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Background

1. Development of deep —sequencing technologies and
computational rediction methods

2.Function range from heterochromatin formation to
MRNA destabilization and translational control.
Involved in almost every biological process

3.Arbitrary term: non-coding RNAs, not related to
eukaryotic small RNAs



Compare

Associate | Cell type Dicer Originatio | function
protein /Drosha -n
protein
miRNAs ~22nt Ago-subfa all Dicer AND  local post-transcri
mily Drosha hairpin ptional
proteins structures regulators
Endo- ~21nt Ago-subfa Germ cells Dicer long post-transcri
SiRNAs mily dsRNAs ptional
proteins regulators
piRNAs ~24- Piwi-subfa D.Melanogaster Drosha intergenic transposon
31nt mily Oocytes and ES repetitive  silencing
proteins of mousce elements

Table 1 | types of small RNA-associated Argonaute proteins, and the origin and
mechanism of action of small RNAs



MIRNA

1.microRNA biogenesis

1.1 miRNA genes and their transcription
1.2 Nuclear processing by Drosha

1.3 Nuclear export by exportin 5

1.4 Cytoplasmic processing by Dicer

1.5 Argonaute loading

2.Regulation of miRNA biogenesis

2.1 Transcriptional control
2.2 Post-transcriptional requlation
2.3 Feedback circuits in miRNA networks
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MIRNA

1.1 miRNA genes and their transcription

(1)phylogenetically conserved

(2) Most mammalian miRNA genes have multiple isoforms(paralogues) that
are probably the result of gene duplications.

(3) Polycistronic transcription unit
An RNA transcript that includes regions that represent multiple gene
products.

(4) transcription of most miRNA genes is mediated by RNA polymerase |l
(Pol 11),although a minor group of miRNAs that are associated with Alu
repeats can be transcribed by Pol IlI.



MIRNA

a Biogenesis of canonical miRNA

1.2 Nuclear processing by Drosha

miRNA gene
Pol II: local stem-loop structures -
l — Transcript
cleavage at the stem of the hairpin structure R 'O”\

l

Drosha+DGCR8=Microprocessor complex

cleave the substrate ~11 bp away
from the ssRNA—dsRNA junction

exported to the cytoplasm by exportin 5

Export
Po l Nucleus
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Two types of RNase Il are
found in animals: Drosha and
Dicer. Both proteins have two
tandem RNase lll domains
(RIIDs) and a double-
stranded RNA-binding
domain (dsRBD); Two RIIIDs
interact with each other to
make an intramolecular
dimer in which the two
catalytic sites are located
closely to each other.

Drosha

Human:Drosha
D.Melanogaster and C.elegants:Pasha

ES-cell function



MiRNA: Exon-tethering model

co-transcriptional process

the exons of Pol Il transcripts are
co-transcriptionally
assembled into the spliceosome.

Drosha processing might take
place after the transcript

is tied to the splicing commitment
complex (also known

as the early spliceosome
complex), but before the intron

is excised.

b Canonical intronic miRNA
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miRNA: non-canonical pathways

feed pre-miRNAs into the miRNA
pathway through
Drosha-independent processes:

lariat-shaped intron : resolved and
the debranched

l

intron forms a hairpin structure that
resembles pre-miRNA

l

exonucleolytic trimming: tails at
either the 5’ or 3’ end

¢ Non-canonical intronic small RNA (mirtron)

pre-mRNA I | ! Spliceosome

Splicing
Mature mRNA Branched pre-mirtron
[ - - - (excised intron)
Debranchik
or
Trimming
v
pre-miRNA
Dicing
Y

Mature miRNA



MIiRNA
1.3 Nuclear export by exportin 5

Function

Mediates the nuclear export of proteins bearing a double-stranded RNA binding domain (dsRBD) and double-stranded RNAs (cargos). XPOS in the nucleus binds
cooperatively to the RNA and to the GTPase Ran in its active GTP-bound form. Proteins containing dsRBDs can associate with this tnmeric complex through the
RNA. Docking of this complex to the nuclear pore complex (NPC) is mediated through binding to nucleoporins. Upon transit of a nuclear export complex into the
cytoplasm, hydrolysis of Ran-GTP to Ran-GDP (induced by RANBP1 and RANGAP1, respectively) cause disassembly of the complex and release of the cargo from the
export receptor. XPO5 then retumns to the nuclear compartment by diffusion through the nuclear pore complex, to mediate another round of transport. The
directionality of nuclear export is thought to be conferred by an asymmetric distribution of the GTP- and GDP-bound forms of Ran between the cytoplasm and
nucleus. Overexpression may in some circumstances enhance RNA-mediated gene silencing (RNAI). Mediates nuclear export of isoform 5 of ADAR/ADARI in 3
RanGTP-dependent manner.

Mediates the nuclear export of micro-RNA precursors, which form short hairpins. Also mediates the nuclear export of synthetic short hairpin RNAs used for RNA
interference, and adenovirus VAL dsRNA. In some circumstances can also mediate the nuclear export of deacylated and aminoacylated tRNAs. Specifically
recognizes dsRNAs that lack a 5'-overhang in a sequence-independent manner, have only a short 3'-overhang, and that have a double-stranded length of at least
15 base-pairs. Binding Is dependent on Ran-GTP.



mMiRNA:1.4 Cytoplasmic processing by Dicer

pre-miRNAs are cleaved near the
terminal loop by Dicer, releasing ~22-nt
miRNA duplexes

Dicer : highly conserved protein
different Dicer isotypes have distinct
role

dsRNA-binding proteins:

D. melanogaster Dicer 1 : loquacious
(loQS)

Human Dicer: TRBP (TAR RNA-binding
as TARBP protein and PACT (PRKRA),
contribute to formation of the
RNA-induced silencing complex

(RISC)

Dicer

(Dicer Tin flies) (AGOT1in flies)

TRBP or PACT
(LOQS in flies)

Dicer
A (Dicer 1in flies)

AGO1-4
(AGOT in flies)

Loading

\J

AGOH4
(AGOTin flies) miRNA

Cytoplasm



miRNA: 1.5 Argonaute loading

one strand l Cytoplasm
of the ~22-nt RNA duplex remains

£
Dicer 1 T AGOH
in Ago as a mature Dicer Tin flies) ' [BGCin flies)
miRNA (the guide strand or U TREP or PACT

miRNA), whereas the other (OG5 in flieg]
strand (the passenger strand or

S
miRNA*) is degraded. e
|
Thermodynamic ({gﬁgggr iﬁ e
INTLES . . .
stability :relatively unstable base s DicerTinflies)
' ! ‘ £G4
pairs at the 5’ end typically Aol &
survives
RLC Ago Loading
often not a stringent process
R2D2

GO 4—f_>
(GO in flies) ik,



MIRNA:

multiple choices of Ago proteins during RISC assembly

D. melanogaster:
the structure of the precursor—miRNA central
mismatches+AGO1, perfectly matching siRNA+AGo2

C. elegans:

AlG-1 and RDE-1 associate with small RNAs from
mismatched precursors and perfect dsRNA precursors
respectively.

Humans:
all four Ago proteins, AGol-4, bind to miRNAs with only
marginal differences in miRNA repertoire.



MIRNA
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MIRNA

2. Regulation of miRNA biogenesis
2.1 Transcriptional control
2.2 Post-transcriptional regulation

2.3 Feedback circuits in miRNA networks



MIRNA

2.1 Transcriptional control

Pol ll-associated transcription factors:
MyoD1

tumour-suppressive or oncogenic transcription
factors:
P53

Epigenetic control -DNA methylation:
miR-203



MIRNA

2.2 Post-transcriptional regulation
(1)Drosha processing

heterogeneous ribonucleoprotein

nuclear RNAbinding proteins influence
miRNA processing through specific
interactions with a subset of pri-miRNAs.



mMIRNA

(2) The let-7 miRNAs :

IIN28, is responsible for the suppression of let-7
biogenesis

interfering with pre-let-7 processing and/or by
inducing terminal uridylation of pre-let-7. The u
tail (~14 nt) that is added to the 3’ end of
pre-let-7 blocks Dicer processing and facilitates
the decay of pre-let-7 .



mMIRNA

(3)RNA decay enzymes

target not only mature miRNAs but
also the precursors (pri-miRNAs and pre-miRNAs).

small RNA degrading nuclease (SDN) proteins
were recently reported to affect the stability of miRNAs

inplants.



MIRNA
(4) RNA editing :

Because the modified pri-miRNAs or

pre-miRNAs become poor substrates of RNase Il
proteins,editing of the precursor can interfere with
MIiRNA processing.

Editing can also change the target specificity of the
mMiRNA if it occurs in miRNA sequences.



mMIRNA

2.3 Feedback circuits in miRNA networks

Two types:observed: single-negative feedback and
double-negative feedback.

Single-negative feedback:stable or oscillatory expression
of both components--levels of Drosha and Dicer are
controlled by singlenegative feedback to maintain the
homeostasis of miRNA production

double-negative feedback :mutually exclusive expression.
--effective genetic switch of specific miRNAs during
differentiation. (let-7 and [IN28)



0iRNA

1.Piwi-interacting RNAs

1.1 piRNA biogenesis in flies

1.2 piRNA biogenesis in mice



0iRNA

1. 24-29nt in D.melanogaster
24-31nt in mice

2. Intergenic repetitive elements,including retrotransposon
Repeat-associated small interfering RNAs(rasiRNAs, B & #H 2 /)N
RNA) in D.melanogaster

3. Be associated with PIWI proteins

4. Be produced without Dicer(The requirement for Drosha has not
been formally tested)



PiRNA: flies

1.1 piRNA biogenesis in flies

1.1.1 piRNA clusters

The differences in subcellular localization, the expression patterns and the
associated proteins might influence the selective piRNA association.

1.1.2 nucleotide bias
1.1.3 ping-pong cycle

1.1.4 How does such a piRNA biogenesis cycle initiate during development?
germline transmission



PiRNA: flies
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1.AGO3-associated piRNAs mostly have
adenine at nucleotide 10

2.AuB- and PIWI-associated piRNAs show
strong preferences for uracil at their 5’ ends

3.AuB-associated piRNAs frequently show
complementarity to AGo3-associated
PiRNAs in their first 10 nt

4.Piwi cleaves target RNA at between
positions 10 and 11 relative to the 5’ end of
the associated small RNAs



PiRNA: flies

1. Mutations in several genes, such as those that encode the putative nucleases
Squash and Zucchini, and others such as Spindle-E14, Krimper159 and
Maelstrom160, cause the depletion of piRNAs in fly ovaries, suggesting that they
are involved in piRNA biogenesis. However, the precise roles of these proteins
remain elusive.

2. In D. melanogaster, at least AuB and possibly PIWI are deposited for the next

generation by germline transmission
A recent study shows that piRNAs that are maternally inherited to embryos have an

epigenetic regulatory role in transposon silencing



PIRNA:mice
1.2 piRNA biogenesis in mice

1.2.1 In mammals, two classes of Piwi-interacting RNAs (piRNAs) have been
identified
1.2.1.1 pre-pachytene piRNAs is expressed before meiotic pachytene and is
derived from repeat- and transposon-rich clusters.
1.2.1.2 pachytene piRNAs remain an enigma: >80,000 distinct species are

derived from large genomic clusters of up to 200 kilobases. These piRNA clusters
exhibit a marked strand asymmetry, as if the piRNAs are processed from one or a few

huge transcripts. it B [F]— & piRNAT] BESKIE T+ [F] — KA WE 76 554

1.2.2 pre-pachytene piRNAs ping-pong cycle , However, the different compositions
of the embryonic, neonatal and adult piRNAs suggest that the biogenesis cycle
does not continue throughout male germ-cell development



piRMA loci

(intergenic repetitive elements, active transposon genes and piRtA dusters)
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Figure 3 | piRNA bicgenesis pathway. Piwi-interacting RNAs (piRNAs) of 24-31



PIRNA:mice

1. Mutations in Mili and Miwi2 eliminated DNA methylation of long interspersed
nuclear element 1 (IINE1) and intracisternal A particle (IAP) and led to male

infertility (HEHEAT)

2.unlike animal miRNAs but similar to plant miRNAs, piRNAs have a 2’-O-methyl
modification at their 3’ ends. This modification is carried out by homologues of A.
thaliana HEN1 methyltransferase169 (known as HEN1 or PIMET in flies)165,166. It
was also shown that HEN1 associates with Piwi proteins in ovaries.

FEYImIRNA2'O H FE AL I HEN /L /)N B H ) [FLE 25 I mHENT, ‘B RN RG 3= )
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endo-RNA

1.Endogenous siRNAs

1.1 Endo-siRNA processing by Dicer 2 in flies

1.2Endo-siRNA biogenesis in mouse oocytes



endo-RNA

1.~21-nt

2. These RNAs are derived from transposon transcripts, sense—antisense
transcript pairs and long stem-loop structures

3.Numerous types of endo-siRNAs are present in oocytes and less abundantly in
ES cells(mouse)

somatic tissue, cultured cells and ovaries in D. melanogaster

4. Be associated with AGO2

5.Similar to exo-siRNAs, but different from miRNAs, the processing of

endo-siRNAs is dependent on Dicer 2 rather than Dicer 1

6. long dsRNA structures and bulges

7. possess RNA dependent RNA polymerases (RdARPs) (plants and worms)
RdRP-independent(flies and mammals lack RdRP)



endo-RNA:flies

Endo-siRNA processing by Dicer 2 in flies

1.Endo-siRNA precursors are mainly produced from sense—antisense pairs
derived from transposons. They can also arise from convergent transcription
of protein-coding genes and from unannotated regions of the genome

2.~20% of AGO2-associated endo-siRNAs in S2 cells show sequence substitutions. As
most of the mutations found were A—G substitutions, this is probably due to RNA
editing by ADAR. The editing activity of ADAR is restricted in the nucleus and accepts
only dsRNAs as the substrate.

This posttranscriptional nucleotide modification causes further tiny bulges in the

precursors.



endo-RNA

endo-siRMA loci
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Figure 4 | Exo- and endo-siRMA biogenesis pathway. Exogenous small interfering RNAs



endo-RNA

Some piRNA-generating loci can be a source of endosiRNAs like piRNAs,
endo-siRNAs have 2'-O-methyl groups at their 3’ ends in flies, which might be
added by the methyltransferase HEN1

Difference
protein | expressed | editing status | generate
partners | cell d from
dsRNAs
piRNAs  24-29nt  Piwi mostly NO F
germ cells
Endo- 21nt AGo2 ubiquitous can be edited T

RNAs expression by ADAR



endo-RNA

1.2Endo-siRNA biogenesis in mouse oocytes

OB, mE N A RS A SR SR SRR R ) e X
B BC N BT BRI dSRNA, 7242 N YR SiRNA

in ovaries, transposon silencing is ensured by two pathways: piRNA and
endo-siRNA pathways ,the endo-siRNA pathway might have been lost in
males
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Conclusions

* miRNAs can exert broad and strong effects,
seem to serve as hubs of gene networks that
are rich in information flow.
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Conclusions
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Conclusions
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* Small RNAZE 15 H I ge 14 7 2 S5 uk B

* Confirmation of their expression and their dependence on the
Ago proteins will first be needed to validate individual small
RNAs. Dependence on other biogenesis factors, such as

Drosha, DGCR8 and Dicer, will also be useful in validating
small RNAs as well as in classifying them.
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Conclusions

how small RNA path-ways are connected to other aspects of
RNA metabolism, including transcription, pre-mRNA splicing
and mRNA decay. Given that intronic miRNAs are processed
co-transcriptionally, it is tempting to speculate that these
processes (transcription, splicing and Drosha processing) are
coupled by specific factors.
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Conclusions
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Conclusions

It is also of note that animal RNase lll, Drosha
and Dicer are involved not only in small RNA
pathways but also mRNA stability control of
hairpin-containing mRNAs. further studies are
needed to identify

W) IRNase 1ll, DroshaflDicer MY Z 5 small
RNAIERTE, 1M HIP M & H KI5 ImRNATS € T
il



K

 The miRNA biogenesis pathway is well studied in
comparison to piRNA and endo-siRNA pathways,
although many questions remain unanswered.
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* Microprocessor, EXP5 and Dicer—RISC in
association with the substrate RNAs

e additional protein factors in the pathway need
to be identified, the identities of the factors
that are involved in miRNA turnover in

animals
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* the significance and enzymology of the modifications
of small RNAs, such as uridylation and adenylation of

MiRNAs

* the auxiliary factors that regulate miRNA maturation

* how miRNA biogenesis is controlled by these factors
in response to various cellular signals
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