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. Genetic information: always from DNA to RNA to protein.

2. Every cell contains a complete set of genes.

3. Genes are not turned on in every cell or tissue; only a small

set of genes is expressed.

. Different genes are expressed at different times.

What controls gene
expression?




microRNAs regulate the
expression of more than

30% of protein-coding genes.
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What is a microRNA (miRNA)?

microRNA is an abundant class of newly identified small
non-coding regulatory RNAs.

Major characteristics of miRNAs:
*+ 18-26 nt in length with a majority of 21-23 nt
non-coding RNA
derived from a precursor with a long nt sequence
this precursor can form a stem-loop 2"9 hairpin structure

the hairpin structure has low minimal free folding energy (MFE) and high MFE index
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The history of miRNAs

Discovered/in-4 in C. elegans in 1993 (Lee et al., 1993)

Recognized miRNAs in animals in 2001 (Lee and Ambros, 2001)
Firstevidence that miRNAs are involved in cancer (Calin et al., 2002)
First miRNA was identified in plantin 2002 (Reinhart et al., 2002).

Lots of miRNAs and their targets discoveredin model organisms
during 2003 and 2004

Lots of studies indicate that almost all cancers relate to miRNA gene
regulation (He et al., 2005; Lu et al., 2005; O’Donnell et al., 2005)

miRNAs relate to a various diseases

Deep sequencing used in miRNA identification and expression
analysis

25,141 miRNAs deposited in miRBase miRNA database (08/2012). 5940
miRNAs from 67 plant species.




Functions of miRNAs

General functions in animals and plants

A Developmental timing
In animals: miR Lin 4: early stage L1 — L2
miRlet7: L2 — L3
In plants: miR 172: vegetative growth — reproductive growth

A Organ and tissue development
Brain, limb, nerve in animals
Leaf, flower, stem, root in plants
In animals: miR 196 — limb development
miR 1, 133 — muscle proliferation and differentiation
In plants: miR 172 — floral morphology
miR 165/166 — leaf morphology
miR 164 — root and shoot development

A Signal transduction
Ex: In animals: miR 2, miR 7 and miR 11 — Notch signaling
In plants: miR 393 — auxin signaling — antibacterial resistance

Zhang et al. 2007. Journal of CellularPhysiclogy.




MIRNA 172 requlates floral development

Wild type ap 2 loss-of- miR 172
function mutant overexpression

Chen. 2004. Science.




mMiRNA regulates plant development

mMiRNA 156

Increasing leaf initation,
decreasing apical dominance, and
forming bushier plant.

mMiRNA 164
stamens are fused together.

miIRNA 172
sepal and petal disappeared.

miRNA 319
Leaf morphology




Functions of miRNAs
Specific functions in animals mMIRNA play critical roles in cancer pathogenesis

Cancer miRNAs involved * | References

Brain cancer (Glioblastoma) | miR-21T, miR-221T, miR-128), miR-181lab.c] | Ciafre etal, 2005; Chan etal, 2005

Breast cancer - miRk-217, miR-146], miR-1557, miR-10b], miR-17-5p|, | Hossain etal, 2006; Torio et al, 2005; Si et al , 2007;
miR-125b), miR-145|. miR-125b] Volinia et al, 2006; Ma etal, 2007

Cholangiocarcinoma miR-217, mR-1417, mR-200b] : Meng et al, 2006

Chronic lymphocytic leukemia mif-15, miR-16] | Calin etal, 2002; Cabin etal, 2004; Cimmino et al

Colorectal neoplasia miR-10al, muR-17-927, miR-20al, muR-317, mR-967, Michael et al, 2003; Volinia etal, 2006; Johnsonetal
miR-1837 let-7| miR-143| miP-145 Bandres etal, 2006; Lanza et al, 2007; Michael et al, 2003

Diffuse large B cell hmphoma miR-21T, miR-155T7, miR-2211 _ Lawrie et al,, 2007

Head and neck cancer miR-217, miR-20357 | Tranetal, 2007

Hepatocellular carcinoma miR-187, miR-2247, miR-199|, miR-195|, miR-200, miR- | Murakami etal, 2006
(HCC) 125

Lung cancer | let-7 |, miR-17-927T Takamizawa etal, 2004; Johnsonetal, 2005; Hayashita et
al, 2005; ODonnell et al, 2005; Yanaihara et al, 2006

Lvmphomas mik-1557, mR-17-921 Eis et al, 2005; Metzler etal, 2004; H . 2005: Woods et

al, 2007

Orvanian cancer miR-200ab,c], mR-1417, mR-199a |, miR-140], miR- lorie etal., 2007
145], mR-125b)

Pancreatic cancer miR-2217, mifk-181al, miR-217, miR148ab | Bloomston etal, 2007

Papillary thyroid carcinoma miR-2217, miR-2227, mR-1467, mR-181] | Heetal, 2005; Pallante etal. 2006

Pihmtary adenomas miR-2127, miR-026a], miR-1507, miR-1527, miR-1917, miR- | Bortoni et al, 2007; Bottond et al, 2005
1927, muR-024-1 |, miR-098 ), miR-15a|, miR-16-1]

Prostate cancer let-77, miR-1957, miR-203T, miR-128a] Volinia et al, 2006

| Volinia et al, 2006

Stomach cancer | miR-217, miR-1037, miR2237, miR-218)

| ]
Testicular germ cell tumors | miR-3727, miR-3737 | ¥ oorhoeve et al, 2006

* 1 represents overexpression; | represents downexpression Zhang et al. 2008. Journal of cellular and Molecular Medicine.




miRNA-mediated cancer pathogenesis
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Biogenesis of miRNAs
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Mechanisms of miRNA-mediated gene requlation

Post-transcriptional gene regulation

Two major molecular mechanisms
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Mechanisms of miRNA-mediated gene requlation

A Inhibition of translation elongation B Co-translational protein degradation
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mMiRNAs are different from other RNAs:
2"9 structure

5.8s rRNA
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Zhang et al. 2006. Cellular and Molecular Life Sciences




MiRNAs are different from other RNAs:
Minimal free folding enerqy
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Conclusion: MFE and AMFE are not sufficient criterion to distinguish miRNAs from
other RNAs.

Zhang et al. 2006. Cellular and Molecular Life Sciences




MiRNAs are different from other RNAs:
High minimal free folding enerqgy index

—e— MiRNA
—a— tRNA
—a— IR NA
Targeted mRNA
—¥— Random mRNA

MFEI

MFEI = AMFE/(G+C content %)
Conclusion: MFEI is better criterion to distinguish miRNAs from other RNAs.

Zhang et al. 2006. Cellular and Molecular Life Sciences




Conservation and diversity
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Conservation of miRNAs
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Plant miRNA families
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MiRNAs are highly evolutionarily conserved

Specics HEIHBE 231231 |E|S|E (X ER|E|EIEIS|SR

C. elegans D. melanogaster

Core cudicot

39 35

Mammals

Monocot

<

Gymnosperm

A onas = Flavarmutreila poatesy

Zhang et al. 2006. the Plant Journal



Approaches for identifying miRNAs

Genetic
screening

_P Specific software | No

Directcloning
afterisolation of
small RNAs

No

High
throughput
sequencing

Yes

Computational
method

Yes

EST
analysis

fNo

Require genome No
sequence

No

No

Yes

No

| Cost

High, but less
than genetic
screening

Highest

Low

Efficiency

High

Highest

High

| False positive possibility |

Low

Low

| Moderate

Need experimental
| confirmation

No

No

Moderate

' Possibility for new
miRNAs

Low

Suitable to wide variety
of species

No

Yes

| Comprehensive

Moderate

Yes

| miRNA quantitative
: information

No
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Approach: EST analysis

Known miRNA sequences ~20-24nt EST databases in NCBI GenBank

BLAST

ESTs with 0-4 mismatch Protein databases
[ BLAST I

Remove the ESTs coding proteins

EST databases ESTs with 0-4 mismatch and non-encoding proteins

‘ BLAST

Remove repeated ESTs

ESTs with 0-4 mismatch and non-encoding proteins

Predict secondary RNA structure by mFold 3.1

l Hairpin candidates

Examine annotations

| Novel potential miRNA genes

Figure Schematic representation of the miRNA gene search procedure used to identify homology of known Arabidopsis miRNA genes.

Zhang et al. 2005. Cell Research. 2006. FEES Letters.




Identification of mMiIRNAs using EST Analysis

Cotton: 30 zhangetal., 2007)
Corn: 188 (zhanget al., 2006)
Soybean: 69 (zhangetal., 2008)
Tobacco: 197 (Frazie et al., 2009)
Switchgrass: 121 (xie etal., 2007)
Other plant species: ~600

Other labs adopting this method:
Apple, tomato, potato, grapes, wheat, grass etc.
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miRDeepFinder: a miRNA analysis tool for deep sequencing

of plant small RI s
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At ract miREDecpFinder is a software package devel-

oped 1o dentufy and functionally analyze plant microRNAs
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Target-align: a tool for plant microRNA target identification
Fuliang Xie and Baohong Zhang*

Department of Biology, East Carolina Unive

ABSTRACT

Motivation: MicroRNAs (MmIRNAsS) are important regulatory
molecules. A critical step in elucidating miRNA function is identitying
potential miIRNA targets. However, few reliable tools have been
deveiopad for identifying miRNA targets in plants.

cleave targets by perfectly or near-perfectly binding to their targel
{(Rhoades er al., 2002; Schwab er al., 2005). Thus. all the three
currentlly available tools predict plant muRNA targets based on
very strictly hmited critena. However, recent studies show that
some miIENAs may inhibit translation by non-perfectly binding 1o




Identification of miRNAs using Solexa
Deep Sequencing

« A powerful tool to identify miRNAs and
their expression profiles.

Ongoing projects:

Chinese yew: 58 conserved and 2 novel miRNAS (Qiu et al., 2009).
Peanut: 75 conserved and 14 novel miRNAS (Zhao et al., 2010).

Barley: 31 conserved and 3 new miRNAS (Ozhuneret al., 2013, PLOS One).

Cotton: 121 conserved miRNA families and 328 potential novel
mMiRNAs in cotton fiber project.




Identification of miRNAs using Solexa
Deep Sequencing

« A powerful tool to identify miRNAs and
their expression profiles.

Ongoing projects:

Chinese yew: 58 conserved and 2 novel miRNAs (Qiu et al., 2009).
Peanut: 75 conserved and 14 novel miRNAs (Zhao et al., 2010).
Barley: 31 conserved and 3 new miRNAS (Ozhuneret al., 2013, PLOS One).

Cotton: 121 conserved miRNA families and 328 potential novel
MiRNAs in cotton fiber project.
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Differential Expression of miRNAs in Cotton
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Distribution of Small RNAs in Cotton
Leaves and Ovules
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A total of 121 conserved miRNAs were identified in cotton
leaves and ovules




Conserved miRNAs identified in cotton
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A total of 32 miIRNA families were identified in cotton leaves and ovules.
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Novel miRNAs identified in cotton

A total of 328 novel potential miRNAs were
iIdentified in cotton leaves and ovules.

19 existed in both leaves and ovules

76 unique to leaves

252 unique to ovules




Novel miRNAs identified in cotton

A ACU Cc-=| U
AGC CGU GUUGG IAGGGGUGG GGCCGGU CGCC C
UCG GUA CGGCC AU GCUCG CUGGCCA GUGG A

G GuUC u CGA”™ c

oo
GUU AUG UDAUUCC CAL U AGCCAGC
UAG UAC AUAAGGUGGGGGACGUGUGGUU GA UCGGUUG U
G CUUCGACU™ oo

A F GC AUGA uoc
GGGAGU G GGUGUGGGAG GUUGG AAGAAUUD CcCcuuuG N\
CCUUUA U CCAUACCCUC CAACC UUCUUAA GGAAAC A
GU C o A CGG- CUA

L= G G B uGuun
AG AAGCU GUGGE ] GAG GGG g CAGUCOOD
UC UUUGG CACC 2CCA CUC UCC GUCGGRAG AC A
c U = = ] AAGAAAURARAG™ A

CUOUGAA---| GA C L ; L A cA
CG CGAUG UCG GC CUGU AUG CCUC CGU GCU
GC GCUGC AGC CG GACG UAC GGAG GUA CGG C

CGUAAGGAG" -- = = U = cG uug = GG

Red color: miRNA.




Diversity of Conserved miRNA Families
in Cotton Leaves and Ovules

miRNA famaly Numbers of Isoforms
Total I.eaves Owvules Same ones
1.56/157 668 668 30 30
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Cotton MicroRNA examples
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Comparison of miRNAs from different species

miR156

Species
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Comparison of miRNAs from different species
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Function type

Apoptosis

Cell cycle

Cell migration
Chromatin
remodeling
Circadian clock
Development
Fiber development
Hormone
Metabolism

signal transduction
Stress response
Transcription factor
Total

Number of

miRNA Number of target
2
2

2

1
2
3

45
S

60

13
22
99




Target classification
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mMiRNA Targets in Cotton

SBEP (AY772240) 92 acgcucccucucuucuguca 601
LY GEEEEDEEL R D

miR—156 cacgadgugagagaagacagu

Heat—-shoch protein {(AYS819767, & 30 59 cuaugcuaucgcgococugeoua ©78
IS8 Y N I e N D A
miR=391 (3'=5) gauacgauagagaggacggu

TC23605 (Katanin) 1851 guguucaagaaaguuauuaca 1871
S 18 00 (0 0 T o . .

miR—396 (3 - Ly Uucaaguucuuucg auagugu

AF085717 (callose synthase) 2824 caguucaggaaugcuauuaug 2854
I P e B ) Rt B 1 B Bl
miRk—296 (3°—5") UUCaaguucuuucg auagugu

TC34607 (fiber protein Fbz3) 81 auucggagauguugaggauga 101
N 5 O IR L 5 I O s
miR—414 (3"—=5") vaagcuacuacuacuucuacu

TC37120 (Fiber guinone-—-oxidoreductase) 1037 aagagcauugaaggccauge 1056
8 . 6 O Y 6 ) I B
miR—782 (3 3’ ) uuCuuguagguuccgguacg

Unknown mRNA from fiber (TC41261) 5 15 toggoccaaucuuguucaaaa
R ] o O O O i

Novel miR—96 agocoguuuaggucaaguuuu




MIRNA Targets in Cotton
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MIRNA Targets in Cotton
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MiRNAs target MYB

miR447a:
(15689) :
miR394b:

(15e89) :

miR4370:

MybPAZ (421)

miR172c:

AUAAUAUUCAAAGAAGG 5°'
I rhie= e rrl:
URAUAUAG-UUGCUUCU 3'

UUCUAGUACGACCGUCGAAGU 5°'
FEnel = il vi=hnnld
ARGAUGG-GCUGG-AGUUUCA 3'
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Y T U T B
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8 R B fLLinernel |
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AURAURUUCARAGARAGE
8 I DN

(6397) __ AAUUUUAAGUUUCUUUC

miR172c

CUGC-GAAGUGAGUUGARC
FEEL = THRRRnennnl

(€327)  GACGCCGUCACUCRACUUG




MiRNAs target MYB

miR172g/6158b: 3' GGCAAGCAGGUUUGAGC GGCAAGCAGGUUUGAGC 5”

O O O U S B B N N
(AY464054 .1): 559 UCGUGAGUCCAAGCUAG ..... UCGUGAGUCCAAGCUAG 657

miR172f: 3' GUUUCAGC-CUGAUCUCA 5°'

BTELE =0 8:1 MR
(HM134084.1): 5' CAAAGAUGUGGCAAGAGU 3'




Relative GhMYB25-like abundance

S T =
* Lo )
+

Stigma style

Stamen anther

Elongation Cell wall
thickening

Initiation

Owvule and seed tissues Vegetative lissue

Quantitative real-time RT-PCR measurements of GhMYBZ25-like in cotton
ovules, seeds and vegetative tissues. Expression was normalized against the
expression of the cotton ubiquitin gene

Walford et al., 2011. Plant Journal




MYB 25-like

Walford et al., 2011. Plant Journal; Machado et al., 2009




Walford et al., 2011. Plant Journal
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Knockdown MY B25-like inhibit fiber differentiation but not on trichomes

Walford et al., 2011. Plant Journal




Knockdown MY B25-like inhibit fiber differentiation but not on trichomes

Walford et al., 2011. Plant Journal
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