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Protein-coding gene

Protein

v'Gene: a functional piece of DNA sequence
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pre-mRNA
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mRNA
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Predict signals used during processing
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Predict signals used during processing

DNA TSS Donor Acceptor Donor Acceptor polyA/cleavage
I
TiS Stop
pre-mRNA
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Computational Gene Finding

DNA TSS Donor Acceptor Donor Acceptor polyA/cleavage
I -
TiS Stop
pre-mRNA

@H\‘i- polyA —

Protein

mARNA

v'Predict the correct corresponding label sequence
with labels “intergenic”, “exon”, “intron”, “5’ UTR”, etc

Ming Chesn's Group of Bioinformatics
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Learning about the Transcriptome

- What is encoded on the genome and how is it processed?

DNA =

{ Protein }

,

The transcriptome is the set of all RNA molecules,
including mRNA, rRNA, tRNA, and other non-coding
RNA produced in one or a population of cells.
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Transcriptome 4

\

Transcriptome

Non-coding
RNAs
(ncRNASs)

<

Structural RNAs: rRNAs/tRNAs

Catalytic RNAs:
ribozymes (e.g. RNase P and snRNP)

Small
ncRNAs

* SiRNAs <

" microRNAs Transgenic
-Exogenous 4 induction
Virus
natsiRNAs

“Endogenous< tasiRNAs
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Sequence -based Functional Elements

ey
i
i trome —
ficat:
NS T R,
d cohesion

Rl o
FEp

Pre-RC wmc TS

Muclear | J|l _'6.’ l [: =

clear lam = A7

eract -'-'_-II @

n‘f
A
Domain-level
regulation and
dosage compensation
W w

Nature. 2009 Jun

18;459(7249):9277-30.

on Central Dogma

4 N

- . —
Replication origins and _j'l?-»,/
. <
H plicative complex P
)

Crigin mapping,

differential

replication

Microarray or

}
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Gene expression is the process by which information from a gene is
used in the synthesis of a functional gene product. These products
are often proteins, but in non-protein coding genes such as rRNA,
tRNA or snRNA, the product is a functional RNA.
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How can gene expression be regulated at
the transcriptional level?

NEGATIVE GENE REGULATION POSITIVE GENE REGULATION
promoter gene promoter gene
DNA \ \ “ N

—
repressor protein P"f activator

inactive txn factor
™ V/' / activator

| — . —
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l transcription l transcription
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mRNA mMRENA

Chromatin domains
Transcription
Post-transcriptional
modification

RNA transport
Translation

mRNA degradation

physiological status
(nutrition, environment)
sex and age

various tissues and cell
types

response to stimuli
(drugs, signals, toxins)
health and disease
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Section 1: Measuring gene
expression level
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Quantitate gene expression level method

» Experiment-based approaches:
RT-PCR
Northern blot

» Hybridization-based approaches :
Microarrays/chip;
genomic tiling microarrays.
» Sequence-based approaches:
EST: Expression Sequence Tag (~400 bp, 20-7000 bp)

tag-based methods:
CAGE: cap analysis of gene expression (~14-20 bp, 5’ ends)
SAGE: serial analysis of gene expression (~14-20 bp, 3’ ends)
MPSS: massively parallel signature sequencing (17-20 bp)

» Next-generation Sequencing-based method:
RNA-Seq

Nat Methods. 2008 Jul;5(7):585-7.
Annu Rev Genomics Hum Genet. 2009;10:135-51.
Nat Rev Genet. 2009 Jan;10(1):57-63.
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Advanta

* Experiment-based approﬁ-\
Low throughput
expensive

* Hybridization-based approaches :
based on genome sequence;
cross-hybridization (high background levels);
limited dynamic range of detection (<1000-fold);
normalization problems(across different experiments).

* Sequence-based approaches:

a) EST: Expression Sequence Tag (~400 bp, 20-7000 bp)
low throughput;
expensive;
not quantitative.

b) tag-based methods:
based on expensive Sanger sequencing technology;
high throughput;
more precise;
a portion the short tags cannot be uniquely mapped

* Next-generation Sequencing-based method: RNA-Seq
Can be used to detect transcripts of any genome.
Low background, highly accurate
Large dynamic range of expression levels (~10000-fold)
High levels of reproducibility(both for technical and biological replicates)
Requires less RNA sample (cloning steps)

es and disadvantages
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Microarray schema

MMA clones test reference

g % aser 1
e
..-l"".._..nu

reverse
transcription

laser 2

label with
fluor dyes

PCR amplification L S
purification kﬁi g@ﬁ

raksotic i

printing g ‘-‘::-'-":'-‘:"-‘::a e
- -] - i'i-a_'a—'f-ﬂj

R, +-..‘:_...‘__-_..:=_.1. \

camputer
analysis

From Duggan et al. Nature Genetics 21, 10 — 14 (1999)
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transcriptome sequencing applications (Sep 15, 2008).

RNA-seq technologies

» Commercially available sequencing technologies used for

Ilumina
Sequencing ABI3730x1 Genome
platform Genome Analyzer | Roche (454) FLX Analyzer ABI SOLiD HeliScope
Sequencing Automated Sanger Pyrosequencing Sequencing-by- Sequencing by ligation Sequencing-by-
chemistry sequencing on solid support synthesis with synthesis with
reversible virtual terminators
terminators
Template am- | In vivo Emulsion PCR Bridge PCR Emulsion PCR None (single
plification amplification via molecule)
method cloning
Read length 700-900 bp 200-300 bp 3240 bp 35 bp 25-35 bp
Sequencing 0.03-0.07 Mb/h 13 Mb/h 25 Mb/h 21-28 Mb/h 83 Mb/h
throughput
Company hetp:/fwww. http://www. hetp:/fwww. http://www. heep://www.
Web site appliedbiosystems.| roche-applied- illumina.com appliedbiosystems.com| helicosbio.com
com science.com

Annu Rev Genomics Hum Genet. 2009;10:135-51.
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RNA-Seq: Advantages

@®Sequencing length: 30 - 400bp.
® Advantages:
» can be used to detect transcripts of any genome.

» low background, highly accurate
» large dynamic range of expression levels (~10000-

fold)
> hig
bio]

h level
ogical
» requires

s of reproducibility (both for technical and

replicates)

less RNA sample (cloning steps)

> lower cost
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RNA-Seq: Advantages

» RNA-Seq v.s. other transcriptomics methods

Technology

Technology specifications

Principle

Resolution

Throughput

Reliance on genomic sequence

Background noise

Application

Simultaneously map transcribed regions and gene expression
Dynamic range to quantify gene expression level
Ability to distinguish different isoforms

Ability to distinguish allelic expression

Practical issues

Required amount of RNA

Cost for mapping transcriptomes of large genomes

Tiling microarray

Hybridization

From severalto 100 bp
High

Yes

High

Yes
Up to a few-hundredfold
Limited

Limited

High
High

cDNA or EST sequencing RNA-Seq

Sanger sequencing

High-throughput sequencing

Single base Single base
Low High

No In some cases
Low Low

Limited for gene expression Yes

Not practical >8,000-fold
Yes Yes

Yes Yes

High Low

High Relatively low

Nat Rev Genet. 2009 Jan;10(1):57-63.
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ORF

Coding sequence

Junction reads

RMNA expression level

RNA-seq workflow (1)

mRNA

= " or ADDADDN

e —— _ e P T TTTTT
RMA fragments l cDNA

!

ATCACAGTGGGACTCCATARATTTTTCT
CGAAGGACCAGCAGAAACGAGACIENNENN
GGACAGAGTCCCCAGCGGGCTGAMGGAG
ATGAAACATTAAAGTCAAACAATATGAD

|

S—— m—— EST library

with adaptors

Short sequence reacds

=
Bxanilcmode g - - ARAAAAAAA
jm o= - il

[e—— —
= E — —————— i - =
—

Base-resolution expression profile

Zhong Wang et.al

Wr%wv f’\fﬁ\f \". J\f A W’A\Jﬂ\fwl‘\‘

e . '_-—. -—Dﬁﬂﬂﬂﬂ

pely(A) end reads

Mapped sequence reads
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RNA-seq workflow (2)

RNA-Seq reads

= — =l ]
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Align reads to Assemble transcripts
genome de novo

=
=l ==

Assembly-first
Mapping-first approaches: (de novo)
Cufflinks, approaches:

Scripture ABYSS,
Trinity

Brian | Haas & Michael C Zody. Nat Biotechnol. 2010 28(5):421-3. -
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Gene expression level measurement
for RNA-cen

v'RPKM : Reads per kilobase per million mapped reads.

Total exon reads
RPKM —
mapped reads(millions)xexon length(KB)

1kb transcript with 1000 alighments in a sample of 10 million

reads (out of which 8 million reads can be mapped) will have
RPKM = 1000/(1 * 8) = 125

v'FPKM : Fragments Per Kilobase of exon per Million
fragments mapped (for paired-end sequencing).
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total exon reads
EPKEM =

mapped reads (millions) = exon length (KB)

g —FE R R LG HAFER, —19KB, —AM1KB, WA —sample,
map 219 KB HJread A 18 million 1>, map 1 KB K] 2 million 1>,

o XFT9KB RN

Total exon reads=18 million

Mapped reads=18+2=20 million

Exon length=9 KB

RPKM =18million/(20*9)=0.1*1076=10/5
o XTT1KB BRI E,

Total exon reads=2 million

Mapped reads=18+2=20 million

Exon length=1 KB

RPKM =2million/(20*1)=0.1*1076=10"5
H SH AT AT LT 3K A J2 R 3R I A 22 ) o

H

Y
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Qg@ to genome m u S
@t i
] h-l i I -"_'Jh j
r r.':m:[:r_‘:nr' ® OIINCIID + + « CEEDGENS /
e Spliced fragment - . .
e e e Cufflinks uses a rigorous mathematical
e S— model to identify the complete set of
e alternatively regulated transcripts at
b T way d each locus and to assign coverage to
e ﬁ ) | b each transcript.
‘g j - Transcript coverage dlfrl?irgnl::!}ﬂl /
N and compatibility istribution U

e W_J

Maximum likelincod
abundances

,  Log-likelihood r. (L

Minimum path cover

¥

Transcripts

Transcripts
and their
I _ — _ 1 " abundances

i armrc

T = s =

Cufflinks ] FH Tophat tb XTI 45 5 (alignments) =g

HARFE A, AR SRR R, I HLA
FEAS 8] ) 22 57 KT8 I ] AR BT 4%

Nat Biotechnol. 2010 May;28(5):511-5.
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Scripture

d Sample data
Transcript o R -
Unspliced & = mE— ==
reads = iy " =
Spliced 1 i
reads i 1
Coverage il | | s = B
RMNA RNA
b sequence RNA molecule 1 molecule 2
==
4 AR,
=" i
Genome
C Align reads
—=—= HHK I 1= = =
Short reads
— = A

d Construct connectivity graph of individual bases

(NONCY

Connect'r'.rirﬁ
grap!

€ Scan fixed-size windows across graphs and score paths

0.01 05 P

P-values ', 0.00¥

Coverage: J—‘—‘—l—.—. [ ]

f Identify significant paths and build transcript graph

Transcript
graph

g Add paired-end read information

S = Pl == T ____"'--___ ===l loon
soform 1 [e——< [N 1B ——m
/'_'k\ SR Yo Yeza
Isoform 2 D—<—|:J—_D H ! |
Ve s? H"'—:._‘_'-_—- S = -
Gene 1 Gene 2

@

Scripture

employs a
statistical segmentation
model to distinguish
expressed loci and filter out
experimental noise.

&

Cufflinks A] fR ¥& reads ik i 31| 5 2 FE
ER] 21 1) 55 B >R N 37 22 PRI AN I A

Scripture>K F 4t 115293 BR AR A R [X.
3 ZRIBAL AN S LG M

Nat Biotechnol. 2010 May;28(5):503-10.
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Linear sequences

l Extracting sequencas

" Transcripts

Nat Biotechnol. 2011 May 15.
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Novoalign
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Bowtie
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MAQ
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ZOOM
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RMAP
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SegMap
MOM
ProbMatch
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SSAHA2
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VCAKE
Euler-SR

http://www.ncbi.nim.nih.gov/blast/
http://www.soe.ucsc.edu/~kent/src/
http://www.phrap.org/phredphrapconsed.html

http://www.illumina.com/
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Mapping to genome

http://rulai.cshl.edu/rmap/
http://compbio.cs.toronto.edu/shrimp/
http://biogibbs.stanford.edu/~jiangh/SeqMap/
http://mom.csbc.vcu.edu/
http://www.cs.wisc.edu/~jignesh/probematch/
http://www.ebi.ac.uk/~guy/exonerate/
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http://sourceforge.net/projects/vcake/
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Section 2: Identifying
differentially expressed genes
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Statlstlcal methods for finding differentially

expressed genes
» Comparing two mdependent groups
a) T-test
b) Linear regression model -
c) Wilcoxon rank sum test

- Normal distribution

| Any distribution
d) SAM i
» Comparing more than two groups
a) F-test . Normal distribution

b) Linear regression model -
c) Wilcoxon rank sum test
d) SAM

» Software: R language (Bio-conductor)

- Any distribution

Bioconductor

OPEN S0URCE SOFTWARE FOR BIOINFORMATICS



http://www.r-project.org/index.html
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> T-test

v Suppose we want to find genes that are differentially expressed between
different conditions/phenotypes, e.g. two different tumor types.

Ming Chesn's Group of Bioinformatics

Tumor 1 1 1 1 2 2 2 2

sample 1 2 3 4 1 2 3 4

genel X1 X2 X3 X4 Y1 Y2 Y3 Y4

genez L Y J L Y J

gene3 X X, ~
1 2 (9 D

C )

v After a test statistic is computed, it is convenient to convert itto a
p-value. P value = P(t > T(X,Y)



http://baike.baidu.com/view/557340.htm?fr=aladdin
http://baike.baidu.com/view/557340.htm?fr=aladdin
http://baike.baidu.com/view/557340.htm?fr=aladdin
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> Linear regression model
v’ Expression of gene x is made of a baseline expression level (from
control group), plus the group effect.

Y = Y0+ﬂZ

Yo: baseline exp. Level; §: group effect; Z: group variable (0 for
control obs., 1 for group obs.)

v’ P-value can be used to test group effect.

ANOVA Table

d.f. Sum Sq MeanSq F statistic p-value
Group 1 29.4115 29.4115 31.323 0.000512
Residuals 8 7.5119 0.939

v’ Results — one p-value per gene
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> Linear regression model

v" Expression of gene x : baseline expression level, group effect and
patient age group

Yp: baseline exp. Level;
B: group effect;
Z: group variable (0 for control obs., 1 for group obs.
y: age effect
W' age variable (O for 0-15, 1 for 16-29, 2 for 30+)
v" ANOVA table:

df. SumSq Mean Sq F statistic p-value

Treatment 1 20.6848 20.6848 25.9737 0.000263

Age 2 27.2838 13.6419 17.13 0.000305

Treatment:Age 2 0.5526 0.2763 0.3469 0.713707
Residuals 12 9.5565 0.7964

v" Results: a list of p-values



http://baike.baidu.com/link?url=oXXg63WuW6bmbrU2x9TCJ58ND-7gBjVRtSsmNMQst6LiRP8xVz7UGqRIV-qVWEWg
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Wilcoxon rank sum test

v" Non-parametric test for equality of two distributions.

v' Compute the ranks of observations in the pooled sample.
Observations: 0:3 0:5 0:8 0:9 1:3 2:4
Ranks: 123456
Groups: 111222

v’ The test statistic is a function of the sum of ranks in group 1;
here, R1 =6.

v For small sample sizes, the null distribution of the test statistic
can be computed exactly. For large sample size, a normal
approximation is used.

v" Advantage: Non—parametric, robust against outliers



http://www.docin.com/p-696962105.html
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» SAM

v Does not assume normal distribution.

--Instead, p-values computed via permutation
v The SAM (‘significance analysis of microarrays’) test statistic is
R
g

S =
c+3SE,

R; be the mean log ratio of the expression levels of one gene;
SE be its standard error;

constant ¢ can be taken to be the 90th percentile SEg value.

v One p-value per gene



http://baike.baidu.com/view/7986415.htm?fr=aladdin
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» Multiple testing: the problems

v’ Type |: or false-positive error occurs when we declare a gene to be
differentially expressed when in fact it is not.

v’ Type Il: or false-negative error occurs when we fail to detect a
differentially expressed gene.

v The available methods to address the problems:

a) Family-wise error-rate control: One approach to multiple testing
is to control the family-wise error rate (FWER), which is the probability
of accumulating one or more false-positive errors over a number of
statistical tests.

b) False-discovery-rate control: An alternative approach to multiple
testing considers the false-discovery rate (FDR), which is the proportion
of false positives among all of the genes initially identified as being
differentially expressed - that is, among all the rejected null hypotheses.



http://en.wikipedia.org/wiki/Familywise_error_rate
http://en.wikipedia.org/wiki/Familywise_error_rate
http://en.wikipedia.org/wiki/Familywise_error_rate
http://en.wikipedia.org/wiki/Familywise_error_rate
http://en.wikipedia.org/wiki/Familywise_error_rate
http://en.wikipedia.org/wiki/False_discovery_rate
http://en.wikipedia.org/wiki/False_discovery_rate
http://en.wikipedia.org/wiki/False_discovery_rate
http://en.wikipedia.org/wiki/False_discovery_rate
http://en.wikipedia.org/wiki/False_discovery_rate

el  HTIL A Y TE R S| Ming Chen's Group of Bioinformatics

aM
?° ™ Bioinformatics Society of Zhejiiang Province

@ College of Life Sciences, Zhejiang University

» P-value vs. Fold change

v’ P-values measure distance in terms of probability.
— Statistical significance

v' Fold changes: measure distance in arbitrary scale.

The simplest method for identifying differentially expressed genes
is to evaluate the log ratio between two conditions (or the average
of ratios when there are replicates) and consider all genes that

differ by more than an arbitrary cut-off value to be differentially
expressed

— Biological meaning

v’ Differentially expressed gene selection: Need
combination of these two.
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Section 3: Advanced analysis
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GO analysis

v The Gene Ontology, or GO, is a major bioinformatics initiative to
unify the representation of gene and gene product attributes across
all species.

v’ Tools: AmiGO (http://amigo.geneontology.org/cgi-
bin/amigo/blast.cgi?session_id=6985amigo1343799107
OBO-Edit (http://oboedit.org/)

WEGO (http://wego.genomics.org.cn/cgi-bin/wego/index.pl).

v’ Inputs: FASTA file, GO number list... ...

v Outputs: Histogram, Interactive GO graph, Pie Charts... ...
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http://amigo.geneontology.org/cgi-bin/amigo/blast.cgi?session_id=6985amigo1343799107
http://amigo.geneontology.org/cgi-bin/amigo/blast.cgi?session_id=6985amigo1343799107
http://amigo.geneontology.org/cgi-bin/amigo/blast.cgi?session_id=6985amigo1343799107
http://oboedit.org/
http://wego.genomics.org.cn/cgi-bin/wego/index.pl
http://wego.genomics.org.cn/cgi-bin/wego/index.pl
http://wego.genomics.org.cn/cgi-bin/wego/index.pl
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Clustering gene expression data

HSC ELP proB preB IMB =~ - e . .

Algorithms:
a) K-means

b) Hierarchical
clustering

c) K-median
d) Bi-clustering
Tools and
software:

a) R language,
b) Clustal,

c) Mev.

If two genes are related (have similar functions or are co-regulated), their expression
profiles should be similar (e.g. low Euclidean distance or high correlation).
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(Gene name
sl contigl6919
sl contigl6968
sl contigl6981
sl contigl6987
sl contigl7023
sl contigl7072
sl contigl7101
sl contigl7173
sl contigl7176
sl contigl7200
sl contigl7273
sl contigl7285
sl contigl7371
sl contigl7385
sl contigl7444

Pathway mapping and analysis

1 2 3 4 5 6 7 8
4.585009 2.325221 1.987906 3.201388 3.644228 4.973095 4. 756561 5. 35751
1. 314995 3.032279 1.279927 2.118202 3.838857 4.561094 3.127101 3.689177
5053353 3.831191 4.043196 4.014023 3.828976 4.320826 5.079683 4. 799046
4. 456226 4.521689 4. 483062 4.107209 2. 756424 3. 218653 3. 958525 3. 337341
3.366103 3. 796538 3.262048 3.025738 2.963656 3.473839 3.028422 2. 726439
3.723846 4.412139 3. 443664 3.222046 4. 148712 3.689451 4. 271491 4. 029439
5.907816 4.143168 2. 181931 5. 057381 1.870689 2.715251 3.468567 3.427814
4.319571 1.100264 3.316736 3.57334 2.137898 3.62096 2.712161 2.89311
2.059789 3.594238 2.8038 2.289057 4.54947 3.762934 4.989784 4.563962
4.459731 4.792051 5.279573 3.73811 2.211618 2.118202 1.859741 2.307091
4.517204 2.492271 3.220278 3.392975 3.790786 4.194001 3. 405734 4. 840509
3.983549 4.82406 4.378887 4.456414 3.308111 1.922581 1.981118 2. 048111
3.317409 2.511857 3.858325 3. 484647 2.873372 3.508207 2.02129 3.846771
3.825362 2.881894 1.844082 3.795703 4.290513 4.062529 3.704403 3. 456754
1.617225 3.593137 4.898431 4.610191 3. 472802 3.970982 3. 664725 3. 600088

Identify up-/down-
regulated genes

4

KO ID mapping

KEGG
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(ene name
sl contigl6919
sl contigl6968
sl contigl6981
sl contigl6987
sl contigl7023
sl contigl7072
sl contigl7101
sl contigl7173
sl contigl7176
sl contigl7200
sl contigl7273
sl contigl7285
sl contigl7371
sl contigl7385
sl contigl7444

i1 planiied groinin UIE-1

Latarei rotwny: mFEAF
Ad Fivipeted, PN linaie

8 phastid profeies) FR2d-1

—
m L]

DGATI ABCIKT
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Co- EXPFESSIOH network reconstruction

1 2 3 4 5 6 i 8
4.585009 2.325221 1.987906 3.201388 3.644228 4.973095 4. 756561 5.35751
1.314995 3.032279 1.279927 2.118202 3.838857 4.561094 3.127101 3.689177
5.053353 3.831191 4.043196 4. 014023 3.828976 4. 320826 5.079683 4. 799046
4.456226 4.521689 4. 483062 4.107209 2. 756424 3.218653 3. 958525 3. 337341
3.366103 3. 796538 3.262048 3. 025738 2.963656 3. 473839 3.028422 2. 726439
3.723846 4.412139 3. 443664 3.222046 4. 148712 3.689451 4. 271491 4. 029439
5.907816 4.143168 2.181931 5.057381 1.870689 2. 715251 3. 468567 3.427814

4.319571 1.100264 3.316736 3.57334 2.137898 3.62096 2. 712161 2.89311:>
2.059789 3.594238 2.8038 2.289057 4.54947 3.762934 4.989784 4.563962

4.459731 4.792051 5.279573 3.73811 2.211618 2.118202 1.859741 2.307091
4.517204 2.492271 3.220278 3.392975 3.790786 4.194001 3. 405734 4.840509
3.983549 4.82406 4.378887 4.456414 3.308111 1.922581 1.981118 2. 048111
3.317409 2.511857 3.858325 3. 484647 2.873372 3.508207 2.02129 3.846771
3.825362 2.881894 1.844082 3.795703 4.290513 4.062529 3.704403 3.456754
1.617225 3.593137 4.898431 4.610191 3. 472802 3.970982 3. 664725 3. 600088
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v Algorithms:

a) PCC

b) Weighted PCC

c) Multiple rank (MR)

v’ Visualization software:
Cytoscape

v" GO enrichment analysis
v Function model analysis
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(ene name
sl contigl6919
sl contigl6968
sl contigl6981
sl contigl6987
sl contigl7023
sl contigl7072
sl contigl7101
sl contigl7173
sl contigl7176
sl contigl7200
sl contigl7273
sl contigl7285
sl contigl7371
sl contigl7385
sl contigl7444

Gene regulatory network reconstruction

1 2 3 4 5 6 i 8
4.585009 2.325221 1.987906 3.201388 3.644228 4.973095 4. 756561 5.35751
1.314995 3.032279 1.279927 2.118202 3.838857 4.561094 3.127101 3.689177
5.053353 3.831191 4.043196 4. 014023 3.828976 4. 320826 5.079683 4. 799046
4.456226 4.521689 4. 483062 4.107209 2. 756424 3.218653 3. 958525 3. 337341
3.366103 3. 796538 3.262048 3. 025738 2.963656 3. 473839 3.028422 2. 726439
3.723846 4.412139 3. 443664 3.222046 4. 148712 3.689451 4. 271491 4. 029439
5.907816 4.143168 2.181931 5. 057381 1.870689 2. 715251 3.468567 3. 427814
4.319571 1.100264 3.316736 3.57334 2.137898 3.62096 2.712161 2.89311
2.059789 3.594238 2.8038 2.289057 4.54947 3.762934 4.989784 4.563962
4.459731 4.792051 5.279573 3.73811 2.211618 2.118202 1.859741 2.307091
4.517204 2.492271 3.220278 3.392975 3.790786 4.194001 3. 405734 4.840509
3.983549 4.82406 4.378887 4.456414 3.308111 1.922581 1.981118 2. 048111
3.317409 2.511857 3.858325 3. 484647 2.873372 3.508207 2.02129 3.846771
3.825362 2.881894 1.844082 3.795703 4.290513 4.062529 3.704403 3.456754
1.617225 3.593137 4.898431 4.610191 3. 472802 3.970982 3. 664725 3. 600088

=

““\\\

/ Gene expression data
Discretization

v Equal Width Discretization

v Equal Frequency Discretization

v" Kmeans Discretization

v" Column Kmeans Discretization

u Bikeans Discretization /

Gene regulatory network
reconstruction
v Greedy search
v K2
v Aracne

v Matlab
v

\ '
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Hickory gene expression data analy5|s

Materials and Methods
»454 sequecing

454 Sequencing

Sample Sample

|
|
SampleAh |‘Sample B A B
! Read 431759 444905
I number
] — 1
- I Avg. read
w il | 2 332 332
- s
: 'H ( D ! contig 25339 26935
L Specific 4951 5887
| gene
ORF

15085 16387
number
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» Gene chips
Sample B

IEample:A I

090301 090305 090311 090314 090318 090322 090330 090407

" 454contigs: 25307 from Sample A, 7318 from Sample B

Clone genes: 255

Probe <
Flowering Key genes: 109

\_ Positive signal hybridize with Ara: 324
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> Methods

1) Flowering network construction of Arabidopsis based on
literatures.

Key word: flowering floral ect.
The total number of literatures: About 1500.

Flowering genes: 436 (Common name, Locus ID).

Flowering construction and visualization based on Cytoscape software.

2) 454 sequencing analysis.
® C(Contig assemble: CAP3 software (Sample A, Sample B and All)
@® Blast analysis against Arabidopsis: Blast software (Contigs->Ara. genes).

Result filter: Identity percent: 80%, E-value: 1e-5, Coverage: 70%.
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Methods

3) Differentially expressed gene analysis.
Constraint conditions:

Fold change:4, Num(fc): 1. Signal value: except all A’s
4) Gene expression pattern analysis.
Software: MeV software.
Algorithm: K-means.
5) GO Enrichment analysis
6) Co-expression network reconstruction for flowering genes.
Algorithm: Mutual Rank (MR) (2008, NAR)

7) Real time quantitative PCR
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Small RNA transcriptome analysis

High-throughput methods:

microarray, next-generation sequencing (NGS)

High-throughput, expensive
cross-hybridization & limited sensitivity (microarray)

Given the in-depth (sensitive) and quantitative feature,
many plant transcriptome analyses were promoted by NGS.

small RNAs: Move from microatray to Next-Generation Sequencing (NGS)
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Methviated miRNA gene pyrosequencing, MSP, COBRA... J Exp Bot, 2010
4 : *Meinytanion Restriction enzyme based methods: ChiP,
LTIl DM HEL gF e
T Ve Capture of methylated DNA fragments: ChIP-seq

MIRA, MeDIP-on-chip, MeDIP-seq

RNA level
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] Transcriptional regulation Biogenesis
= A
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RNA interfering =

Posttranscriptional regulation
Study on RNA editing
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Topics

Plant ncRNAs

biogenesis,

characteristics,

expressions,

Interactions,

regulations,

even dynamic functions, 3D...
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Small RNAs in angiosperms: sequence
characteristics, distribution and generation

Arabidopsisifﬁ%?f’

Toma toPh ZL i
MedicagoE 715

Pepperiffl

PumpkinFg /K

Sweet orangeflit®

Tree cottonAH
Cultivated lettuceR®E
Common monkey-flowerfkH L
Tobacco/HE
Petunial®Z41E

Poplar H%

White campion =i A
Potatot &
GrapevineHj4
Papaya/A/K

Monocots (10)

JKFERice

£ KMaize
j(iBarley
#F#Banana
Wit B switchgrass
%%Sorghum
/NEWheat

HEHE Sea grass
TEMiscanthus

A FFoxtail millet

Bioinformatics, 2010
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Small RNAA 7| 4 = o4 (1)

The 21-24-nt sRNAs dominant contribution

Eudicots

[ Monocots Mo o
| Species amuil b AS Gpecias  |smel ANAs
W Arabsdopsis 4026544 | [ |Barley 2499437
£ 55 W Pepper 8204086 | [m |Banana 4661529
5 L] e 4105095 | Iy [Miscanthus | 6106543
® e W [Pagays 4088748 | |5 [ice _ 3286136
1= W Sawsl orarge 3006488 | FaTsw ETTR
E‘ﬁ .= :““fm ;3:::  |Sorghum __ | 4058482
u =
. . ""“"‘m“"."‘"“_ eae | |2 |Fostail minet | 3347808
P 40 B [Wedicagn 1563988 | [ttt e
iro BE26049
& 3 :I:ml :;::;': Seagrass | 2144167
i ] aneszss
E 30 Wit campion 41887
g | Tomato 5301288
A 28 [Petate 5618081
B o [ Grapavine 200023 |
=
E 15 |
& |
10 | !
[ [
. - i
18 18 2 21 22 23 24 2 L] 34
Small RPM Ianuth {m}l
6C contents are hlgher' in the monocots
. B0
=
T 45
2
[=
F 40
0
10
5
28 VT 72 33 34

mall RhEA Iangth {m}
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Small RNAA 7] 4% 1= o4 (2)

C 5'-terminal compositions

% 5 82 8 B B

=
(=3

e 3 8 B & 8 8 38 o

The 5’-terminal composition pattesns are similar between the

eudicots and the monocots.

£ FtHdhPeis¥ (seagrass) , SRNAs 5’
s R AR, REEAKERKEA £2
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Small RNAS A £ & 4 & & /& t 2% # Xttt : SRNASA & B 5 2% T & £ 4 AW & B &,
patternfe b & F + o dada; ARAFAHAZAAS TARGELAI; ARHMAKA
B, AEBBABNAT LGRER, *kFABSIRNASA FH4METHE.

Chromosome-wide distribution patterns

A  Arabidopsis Rice
1 T i ] ' — Normalizad
=== LInique

NEREREER e INENNNERANY

1 - —TE! L 1 i _..'|'E'
i’)h ——MNon-TEs _ — Mon-TEs
.’1 : Wi
| '. ' I
i ﬂ.ﬂ #lai I
= = = = = £y = = =l — =g — — .__,_l_ = — i = g —
The “total” locus distribution was similar to that of the Potential role in TE

Transposed Elements (TEs), but complementary to the non-TEs'. = transposition control?
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Extensive sRNA enrichment was detected on all the sorghum chromosomes.

_B Medicago Grapevine

& 2 (sorghum) ¢sRNAs# & 4k 9% 43104 8GR L+H>—8, RE4EE+0M 2. 1832
MR, KEGoNER, THUEALAHRBRZ ARG REL AR B L L LT GREREAXIRE,
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Small RNAs derived from gene models

Bioinformatics, 2010

Species Major division (percentage®) Subdivision (percentage”) No. of sRNA loci analyzed
(total/unique)

Intergenic loci
(Total®: 80.48%; Unique™ 79.30%)

5 UTRs® (Total": 0.79%: Unique®: 1.65%)
3'UTRs" (Total": 1.58%:; Unique™: 3.63%)

Intragenic® loci

Arabidopsis e, ] 1o Bxons' (Total: 83.21%:; Unique™: 79.85%) 9,008,884/2,641,530
(Total™: 19.04%; Unique™ 20.14%) — o o el 7.3 7% Un;lqued: 9.19%)
Others" (Total™: 7.05%; Unique": 5.68%)
Other loci'
(Total®: 0.49%; Unique": 0.56%) i
Intergenic loci
(Total™: 80.30%; Unique™ 85.24%) i
5 UTRs® (Total": 0.72%:; Unique®: 1.77%)
ntragenic® loci 3' UTIT{S" [TDEalc: 1.76%: Uniqul?": 7.12%)
Rice (Total®: 19.31%:; Uniqued: 14.429%) Exons (Total : 56.30%; Unique™: 39.74%) 22,147 409/1,529 832

Introns (Total": 37.75%: Unique": 46.08%)
Others" (Total®: 3.47%: Unique”: 5.29%)

Other loci'
(Total®: 0.38%:; Unique™: 0.35%) i
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Plant microRNA knowledge base

/E\]l Ming Chen's Lab

Plant miRNA research group

Nucleic Acids Res, 2011

Oseful links
References
Contact

Plant microRNA Knowledge Base

| Home [ MiR info || SNP | Pri-miR || MiR—Tar || Self—reg | | Search |

Species:

e Arabidopsis thaliana

e Orvza sativa

lpdate news more

T e T M

Oryza satzva [MSUG. 0] (447)

2010-04-23

Addition of rice SNP data of Z0 rice
zubzpecies releazed by OryzasSNP
Froject

(ftp: /Aftp. plantbiclogy. meu. edu
Spubsdata/Oryza SNES

Welcome to our Plant microRNA Enowledze Base (PmiREB)! MiecroRNAs
(miENAs), one kind of well-defined plant small ENAs, exert essential
roles In numerous biological pathways throush repressive effects on
their tarsgets. PmiREE includes the mnmiENAs of two model plants,
Arabidopsis (drabidopsis thaliang) and rice (frwyza satival. Four major
functional modules, “SNPs”, “Pri-miRNAs”, “MiR—Tar”, and “Self-recg”,
are provided.

FrRLE .
Provides four major functional modules @é e
l & o 1

"SNP" “Pri-miR" "MiR—Tar"

ECUrSy

=, e

in pm-mRNAs, transcription miRNA-Hargef pr'ocessi and

miRNAs, and signals of pair validation, miRNA-mediated

target sites. pri-miRNAs. self-regulation.
SNPs of Arabidopsis MPSS data derived PARE data derived PARE data derived
(7 accessions) and fram poly(A)-tailed from degradomes from

rice (2 subspecies) transcripts

Firefox or IER {(Javascript and SVG support) & 1024x768 resolution recommended.

AR L SRR e e e e R R L TR P e b il e Loy 4 SRl T ST SONSS, - M TR RO e e

LA L
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miRNA/miRNA*

Cleavage site 1 Cleavage site 2

GHEIBOLD =

GEMASEEYE
—
GEE1TI0E ==
———e=
a=acip
GEMASSIER

e POIY(A)

25

Pri-miRNA: Cap —
) MIRNA s——

Pre-miRNA: —

-—
Cleavage site 2 Cleavage site 1
Pri-miRNA: Cap e——
MIRNA* s—— miRNA

Pre-miRNA: —

—

Ap—

s R@ads mapped to cleavage site 1 (the middie of the miRNA)
. R@ads mapped to cleavage site 2 (the middle of the miRNA®)

ath-MIR161  , , Pri-miRNA/pre-miRNA
Ax|DT —;—b 'g —
AxIEF | _g
s ; < | Cleavage
o - = Generation S | sef.reguiation
aind — _., & 0 F
= | =
TWF | [ ¥ E
T = | —H=" . : 5
- MIiRNA or miRNA
osa-MIR445d

Plant degradome
“| sequencing data

b

J Exp Bot, 2010

£ F degradome @] &
# 32 247 T € #.

« A MiRNA ] 44 #|
MIiRNA &, 3 1& € 4o
I it £2

*miRNAs/miRNA*s
NG hEE A,
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JLERPIETRTFIEFFRE LR

T A B AL L LS

e bkt ni TR R

MiRNA/miRNA* detection

RNA Biology, 2011
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MmiRNAs/miRNA*s targets
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Target determination

B EMAGA556
LOC_0s02¢47280.1
- » GEMA55528
a- & GEMAELIID
o GSMATEIRT
-Ir A L
h :
[
=57
E
24
i
= 34
L=
=2 :
E 4 b
2 -u—.-l—.-n—l.-"—q-i-_m_
=1 «
a 200 4010 800 gon ABDD 4240 1400 {800
Pogition in cONA
GEM434536
LOC 0s02g47280.1 .
- » GS5M455024
3 » GEMABEDIS
»GSMATEIRT
. -
a 51 ‘ osa-miR396e-3p"
s, osa-miR3957.3p*
E
341
(=]
B 3
L]
=74 i
L
Eiq,
5 .
=0 — : . .
855  EBED 855 BT ETh EED (15 EG0 a5

Posgition in cDNA

m GSM434536
LOC Os0Tg0E024
- g » GEM46531E
& GEM4BE5338
18 » GSM4TEZST
16 - .
= 14 - '
o
® 17 -
£ 10 -
a
A
P L
" ’
: "' § L§
E o ® "
E i B - - i
= -J*I—M
3 300 400 E00 @00 1000 1200 4400  4g&00
Position in cDNA
m GEM434536
LOG Os0Tg0E024.1
- g * GEM45593E
. » GEM4BGIIE
1 - GEM4TEZST
16 - s
= 14 *
o 12 | oaa-miR160a”
= oaa-miR 1600
£ 10 4 osa-miR160c*
g 8-
FE
H
S 14 .
E
s 21 u
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MiRNA regulatory network

miRNAS & ¢ K DA A B4R &% 2t &4 PHRI—mIR399—PHO2R 4 i& % it 178k 42 § s

BLATATED . AR o 138 by ?.

« Promoter collection A D GAATATEL: 721a Tabp
» Cis-element prediction @ N e

GAATATOL E5Tic SXep  GCATATSC: Snita EWiap
- Cis-regulatory SNP identification i
» Elucidating TF—miRMNA relationships

GEATATTL: 634 I 541 bp  SOATATES: 53 to 512 bp GGETATCC: 5885 80 150 by

os#-miRM¥SE
GCATATCD: 231 % X6 b ?

- 19 oER=miR IS

— GCATETGE: 4000k 1087 bp 3
GGATATAC ?]'B’h-:l:ﬂﬁb:ﬁ ?GI:AT!-_TI'-: S5 7 GTATARGE: 488 A50ba |
al= R2#Sc |

GUATATGC: 4T o JSkoe
_L ass-miR35d |

ECATRTRC N h-ﬂ!ﬂlﬂ?

l'-'-\.lTl.Tﬂ-!.-H‘th-‘ﬂ}pI
GCATATGE: #d -172?‘?‘1
GANTATE: TT50 24 5p
—T— HE-TRIAN

osa-miRise
GUATATTC: E21s P bp |

+ Expression pattern analysis

= Study on self-regulation based on
degradome sequencing data

+ Survey on feedback circuits between osa-miR39sh
miRMNAs and their targets % ;:::;:tar:nr;ut:lr:t:tr PHR1 A s R e e

. Subnetworks . . ' o
MiRNA Arabidopsis Upstream

|tse‘f Merge
Network °

construction : ""T“' -

GGATATSE: 15 1s -ﬁpr?
TR FST

GGATATGC 1634 183 bp ?

osa- MR

- - GLATATGE: fEno SRS bp
BT s S §  DETATATCC: S66m &1 ba

SEATATCLE: A5T b 154 bp

GTATATOC: 186 12 195 ap
GRETATCE: TS 707 bp ? i

1 I::> D Wnsire; @ L] - .
b4 - T e e, - - ' l ‘.[:. - - — — -
Downstream C MR TI6 T T T W -‘ﬂ._ T T p PHO2 N e e le}e
« MIRNA target prediction and 3 il 5 | £ L N oo
validation 8 | Fem
= Searching for SNPs with potential to : | z ': | E :: "
affect miRNA—target interactions e E s : ; (]
« Functional characterization of mIRNA Comprehensive o e o | N n 100 0 290 2 e T o0
targets network s | i

Briefings in Bioinformatics, 2011
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mMiRNA/miRNA* regulatory network

F-TmiRNA target lists. miRNA* target listsflco-regulated target lists#J & network

Arabidopsis (all targets)
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Subnet analysis
& D -
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WEThee (SE5ELREM
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A reverse framework

Degradome data sets

Pre-treatment and normalizabion (RFR)

-~
Normalized degradome data sets

Map to the transcripts, and retain the perfecl-malched sequanoes,
-

—
Intron-containing pre-mRHAT

-~
Altermnatively
w;\r';r spliced forms

Transcript-wide distribution
of degradome signatures

Rule-based identification

1. For one kbrary, "Average_Read count_Cleavage site® should be five
times or more than “Average_Read count_Surrounding”,
2. For this library, the slgrﬂ.lun: with highest read ccurrl il the cleavage site

whiole transcript,
3. The cleavage site should not be within the first and the last 11-nf regions

of the franscripd

b 4
Potential cleavage site(s)

A

o Forcalcuiating

TOP12 i
| & For calculating
YA r.l;-.- FI:E J\.\JLH1|. Sulluu-ndlr

o
KEK:‘-udtd g .:-U ! . .
N i - - "--q‘-“a-- -t !_&!" g2 o0 .—ha.
i A0 nt (10 nd : i1 e
Bait sequence : i : H
collection Z1-nt “bait” sequence

Miap “bail” sequences lo AGDT-anrched sRMA dala sefs:

1. Obtain the first 5000 reverse complamaentary resulis,
2. Relainthe 18- to Jd-mpf sRNAs with read counts ==1 RPH,

A set of potential miRNA regulators

“Average_Read count_Clexw age site'

BiB 2012

miRtLl predichon with defacl paranmefers

Remove the sRMNAs without predictable targets.
2 Remove the sRMNAs with predicled binding sites not contaiming potential

{ cleavage sile{s)

Flltered -1 sRMNAsS

Retiin the sRMAS wilh levels h
most-atuindant sRENA

aff & of the

Filtered-2 sRNAs

[] The sRNAz sharing long cverapping regioms (without arismatcles) aimd
with no fomger than 2t overhangs at both ends with each other were
classifed Info one category. And, only the most abundant sRNA of ong
category was included In the following analysiz. The sRNAs containing ome
or mrare mismatches resided within the long overapping reglons were
v treated as indepandent subgroups for further analysis.

Fill‘urﬂdii- sRMNAs

BLAST to the ganome:

Ratain all the perfesct-matched loel.
For the sRkAs without parfect locl, the most analogous locl with fo more

tian b riEmratcies were refained

~

Identified genomic loci
¢ Chester: cortains bwo of more sRMAs, and sach sRMNA shares at least !
B0% overappi ng regions with the neighboring ones, and one cluster

: I should not ovarlap with the othar.

GUIIE'{M L400-0F | ipna: the most abundart SRNA within the cluster,
genomic sequences | o

! j] milANA chisier 5_.

maRNA™ cluster

5 nt =i
: Dlstributmn pat‘l;umsuf i SRHA lociis
‘| the AGO1-enriched 'i i i ==
.| sRNAs on the 1,400-nt - ™! I ot - 700 mt
sequences :
i_ e R 8 e ¥
v\} B it R Ao e
A set of potential
pre-miRMNAs
Se-candary SUCTTE-  Lune e eicsssssssssis ; B_
miRMA" iderdification: 3 2-nt overbangs,

based validation
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NATs

Natural antisense transcripts (NATs): cis-NATs and trans-NATs (Wang et al., 2006; Zhou et al., 2009)

o [IIH-m-nt : Convergent | Containing Mearby head-to-head

o —2 e — e

= *—’“ i U ft)

= AR e ————-- ——— ! ': = ;

g I 1| EERRRERNE ———— "“M tall-to-tall
L BLAST o

p (111111 ]

E | Hybridization g

% -2

= @

| <

E f ) MicroRMA-Target Pairs A ®

| o
I t_ ‘aﬁ."m.i:: Ii.‘_.—_..—“ |

L

(e)Gene Set Analysis
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NATs Generated Small RNAs

sRNA loci are enriched in the overlapping regions of trans-NATs, but not for cis-NATs.

Cis-NATs
Species Overlap* Al Average score'
[total/unique] [total/unique]” [total/unique]

P-value®

[total/unique]*

Arabidopsis

38.89/7.11

10.62/5.63

3.10/1.95

<0.0001/0.0448

0433570 1348

Poplar 8.42/11.19 5.42/2.68 2.61/5.26
Papavya 7.05/3.85 4.66/2.33 1.99/1.97 0.0094/0.0011
Rice 3.28/1.13 4.62/0.58 1.62/2.31 0.0011/<0.0001
Maize 13.33/1.73 11.68/1.19 32/2.24 0.0458/<0.0001
Sorghum 8.13/3.64 8.11/2.54 1.69/2.17 0.9836/0.0727
Trans-NATs

Species Overlap” Al Average score’ P-value®

[total/unique]’ [total/unique]” [total/unique]” [total/unique]

Arabidopsis
Poplar
Grapevine
Papava
Medicago
Rice
Maize
Sorghum

169.65/60.06
159.94/9.19
35.25/0.74
26.84/7.52
61.37/5.00
210.30/6.23
116.44/6.97
344.77/5.17

48.62/19.00
23.80/2.63
17.87/0.47
20.14/7.13
28.49/1.74
17.33/2.65
18.97/1.61
64.09/2.39

3.74/3.51
8.63/5.48
2.39/1.95
1.56/1.42
3.17/4.53
14.06/7.03
7.13/6.15
10.22/3.37

<0.0001/<0.0001
<0.0001/<0.0001
<0.0001/<0.0001
<0.0001/0.2838
<0.0001/<0.0001
<0.0001/<0.0001
<0.0001/<0.0001
<0.0001/<0.0001
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Organ specific - Arabidopsis

Phase-distributed sRNA in the overlapping region of a cis-NAT in Arabidopsis
*%iﬂé%ﬂﬁ%ﬁ%@éﬁtﬁﬁ—ﬁ\%éﬁﬁﬂﬁﬁ fRISRNAs

{?95935] e —— i ath-smR1 ath-smR2 -
LTJGGUG&GUECACCAWGUCUCCHCQAUUCUE L‘UUGCUUUUHGGGUUCUUGEEAUUEUECUGCUGURUUUCMUCUUGGUGU
ﬂhﬂﬂcﬂﬂﬂﬂﬂﬂﬁUMCEERGEUEGUMGAGUW UGMCGMUCCCMGMCGEUMGEGG&CGMLUMGWLEMCC&

ath-emR11 CACUCAUGUGGUAACAGARAGEUGGEU ath-smRT - = = = — —_—

ath-smR3 : ath-smiR4 °
[ — — — — [——
LAUMGAUUAELUEAEUGEUEA.E 1CCP.CGP.GCCUG-CUCGACGUGCUGCUGGUU{:GGCP.GGUAUGRUP;UUCAC

Phase 1 caunuucuuueunauan:Emuaguaaua:ucmncamcuscncGnglnccuccceuccnuncunumg
ath-smR12 AGUGACGAGUGGUGEUGCUCGGAC ath-smRA = ath-smRE ©
ath-smRS ath-smR&
r 25 . T ith s [ e — — — —
UUCUUUCUCUGC CCUUGADGCUGCUUUGAGGECCARRACACAAGAAGCUCAGGUUAUUUGAUGAARUCUCUAUAGU. . . (+)
EEMGMAEAGACEGGMCUAC%CMEUCCCGGWUGUGUUCUU':GMUCCAAUMAC‘UACUUUAGAG{M&UCA i =)
ath-smR10 - (7961 59}

7¢ ath-smR18 CUUARACUGCUACACUGATGGEU ath-smR13 o

r—— | r -
UGGCUUMCUGCUH.CACUEAUGGUGA.EUEC].EEAUUGUEUCCMCAUUEUCAMEMCUUECU’ETUUEGGGUUCUU GCCAUUICUCC U{l}
MCGMUUGACG&UGUGACUECCACUEAUGUGGUMCRGEGGUGGUMGRGWUCUUGMEMUECEMGMCGGW

{?959151' alh-8mR15 : ah-smR16 . AR, L
Phase 2 ath-smRtd. s .. {Tﬂﬁﬂﬁﬁ]

S U GUAUUUCAAUCUUGGUGUAUAAGAUUACAUCACUGCUCACCACCARGAGCCUGCUCGACGU . . . (+)
ACGACAUARAGUUAGAACCACAUAUUCUARUGUAGUGACGAGUGGUGGUGCUCGEACGAGCUGCA . . . (~)

— =— — — ath-smR17 ACGAGUGGUGGUGCUCGGACGAGC ath-smR19 -

. GAGUGGUGGUGCUCGGACGAGC ath-smR20 -
- AT2G02795: unknown protein (795895..7968491) — dA A BGaIICOAACAASCE athamfiiN

3'<C 157(-) Phase 1: 795938..796166

AT2G02800: APK2B (PROTEIN KINASE 2B); kinase (795514..799442) Phase 2: 79 9..79 Q
NS R R, AT T BNATHIAAL
Exclusively cloned from floral organs W‘J‘W AR
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Organ specific - rice

Phased sRNA in the overlapping region of a cis-NAT in rice

D 5569030 osa-ami1 =t L= = S = s e
: G.H.G-CU?P;CUUCCUCCFWUGACMUGUMGUCLLTUCUAGQUMCMW?RUHWGLUGWMUGMUCURGACA
CUCGhUGAAGGAGGCAMGUGUUﬁCAUUC}\GUMGA.UCGUMMGGUGUAAGURUMCUACMUUACWAGJ\UCU
osa- amth oBa- amH:E osa- smFM _]
— — — — — — — — —_— EUGEMCGGRGGGAGUA osa-smRA
L UA UAUAUCCAUCUAGAUUCAL UMCAUUMU.EU GAARUAUAG MAUGEIEGEAUMWAQWGUGM_C'EEAMGUMW . (+)
(.EUEUAURURGGURGEU CUMGUL?[EUGUMUURURCUURURUCCUUU%L::GRUEIUUACUGMUGUMCRCUUTJGECUCCCUC&UGM =)
osa-smASL osa-smRE osa-smAT {55’591 99}
LOC_0Os12910510: expressed protein (5567824..5573080)
5’ § > 3'(+)
3 ¥ - | 57(-)

LOC_Os12g10520: OsMADS33 - MADS-box family gene with MIKCe type-box, expressed (5568419..5572012)

Exclusively cloned from grains

BHEFEENFEESE, ErETi%
NAT I AH AL 434 SRNAs 3 R FE KRB ki
WD,

°0

Organ-specific
regulatory role?
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~ PlantNATsDB

Plant Natural Antisense Transcripts DataBase

" Ho ] Browser Searcher Viewer Statistics Download Documentation
| Home | B sarcher — | NAR, 2012
A.thaliana (Arabidopsis thaliana) [=| | @ AINATs| ©cisNATs O trans-NATs + User Mipuak Oiiline DOCiFHEIL A

% Example # Current Version: 1.2 {(2011-05-28)

Matural Antisense Transcripts (NATs), a kind of regulatory RNAs, occur prevalently in plant genomes and play significant roles in physiclogical
and/or pathological processes. PlantNATsDB (Plant Natural Antisense Transcripts DataBase) is a platform for annotating and discovering NATs by
integrating various data sources. PlantNATsDB also provides an integrative, interactive and information-rich web graphical interface to display
mulitidimensional data, and facilitate plant research community and the discovery of functional NATs.

O Tutorial e o i
» Prediction of NATs h— = i ——— Twi‘:“
v cisNATs ; | 2 .. . —
- .3 ‘ | I LTI [T ) Nearby tali-to-tall
¢+ Convergent —_— e o
v Containing |E | Hybridization - I %
b Nearby g -
v trans-NATs th g
» Gene Pairs (HC/100mt) E .MD MIGronNA-Target Paire - [
v MircoRMA-target Pairs .
+ Highlighted Features
¥ 68 plant species E-z- B B ge——
v Metwork formed by NATs R AET wE aE
b Small RNA Expression mE SRS WE

v GO Annctation

b Gene Set Analysis

=2 What's new
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Statistics

PlantNATsDB predicted 2,066,720 NATs from 69 plant species

No.| ID Scientific name MicroRNAsa b Genes Cis-NATsbP frans-NATs All-NATs
(MicroRNA-Target Pairs)
1 |(ace|Alfium cepa MA 4063 (10) NA 5 (AN 5
2 |aco|Aguilegia coerulea 45 (45) 13556 (610) NA 772 1(631) 772
3 |aly|Arabidopsis lyrata 375 (373) 32670 (12527) |918 19636 (15686) 20554
4 |ath |Arabidopsis thaliana 243 (243) 33239 (13875) (3005 16915 (12648) 19920
5 |bdi |Srachypodium distachvon 19 (19) 25532 (B0OO7) |36 110526 (3747) 110562
6 |bna|frassica napus 48 (48) 50542 (20723) (NA 46668 (738) 46668
7 |bva|feta vulgaris MA 4785 (249) NA 192 (M4) 192
8 |ecan|Capsicum annuum NA 14727 (2138) | N4 6119 (ANA) 6119
9 |cca|Coffea canephora MA 7511 (202) NA 163 (M) 163
10 | cel |Citrus clementina 5 (5) 32287 (2238) |NA 3665 (111) 3665
11 |cpa|Carica papaya 1(1) 25536 (4001) |180 4047 (14) 4227
12 | ere |Chiamydomonas reinfiardtii 85 (84) 15935 (8761) |1450 28051 (4919) 29501
13 |cs=a|Cucumis sativus NA 32775 (6104) (1471 16014 (M4) 17485
14 |e=i |Citrus sinensis 64 (59) 26081 (3392) |(MNA 8385 (893) 8385
15 |ees | fuphorbia esula MA 10727 (103) NA 96 (M) 96
16 |e=i |Ectocarpus siliculosus NA 9122 (387) NA 340 (M4) 340
p — 17 | far|Festuca arundinacea 15 (14) 10617 (295) NA 229(78) 229 ==
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- Anexample

Gene Information

NAT Summarization
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SmaII RNAs derived from gene models

Subdivision (percentage”)

No. of sRNA loci analvzed

Species Major division (percentage®) _

(total/unique)

Intergenic 1|::--::1 )
(Total®: 80.48%:; Umque 79.30%)
5 UTRs® (Total": 0.79%: Unique®: 1.65%)

s gt FOT el [SB T 15% 0
Arabidopsis c, xons (Total™: 83.21%:; Unique™: 79.85% 1 8 /
(Total™: 19.04% U‘“q“‘e 20.14%) 17 rons) (Total": 7.37%: Unique™ 9.19%) ~ Lo 0

nigue : J.

Intronic small | S

RNAS

s® (Total™: 0.72%:; Uml:[unz-'j 1.77%)

5 [Tcltal 1?6':’1_1 Umque 7. 12':',]
ni ¢

Intragenic” lo |:1

Rice (Total®: 19.31%; Unique®: 14.42%)

Other loci'
(Total®: 0.38%:; Unique™: 0.35%) i

~6.6%
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ldentification of intronic long hairpins

RNA, 2011
Tahle I. A list of 21 [R-introns with significant numbers of siRNAs" from the sense strand.
Introns Length ~ No.of % sRNAs Paired stem regions’
(nt) sRNAs from ss° Length (bp) 5’ arm 3 arm Identity (%)  siRNA density"

LOC_0s07g01240 1|intron_5 3275 39989 677 E??S 2012 - 2091 3027 - 4009 95 1698
LOC_0s01g66379 1jintron_2 10040 5824 643 006 4001 - 5001 5163 - 6084 a3 3.241
LOC_0s07g23169 1|intron_6 6340 &108 782 863 2403 - 3276 3536 - 4401 04 321
LOC_0s12g13440 1jintron_1 4438 2553 642 811 1428 - 2253 2580 - 3426 a3 1.443
LOC_0s12g41760 1jintron_1 675 778 67.1 184 1-184 445 - 628 a0 1.285
LOC_0s07g35600 1jintron_2 86235 3107 62 - 4873 87 1.188
LOC_0s03g24339 1jintron_2 0177 1432 13- 8272 04 1.161
LOC_0s03g13614 1jintron_1 5284 1043 ® 45 -3627 a2 1.086
LOC_0s09g17730 1jintron_1 4168 727 13-2373 a1 0.759
LOC_0s02g35039 1jintron_8 5808 2107 S ' rt r o n S 21 -4006 a7 0.536
LOC_0s05g15370 1jintron_1 3641 911 02 - 3006 81 0.328
LOC_0s03g51270 1jintron_3 1224 341 33-086 a3 0.274
LOC_0s08g37700.1/intron_2 601 134 799 181 65 - 245 373 - 553 a5 0.185
LOC_0Os04g35260.1intron_27 2231 137 854 635 711 - 1362 1438 - 2080 82 0.089
LOC_0s05g06910 1jintron_7 576 72 69 4 208 33 -242 312-519 a3 0.072
LOC_0Ds02g12570.1intron_4 420 32 719 160 13-172 185 - 344 26 0.072
LOC_0s01g67100 1jintron_3 678 36 639 191 18 -208 364 - 554 85 0.068
LOC_Os04g28420 1jintron_9 581 2 806 213 68 - 284 340 - 542 a2 0.063
LOC_0s10g33275 1jintron_7 678 56 76.8 195 192 - 386 412 - 607 a0 0.062
LOC_Ds05g18604 2 |infron_8 18327 122 500 766 8005 - 9760 10222 - 10988 26 0.044
LOC 0s02210280 1lintron 4° 400 24 833 182 100 - 285 311 - 494 87 0.041
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An example of sirtrons

400 =
300 -
200 =

100

LOC_0Os07g01240.1, intron5

—— GSM455965, WT
—— GSM520640, WT

-100 <
-200

-300

Normalized abundance of sequence reads b

-400 <

— —
Transcript

I 3TN

Small RNAS

DHA Methylation

1000
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A proposed self-regulation model

: *
DNA tamplate 1

5y

auOm

RMA-directed DNA methylation

RNA, 2012

Transcription (Pol Il)

Pre-mRNA \ ‘
— e ;

wxon

1 Splicing

Translation inhibition

sirrieT mRNA or Degradation
+ [
mAMA targets
peLat \ -‘\-r T
A B

a0l

rrmﬂ'rr:ﬂ-rnrmﬂ- TITTTTTTT TTITTITTI: TTTTITITTG - o= | TETTTTTTT

s L LT L3

24nt siR 24nt miR/miR* 22 ntsiR 21nt siR 21nt

Nucleus

miR/miR*

Cytoplasm
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Prospective

Hithst @, He3lse 4t DTILRNA (SIRNA) A
KRR R EARGLEE,  HREKEAETK
(PTGS) & 3L,

LS T TN 40T S0
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25 B F) i 5 4 3t I, :ﬁ.iﬁﬁﬁiﬁ:.
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' : L A
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RNA Biology, 2012
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Dynamic nature of miRNA biogenesis

Ehrr.ﬂ‘l'llllr marks

tectenar TF complex

A

Plant Physiology, 2011

| I

i mlel’iptiUn

Processing
intermediates

siRNA

7]
]!

Exosome

‘..-l"'

C

Long-/short-range
transportation

miRNA miRNA®
I'4 \

RISC RISC
AGOY AGO1

Pol

—-ﬂﬂ
Me

S— Lﬁing
Other sRNAs competition

RISC
‘AGO10

Spatio-temporal

RNA editing
DCL1
) l
> miRNA miR162
processing

J
Spatio-temporal

Precursor-specific

5' terminal, length
miRimiR* duplex structure..

Spatio-temporal
levels of AGOs

RISC
RGo7

RISC
AGO4




trans

miRNA
tional

factory
O

miR

| B2
//’ Anchor regions ™

b

\

\

\

\ ) -
? 1 .
1

I

]

1
[ 4

miRNA
trans

tional

factory
O




Frints
[ 1
\ | %
5] %
3 <0
7
o
. ol
&
b L]
Laoln
o Me
et ]
a0
- o
«w e
o
o
ol
¢ L
= 0
ah
-
[
X‘
Y
'I — P APORL
v i W
'.._.' IFII '.‘ B Dasare-reiateg mEhA
- W
P ?n& e amE -Ma ® A @ tion-asante reated mRNA
: g h‘gsaiﬁc'm —‘%555- L ' 7. rRIA demity
| FREREEBTER #” &
——— i o1l § 4 @ 5 W X awenn
B Gone Sgrasy
e !-!! .--h g s b

g The chromatin contact
map of miRNAome

1.6 o
2 Riptative Sandesan Mivel oF Mo w582
3 Rpistive sapewsaon bevel of mifthiks m MCFT
3 & B & res moumen
4 RNA Poll pasio
o W N
5 FA Poll chromasn migescion densty i K387
CHEEE - e
6 RNA Polll chromatin i sction dersdty im MCFT

 CHEER - -

s W acET
022 e MICFT

B oA 50 e ee e Sy
1

Liv=

RNA, 2014

# Cheomosomes (o i~chrZd ohw and oY)

10 Exgresacd Sapsse-reisteg mBNAy (RPLE S &) #




: ”“;._Em.iifiiEILﬁig?uitaﬁtébfﬁE?uiﬁlﬂéib*éiﬁ“152'

Bioinformatics Society of Zhejiiang Province

Ming Chen's Group of Bioinformatics

@ College of Life Sciences, Zhejiang University

chromatin interactome networks
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