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基因组拼接

Single-Read Sequencing Paired-End Sequencing Mate Pair Sequencing

背景介绍 Single-Read vs Paired-End vs Mate Pair



基因组拼接

背景介绍 PacBio SMRT sequencing technology

PacBio CCS (Circular Consensus Sequencing) 测序技术PacBio CLR (Continuous Long Read) 测序技术



基因组拼接

背景介绍 NGS vs TGS



基因组拼接

背景介绍 Scaffold vs Contig



基因组拼接

背景介绍 Linux基础

环境变量PATH

命令补齐

存放所有可执行程序（命令）的路径。

Tab键，实现对文件名、命令名等的自动补齐。

操作类型 操作命令 命令释义

目录操作
cd 切换目录（change directory）

ls 列出目录中所有文件（list directory）

文件操作

less/more/cat/head/tail 查看文件

mv 移动文件/重命名文件（move）

rm 删除文件（remove）

其他操作

echo 显示字符串、变量内容

clear 清屏

date 显示系统时间



基因组拼接

背景介绍

确定进行一个基因组拼接项目前的工作

·基因组调查

* 基因组大小（测序量，NGS>60×）

* 重复序列比例（测序手段）

* 杂合程度（高杂合度拼接难度大）

* 倍性（测序量、测序手段）

* GC含量（Illumina测序技术的GC偏好性）

·测序策略选择



基因组拼接

基于二代测序数据的拼接

Assembly
(SOAPdenovo2)

Filling Gap
(GapFiller/GapCloser/PBJelly)

Scaffolding
(OPERA-LG/SSPACE)

基于二代测序数据的拼接流程

Multiple rounds



基因组拼接
基于三代测序数据的拼接

基于三代测序数据的拼接流程

Assembly
(canu/mecat2/wtdbg2/falcon)

Polish (TGS)
(Racon)

Polish (NGS)
(Pilon)

Scaffolding
(OPERA-LG/SSPACE)

Multiple rounds Multiple rounds



基因组拼接
基于三代测序数据的拼接

Canu用于PacBio/Nanopore等长序列组装。
Canu组装策略：1）检测测序序列的重叠；2）获取校正后一致性序列；3）对校正后序
列进行修剪；4）组装；

Minimap2将三代数据比对到基因组上，Racon基于比对结果获取consensus序列，
从而实现对拼接的校正。

Pilon使用二代数据进行矫正。

SSPACE使用二代长库进行scaffolding。

GapFiller对拼接进行补洞。

Assembly
Canu

Polish
Bowtie2/samtools/ Pilon

Gap Closer
GapFiller

Scaffolding
SSPACE

Polish
Bowtie2/samtools/Pilon

Polish
Minimap2/Racon



基因组拼接

usage:   canu [-correct | -trim | -assemble | -trim-assemble] \
-p <assembly-prefix>  #输出前缀
-d <assembly-directory> #输出目录
genomeSize=<number>[g|m|k] #预估基因组大小
[-pacbio-raw |
-pacbio-corrected |
-nanopore-raw |
-nanopore-corrected] #序列文件类型
file1 file2 ... #序列文件

example: canu -d run1 -p godzilla genomeSize=1g -nanopore-raw reads/*.fasta.gz 

canu -p ecoli -d ecoli-pacbio  genomeSize=4.8m  -pacbio-raw pacbio.fastq

Assembly
Canu

Polish
Bowtie2/samtools/ Pilon

Gap Closer
GapFiller

Scaffolding
SSPACE

Polish
Bowtie2/samtools/Pilon

Polish
Minimap2/Racon

基于三代测序数据的拼接

Canu manual:
https://canu.readthedocs.io/en/latest/quick-start.html

https://canu.readthedocs.io/en/latest/quick-start.html


基因组拼接

Usage: minimap2 [options] <target.fa>|<target.idx> [query.fa] [...]
Options:
-a           output in the SAM format (PAF by default)  #输出格式
-o FILE      output alignments to FILE [stdout]  #指定输出文件
-t INT       number of threads [3] #线程数
-x STR      - map-pb/map-ont: PacBio/Nanopore vs reference mapping  #比对方式

- ava-pb/ava-ont: PacBio/Nanopore read overlap
- asm5/asm10/asm20: asm-to-ref mapping, for ~0.1/1/5% sequence divergence
- splice: long-read spliced alignment
- sr: genomic short-read mapping

minimap2 -a -x map-pb -t 80 ref_1.fa test_pacbio.fastq -o test_pacbio.sam

usage: racon [options ...] <sequences> <overlaps> <target sequences>
<sequences>

input file in FASTA/FASTQ format (can be compressed with gzip), containing sequences used for correction
<overlaps>

input file in MHAP/PAF/SAM format (can be compressed with gzip), containing overlaps between sequences and 
target sequences
<target sequences>

input file in FASTA/FASTQ format (can be compressed with gzip), containing sequences which will be corrected

options:
-t, --threads <int> default: 1  number of threads

racon -t 90 test_pacbio.fastq test_pacbio.sam ref_1.fa >ref_2.fa

Assembly
Canu

Polish
Bowtie2/samtools/ Pilon

Gap Closer
GapFiller

Scaffolding
SSPACE

Polish
Bowtie2/samtools/Pilon

Polish
Minimap2/Racon

基于三代测序数据的拼接



基因组拼接

Assembly
Canu

Polish
Bowtie2/samtools/ Pilon

Gap Closer
GapFiller

Scaffolding
SSPACE

Polish
Bowtie2/samtools/Pilon

Polish
Minimap2/Racon

Usage: bowtie2-build [options]* <reference_in> <bt2_index_base>
reference_in            comma-separated list of files with ref sequences
bt2_index_base          write bt2 data to files with this dir/basename

bowtie2-build ref_2.fa ref_2.fa
Usage: 
bowtie2 [options]* -x <bt2-idx> {-1 <m1> -2 <m2> | -U <r> | --interleaved <i> | -b <bam>} [-S <sam>]

<bt2-idx>  Index filename prefix (minus trailing .X.bt2).
<m1>       Files with #1 mates, paired with files in <m2>.
<m2>       Files with #2 mates, paired with files in <m1>.
<sam>      File for SAM output (default: stdout)

Options (defaults in parentheses):
-p/--threads <int> number of alignment threads to launch (1)

bowtie2 -p 20 -x ref_2.fa -1 test_NGS_1.fq test_NGS_2.fq -S test_NGS.sam
Usage: pilon --genome genome.fasta [--frags frags.bam] [--jumps jumps.bam] [--unpaired unpaired.bam] [other options]

--genome genome.fasta    The input genome we are trying to improve. 
--frags frags.bam    A bam file consisting of fragment paired-end alignments.
--jumps jumps.bam    A bam file consisting of jump (mate pair) paired-end alignments.
--output prefix    Prefix for output files
--outdir directory    Use this directory for all output files.
--changes    If specified, a file listing changes in the <output>.fasta will be generated.
--threads    Degree of parallelism to use for certain processing (default 1).

java -jar /public/software/apps/pilon-1.23/pilon-1.23.jar --genome ref_2.fa --frags 
test_NGS_1.bam --frags test_NGS_2.bam --output ref_3 --outdir ./ --changes --threads 60

基于三代测序数据的拼接



基因组拼接

Assembly
Canu

Polish
Bowtie2/samtools/ Pilon

Gap Closer
GapFiller

Scaffolding
SSPACE

Polish
Bowtie2/samtools/Pilon

Polish
Minimap2/Racon

Usage: /public/software/apps/SSPACE-STANDARD-3.0_linux-x86_64/SSPACE_Standard_v3.0.pl 
[SSPACE_Standard_v3.0_linux]

============ General Parameters ============
-l  Library file containing two mate pate files with insert size, error and either mate pair or paired end indication.
-s  Fasta file containing contig sequences used for extension. Inserted pairs are mapped to extended and non-
extended contigs (REQUIRED)
============ Additional Parameters ============
-T  Specify the number of threads to run SSPACE, used both for reading the input readfiles and mapping the reads 
against the contigs. 
-b  Base name for your output files (optional)

perl /public/software/apps/SSPACE-STANDARD-3.0_linux-x86_64/SSPACE_Standard_v3.0.pl 
-l lib_list -s ref_3.fa -T 80 -b ref_4

Lib3    bowtie  500_1_left.fq       500_1_right.fq        500     0.25    FR
Lib4    bowtie  500_2_left.fq       500_2_right.fq        500     0.25    FR
Lib5    bowtie  2K_1_left.fq        2K_1_right.fq         2000    0.5     RF
Lib6    bowtie  2K_2_left.fq        2K_2_right.fq         2000    0.5     RF

lib_list

基于三代测序数据的拼接



基因组拼接

Assembly
Canu

Polish
Bowtie2/samtools/ Pilon

Gap Closer
GapFiller

Scaffolding
SSPACE

Polish
Bowtie2/samtools/Pilon

Polish
Minimap2/Racon

Usage: /public/software/apps/GapFiller_v1-10_linux-x86_64/GapFiller.pl [GapFiller_v1-10]

============ General Parameters ============
-l  Library file containing two paired-read files with insert size, error and orientation indication.
-s  Fasta file containing scaffold sequences used for extension.
============ Additional Parameters ============
-T  Number of threads to run (default -T 1)
-b Base name for your output files (optional)

perl /public/software/apps/GapFiller_v1-10_linux-x86_64/GapFiller.pl 
-l lib_list -s ref_4.fa -T 80 -b ref_5

Polish同Step3

基于三代测序数据的拼接



基因组拼接

拼接质量评估

N50



基因组拼接

拼接质量评估

完整性

准确性

BUSCO/CEGMA进行基因组拼接完整性评估。

BUSCO(Benchmarking Universal Single-Copy Orthologs)

CEGMA(Core Eukaryotic Genes Mapping Approach)

·其它数据集比对验证

·近缘物种基因组比较

BUSCO database



基因组注释
基因组注释

·结构注释

·功能注释

Jodi L. Humann et al.



基因组注释

ab initio

transcript

homology

EVM

repeat mask

short genehigh 
credibility

final

基因组注释一般流程



基因组注释

·通过repeatmasker对基因组中重复序列进行masked

·使用Augustus/genemark/fgenesh对masked后的基因组进行基因从头预测

ab initio从头预测

>tig00000001 LN:i:15464111 RC:i:16134 XC:f:0.999806
TAGAAACAGTTGGAAGAGTTGAAAGAAAAGGGGTATATACGTCCGAGTACTTCCCATGGGGTGCTCCTGTGATTTTTGTAGAGAAGAAAGACAAGACGAAGAGGATGTGCGTCGACTACAGAGCTCTCAATGAAGTCACCATCAAAAACAAGTACCCTCTTCCCCGGATCGATGATCTGTTCGATCAGCTTAAAGGTGCCACTGTATTCTCCAAGATTGATCTTCGTTCCGGATATCACCAATTACGTATTCGTGAAGAAGATATTCC
GAAGACCGCATTCACCACGCGATACGGGCTGTATGAATTCACGGTGATGTCGTTCGGTTTGACCAATGCACCTGCCTTCTTCATGAACTTGATGAACAAAGTGTTCATGGAATACTTGATAAGTTTGTTGTGGTTTTCATTGATGACATTCTGATATACTCACAATCAGAGGAAGACCATCAGCACCATCTCCGTCTGGTGTTGGGAAAGTTGCGGGAACATCAATTGTATGCCAAGCTTAGCAAGTGTGAGTTCTGGTTGTCCGAAGT
CAAATTCTTAGGGCACGTGATATCTGCTAAAGGAGTTGCTGTGGATCCCGAAACAGTGACCGCCGTCACCGATTGGAAGCAACCCAAGACAGTCACTCAAGTTCGCAGTTTCTTAGGTTTGGCAGGATACTACCGGAGATTCATCGAGAACTTCTCCAGAATCGCTCGACCCATGACACAGTTGTTGAAGAAAGAAGAGAAATTTGTGTGGAGCCCGCAATGCGAGAAGGCGTTTCAAACTCTCAAGGAAAAGCTGGTTTCCTCGCC
AGTGTTAATCTTGCCGGATACTCGCAAGGACTTCATGGTGTATTGTGATGCTTCGCGCCAAGGATTGGGGTGCGTGCTCATGCAGGACGGTCATGTGGTAGCCTATGCCTCACGTCAGCTATGACCTCATGAAGTGTCGCGACCGGAAAAATTGCCTTTTCCCGAACGCTAGTGTATTAATCCCCGTCCCAGGAAAAGCCGGGGTACACCACACAAACATGATATAAAAGACACATCTTTATTATATCGATAATATTTACATTATTACA
AAGGCACTTAAGGCCTGACAATCAAAAATAAACGGCAGCGGACTAGCGGGCCTACGGCTCCATCTTCACAGGCGCTCAACTGGGGTATAAGCCAGGACTCCACCTAAGACATCTTCTCCAAAGCTTCTCTTACTGAAGGGGGGAAAGATTGAGCAAGAATGAGTACAACCACCGTACTCAGCAAGCCACACCGGCGGATGCATGATTAATGCAAGGGGTGTACAAGGGGTAATAATATAGGGGTTAAGTTTTGCAGTAAACAGCAT
TTAAAAGTCACTTAGTTGCCCAAAGCCATTTTGTAAAGACGATCCTAGAGCTACACAGTATTATTAATCGAGGCCGTGAACCTTCACGAACCTGCCTTAACCCAAGGCCTACGATGATTTGGACCGAACTGGCAACCCGACCTGGGTCCCAGCTCGTCCCAAGCCAACCCAGGCCAACCATTCCAAATTTTAGTTGTTGAGCAAATTTTAAGAATTAAAACACTGACTTGGGTACATTGCTAGGCTTGCCCCATATCCGAGGGCTCGGC
TATTCGAATAGATTTACTCTGATCAGAGGTGTACATCTTTACCCACAAGACACATCTTCCTCACGTGTTGCCACGTGCCACATACCACCACGGTATACGGACAGAAGACGTGACATAGTTTCCAACCCATCCTAGCCTTAGACAAGAGTACCGACCCAATCCTACCTACGGCCGGGATACCCGGGACAGGCAGGCAGAACTGAGCCCCTAGCATTGGGCACCAACCCTCCGCCGTATGACATCTCGACTACCGGGCCGCAGCTCGTGTA
GCCTTCATTTGCCCTGGAGAATGTCCATCGACGCCCGACTTCATCCATCTCCAATCCGTGTACTTTTGTTTATGACTAGGCTGAGCCACAAACTAAGCCTTACCCATTAGACATGTGGAAGTACGGTAGTGCTTTGCAACAGAGGCCCAAGCTTAATCCTTATAGTACCCGAGGTACGACTAACAAAACCCAACCACGCACCTCGAGCCCAGCCTAAACCATTTTGGGGGTTTTGAAAAGAGGGGGAGGTGTGTGTCCAATTCCAACAT
AAGCCAACCATTCCATAGGGTCCAAATGATATGAGAATTACCAAAGTCTAAAGTTATAAAACCACCTAATGTTGCCTAATTAATCAGCGAAGCATCTACCTAAATTTATACTAGTGGAACCATGAATATAATGTCCACTAGTTAGGGTTTTGTTTATTCTAGGGTGGACAAGGTAATAATAACAATAGCAATAATAATAAGGTCATAACAAAGGTAAATAGGTATGGCTAGATAAAACAGTGATAACGCGGGAATTTAAATAAAGCG
ATAATGCATTAATTTAAATCAAAATAATTTTATAAACTGGGATTCAATATGCTCAAGGATGATGTGACTTGCCTTGCTCGCTTTCCCAAACGCCGGCTTCGACTTCCACGAAGAACGGATCTTCCGAAGCTGCAGCGTCTACACGACCAACGGAAAAGAAAAGGCTTTTACACTAATAAACTCCATACAACAACAGAAACAAAGCACAAAAATGGGTTCTTTACTTCTTAAGGAAAAATTAGAGACTTGAACGGTCCAATTCCGAGTT
CAAATGGCCAAGATATGGCCATTTGAAGTTTATATGCTCTTTAAATGGATATTTGCGAATTTCTTCATTTAATTTTCAATTAAAAATCATGTTTATTGCGTCAGCCGAGGGGCGGGCGCGCGGACCGGGTCCACGGGAAGTGGGGCCCACGCGTCAGCCGCTCGGTCCACGGTGGACCGGGCGCACGCGGCTGGCGGCGGTCGGCGCCGTGGGTCCCGCGCGTCAGCCGCACCCGCGGGCGCGGGCGGCTGACGGCCGGGCCCACTTG
GCAGCCGCGAGGGCGCGCCCGAGGGCGGCCTCGCCGGCACGGCCGACGGGAGCGGCGCGCCCGCGCCCCGATGGTCACCGCCGGCGACCACCGGCGCGGCGGAGCGGCGCCCGAGAGAGAGGAGGGAAGGGGGAAAGCGAACGGCGGTCTTCGGCTCACCCCGAGACAACGGCGACGACGAGAACGGCGGACGGAGAGGAAGAAGGCAGCGGCGCGGTTCGGGATGACGTTGGCGACGGCGCTCCGACGGTCGACGGGCGAAG
CGGAGCGGCGGACGAGGTCGACGGCAACACGGCGAAGCGGACGGAGGCGACGCCGAGTCGGGAGGAAGAGCGGAGCGGCGGCGGCGGCTAACCGAAGCACGGCGGCGACGGCGGGGGAGAAGGTGCTACGGCGCTAGCACGATTCCGACGGCGAGAGCGAGCGGTGAGCGGCGGAAACGGAAGGGCGGAGCTCGGGCAACGTTTTTATAGCGCCGGGAGGGAGAGAGGGCGGCCGGGGAGAGAGGAAACCGCACGCGGAGAT
CTCGGCCGCCATTGATTGCGCCGGCGACGATTACGGGCTTGATTCGAACGAATCCGAGGGAGAGAGAGAGGGGAAAGAGGGGGAAACGGGAGAGGGGATTGCGGGGATTAATTCCCCCCTCTTGATTGCACGCGGGGCGGACGGGAGCGGCGGGATTCGCGGCGGCGGCGGCGCTAGGGCACGGACGCGGCGGCGGCGCGGCGGGAGGAGGGAGATGACAGGTGGGACCCACCCGTCAGCGAGAGTGGCGGGCGGGCCCGCCTG
TCAGCGGCGCGCGCGCGCGCGGGGAGCCGATGGGCCGCGGGAGAGGAGAGAGAGAGGGAGAGGGGAGTGGGCCGAGCCGGCCCAAGAGGGAAGGGGGGGGGAAAGAGGACTTTTTAGGATTTTTCTTTTTATAAACCTTTTTCCACTTTGTTTATTTCTTTTCAATTATTATTTGTGCTCTGAAAATTCCACTAAAATTTGAGGGCTCCTTTTAGACCAAGGAGAATTTAACAAAAATTCTCCGGGCCACATATGAATTTTTCTTGTA
CGTATTTTAGGGTTTGCTAATTTCTTTTCGAATTTTAATTAATTCTATTATTCCTTTTAGAAGATGATTTTTATTTCGGGATGAATTTATCAGGACGTGACATGAAGGCAACTACCCTACACATGACTTGGAGTTAGCCGCAGTGGTTCATGCTCTAAAAATCTGGCGGCACTATCTCATTGGGAATCGCTGTGAAATATATACCGACCATAAGAGTTTGAAATACATCTTCACCCAGTCGGATCTGAATCTTCGGCAAAGGAGATGGTT
AGAACTCATCAAGGACTATGATGTGGGAATTCACTATCATCCTGGTAAGGCCAACGTGGTTGCCGACGCTCTAAGTCGAAAGAGCCATTGCAACACCCTCTACGTCCGTGGCATTCCACCCGAACTTAATCAACAGATGGAAGCCCTGAACCTAAGCATAGTTGGTCGCGGATTCTTGGCTGCGTTGGAAGCCAAGCCTACCTTGCTCGATCAAATCCGCGAGGCTCAGAAGAATGATCCGGACATGCATGGACTCCTCAAGAATATG
AAACAGGGTAAAGCCGCTGGTTTCACAGAGGATGAACACGGAACCCTATGGAACGGAAAGCGGGTATGCGTTCCAGATAACAGAGAACTTAAACAGCTGATACTTCAGGACGCTCACGAAAGTCCTTATTCCATTCACCCGGGCAGTACAAAGATGTACTTAGACTTGAAGGAGAAATACTGGTGGGTTAGCATGAAGCGGGAAATTGCAGAGTTTGTGGCCCTATGTGATGTGTGCCAGCGTGTCAAGGCAGAGCAGCAACGACC
GGCCGGACTTCTCCAACCTCTCCAAGTACCAGAATGGAAATGGGATGAAATTGGGATGGATTTCATCACCGGACTTCCAAAAACCCAAGGTGGATATGATTCTATATGGGTAGTTGTGGATCGATTAACCAAGGTAGCTCGATTCATTCCTGTGAAGACCACCTATGGAGGGAACAAACTAGCGGAGCTCTACTTCGCTAGGATCGTGAGTCTCCATGGCGTGCCCAAGAAAATCGTATCTGATAGGGGAAGCCAATTCACCTCTCAC
TTTTGGAAGAAGCTCCAAGAAGAGCTGGGTACTCGATTGAATTTCAGCACCGCCTATCACCCGCAGACAGATGGACAGACCGAGCGTCTGAACCAGATCCTAGAAGACATGCTTCGTGCATGTGTACTAGATTTCGGGAAGACCTGGGATAAGAGTCTCCCCTATGCCGAGTTCTCCTACAATAACAGTTATCAAGCCAGCATACAAATGGCACCTTATGAAGCGTTGTACGGGCGCAAATGCCGGACACCACTATTGTGGGACCAA
GTTGGAGAAAGCCAGGTGTTCGGGACTGATATTCTGAGAGAAGCTGAAGCTAAAGTCAGAATCATTCGGGATAATCTAAAGGTGGCACAGTCCCGGCAGAAAAGTTATGCAGATAACCGTCGCCGTGACTTGGAATTCGCAGTGGATGACTTTGTGTATCTTTGGGTCACGCCATTGCGAGGTGTACACAGGTTTCAGACGAAAGGGAAGCTCGCACCTCGGTATGTGGGTCCTTTCCGTATCGTTGCTCGACGTGGAGAAGTCGCT
TACCAGTTGGAGCTGCCCGCCTCCTTGGGCAACGTGCATGATGTGTTTCATGTGTCGCAACTCAAGAAGTGTCTCCGAGTGCCATCCGAGCAGGCCGACTCAGAGCAAATTGAAGTTCGCGAAGACTTGACCTATGTGGAAAGGCCAGTGAAAATCCTGGACACCATGGAGCGCAGGACCAGGAACCGGGTAATCCGTTTTTGCAAGGTCCAGTGGAGCAACCACGCCGAAGAAGAAGCTACCTGGGAGCGTGAAGACGAGCTGAA
GGCAGCCCATCCCGGTCTCTTCGCCAGTTCTTCCGAATCTCGGGGTCGAGATTCCGTTTAAGGGGGGTAGGTTTGTCGCGTCCCAAATCGACTCTAAAATACATCCTCGAAATTGTGCATAGAATAATTAAAATTCCTGTGAAAGCCTCCAACAATTAAAATGTGCGAAGATAAAAGTCAAATAAGGCTTGGAGGATTTTTGTATATTTCCTAAAAGCCTAAAATGCGTAAATAAATTTTAGTGGAATTTTCAGAGCACAAATAATAA
TTGAGAAGAAATAAACAAAGTTAAAAAGGTTTATAAAAAGAAAAACCCTAAAAGAAGTCCTTTTCCCCCCCTTCCTCTCTTGGGCCGGCTCGGCCCACTTCTCTTCCCTCCCTCTCTCTCCTCCCCTCCGGCCCATCGGCTCCTCCCCGCGCGCGCGCCGCTGACAGGCGGGCCCGCCCGCCACCCTCGCTGACGGGTGGGACCCACCTGTCATCGCCTTCCTCGCGCCGCGTCCGCCGCTCGCCCGTGCCCTAGCGCCGCCGCCGCCGCG
GATTCCGCCGCATCCCGCCGTCCCCGCGCGCCATAAAGAGGGGGGAAATATTCCCCACGATTCCCTCTCTCTTTCCCCCCGTTTTTCCCTCTCTCTCTCCCTCGGATTCGTCCGATTTTGTGCCCGCAAAGTTCGCCGGCGCAATCAATGGCGGCCGAGATCTCCGCGCCAGTTTCCATCTCCTCCGGCCGCTCTCTCCTCCTCTCGGCCCTATTTAATTGTTCCCCGTGCCTCTCTCCTCCGTTTCCGCCGTTCGCCGCTCGCTCTCACCGTC
GCATTCGTGCTCGCGCCGTCGCACCTTCTCTCCGCCGTCGCCGCCGAGCTCCGGTTCGCCGCCGCCGTCGCTCCGGACTTCCTCCCGACTCGGCGTCACCTCCATCGGCTTCGCCGCGTCGTCATCGACCCCGTCCGCTCCTCCGTTTCGCTCGCCGACCGTCGGAGCGCCGTCGTCCTCGTCGTCCCGAACCGCGCCGCCGCCTTCCTCCGTTTCGGCCGCCGTTCCCGTCGTCGCCGTCGACCGGGGTGAGCCGAGGACCGCCCTTTCGC
TTCCCTCTCCTCTCCGCTCTCTCGGGCGCCGCTCCGTCGCGCCGGAGGTCGCCGCCGGTGACCATCGGGGCGCGGGTGCGTGCCGCCTCCCGTCGGCCGTGCCGGCGAGGCCGCCTTCGGGCGCGCCCTCGCGGCTGCCAAGTGGGCCCGGCCGTCAGCCGCCCGCGCCCGCGGGTGCGGCTGACGCGTGGGACCCACGGCGCCGGCCGCCGCCAGCCGCGTAAACCCGGTCCACCGTGGACCGAGAGGCTGACGCGTGGGCCCCACT
CCCGTGGACCCGGTCCGCGCGCCCTCTCCCTCGGCTGACGCAATAAATGAGATTTTTAATTAAAATTTAAATGAAGAAATTCGCAAATATCCATTAAAGAGCATATAAACTTCAAATGGCCATATCTTGGCCATTTGAACTCGGAATTGGACCGTTCAAGTCTCTAATTTTTCCTTAAGAAGTCAAGAACCCATTTTTGTGCTTTGTTTCTGCTATTATGTGGAGTTTATTAGAGTGAAAGCCTTTTC

FGENESH:
http://www.softberry.com/berry.phtml?topic=fgenesh&group=programs&subgroup=gfind#
Augustus:
http://bioinf.uni-greifswald.de/augustus/submission.php

http://www.softberry.com/berry.phtml?topic=fgenesh&group=programs&subgroup=gfind
http://bioinf.uni-greifswald.de/augustus/submission.php


基因组注释

ab initio

transcript

homology

EVM

repeat mask

short genehigh 
credibility

final

transcript转录组预测

·tophat比对，cufflinks组装转录本形成基因模型

·trinity组装转录本

·pasa整合上述结果进行预测

示例讲解（203）



基因组注释

ab initio

transcript

homology

EVM

repeat mask

short genehigh 
credibility

final

homology同源蛋白预测

·获取近缘物种蛋白序列

·使用gmap进行同源蛋白的比对，获得同源蛋白预测

示例讲解（203）



基因组注释

ab initio

transcript

protein

EVM

repeat mask

short genehigh 
credibility

final

预测结果整合及过滤

·使用EVM（EVidenceModeler）将上述从头预测/转录组预测/

同源蛋白预测结果整合成非冗余注释结果

·判断预测基因各种证据支持情况，确定可信基因集

·去除过短基因
EVM
https://evidencemodeler.github.io/

https://evidencemodeler.github.io/


基因组注释

Jodi L. Humann et al.

基因组注释

·结构注释

·功能注释



基因组注释



资源推荐



资源推荐

https://ucdavis-bioinformatics-training.github.io/



资源推荐

http://evomics.org/learning/genomics/



资源推荐

https://usegalaxy.org/



资源推荐

https://www.linuxcool.com/



资源推荐

https://www.voidtools.com/zh-cn/support/everything/



资源推荐



Thanks

基因组数据分析

2020.9.24

贾磊
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