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陳荷明

• 中央研究院 農生中心 副研究員
• 20年生物資訊相關經驗

• 資料: Microarray, Small RNA, RNA degradome, RNA-Seq, Ribo-seq
• 物種: 阿拉伯芥、香蕉、水稻、番茄、其它

• 喜好: 東野圭吾推理小説、謎幻樂團
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基因體世代

• 生物資料富翁
• 善用公開的生物大數據資料

• 可以少做實驗，少走冤枉路，可以快點畢業
• 可以從不同視野，做生物學研究，超越老闆，成為次世代植物科學家

Next Generation of Training for Arabidopsis Researchers: Bioinformatics and 
Quantitative Biology

http://www.plantphysiol.org/content/175/4/1499

http://www.plantphysiol.org/content/175/4/1499
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Why Arabidopsis?

A plant model organism with 
• Small plant size
• Short life cycle
• Small genome size

Arabidopsis thaliana Crops or herbs 

Either without genome or good annotation

http://pumene.com/herbs/



• To what extent is known for the gene of your interest?
• DNA, RNA, protein sequences, isoforms
• Functions and cellular localization (predicted, supported by experimental evidence)
• Gene expression (spatial, temporal, response to stress, hormone ...)
• Others: mutants, small RNAs, RNA degradation, ribosome footprints and DNA 

methylation
• Are there other genes having similar features as the gene of your interest?

• Similar DNA, RNA, protein sequences
• Similar functions
• Similar expression pattern
• ....

Questions for TAIR 

5

問題

資料發現



Arabidopsis genome annotation

• Arabidopsis genome sequencing was finished in 2000
• High quality sequence with few gaps

Genome annotation: The process of identifying 
the locations of genes and all of the coding 
regions in a genome and determining what those 
genes do.
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http://www.plantgdb.org/



Arabidopsis gene structure annotation 

TAIR6-TAIR9: Use ESTs and cDNAs and a assembly tool called 
PASA to improve gene structures

TAIR10

TAIR10: Use new experimental data and new prediction tools to further improve 
gene structure predictions
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TAIR10: using proteomics and RNA-seq data to 
improve genome annotation

4-step process:
1.Mapping RNA seq & Peptides
2.Assembly/Gene built
3.Manual review
4.Integration (genome release/Gbrowse)
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http://www.plantgdb.org/ http://mpss.udel.edu/



All genome versions statistics
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Annotation pipeline for Araport11

Cheng et al., (2017) Plant Journal

The Arabidopsis Information Portal (ARAPORT) has taken over producing the genome releases 

https://apps.araport.org/thalemine/begin.do

https://apps.araport.org/thalemine/begin.do
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Cheng et al., (2017) Plant Journal

Comparison of TAIR10 and Araport11
Protein coding genes

which one 
should you use ?
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Araport11 Col-0 v12
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TAIR home Page

Locus ID or Gene name (eg. At5g06100 or MYB33)

https://www.arabidopsis.org/

https://www.arabidopsis.org/


representative gene model: In TAIR, this is the reference gene model for the locus. 
The sequences and structural features for the locus are derived from the 
representative gene model.

different transcription start, end or splicing junction

What it is

exon- blue box; red frame (coding region)
intron- thin lineGene structure: 

Locus page: name and structure
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gene name

Araport 11
JBrowse
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JBrowse page: 
gene model, cDNA, RNA-seq, T-DNA…



16

JBrowse page: 
representative gene model supported by ESTs/full length cDNA?

representative gene model 

ESTs/full length cDNA



Locus page: annotation
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Functional annotations with 
controlled vocabulary terms :
Gene Ontology (GO) and Plant Ontology (PO)
to describe
Genes function , expression and localization of 
the gene product. 

Most gene annotations are made by curators 
using the published literature as sources. Some 
annotations are based on computational 
methods. Detailed information including 
references and supporting evidence can be 
obtained by clicking on the link to view 
Annotation Detail.

Gene 
Ontology

(GO)

Plant
Ontology

(PO)

when

where
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Locus page: annotation – Gene Ontology (GO)

• Function in plant development and cellular processes
• Response to treatments
• Localization of the gene product (protein)
• Molecular action and activity of gene product (protein)

MYB33, a transcription  factor
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Locus page: annotation – Plant Ontology (PO)
MYB33, a transcription  factor

• Expression in developmental stages
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Locus page: annotation detail
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Information under GO term
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Enrichment of GO term
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Tool for GO Term Enrichment for Plants

Home > Tools > GO Term Enrichment
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Result of GO term enrichment



Locus page: DNA and protein sequences

CDS 5’UTR
CDS
3’ UTR

Intron
5’UTR
CDS
3’ UTR
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• Some gene models don’t have 5’ UTR or 3’ UTR
• Some gene models have incorrect 5’ UTR or 3 ‘UTR
• If 5’ UTR or 3’ UTR is important to you, compare 

the annotation with ESTs/full length cDNA or RNA-
Seq data in JBrowse

Protein sequence of 
the representative 
form

different



Locus page : RNA data

Microarray

If no EST or cDNA, the gene  is often 
computationally predicted, a pseudogene, of 
low abundance or  expressed in limited 
tissues or conditions
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Gene expression: BAR eFP Browser@TAIR (slow)

Use this link

RNA-seq and microarray data

http://bar.utoronto.ca/efp/cgi-bin/efpWeb.cgi?primaryGene=AT5G06100&dataSource=Klepikova_Atlas&modeInput=Absolute
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Gene expression: eFP browser



Gene expression: eFP browser
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Abiotic stress: time course
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Gene expression: eFP browser
Light series: time course
Diurnal series and circadian series
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Gene expression :eFP Browser

hormone

Hormone treatment
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Gene expression: eFP Browser
ecotype
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Gene expression: eFP Browser
Single cell
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The Bio-Analytic Resource for Plant Biology

Arabidopsis, maize, tomato, 
soybean, Medicago, Rice, 
Poplar, etc

Expression Angler:
Finding genes with similar 
expression pattern

Expression Browser:
Heatmap of gene expression 

http://bar.utoronto.ca/#GeneExpressionAndProteinTools

DataMetaFormatter:
A clickable heatmap is 
generated, as well as a table of 
value

Venn Selector:
shows identifiers in common and unique 

to two sets of sequences. 

http://bar.utoronto.ca/#GeneExpressionAndProteinTools
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Locus page: protein data
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Gene families, phylogenetic tree, homologs



Locus page: polymorphism and germplasm

Genetic or 
epigenetic 

variants

Mutants
T-DNA
EMS
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Mutants (of CIPK6)
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T-DNA, transposon, EMS mutants
The Arabidopsis Biological Resource Center
(ABRC, not the one in Sinica)

Ler, Ws …..
(wild type for 
comparison)
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Mutant order through ABRC (not our ABRC) 
Need to apply an account for making order

See who has 
ordered this 
mutant



Stock order histories
Friends or Competitors ? 
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Mutants : which one to order 
Mutation in coding region, 5’ superior to 3’



T-DNA insertion sites: T-DNA Express @Salk
Locus Detail>External Link> T-DNA Express
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T-DNA primer design: iSect Toolbox @ Salk

http://signal.salk.edu/tdnaprimers.2.html

Output:
SALK_080951.48.55.x  PRODUCT_SIZE 1268  PAIR_ANY_COMPL 0.00  PAIR_3'_COMPL 0.00  DIFF_TM 
0.12  LP TTCACAGTTTCAACGTTGTGG  Len 21  TM 59.64  GC 42.86  SELF_ANY_COMPL 0.12  3'_COMPL 
0.00 RP GTAGCGTGATTTCGAGTTTGG  Len 21  TM 59.76  GC 47.62  SELF_ANY_COMPL 0.12  3'_COMPL 
0.00  Insertion chr4 15068952  BP+RP_PRODUCT_SIZE 605-905
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If you find that the given primers don’t work well (all seeds you tested are wild-
type), you may need to re-sequence the T-DNA insertion site and design the 
primers by yourself.

Bonus

http://signal.salk.edu/tdnaprimers.2.html
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Exercise I
TGA1 (AT5G65210)
1. number of isoforms ? (the differences)
2. the representative form in Araport11? Do you agree (check JBrwose)? If not, 

your answer?
3. GO biological process: number of keywords?; number of loci in each keyword?
4. In annotation, what functions are supported by experimental results?
5. Length of cDNA and CDS?
6. RNA expression: highest in which tissue, at what stage, in which ecotype? 

circadian gene? response to any stress or hormone?
7. Mutant: how many SALK, GABI, SAIL lines? Which mutants will you order? Why? 

Design primers for genotyping the mutants you select.



Locus page: External Link
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DNA methylation: MetC-seq @danforth
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Locus page> External Link> Danforth Center Small RNA/PARE/Methylation
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DNA methylation: MetC-seq @danforth



http://signal.salk.edu/

Epigenome (Methylome): Salk database
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http://signal.salk.edu/


Small RNA: sRNA@Danforth
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Locus page> External Link> Danforth Center Small RNA/PARE/Methylation

Length of sRNAAbundance of sRNA
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A tasiRNA locus

Small RNA: sRNA@Danforth



RNA degradation: PARE@Danforth

Uncapped RNA ends, cleavage ends of miRNA /siRNA targets, footprints of RNA 
binding proteins (ribosomes and exon junction complexes)
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PARE: Parallel Analysis of RNA Ends
Locus page> External Link> Danforth Center Small RNA/PARE/Methylation

miRNA-guided cleavage end

Footprints of exon junction complex

A miR159 target



Polymorphism: Salk SNP Viewer
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Ecotype
DNA sequence

Locus page> External Link> Salk SNP Viewer Not easy to have a 
global view



53

http://signal.salk.edu/atg1001/3.0/gebrowser.php

Polymorphism: Arabidopsis 1,001 genomes

http://signal.salk.edu/atg1001/3.0/gebrowser.php


Protein Synthesis: GWIPS@UCC

Genome Wide Information on Protein Synthesis (NGS base)
http://gwips.ucc.ie/cgi-bin/hgGateway

• Profiling ribosome position by sequencing
• Coding or non-coding, uORF
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**No external link in TAIR yet

Liu, M., Wu, S., Wu, J., Lin, W.,Wu, Y.,Tsai, T.,Tsai, H.,& Wu, S., (2013).
Translation Landscape of Photomorphic Arabidopsis. Plant Cell.

http://gwips.ucc.ie/cgi-bin/hgGateway


Local alignment search tools @ TAIR

• search homologs
• map transcripts, 
• examine the specificity of 

primers
• …..
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BLAST program
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Protein search is more sensitive than nucleotide search
Use BLASTP or BLASTX for searching homologs 



BLAST datasets

57



• Filtering masks off segments of the query sequence that have low 
compositional complexity such as  “poly A” or “CT repeat”

• Speed up the program and eliminate statistically significant but biologically 
uninteresting reports

Filter query: on or off
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Increase to 100 if query 
sequence is short (<20 nt) 
and expect imperfect hits

Expectation value (E-value)
Increase E value for more hits  (such as 100)
Decrease E value for highly similar hits (such as  0.0001)
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11->7 (for short query)



BLASTN: nucleotides query nucleotide database

BLASTN

0.001

15 hits
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BLASTX: nucleotides query amino acid database

BLASTX

5e-35

> 50 hits
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Drawbacks of sequence search @TAIR

For mapping sequence to the genome

• Need multiple searches if don’t know where the query sequence is produced

• Difficult for the comparison of gene structure
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http://signal.salk.edu/cgi-bin/atta

Increase E-value to 10 if query sequence is short 

Graph View of Alignment to Genome @ Salk
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http://signal.salk.edu/cgi-bin/atta


Graph View of Alignment to Genome @ Salk

http://signal.salk.edu/cgi-bin/atta

Change the view with Edit Preference 

query
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CDS only

http://signal.salk.edu/cgi-bin/atta


Bulk data retrieval
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Bulk data retrieval
Home > Tools > Bulk Data Retrieval

A list of genes
Common properties

Multiple 
sequence 
alignment

or 
cis-element

analysis
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Bulk sequence retrieval for sequences
Home > Tools > Bulk Data Retrieval > Sequences
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Promoter 
analysis
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Motif Analysis 
in Promoter or Upstream Gene Sequences

Home > Tools > Motif Analysis
Input: AGI or fasta sequence
Output: 6-mer motif
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Motif Analysis 
in Promoter or Upstream Gene Sequences



Home > Download > Download Overview

TAIR FTP download
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TAIR FTP download: genes
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TAIR FTP download: sequences
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Database/Tool Help
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Exercise II 
TGA1 (AT5G65210)
1. Does TGA1 produce a lot of small RNAs? Any specific size of small RNA?
2. Any major RNA degradation products (PARE) in TGA1 ? location?
3. Any SNP in the CDS of TGA1 in C24 ecotype? 
4. Based on the Ribo-seq data in GWIPS@UCC, does TGA1 have a translated ORF 

in 5’UTR?
5. Besides itself, which gene is the best hit of TGA1 cDNA?  How many hits with 

E-value <e-20?
6. Besides itself, which gene is the best hit of TGA1 protein? How many hits with 

E-value <e-20?
7. For the sample list in GO term enrichment, which enriched term of molecular 

function and cellular component has the best FDR?  their fold enrichment?
8. How big is the file size of Araport11_cds.20220914.gz (download/sequences/)?
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Thank you !

For questions, you can contact

Ho-Ming Chen 陳荷明

Office: Agricultural Technology Building A638
Email: homing@gate.sinica.edu.tw
Phone: 2787-2073

mailto:homing@gate.sinica.edu.tw
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