityGO:0007067�mitotic nuclear divisionGO:0032331�negative regulation of chondrocyte differentiationGO:0060428�lung epithelium developmentGO:0044449�contractile fiber partGO:0030017�sarcomereGO:0004890�GABA�A receptor activityGO:2000779�regulation of double�strand break repairGO:0035313�wound healing, spreading of epidermal cellsGO:0071391�cellular response to estrogen stimulusGO:0032314�regulation of Rac GTPase activityGO:0043325�phosphatidylinositol�3,4�bisphosphate bindingGO:0008376�acetylgalactosaminyltransferase activityGO:0048199�vesicle targeting, to, from or within GolgiGO:0016763�transferase activity, transferring pentosyl groupsGO:0070085�glycosylationGO:1902667�regulation of axon guidanceGO:0006486�protein glycosylationGO:0043413�macromolecule glycosylationGO:0032856�activation of Ras GTPase activityGO:0031111�negative regulation of microtubule polymerization or depolymerizationGO:0008641�small protein activating enzyme activityGO:0045070�positive regulation of viral genome replicationGO:0016879�ligase activity, forming carbon�nitrogen bondsGO:0034450�ubiquitin�ubiquitin ligase activityGO:0061630�ubiquitin protein ligase activityGO:0051183�vitamin transporter activityGO:0005003�ephrin receptor activityGO:0072205�metanephric collecting duct developmentGO:0043923�positive regulation by host of viral transcriptionGO:0004177�aminopeptidase activityGO:0043374�CD8�positive, alpha�beta T cell differentiationGO:0008046�axon guidance receptor activityGO:0004679�AMP�activated protein kinase activityGO:0031588�AMP�activated protein kinase complexGO:0048483�autonomic nervous system developmentGO:0000307�cyclin�dependent protein kinase holoenzyme complexGO:0007274�neuromuscular synaptic transmissionGO:0032232�negative regulation of actin filament bundle assemblyGO:0048485�sympathetic nervous system developmentGO:0007494�midgut developmentGO:0002327�immature B cell differentiationGO:0015106�bicarbonate transmembrane transporter activityGO:0034103�regulation of tissue remodelingGO:0010801�negative regulation of peptidyl�threonine phosphorylationGO:0032456�endocytic recyclingGO:0001967�suckling behaviorGO:0006376�mRNA splice site selectionGO:0016601�Rac protein signal transductionGO:0031050�dsRNA fragmentationGO:0070918�production of small RNA involved in gene silencing by RNAGO:0005881�cytoplasmic microtubuleGO:0035196�production of miRNAs involved in gene silencing by miRNAGO:0005068�transmembrane receptor protein tyrosine kinase adaptor activityGO:0060416�response to growth hormoneGO:0060314�regulation of ryanodine�sensitive calcium�release channel activityGO:0097066�response to thyroid hormoneGO:0071359�cellular response to dsRNAGO:0031123�RNA 3'�end processingGO:0048486�parasympathetic nervous system developmentGO:0034976�response to endoplasmic reticulum stressGO:0030374�ligand�dependent nuclear receptor transcription coactivator activityGO:0032885�regulation of polysaccharide biosynthetic processGO:2000191�regulation of fatty acid transportGO:0008656�cysteine�type endopeptidase activator activity involved in apoptotic processGO:0035690�cellular response to drugGO:0051898�negative regulation of protein kinase B signalingGO:0006903�vesicle targetingGO:0061098�positive regulation of protein tyrosine kinase activityGO:1901682�sulfur compound transmembrane transporter activityGO:0001772�immunological synapseGO:0046633�alpha�beta T cell proliferationGO:0060536�cartilage morphogenesisGO:0046640�regulation of alpha�beta T cell proliferationGO:0014072�response to isoquinoline alkaloidGO:0043278�response to morphineGO:0034405�response to fluid shear stressGO:0051119�sugar transmembrane transporter activityGO:1901476�carbohydrate transporter activityGO:0015144�carbohydrate transmembrane transporter activityGO:2001233�regulation of apoptotic signaling pathwayGO:1901016�regulation of potassium ion transmembrane transporter activityGO:0003170�heart valve developmentGO:0007588�excretionGO:1901616�organic hydroxy compound catabolic processGO:0016776�phosphotransferase activity, phosphate group as acceptorGO:0030315�T�tubuleGO:0000407�pre�autophagosomal structureGO:0002072�optic cup morphogenesis involved in camera�type eye developmentGO:0005788�endoplasmic reticulum lumenGO:0032874�positive regulation of stress�activated MAPK cascadeGO:0070304�positive regulation of stress�activated protein kinase signaling cascadeGO:1901615�organic hydroxy compound metabolic processGO:0031623�receptor internalizationGO:0021535�cell migration in hindbrainGO:0003254�regulation of membrane depolarizationGO:0055080�cation homeostasisGO:0001756�somitogenesisGO:0040014�regulation of multicellular organism growthGO:0019201�nucleotide kinase activityGO:0042133�neurotransmitter metabolic processGO:0071545�inositol phosphate catabolic processGO:0044839�cell cycle G2/M phase transitionGO:0000086�G2/M transition of mitotic cell cycleGO:0033599�regulation of mammary gland epithelial cell proliferationGO:0031258�lamellipodium membraneGO:0090199�regulation of release of cytochrome c from mitochondriaGO:0090200�positive regulation of release of cytochrome c from mitochondriaGO:0000266�mitochondrial fissionGO:0032230�positive regulation of synaptic transmission, GABAergicGO:1902803�regulation of synaptic vesicle transportGO:2000300�regulation of synaptic vesicle exocytosisGO:0021680�cerebellar Purkinje cell layer developmentGO:0051967�negative regulation of synaptic transmission, glutamatergicGO:0030903�notochord developmentGO:0040033�negative regulation of translation, ncRNA�mediatedGO:0045974�regulation of translation, ncRNA�mediatedGO:0035278�negative regulation of translation involved in gene silencing by miRNAGO:0033198�response to ATPGO:0050775�positive regulation of dendrite morphogenesisGO:0043090�amino acid importGO:0010822�positive regulation of mitochondrion organizationGO:0090178�regulation of establishment of planar polarity involved in neural tube closureGO:0090179�planar cell polarity pathway involved in neural tube closureGO:0072132�mesenchyme morphogenesisGO:0034504�protein localization to nucleusGO:0019005�SCF ubiquitin ligase complexGO:0030175�filopodiumGO:0006983�ER overload responseGO:0043297�apical junction assemblyGO:0015296�anion:cation symporter activityGO:0060291�long�term synaptic potentiationGO:1901379�regulation of potassium ion transmembrane transportGO:0030204�chondroitin sulfate metabolic processGO:0050654�chondroitin sulfate proteoglycan metabolic processGO:0033146�regulation of intracellular estrogen receptor signaling pathwayGO:0032892�positive regulation of organic acid transportGO:0010878�cholesterol storageGO:0015672�monovalent inorganic cation transportGO:0070008�serine�type exopeptidase activityGO:0032878�regulation of establishment or maintenance of cell polarityGO:0048730�epidermis morphogenesisGO:0006282�regulation of DNA repairGO:0021895�cerebral cortex neuron differentiationGO:0021695�cerebellar cortex developmentGO:0042826�histone deacetylase bindingGO:0007158�neuron cell�cell adhesionGO:0043679�axon terminusGO:0030125�clathrin vesicle coatGO:0005451�monovalent cation:proton antiporter activityGO:0015301�anion:anion antiporter activityGO:0033077�T cell differentiation in thymusGO:0060527�prostate epithelial cord arborization involved in prostate glandular acinus morphogenesisGO:0060526�prostate glandular acinus morphogenesisGO:0045598�regulation of fat cell differentiationGO:1903115�regulation of actin filament�based movementGO:0060022�hard palate developmentGO:2000780�negative regulation of double�strand break repairGO:0045738�negative regulation of DNA repairGO:0046827�positive regulation of protein export from nucleusGO:0016504�peptidase activator activityGO:0005230�extracellular ligand�gated ion channel activityGO:0030520�intracellular estrogen receptor signaling pathwayGO:0010038�response to metal ionGO:2001020�regulation of response to DNA damage stimulusGO:0005072�transforming growth factor beta receptor, cytoplasmic mediator activityGO:0021884�forebrain neuron developmentGO:0010332�response to gamma radiationGO:0070201�regulation of establishment of protein localizationGO:0046174�polyol catabolic processGO:0055094�response to lipoprotein particleGO:0046838�phosphorylated carbohydrate dephosphorylationGO:0046855�inositol phosphate dephosphorylationGO:0046822�regulation of nucleocytoplasmic transportGO:1902593�single�organism nuclear importGO:0006606�protein import into nucleusGO:0044744�protein targeting to nucleusGO:0072044�collecting duct developmentGO:0072311�glomerular epithelial cell differentiationGO:0072010�glomerular epithelium developmentGO:0010634�positive regulation of epithelial cell migrationGO:0043507�positive regulation of JUN kinase activityGO:0045931�positive regulation of mitotic cell cycleGO:0016505�peptidase activator activity involved in apoptotic processGO:0014065�phosphatidylinositol 3�kinase signalingGO:0010977�negative regulation of neuron projection developmentGO:0000983�RNA polymerase II core promoter sequence�specific DNA binding transcription factor activityGO:0008016�regulation of heart contractionGO:0048663�neuron fate commitmentGO:0031099�regenerationGO:0002027�regulation of heart rateGO:0016342�catenin complexGO:0050662�coenzyme bindingGO:0051481�negative regulation of cytosolic calcium ion concentrationGO:0021681�cerebellar granular layer developmentGO:0046631�alpha�beta T cell activationGO:0006936�muscle contractionGO:0003012�muscle system processGO:0033627�cell adhesion mediated by integrinGO:0003018�vascular process in circulatory systemGO:0006359�regulation of transcription from RNA polymerase III promoterGO:0048172�regulation of short�term neuronal synaptic plasticityGO:0043266�regulation of potassium ion transportGO:0003197�endocardial cushion developmentGO:0005978�glycogen biosynthetic processGO:0009250�glucan biosynthetic processGO:0030001�metal ion transportGO:0070873�regulation of glycogen metabolic processGO:0010962�regulation of glucan biosynthetic processGO:0005979�regulation of glycogen biosynthetic processGO:0050805�negative regulation of synaptic transmissionGO:0046983�protein dimerization activityGO:0042802�identical protein bindingGO:0032580�Golgi cisterna membraneGO:0030131�clathrin adaptor complexGO:0030119�AP�type membrane coat adaptor complexGO:0033157�regulation of intracellular protein transportGO:0045741�positive regulation of epidermal growth factor�activated receptor activityGO:0015491�cation:cation antiporter activityGO:0055067�monovalent inorganic cation homeostasisGO:0043489�RNA stabilizationGO:0048255�mRNA stabilizationGO:0033145�positive regulation of intracellular steroid hormone receptor signaling pathwayGO:0006812�cation transportGO:0006644�phospholipid metabolic processGO:0061387�regulation of extent of cell growthGO:0098662�inorganic cation transmembrane transportGO:0098660�inorganic ion transmembrane transportGO:0014010�Schwann cell proliferationGO:0045176�apical protein localizationGO:0060323�head morphogenesisGO:0005272�sodium channel activityGO:0031095�platelet dense tubular network membraneGO:0050801�ion homeostasisGO:0046579�positive regulation of Ras protein signal transductionGO:0019432�triglyceride biosynthetic processGO:0046463�acylglycerol biosynthetic processGO:0046460�neutral lipid biosynthetic processGO:0019901�protein kinase bindingGO:0018393�internal peptidyl�lysine acetylationGO:0006473�protein acetylationGO:0018394�peptidyl�lysine acetylationGO:0008565�protein transporter activityGO:0060325�face morphogenesisGO:0048747�muscle fiber developmentGO:0005262�calcium channel activityGO:0019904�protein domain specific bindingGO:0048786�presynaptic active zoneGO:0060998�regulation of dendritic spine developmentGO:0061001�regulation of dendritic spine morphogenesisGO:0031032�actomyosin structure organizationGO:0045995�regulation of embryonic developmentGO:0006475�internal protein amino acid acetylationGO:0003208�cardiac ventricle morphogenesisGO:0010594�regulation of endothelial cell migrationGO:0030120�vesicle coatGO:0043542�endothelial cell migrationGO:0060271�cilium morphogenesisGO:0009798�axis specificationGO:0019003�GDP bindingGO:0010002�cardioblast differentiationGO:0021983�pituitary gland developmentGO:0031016�pancreas developmentGO:0061041�regulation of wound healingGO:0022406�membrane dockingGO:0005791�rough endoplasmic reticulumGO:0051145�smooth muscle cell differentiationGO:0060976�coronary vasculature developmentGO:0051262�protein tetramerizationGO:0051091�positive regulation of sequence�specific DNA binding transcription factor activityGO:0002755�MyD88�dependent toll�like receptor signaling pathwayGO:0002224�toll�like receptor signaling pathwayGO:1900449�regulation of glutamate receptor signaling pathwayGO:0098636�protein complex involved in cell adhesionGO:0008305�integrin complexGO:0032432�actin filament bundleGO:0031670�cellular response to nutrientGO:0045778�positive regulation of ossificationGO:0048037�cofactor bindingGO:0003014�renal system processGO:0003151�outflow tract morphogenesisGO:0031333�negative regulation of protein complex assemblyGO:0008213�protein alkylationGO:0006479�protein methylationGO:0001558�regulation of cell growthGO:0044092�negative regulation of molecular functionGO:0002088�lens development in camera�type eyeGO:0060317�cardiac epithelial to mesenchymal transitionGO:0021548�pons developmentGO:0043269�regulation of ion transportGO:0035335�peptidyl�tyrosine dephosphorylationGO:0031201�SNARE complexGO:0003179�heart valve morphogenesisGO:0071383�cellular response to steroid hormone stimulusGO:2000209�regulation of anoikisGO:0048286�lung alveolus developmentGO:0009612�response to mechanical stimulusGO:0050919�negative chemotaxisGO:0042383�sarcolemmaGO:0071260�cellular response to mechanical stimulusGO:0032462�regulation of protein homooligomerizationGO:0019538�protein metabolic processGO:2000142�regulation of DNA�templated transcription, initiationGO:0060260�regulation of transcription initiation from RNA polymerase II promoterGO:0051149�positive regulation of muscle cell differentiationGO:0045596�negative regulation of cell differentiationGO:0061053�somite developmentGO:0006066�alcohol metabolic processGO:0071805�potassium ion transmembrane transportGO:0071804�cellular potassium ion transportGO:0032147�activation of protein kinase activityGO:0071902�positive regulation of protein serine/threonine kinase activityGO:0009914�hormone transportGO:0046879�hormone secretionGO:0051347�positive regulation of transferase activityGO:0090276�regulation of peptide hormone secretionGO:0015833�peptide transportGO:0042886�amide transportGO:0044304�main axonGO:0010828�positive regulation of glucose transportGO:0046326�positive regulation of glucose importGO:0046883�regulation of hormone secretionGO:0030863�cortical cytoskeletonGO:0033500�carbohydrate homeostasisGO:0042593�glucose homeostasisGO:0030864�cortical actin cytoskeletonGO:0007548�sex differentiationGO:0008406�gonad developmentGO:0045137�development of primary sexual characteristicsGO:1901654�response to ketoneGO:0042633�hair cycleGO:0042303�molting cycleGO:0001942�hair follicle developmentGO:0022404�molting cycle processGO:0022405�hair cycle processGO:0005996�monosaccharide metabolic processGO:0006006�glucose metabolic processGO:0019318�hexose metabolic processGO:0002262�myeloid cell homeostasisGO:0007530�sex determinationGO:0051721�protein phosphatase 2A bindingGO:0043406�positive regulation of MAP kinase activityGO:0048872�homeostasis of number of cellsGO:0045988�negative regulation of striated muscle contractionGO:0060351�cartilage development involved in endochondral bone morphogenesisGO:0032332�positive regulation of chondrocyte differentiationGO:0034101�erythrocyte homeostasisGO:0044065�regulation of respiratory system processGO:0043484�regulation of RNA splicingGO:0046323�glucose importGO:0006491�N�glycan processingGO:0033574�response to testosteroneGO:0098531�direct ligand regulated sequence�specific DNA binding transcription factor activityGO:0004879�ligand�activated sequence�specific DNA binding RNA polymerase II transcription factor activityGO:0045347�negative regulation of MHC class II biosynthetic processGO:0060008�Sertoli cell differentiationGO:0030099�myeloid cell differentiationGO:0005388�calcium�transporting ATPase activityGO:0046324�regulation of glucose importGO:0006578�amino�acid betaine biosynthetic processGO:0008420�CTD phosphatase activityGO:0002087�regulation of respiratory gaseous exchange by neurological system processGO:0000187�activation of MAPK activityGO:0031490�chromatin DNA bindingGO:0045760�positive regulation of action potentialGO:0030545�receptor regulator activityGO:0098900�regulation of action potentialGO:0001974�blood vessel remodelingGO:2001237�negative regulation of extrinsic apoptotic signaling pathwayGO:0060350�endochondral bone morphogenesisGO:0072661�protein targeting to plasma membraneGO:0050873�brown fat cell differentiationGO:0004726�non�membrane spanning protein tyrosine phosphatase activityGO:0003016�respiratory system processGO:0007202�activation of phospholipase C activityGO:0009749�response to glucoseGO:0009746�response to hexoseGO:1900076�regulation of cellular response to insulin stimulusGO:0051272�positive regulation of cellular component movementGO:0040017�positive regulation of locomotionGO:2000147�positive regulation of cell motilityGO:0030335�positive regulation of cell migrationGO:0005070�SH3/SH2 adaptor activityGO:0022602�ovulation cycle processGO:0046626�regulation of insulin receptor signaling pathwayGO:0042698�ovulation cycleGO:0005242�inward rectifier potassium channel activityGO:0060349�bone morphogenesisGO:0034599�cellular response to oxidative stressGO:0009611�response to woundingGO:0051046�regulation of secretionGO:0060742�epithelial cell differentiation involved in prostate gland developmentGO:0008344�adult locomotory behaviorGO:0030534�adult behaviorGO:0007016�cytoskeletal anchoring at plasma membraneGO:0044281�small molecule metabolic processGO:0097190�apoptotic signaling pathwayGO:0045807�positive regulation of endocytosisGO:0044325�ion channel bindingGO:0031332�RNAi effector complexGO:0016442�RISC complexGO:0050905�neuromuscular processGO:0033268�node of RanvierGO:0044309�neuron spineGO:0043197�dendritic spineGO:0034109�homotypic cell�cell adhesionGO:0044057�regulation of system processGO:0018146�keratan sulfate biosynthetic processGO:0021533�cell differentiation in hindbrainGO:0005905�coated pitGO:0009154�purine ribonucleotide catabolic processGO:0009261�ribonucleotide catabolic processGO:0007569�cell agingGO:0046434�organophosphate catabolic processGO:0072523�purine�containing compound catabolic processGO:0006195�purine nucleotide catabolic processGO:0008234�cysteine�type peptidase activityGO:0030218�erythrocyte differentiationGO:1901264�carbohydrate derivative transportGO:2001234�negative regulation of apoptotic signaling pathwayGO:0017075�syntaxin�1 bindingGO:0043277�apoptotic cell clearanceGO:0008643�carbohydrate transportGO:0006884�cell volume homeostasisGO:0071889�14�3�3 protein bindingGO:0046632�alpha�beta T cell differentiationGO:0061045�negative regulation of wound healingGO:0042165�neurotransmitter bindingGO:0008526�phosphatidylinositol transporter activityGO:0097581�lamellipodium organizationGO:0007638�mechanosensory behaviorGO:0030032�lamellipodium assemblyGO:0048488�synaptic vesicle endocytosisGO:0036465�synaptic vesicle recyclingGO:0019199�transmembrane receptor protein kinase activityGO:0048096�chromatin�mediated maintenance of transcriptionGO:0046329�negative regulation of JNK cascadeGO:0004714�transmembrane receptor protein tyrosine kinase activityGO:1901185�negative regulation of ERBB signaling pathwayGO:0042059�negative regulation of epidermal growth factor receptor signaling pathwayGO:1901565�organonitrogen compound catabolic processGO:0010765�positive regulation of sodium ion transportGO:0006898�receptor�mediated endocytosisGO:1901658�glycosyl compound catabolic processGO:0009164�nucleoside catabolic processGO:0031290�retinal ganglion cell axon guidanceGO:0090257�regulation of muscle system processGO:0002062�chondrocyte differentiationGO:1901136�carbohydrate derivative catabolic processGO:1901292�nucleoside phosphate catabolic processGO:0009166�nucleotide catabolic processGO:0048771�tissue remodelingGO:0046580�negative regulation of Ras protein signal transductionGO:0051058�negative regulation of small GTPase mediated signal transductionGO:0016701�oxidoreductase activity, acting on single donors with incorporation of molecular oxygenGO:0016702�oxidoreductase activity, acting on single donors with incorporation of molecular oxygen, incorporati...GO:0051213�dioxygenase activityGO:0022407�regulation of cell�cell adhesionGO:0044712�single�organism catabolic processGO:0048259�regulation of receptor�mediated endocytosisGO:0009143�nucleoside triphosphate catabolic processGO:0042454�ribonucleoside catabolic processGO:0046130�purine ribonucleoside catabolic processGO:0006152�purine nucleoside catabolic processGO:0009146�purine nucleoside triphosphate catabolic processGO:0009207�purine ribonucleoside triphosphate catabolic processGO:0009203�ribonucleoside triphosphate catabolic processGO:0022402�cell cycle processGO:0010639�negative regulation of organelle organizationGO:0031461�cullin�RING ubiquitin ligase complexGO:0006821�chloride transportGO:0051301�cell divisionGO:0071305�cellular response to vitamin DGO:0007224�smoothened signaling pathwayGO:0097306�cellular response to alcoholGO:0001227�RNA polymerase II transcription regulatory region sequence�specific DNA binding transcription factor...GO:0021536�diencephalon developmentGO:0046683�response to organophosphorusGO:0001725�stress fiberGO:0044306�neuron projection terminusGO:0014013�regulation of gliogenesisGO:0001078�RNA polymerase II core promoter proximal region sequence�specific DNA binding transcription factor a...GO:0007229�integrin�mediated signaling pathwayGO:0016881�acid�amino acid ligase activityGO:0045685�regulation of glial cell differentiationGO:0015698�inorganic anion transportGO:0043292�contractile fiberGO:0030016�myofibrilGO:0007623�circadian rhythmGO:0044430�cytoskeletal partGO:0035666�TRIF�dependent toll�like receptor signaling pathwayGO:0002756�MyD88�independent toll�like receptor signaling pathwayGO:0007163�establishment or maintenance of cell polarityGO:0051427�hormone receptor bindingGO:0051099�positive regulation of bindingGO:0032886�regulation of microtubule�based processGO:0042641�actomyosinGO:0034138�toll�like receptor 3 signaling pathwayGO:0008063�Toll signaling pathwayGO:0034142�toll�like receptor 4 signaling pathwayGO:0034130�toll�like receptor 1 signaling pathwayGO:0032092�positive regulation of protein bindingGO:0043393�regulation of protein bindingGO:0051098�regulation of bindingGO:0070507�regulation of microtubule cytoskeleton organizationGO:0031674�I bandGO:0016482�cytoplasmic transportGO:0000278�mitotic cell cycleGO:0051568�histone H3�K4 methylationGO:0007017�microtubule�based processGO:0000226�microtubule cytoskeleton organizationGO:0000123�histone acetyltransferase complexGO:1902493�acetyltransferase complexGO:0031248�protein acetyltransferase complexGO:0001656�metanephros developmentGO:0048013�ephrin receptor signaling pathwayGO:0030901�midbrain developmentGO:0045665�negative regulation of neuron differentiationGO:0017080�sodium channel regulator activityGO:0051865�protein autoubiquitinationGO:0072009�nephron epithelium developmentGO:0043566�structure�specific DNA bindingGO:0008022�protein C�terminus bindingGO:0033044�regulation of chromosome organizationGO:0009314�response to radiationGO:0043122�regulation of I�kappaB kinase/NF�kappaB signalingGO:0033273�response to vitaminGO:0006655�phosphatidylglycerol biosynthetic processGO:0043065�positive regulation of apoptotic processGO:0043068�positive regulation of programmed cell deathGO:0010942�positive regulation of cell deathGO:0043254�regulation of protein complex assemblyGO:0042113�B cell activationGO:0060512�prostate gland morphogenesisGO:0031214�biomineral tissue developmentGO:0000979�RNA polymerase II core promoter sequence�specific DNA bindingGO:0030282�bone mineralizationGO:0071396�cellular response to lipidGO:0043276�anoikisGO:0000186�activation of MAPKK activityGO:1901879�regulation of protein depolymerizationGO:0035329�hippo signalingGO:1902936�phosphatidylinositol bisphosphate bindingGO:1901566�organonitrogen compound biosynthetic processGO:0071295�cellular response to vitaminGO:0043123�positive regulation of I�kappaB kinase/NF�kappaB signalingGO:0036294�cellular response to decreased oxygen levelsGO:0071456�cellular response to hypoxiaGO:0070271�protein complex biogenesisGO:0006461�protein complex assemblyGO:0007249�I�kappaB kinase/NF�kappaB signalingGO:0051261�protein depolymerizationGO:0048008�platelet�derived growth factor receptor signaling pathwayGO:0004722�protein serine/threonine phosphatase activityGO:0044802�single�organism membrane organizationGO:1902911�protein kinase complexGO:0046982�protein heterodimerization activityGO:0043112�receptor metabolic processGO:0010675�regulation of cellular carbohydrate metabolic processGO:0010907�positive regulation of glucose metabolic processGO:0018105�peptidyl�serine phosphorylationGO:0018209�peptidyl�serine modificationGO:0016578�histone deubiquitinationGO:0003407�neural retina developmentGO:0043255�regulation of carbohydrate biosynthetic processGO:0030173�integral component of Golgi membraneGO:0031228�intrinsic component of Golgi membraneGO:0098655�cation transmembrane transportGO:0033148�positive regulation of intracellular estrogen receptor signaling pathwayGO:0032288�myelin assemblyGO:0004012�phospholipid�translocating ATPase activityGO:0032365�intracellular lipid transportGO:0001881�receptor recyclingGO:0043967�histone H4 acetylationGO:0005976�polysaccharide metabolic processGO:0007034�vacuolar transportGO:0044264�cellular polysaccharide metabolic processGO:0035258�steroid hormone receptor bindingGO:0046332�SMAD bindingGO:0030509�BMP signaling pathwayGO:0050681�androgen receptor bindingGO:0007041�lysosomal transportGO:0006888�ER to Golgi vesicle�mediated transportGO:0090317�negative regulation of intracellular protein transportGO:0043209�myelin sheathGO:0019217�regulation of fatty acid metabolic processGO:0030521�androgen receptor signaling pathwayGO:0005545�1�phosphatidylinositol bindingGO:0008361�regulation of cell sizeGO:0055085�transmembrane transportGO:0010632�regulation of epithelial cell migrationGO:0001105�RNA polymerase II transcription coactivator activityGO:0010811�positive regulation of cell�substrate adhesionGO:0043028�cysteine�type endopeptidase regulator activity involved in apoptotic processGO:0006790�sulfur compound metabolic processGO:0019898�extrinsic component of membraneGO:0005901�caveolaGO:0010906�regulation of glucose metabolic processGO:0001158�enhancer sequence�specific DNA bindingGO:0035326�enhancer bindingGO:0045787�positive regulation of cell cycleGO:0022804�active transmembrane transporter activityGO:0010976�positive regulation of neuron projection developmentGO:0045815�positive regulation of gene expression, epigeneticGO:0001518�voltage�gated sodium channel complexGO:0005248�voltage�gated sodium channel activityGO:0030879�mammary gland developmentGO:0019209�kinase activator activityGO:0051015�actin filament bindingGO:0051020�GTPase bindingGO:0031267�small GTPase bindingGO:0006820�anion transportGO:0006893�Golgi to plasma membrane transportGO:1903076�regulation of protein localization to plasma membraneGO:0090003�regulation of establishment of protein localization to plasma membraneGO:0032330�regulation of chondrocyte differentiationGO:0048017�inositol lipid�mediated signalingGO:0048015�phosphatidylinositol�mediated signalingGO:0043576�regulation of respiratory gaseous exchangeGO:0022612�gland morphogenesisGO:0007568�agingGO:0034284�response to monosaccharideGO:0016706�oxidoreductase activity, acting on paired donors, with incorporation or reduction of molecular oxyge...GO:0046328�regulation of JNK cascadeGO:0030100�regulation of endocytosisGO:0030326�embryonic limb morphogenesisGO:0035113�embryonic appendage morphogenesisGO:0071604�transforming growth factor beta productionGO:0071634�regulation of transforming growth factor beta productionGO:0033280�response to vitamin DGO:0071453�cellular response to oxygen levelsGO:0030027�lamellipodiumGO:0061035�regulation of cartilage developmentGO:0071407�cellular response to organic cyclic compoundGO:0032355�response to estradiolGO:0021510�spinal cord developmentGO:0060411�cardiac septum morphogenesisGO:0002053�positive regulation of mesenchymal cell proliferationGO:0060412�ventricular septum morphogenesisGO:0005975�carbohydrate metabolic processGO:0032844�regulation of homeostatic processGO:0019216�regulation of lipid metabolic processGO:0044723�single�organism carbohydrate metabolic processGO:0007043�cell�cell junction assemblyGO:0044389�small conjugating protein ligase bindingGO:0031625�ubiquitin protein ligase bindingGO:0006869�lipid transportGO:0015711�organic anion transportGO:0006865�amino acid transportGO:0015849�organic acid transportGO:0046942�carboxylic acid transportGO:0051705�multi�organism behaviorGO:0001946�lymphangiogenesisGO:0006607�NLS�bearing protein import into nucleusGO:0003707�steroid hormone receptor activityGO:0000980�RNA polymerase II distal enhancer sequence�specific DNA bindingGO:0043113�receptor clusteringGO:0048675�axon extensionGO:1990138�neuron projection extensionGO:0003229�ventricular cardiac muscle tissue developmentGO:0048588�developmental cell growthGO:0034440�lipid oxidationGO:0019395�fatty acid oxidationGO:0021545�cranial nerve developmentGO:0021602�cranial nerve morphogenesisGO:0010927�cellular component assembly involved in morphogenesisGO:0030165�PDZ domain bindingGO:0005547�phosphatidylinositol�3,4,5�trisphosphate bindingGO:0036303�lymph vessel morphogenesisGO:0005769�early endosomeGO:0005086�ARF guanyl�nucleotide exchange factor activityGO:0030098�lymphocyte differentiationGO:0007616�long�term memoryGO:0043666�regulation of phosphoprotein phosphatase activityGO:0010922�positive regulation of phosphatase activityGO:0044089�positive regulation of cellular component biogenesisGO:0051962�positive regulation of nervous system developmentGO:0051965�positive regulation of synapse assemblyGO:0042058�regulation of epidermal growth factor receptor signaling pathwayGO:1901184�regulation of ERBB signaling pathwayGO:0030097�hemopoiesisGO:0002520�immune system developmentGO:0048534�hematopoietic or lymphoid organ developmentGO:0060343�trabecula formationGO:1901342�regulation of vasculature developmentGO:0021761�limbic system developmentGO:0048709�oligodendrocyte differentiationGO:0061383�trabecula morphogenesisGO:0006900�membrane buddingGO:0006901�vesicle coatingGO:0005798�Golgi�associated vesicleGO:0055002�striated muscle cell developmentGO:0055001�muscle cell developmentGO:0044291�cell�cell contact zoneGO:0001667�ameboidal cell migrationGO:0014704�intercalated discGO:0018212�peptidyl�tyrosine modificationGO:0018108�peptidyl�tyrosine phosphorylationGO:0050730�regulation of peptidyl�tyrosine phosphorylationGO:0005977�glycogen metabolic processGO:0090130�tissue migrationGO:0090132�epithelium migrationGO:0010631�epithelial cell migrationGO:0004709�MAP kinase kinase kinase activityGO:0045766�positive regulation of angiogenesisGO:0002028�regulation of sodium ion transportGO:0004725�protein tyrosine phosphatase activityGO:0001046�core promoter sequence�specific DNA bindingGO:0005913�cell�cell adherens junctionGO:0030168�platelet activationGO:0007585�respiratory gaseous exchangeGO:0090102�cochlea developmentGO:0005057�receptor signaling protein activityGO:0030850�prostate gland developmentGO:0019637�organophosphate metabolic processGO:0008013�beta�catenin bindingGO:0045785�positive regulation of cell adhesionGO:0050769�positive regulation of neurogenesisGO:0035914�skeletal muscle cell differentiationGO:0004713�protein tyrosine kinase activityGO:0040013�negative regulation of locomotionGO:0016049�cell growthGO:0051153�regulation of striated muscle cell differentiationGO:2000146�negative regulation of cell motilityGO:0030336�negative regulation of cell migrationGO:0045765�regulation of angiogenesisGO:0043034�costamereGO:0009855�determination of bilateral symmetryGO:0009799�specification of symmetryGO:0055007�cardiac muscle cell differentiationGO:0042596�fear responseGO:0043966�histone H3 acetylationGO:0043234�protein complexGO:0051494�negative regulation of cytoskeleton organizationGO:0005813�centrosomeGO:0043232�intracellular non�membrane�bounded organelleGO:0043228�non�membrane�bounded organelleGO:0060977�coronary vasculature morphogenesisGO:0061384�heart trabecula morphogenesisGO:0003729�mRNA bindingGO:0044822�poly(A) RNA bindingGO:0061005�cell differentiation involved in kidney developmentGO:0060841�venous blood vessel developmentGO:0097035�regulation of membrane lipid distributionGO:0035850�epithelial cell differentiation involved in kidney developmentGO:0044042�glucan metabolic processGO:0006073�cellular glucan metabolic processGO:0005342�organic acid transmembrane transporter activityGO:0032228�regulation of synaptic transmission, GABAergicGO:0015179�L�amino acid transmembrane transporter activityGO:0015171�amino acid transmembrane transporter activityGO:0031105�septin complexGO:0032156�septin cytoskeletonGO:0046320�regulation of fatty acid oxidationGO:0021795�cerebral cortex cell migrationGO:0004114�3',5'�cyclic�nucleotide phosphodiesterase activityGO:0004112�cyclic�nucleotide phosphodiesterase activityGO:0043001�Golgi to plasma membrane protein transportGO:0016241�regulation of macroautophagyGO:0060765�regulation of androgen receptor signaling pathwayGO:0061180�mammary gland epithelium developmentGO:0043149�stress fiber assemblyGO:2000177�regulation of neural precursor cell proliferationGO:0004690�cyclic nucleotide�dependent protein kinase activityGO:0010638�positive regulation of organelle organizationGO:0072348�sulfur compound transportGO:0060359�response to ammonium ionGO:0043195�terminal boutonGO:0046943�carboxylic acid transmembrane transporter activityGO:2000311�regulation of alpha�amino�3�hydroxy�5�methyl�4�isoxazole propionate selective glutamate receptor act...GO:0004115�3',5'�cyclic�AMP phosphodiesterase activityGO:0000045�autophagic vacuole assemblyGO:2001014�regulation of skeletal muscle cell differentiationGO:0048745�smooth muscle tissue developmentGO:0030325�adrenal gland developmentGO:0031532�actin cytoskeleton reorganizationGO:0061097�regulation of protein tyrosine kinase activityGO:0055008�cardiac muscle tissue morphogenesisGO:0017016�Ras GTPase bindingGO:0042805�actinin bindingGO:0009896�positive regulation of catabolic processGO:0030140�trans�Golgi network transport vesicleGO:0010494�cytoplasmic stress granuleGO:0090004�positive regulation of establishment of protein localization to plasma membraneGO:0007176�regulation of epidermal growth factor�activated receptor activityGO:0045445�myoblast differentiationGO:0060442�branching involved in prostate gland morphogenesisGO:0006629�lipid metabolic processGO:1903311�regulation of mRNA metabolic processGO:0030148�sphingolipid biosynthetic processGO:0060348�bone developmentGO:0043651�linoleic acid metabolic processGO:0032320�positive regulation of Ras GTPase activityGO:0004691�cAMP�dependent protein kinase activityGO:0019207�kinase regulator activityGO:0032587�ruffle membraneGO:0021885�forebrain cell migrationGO:0048169�regulation of long�term neuronal synaptic plasticityGO:0050771�negative regulation of axonogenesisGO:0051966�regulation of synaptic transmission, glutamatergicGO:0051932�synaptic transmission, GABAergicGO:0008514�organic anion transmembrane transporter activityGO:0022029�telencephalon cell migrationGO:0005313�L�glutamate transmembrane transporter activityGO:0015172�acidic amino acid transmembrane transporter activityGO:0070933�histone H4 deacetylationGO:0015276�ligand�gated ion channel activityGO:0022834�ligand�gated channel activityGO:0016581�NuRD complexGO:0090545�CHD�type complexGO:0046847�filopodium assemblyGO:0090568�nuclear transcriptional repressor complexGO:0021987�cerebral cortex developmentGO:0042063�gliogenesisGO:0051271�negative regulation of cellular component movementGO:0007015�actin filament organizationGO:0048469�cell maturationGO:0008366�axon ensheathmentGO:0007272�ensheathment of neuronsGO:0030865�cortical cytoskeleton organizationGO:0071900�regulation of protein serine/threonine kinase activityGO:0030674�protein binding, bridgingGO:0021549�cerebellum developmentGO:0000139�Golgi membraneGO:0046660�female sex differentiationGO:0046545�development of primary female sexual characteristicsGO:0031346�positive regulation of cell projection organizationGO:0035024�negative regulation of Rho protein signal transductionGO:0016079�synaptic vesicle exocytosisGO:0004716�receptor signaling protein tyrosine kinase activityGO:0043405�regulation of MAP kinase activityGO:0017157�regulation of exocytosisGO:0009214�cyclic nucleotide catabolic processGO:0016236�macroautophagyGO:0010830�regulation of myotube differentiationGO:0015077�monovalent inorganic cation transmembrane transporter activityGO:0030295�protein kinase activator activityGO:1901890�positive regulation of cell junction assemblyGO:1903393�positive regulation of adherens junction organizationGO:0051894�positive regulation of focal adhesion assemblyGO:0010508�positive regulation of autophagyGO:0008081�phosphoric diester hydrolase activityGO:0001106�RNA polymerase II transcription corepressor activityGO:0031253�cell projection membraneGO:2000463�positive regulation of excitatory postsynaptic membrane potentialGO:0033555�multicellular organismal response to stressGO:0021542�dentate gyrus developmentGO:0006198�cAMP catabolic processGO:0035303�regulation of dephosphorylationGO:0010921�regulation of phosphatase activityGO:0042147�retrograde transport, endosome to GolgiGO:0060996�dendritic spine developmentGO:0001191�RNA polymerase II transcription factor binding transcription factor activity involved in negative re...GO:0003924�GTPase activityGO:0008015�blood circulationGO:0003013�circulatory system processGO:0015297�antiporter activityGO:2000273�positive regulation of receptor activityGO:0030258�lipid modificationGO:0005548�phospholipid transporter activityGO:0044255�cellular lipid metabolic processGO:0043543�protein acylationGO:0016573�histone acetylationGO:0018205�peptidyl�lysine modificationGO:0097061�dendritic spine organizationGO:0060997�dendritic spine morphogenesisGO:0016247�channel regulator activityGO:0035020�regulation of Rac protein signal transductionGO:0002064�epithelial cell developmentGO:0005819�spindleGO:0051093�negative regulation of developmental processGO:0009101�glycoprotein biosynthetic processGO:0030163�protein catabolic processGO:0043632�modification�dependent macromolecule catabolic processGO:0019941�modification�dependent protein catabolic processGO:0021872�forebrain generation of neuronsGO:0006511�ubiquitin�dependent protein catabolic processGO:0051603�proteolysis involved in cellular protein catabolic processGO:0044257�cellular protein catabolic processGO:0021879�forebrain neuron differentiationGO:0031076�embryonic camera�type eye developmentGO:0071822�protein complex subunit organizationGO:0090066�regulation of anatomical structure sizeGO:0032956�regulation of actin cytoskeleton organizationGO:2000027�regulation of organ morphogenesisGO:0007613�memoryGO:0030183�B cell differentiationGO:0031256�leading edge membraneGO:0034762�regulation of transmembrane transportGO:0043488�regulation of mRNA stabilityGO:0001190�RNA polymerase II transcription factor binding transcription factor activity involved in positive re...GO:0030118�clathrin coatGO:0030518�intracellular steroid hormone receptor signaling pathwayGO:0043487�regulation of RNA stabilityGO:0030117�membrane coatGO:0048475�coated membraneGO:0070932�histone H3 deacetylationGO:0001954�positive regulation of cell�matrix adhesionGO:0060041�retina development in camera�type eyeGO:0021675�nerve developmentGO:0090090�negative regulation of canonical Wnt signaling pathwayGO:0055038�recycling endosome membraneGO:0061572�actin filament bundle organizationGO:0051017�actin filament bundle assemblyGO:0006892�post�Golgi vesicle�mediated transportGO:0015085�calcium ion transmembrane transporter activityGO:0019827�stem cell maintenanceGO:0030031�cell projection assemblyGO:0035264�multicellular organism growthGO:0006325�chromatin organizationGO:0034220�ion transmembrane transportGO:0030177�positive regulation of Wnt signaling pathwayGO:0090263�positive regulation of canonical Wnt signaling pathwayGO:0045669�positive regulation of osteoblast differentiationGO:0001649�osteoblast differentiationGO:0015293�symporter activityGO:0033598�mammary gland epithelial cell proliferationGO:0019838�growth factor bindingGO:0060324�face developmentGO:0043066�negative regulation of apoptotic processGO:0043069�negative regulation of programmed cell deathGO:0010718�positive regulation of epithelial to mesenchymal transitionGO:0010770�positive regulation of cell morphogenesis involved in differentiationGO:0097193�intrinsic apoptotic signaling pathwayGO:0010212�response to ionizing radiationGO:0048536�spleen developmentGO:0006937�regulation of muscle contractionGO:0060740�prostate gland epithelium morphogenesisGO:0034979�NAD�dependent protein deacetylase activityGO:0070888�E�box bindingGO:0030308�negative regulation of cell growthGO:0031984�organelle subcompartmentGO:0031985�Golgi cisternaGO:0006813�potassium ion transportGO:0017136�NAD�dependent histone deacetylase activityGO:0006814�sodium ion transportGO:0051050�positive regulation of transportGO:1901215�negative regulation of neuron deathGO:0043524�negative regulation of neuron apoptotic processGO:0010035�response to inorganic substanceGO:0046969�NAD�dependent histone deacetylase activity (H3�K9 specific)GO:0032129�histone deacetylase activity (H3�K9 specific)GO:0002065�columnar/cuboidal epithelial cell differentiationGO:0043407�negative regulation of MAP kinase activityGO:0031056�regulation of histone modificationGO:0008066�glutamate receptor activityGO:0032231�regulation of actin filament bundle assemblyGO:0046825�regulation of protein export from nucleusGO:0050821�protein stabilizationGO:0032269�negative regulation of cellular protein metabolic processGO:0031400�negative regulation of protein modification processGO:0032535�regulation of cellular component sizeGO:0019900�kinase bindingGO:0035023�regulation of Rho protein signal transductionGO:0051057�positive regulation of small GTPase mediated signal transductionGO:0035019�somatic stem cell maintenanceGO:0019905�syntaxin bindingGO:0048641�regulation of skeletal muscle tissue developmentGO:0010171�body morphogenesisGO:0005099�Ras GTPase activator activityGO:0005089�Rho guanyl�nucleotide exchange factor activityGO:0070303�negative regulation of stress�activated protein kinase signaling cascadeGO:0032873�negative regulation of stress�activated MAPK cascadeGO:0008301�DNA binding, bendingGO:0060322�head developmentGO:0035725�sodium ion transmembrane transportGO:0015095�magnesium ion transmembrane transporter activityGO:0005795�Golgi stackGO:0008038�neuron recognitionGO:0086091�regulation of heart rate by cardiac conductionGO:0007413�axonal fasciculationGO:0060900�embryonic camera�type eye formationGO:0009898�cytoplasmic side of plasma membraneGO:2000648�positive regulation of stem cell proliferationGO:0098562�cytoplasmic side of membraneGO:0033143�regulation of intracellular steroid hormone receptor signaling pathwayGO:0031968�organelle outer membraneGO:0019867�outer membraneGO:0032880�regulation of protein localizationGO:0045666�positive regulation of neuron differentiationGO:0060048�cardiac muscle contractionGO:0071695�anatomical structure maturationGO:0005310�dicarboxylic acid transmembrane transporter activityGO:0051592�response to calcium ionGO:0032386�regulation of intracellular transportGO:0005578�proteinaceous extracellular matrixGO:0017112�Rab guanyl�nucleotide exchange factor activityGO:0060525�prostate glandular acinus developmentGO:0031012�extracellular matrixGO:0008585�female gonad developmentGO:0000149�SNARE bindingGO:0006914�autophagyGO:0046970�NAD�dependent histone deacetylase activity (H4�K16 specific)GO:0032041�NAD�dependent histone deacetylase activity (H3�K14 specific)GO:0031078�histone deacetylase activity (H3�K14 specific)GO:0015294�solute:cation symporter activityGO:0034739�histone deacetylase activity (H4�K16 specific)GO:0097372�NAD�dependent histone deacetylase activity (H3�K18 specific)
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邮箱 /Email：ngs@sangon.com; RNAseq@sangon.com
网址 / Web ：www.sangon.com

表 5.6 pathway 富集分析结果

RDFeulavPmret_siht_sGEDepyTmreTDI_OK

ko04724 Glutamatergic synapse Organismal Systems 97 2.59E-18 8.42E-16 

ko05200 Pathways in cancer Human Diseases 229 1.38E-15 2.25E-13 

ko04723 Retrograde endocannabinoid signaling Organismal Systems 83 4.00E-13 4.33E-11 

ko05206 MicroRNAs in cancer Human Diseases 115 1.24E-12 9.62E-11 

lamsinagrOecnadiugnoxA06340ok Systems 101 1.48E-12 9.62E-11 

ko04014 Ras signaling pathway 
Environmental 

Information Processing 
165 3.20E-12 1.74E-10 

ko05205 Proteoglycans in cancer Human Diseases 161 4.98E-12 2.31E-10 

ko04151 PI3K-Akt signaling pathway 
Environmental 

Information Processing 
238 6.32E-12 2.57E-10 

ko04068 FoxO signaling pathway 
Environmental 

Information Processing 
104 4.60E-11 1.66E-09 

ko04725 Cholinergic synapse Organismal Systems 88 3.69E-10 1.20E-08 

注：上述展示的只是富集分析中前 10 的 pathway，且为所有差异基因富集分析结果，UP/Down 基因分别的富集分析结果见对应的文

件夹。

KO_ID：KO ID 

Term：pathway 名称

All_num_this_term：注释到该通路上的所有基因

DEGs_this_term：位功能类下的差异基因数目

UP：该功能类下上调基因数目

Down：该功能类下下调基因数目

Pvalue：富集分析 P 值，P 值越小越显著

FDR：P 值校正值

*.genes.all_kegg_enrichment_scatterPlot.pdf：所有差异基因 pathway 富集分析前 30 个富集散点图，结果如下：

图 5.26 pathway 富集分析前 30 个富集散点图

说明：纵轴表示 pathway 名称，横轴表示 pathway 对应的 Rich factor，Pvalue 的大小用点的颜色来表示，Pvalue 越小则颜色越

接近红色，每个 pathway 下包含的差异基因的多少用点的大小来表示。
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地       址：上海市松江区香闵路 698 号                     Add:   698 Xiang Min Road SongJiang Shanghai China
技术支持：021-37772413/57072083/57072061

*genes.enriched.kegg.heatmap2.pdf：所有比较组 kegg 富集 Pvalue 热图，该图通过对所有比较组显著富集的 kegg 的 P 值做

热图（默认为 p<0.05，可调整），结果如下：

图 5.27 所有显著富集的 pathway pvalue 热图

注：当比较对大于两组时此图才会生成，只有一组比较时此图没有。

说明：上图中每一行代表一个 pathway，每一列为一组比较组，颜色越黄表示越显著，即 P 值越小，上图中内反应出在不同比较

对间富集的 pathway 差异，尤其当样本为时间序列样本时可以很好的看出在不同时间段差异表达基因功能的差异。

图 5.28 靶基因代谢通路图

说明：上图中绿色基因表示是差异表达 miRNA 的靶基因，红色为非差异表达 miRNA 的靶基因。
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ko04724�Glutamatergic synapse
ko05206�MicroRNAs in cancer
ko05200�Pathways in cancer
ko04014�Ras signaling pathway
ko04360�Axon guidance
ko04510�Focal adhesion
ko05205�Proteoglycans in cancer
ko04120�Ubiquitin mediated proteolysis
ko04390�Hippo signaling pathway
ko04391�Hippo signaling pathway �fly
ko04921�Oxytocin signaling pathway
ko04151�PI3K�Akt signaling pathway
ko04725�Cholinergic synapse
ko04068�FoxO signaling pathway
ko04723�Retrograde endocannabinoid signaling
ko04310�Wnt signaling pathway
ko04810�Regulation of actin cytoskeleton
ko05215�Prostate cancer
ko04010�MAPK signaling pathway
ko05032�Morphine addiction
ko04728�Dopaminergic synapse
ko04022�cGMP � PKG signaling pathway
ko04015�Rap1 signaling pathway
ko04012�ErbB signaling pathway
ko04020�Calcium signaling pathway
ko05202�Transcriptional misregulation in cancers
ko04910�Insulin signaling pathway
ko00500�Starch and sucrose metabolism
ko00830�Retinol metabolism
ko00750�Vitamin B6 metabolism
ko04320�Dorso�ventral axis formation
ko01040�Biosynthesis of unsaturated fatty acids
ko03060�Protein export
ko04978�Mineral absorption
ko02020�Two�component system
ko00790�Folate biosynthesis
ko04140�Regulation of autophagy
ko00053�Ascorbate and aldarate metabolism
ko00260�Glycine
ko00565�Ether lipid metabolism
ko00330�Arginine and proline metabolism
ko04973�Carbohydrate digestion and absorption
ko00130�Ubiquinone and other terpenoid�quinone biosynthesis
ko04141�Protein processing in endoplasmic reticulum
ko00450�Selenocompound metabolism
ko04113�Meiosis � yeast
ko04110�Cell cycle
ko00410�beta�Alanine metabolism
ko04918�Thyroid hormone synthesis
ko04962�Vasopressin�regulated water reabsorption
ko04013�MAPK signaling pathway � fly
ko04961�Endocrine and other factor�regulated calcium reabsorption
ko00510�N�Glycan biosynthesis
ko00071�Fatty acid degradation
ko04915�Estrogen signaling pathway
ko03320�PPAR signaling pathway
ko04745�Phototransduction � fly
ko00430�Taurine and hypotaurine metabolism
ko04146�Peroxisome
ko04711�Circadian rhythm � fly
ko00230�Purine metabolism
ko04512�ECM�receptor interaction
ko00514�Other types of O�glycan biosynthesis
ko04330�Notch signaling pathway
ko05146�Amoebiasis
ko00900�Terpenoid backbone biosynthesis
ko04621�NOD�like receptor signaling pathway
ko00460�Cyanoamino acid metabolism
ko05014�Amyotrophic lateral sclerosis (ALS)
ko00340�Histidine metabolism
ko00564�Glycerophospholipid metabolism
ko04270�Vascular smooth muscle contraction
ko05142�Chagas disease (American trypanosomiasis)
ko05120�Epithelial cell signaling in Helicobacter pylori infection
ko00561�Glycerolipid metabolism
ko04011�MAPK signaling pathway � yeast
ko00601�Glycosphingolipid biosynthesis � lacto and neolacto series
ko04930�Type II diabetes mellitus
ko04630�Jak�STAT signaling pathway
ko05218�Melanoma
ko05223�Non�small cell lung cancer
ko04970�Salivary secretion
ko04721�Synaptic vesicle cycle
ko04066�HIF�1 signaling pathway
ko04668�TNF signaling pathway
ko04960�Aldosterone�regulated sodium reabsorption
ko05160�Hepatitis C
ko04664�Fc epsilon RI signaling pathway
ko04062�Chemokine signaling pathway
ko00533�Glycosaminoglycan biosynthesis � keratan sulfate
ko04540�Gap junction
ko04920�Adipocytokine signaling pathway
ko05216�Thyroid cancer
ko04530�Tight junction
ko00562�Inositol phosphate metabolism
ko05030�Cocaine addiction
ko05031�Amphetamine addiction
ko05219�Bladder cancer
ko04130�SNARE interactions in vesicular transport
ko00310�Lysine degradation
ko04114�Oocyte meiosis
ko05161�Hepatitis B
ko04142�Lysosome
ko04350�TGF�beta signaling pathway
ko03015�mRNA surveillance pathway
ko04340�Hedgehog signaling pathway
ko00512�Mucin type O�glycan biosynthesis
ko05131�Shigellosis
ko05217�Basal cell carcinoma
ko05414�Dilated cardiomyopathy (DCM)
ko05410�Hypertrophic cardiomyopathy (HCM)
ko04911�Insulin secretion
ko04914�Progesterone�mediated oocyte maturation
ko00534�Glycosaminoglycan biosynthesis � heparan sulfate / heparin
ko05412�Arrhythmogenic right ventricular cardiomyopathy (ARVC)
ko05033�Nicotine addiction
ko05222�Small cell lung cancer
ko04726�Serotonergic synapse
ko04115�p53 signaling pathway
ko04727�GABAergic synapse
ko04666�Fc gamma R�mediated phagocytosis
ko05221�Acute myeloid leukemia
ko04660�T cell receptor signaling pathway
ko04670�Leukocyte transendothelial migration
ko05210�Colorectal cancer
ko04750�Inflammatory mediator regulation of TRP channels
ko04210�Apoptosis
ko04662�B cell receptor signaling pathway
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5.12 mRNA/miRNA 关联分析 

5.12.1 方法说明 

根据 miRNA 与靶标基因关系对构建 miRNA 与靶标基因网络，根据网络中节点度排序及 miRNA 与靶基因表达关系筛选关键 miRNA，

并发现多种 miRNA 集中调控的核心基因功能。

另外结合基因信号通路数据库与 miRNA-mRNA 靶向序列分析技术，可发现 miRNA 调控的多种代谢通路，并通过量化计算从目标

miRNA 群中分离出核心调控作用的 miRNA 及 mRNA，并发现多种 miRNA 集中调控的核心代谢通路。

构建网络采用的是 Cytoscape 软件。此处分析采用的均为 known miRNA，novel miRNA 未做分析。

5.12.2 方法说明 

结果目录：10_miRNA_mRNA_network/ 

图 5.29 所有差异表达 miRNA 与靶基因网络关系图

说明：每个圈的大小表示 foldchange 的大小圈的颜色，红色与紫色表示 miRNA，红色表示上调 miRNA,紫色表示下调 mIRNA。

绿色与青色表示 mRNA,绿色表示下调 mRNA，青色表示上调 mRNA。

图 5.30 特定富集 GO miRNA 与靶基因网络关系图
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图 5.31 特定富集 pathway miRNA 与靶基因网络关系图

说明：上图中圆圈表示 miRNA，正方形表示靶基因
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