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ouse-keeping noncoding RNAs:
- rRNA
- tRNA
- SnRNA
- ShoRNA
Small noncoding RNAs:
- siRNA
- miRNA
Long or large noncoding RNAs (>200nt):
- Precursor of small noncoding RNA
- Pol IV- and Pol V-dependent long noncoding RNA (plant-specific)
- mMRNA-like long noncoding RNA
New types
- Circular RNA

http://rfam.xfam.org/
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1. Small non-coding RNAs
in plants

m Discovery of microRNA

MicroRNAs were discovered in 1993 by Victor Ambros, Rosalind Lee
and Rhonda Feinbaum during a study of the gene lin-14 in C. elegans
development.

However, miRNAs were not recognized as a distinct class of biological
regulators with conserved functions until the early 2000s. Since then,
MiRNA research has revealed multiple roles in negative regulation
(transcript degradation and sequestering, translational suppression) and
possible involvement in positive regulation (transcriptional and
translational activation). By affecting gene regulation, miRNAs are likely
to be involved in most biological processes

wikipedia



miRNA: miRNAs (microRNAs) are small regulatory RNAs of 2024
nt that are encoded by endogenous MIR genes. Their primary
transcripts form precursor RNAs, which have a partially double-
stranded stem-loop structure and which are processed by DCL proteins
to release mature miRNAs.

siRNA: siRNAs are generated from perfectly double-stranded
RNAs that can originate from different sources such as RNAs
transcribed from inverted repeats, natural cis-antisense transcript
pairs, the action of RNA-dependent RNA polymerases (RDRs)
which convert single stranded RNA into dsRNA, the replication
of RNA viruses, and regions of the genome rich in retroelements.
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A) miRNA biogenesis and function
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B) siRNA biogenesis and function
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MIRNA

» Originate from capped & polyadenylated full length
precursors; single chain (pri-miRNA)

* Hairpin precursor 60-400 nt (pre-miRNA)
* Mature miRNA 20-24 nt (miRNA)
* mIRNA:: miRNA* complex (non-perfect matching)

= Dicer-like RNase III endonuclease (DCL) and Argonaute
protein (AGO)

= RISC (RNA-induced silencing complex)

= PTGS (posttranscriptional gene silencing)

" frans- or cis- acting

= First discovered in 1993 by Victor Ambros at Harvard (/in-

= Let-7 discovered in 2000 by Frank Slack as a postdoc at
Harvard (Ruvkun lab)

" The first miRNA of plants was discovered in Arabidopsis

MIR827
AACCCUUGAAUGUGUUUGUUGAUUGAUAUCUACACAUGUUGAUCAUCCUGUGUUGAUCGAUUGGUUUAGAUGACCAUCAACAAACUCUUUCGUGGUUUU
CCCC OO0 G 0O Co OO0 (e COCOC0eennnnn 3))1))))).:)).))0)3))).).)))))3))))) ) )))) ) ) ...
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SsIRNA

* Originate from dsRNA (synthesis by RDR or bimolecular duplexes: NATs, natural
antisense transcripts)

= Various types due to the divergence of biogenesis and mechanism processes
» Cleaved by miRNA, sometimes

= Dicer-like RNase III endonuclease (DCL) and Argonaute protein (AGO)

= RISC (RNA-induced silencing complex)

» PTGS and TGS (transcriptional gene silencing)

= Nearly perfect matching with target sites

» Cis- acting (also trans-)

= New tool for researchers
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Comparison of miRNAs and siRNAs

miRNAs siRNAs
Dicer DCL1 DCL1-4
5’ end Mostly U Mostly A for 24-mers
Origin Mostly intergenic region Transposable-element, repeat

sequence, heterochromatic sequence

Precursor Hairpin pri-miRNA Long dsRNA
Copy One pre-miRNA, one miRNA (one One precursor, many siRNA (both
number arm of the foldback structure) strands of the precursor)

Conservation

Target gene

Function

Mechanism

Yes

trans

developmental regulation and
stress response

MRNA cleavage or translational
repression

No

cis and trans

Chromatin modification and stress
response

DNA methylation and mRNA cleavage




ath—HIR15Ga
ath—-HIR1 56
grna—-HIFR156a
ath=HIR156d
ath—HIR156hL
osa—=MLRE1L560L
oea=HIE156_j
ath-HIR15Ge
abth—HIR15GF
osa-NnLELS36C
=rna—-HIR156c
cof=-HIR1G5E
ena—MnIFE156k
sbi-AIR156c
o=a=ATE156a
ath—-HIRL15Gg
=hi-HIR156h
osa—-MATR156d
=ma—HIR156d
zrna-HAIE156k
sbi-AILR156e
osa—-HIR156e
zna=-AILE156a
=na—HIFR15Gh
=xa-fnLE1561
n=a-HATE156h
osa—-HIR16EL
gbhi=HIE156a
osa—HLE156k
=hi-HTR15Ed
=na—-HIR156_j

Consensus

ach-HMIE156a
ath—-HILE156c
gra—-HIP15Ea
abh=NLE156d
ath-nLEL1536h
oza=-HIR156h
osa=HIR156_j
aLth—HIR 156
ath-HLIE15G1
osa=HAIR156c
=rna—HIR156c
2o0f =NIR156
=na—-HfAIE156h
z=hi—-MIR15Gc
osa-AIE156a
ath-RAIRL136g
zhi-HTR156h
osa-HIE156d
zrna—-HIE156d
2na=NLEL15bk
shi-HTR156e
osa—HIR15Ec
zna=HIE156e
zna—HLIR1%6h
=>ua-HTR1RRL
ozsa—HILR156h
osa—-HIE156i
sbi=-HIR156a
osa=HMLR156k
sbhi-=HIR1LSG6d
ra=fnLEL5G6_j
Consensus

{ 10 20 30 dqi0 S0 [ Fi g0 L1 AL 11?
CARGAGAAACGCAMAGAAACT GACAGARGAGAGTCAGCACA-—CAAAGCGCAART—TTCCATAT-CA-T———————— TG——IC

CGCATAGAAARCT GACAGAAGAGRAGT GAGCACA-—-CAARAGGCACT—-TITGCATGTTCG—A——————————— ThG——1C

CACHCCHGHT TGHAGHGHGEC F GHCHGHHGHGHG T GHECHCHTGE TAGTGETAT——TTLTH IGAGEGCH——-————————— TRH=—-IC

GRATGGGGERAAAGAAGT T GACAGAAGAGAGTGAGCACAC=ARAGLGGGAAG==TTGTATHAARAGT T=eemememm==T TGTH

GCTAGARGAGGGAGAGATGGTGAT TGAGGARTGCARCAGAGRAANARCT GRCAGANGAGAGTGAGCRACATGECRAG-GCACTG—TTATGTGTCTATAR CTTT
TTGTCTTGAGAGGGLGAAGAGATCTC—TRATGGGT T TTGEAGGTCTGACAGARGAGAGT GAGCACALACGGTGCTTTC—T TAGCATGCAAGAG CCAT

TTHGHGCAGRGCAGGATCGAGCATATHEARAGGC GAGAT TRT ====T HACAGRAAGAGAGTGAGCACACGREC G GG GG=C TAGEC AT IC GG I i—————————— i [ T S
AGGAGGTGACAGAAGAGAGTGAGCACACATEGTGG-TTT-CTTGCATGCTTTTTTGATTAGGG-TTTCAT

GAGTGGTGAGGAAT —————— TGATGGT GACAGARGAGAGTGAGCACACATGGTGGCTTT-CTTGCATATTTGARGG T————-=——— TCCAT

GUEAGGAAGAGAGGEGT GAGAGGTEAGHEC I GACAGARGHGAGIGAGCACACATOGTGACTIT-CTTGCATGL TAGAR TGGAC —————— ——TLCAHT

GGTRGAGGAGRAGGT G— —HAAGCT GHCAGAAGHGAGTGAGCACACATGRTGECTTT-CTTGCATGATGTATGATCGAGAGAGT TCRT
GGTEGAGAAGAGGTG———==—=-=GHAGARCT GRCAGAAGAGAGTGRAGCACACATGGETGCCTTT-CTTGCATGATAARCGATCGAGAG-GT TCAT
AGATGAGTTTTTTGRAGGTTTGACAGRAGAGAGTGAGCACACACGGTGG-TTT-CTTACC—ATGAGTG-———————— —TCAT

ITGACHGAHGHGAGTI GHGCHCHCATGGRTGEC TT T-CTTGEATGATGHATGAGT GGH-———TTCHT

GHEAGRGT GACAGARGAGAGTGAGCACACGTGGRT TGTTTC=CTTGCATARATGATH. = ——— e — =T TAT

ATACGARGGECGRACIGRARGNGAGTGAGCACACATCGCTCTTTTTCTACCATGET cAaT
TGACAGAAGAGAGTGAGCRCACACGGTGGTTTC—TTAGCATGAGTGr CCAT
GGAGARGCT-CTCATGAGA-—-TTGACAGAAGAGRAGTGAGCACACGGCGTGATG-G—CCGLGCATARA ATC T-AT
AGGCT-CTCGAGAGA———TIGACAGARGAGAGT GAGCACArGECGECACG-A—ACGACATAGE - —ATG————————— T-AT
GGCTTAGGC C-CCGAAGAGA-—-TTGACAGARGAGAGCGAGCACCTGECGLGGLG-A—CCGGCATGOA-——ACG—————-———— C—AT
COGATTAGGLC-CTGAAGAGA=-—-TTGACAGARGAGAGCOAGCACCLGEGLGLGGLG-G—CCGOCATGHA-——6CG—————————— C—AT
GLCGLGAGG——-T-GACAGHAAGHGAGT GHGCACHIGGLCGLGL GT G—ACGLCACC GG GGG GT
CCGGLOGEGEG-CGEGEGEGG=-—=-T=-GACAGARGAGAGTGAGCACACGECCGG—-TGTG—-ACGGCACCGGOGEGGA-———==—=—=T=GT
COOGCTCGL G- CGCGCGOGL——-T-GRCAGRNGNGHGTGAGCNCACGRCCGOGCGTG—ACGOCAC GT
LLLb—LLGLGOGE———T-LHCHGAHGHGALG T GHGLHLHOGEL LG LGEL GGH—-ACGLE AL GG E—GHT bL—G
GAGATTE-—-TTGACAGAAGAGAGTGAGCACACGECGEGGCGGC-TAGCCATCGGLGHG—————————————— AT
G——-GTGACAGAAGAGAGT GRAGCACALGGCCEGECGGA—-ACGGCACCGGE—GGA——-—————— T-6T
TGACAGAAGAGAGT GAGCRCACGECGLCGACG=A=ACGGCATART ==——AT f=——=—===m = T= T
TTGHGHG TGAH-———1 GHCHGHHGHGHGHAGHECHCA—CCC GG ——H—GCAGCGACGHEGGECG G ——————— — TCRLE
TEEACCTCTGRAGTGAGTEATHGACAGRAGAGRGAGCASCACAI——CCCAGE ——A-CCAGCGAGGRAGARAGED ———————= ——TCRC
CGAGTGGACCTCGGGAGCGA-———TGACAGARGHGAGAGAGCACAA——CCCAGC——A—-CCAGCGAGGRAAAAGC . ———————— —TCGEC
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ACTTGCTTCTCTTGCGTGLC TCACTGLTCTTTCTGTCAGATTCCGAGT GCTGATCTCTTT
ATTTGCTTCTCTTRCGIGC TCACTGETCTATCTGTCAGRAT TCCGE CT
ART TECGG——GTGCG TG TCRCT TCTCTATC TG TCAGETTCCCAT —————— e TCTTTTTTAE
TATGEGTTGCTTTTGLG TGC TCRACT=CTCTTTTTGTCA==TAACT TC=====—==e===TCCTTCAT
ECIE= = TG TGL ICAGG TG TG T I IGICAGT TOLL TATC TETOLL TOL T GALG TC TG TG TE TG TCTC TC T TCICAART T T GGL T
GETRGGRA-GCTGTROGTECTCAC=TCTCTATE TR TCAG———CCGT TCAC —————— CATGCCCAATAT-GRTTARTCTCCTTECTCTCAGTTRACAG
CCTRCCC—COGCCGCGTECTCRCTCCTCTTTC TG TCAG———CATCTCTC ——————| ATCACTCCCTCCOGC-——ATCCCCCGCCCCGA
GCTTGAR—GCTRATGTGTGCTTRACT-CTCTCTCTGTCAC——CCCT
GUTTEHA=GUTHTG TG TG ICHCT =T CTH T CCG FCHC===CCCC T T (| e TCOCICTCEC T
GCTTEAR—GCTRATGTGTGCTCACTTICTCTCTCTGTCAG———CCATTTGA-————————— TCTCTCTTTETCTCTTTCTCC
GCTCGAR—GCTATGCGTGCTCACTTCTCTCTTTGTCAG——CCATTAGA————— ACTCC—-TCTRTC
GCTCGAR=GCTRATAGCGTGC TCACTTCTCTCTCTGTCAG==-=CCGT TAGA ACTC TLTCTC
GCTAGGA—-GCTGTGCGTGCTCRCC-CTCTRATCTGTCAG———TCACTC-A———————— TCAARG—-CLCATCT
GCTCGAR—GCTATGCGTGCTCACTTICTCTCTCTGTCR
GCTTGGRA—GCTRACGCGTGCTCACTTCTCTCTCTGTCAC——CTCL
GCTCGAARGCTLTGCGTGCTTRACT-CTCTTCTTIGTCTC———CTGCTCTCT
GTTRGGR—GCTGTEOGTGCTCACT-CTETATETGTEAR
CCC-GTCCTOGCCGCG TGCTCACTCCTCTFTICTGTCAC——CCTCT T —— —————— TCTC-TC-AGGGCTCAACTCC
GCC-GTCCTOGCCGCGTGCTCACTTCTCTTTCTGTCAG———CCTCT T —————————— TCTC-TCGATGGCT
ECC=GTCCCLGLCELG ITGL TCAC T TCICT TIC IGICAG===LL T IL===—m—memee==C TCGTCLC TEAG
GCL-GTCELOGECECGTGCTERCTTCTETITETGTCAG—CCTC T ——m ————— TCTCRTCCTRGE
GCC-GTCGCGGCCGOGTGCTCRACTGETCTTTCTGTCAT CCGGTR HomOlOgy Between
GCC=GTCGCOGCCGCGTGCTCACTGCTCTCTCTGTCAT CCGCTG GCACAC=CCTCACG R
GEC-GTCGCGGLCECGTGCTCACTGCTCTTICTGTCAT CCGCTG GTCCGGGELCCTC
GECE=-GTCRCGHACGEOGTGCTCRCTGETETATETGTERT——=CCACTE TCTC CCOOGET mature mlRNAS and

GCCTECCCCOGCCGCG TG TCGCTCCTCTTTCTGTCAG———CATCTE
GCC-GTCGCGECCGCGTGCTCACTGCTCTIGTCTGTCAT——C
GTC=GTCCTOGCCECGTGCTCACTTCTCTTTCTGTCR
TTCTGCCAGGECCG TG TG TCTCTGATCTATC TG TCAT———T=GL0G——————————— TCCA
TTCTGCGAGGECCGTG TG TCTCTGETCTCACTGTCAT C-GCCG ACAGGCCACCCAR
TTCTECGAGGECCG TG TG TCTETGE TCTCAC TG T A Teme—l = G = —————————R GG L CAC CGAA
Gl . Ge e a e Gu wcGCGTGCTCACT LCTCT.TCTGTCAL Coacka

divergence between
pre-miRNAs

afsacans s anan



Embryophyta
(Land Plants)

Tracheophyta
(Vascular Plants)
Spermatophyta
(Seed Plants)
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miR156
miR160
miR166
miR171
miR319
miR390
miR408
miR167
miR168
miR172
miR393
miR394
miR398

miR1507

miR1508

miR1509

miR1510

miR1514

miR2118

miR2119

miR3522

miR4414

miR530

The conservation of
mMiRNA families in plants
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Role of small RNASs in crops

Physiological and metabolic adaptation

——p-induce
——|repress
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of stress-responsive genes
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maintenance of
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?

decrease energy
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.

homeostasis and
feedback regulation
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(Khraiwesh et al. 2011)
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Targets of conserved miRNAs
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Regulatory Roles of Plant MicroRNAs

m  mMIRNA and vegetative organ development

m  mMiRNA and floral development and

vegetative phase change

m  MiRNAs regulate miRNA and siRNA

biogenesis and function

m  mMiRNAs involved in signal transduction

m  MiRNAs involved in plant disease

0Os06g38480 (miR1863 target)

Ointergenic [l exon == intron 200 bp

m MiRNAs involved in environmental stress
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m  Even more, miRNAs and DNA-methylation
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Number of miRNAs

m miIRNAs (miRBase, release 22, March 2018)

Rice: 604 precursors, 738 mature
Soybean: 684 precursors, 756 mature

Maize: 174 precursors, 325 mature



Identification of miRNAS by us

m Rice: long miIRNA-like (Zhu et al. 2008)
m Tobacco: >200 miRNAs (Tang et al. 2012)

m O. rufipogon: >300 miRNAs (Wang et al.
2012); >3000 phasiRNAs (L1u et al. 2013)

m B. napus: 360 conserved and 533 novel
miRNAs (Shen ef al, 2014; Shen et al., 2015)

m N. benthamiana: ~200 miRNA (Xiao et al.
2014)



Reads from miRNA loci
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2. Evolution of small RNAs:
artificial selection

m Role of small RNAs in crop domestication and
genetic improvement



v'Transcript factor targets: protein-coding genes

v'Non-coding small RNA targets: transcript factor

Protein-
coding
genes

v'Domestication targets: transcript factor

Domestication
selection

Question:

Transcript
factors

Targets of domestication
selection: small RNAs?
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Question: How about domestication

(Guo et al. BMC Genomics, 2008) .
selection?
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[ indica/O.rufipogon
[ japonica/O.rufipogon

log2 of ratio

) miR164a,b,f miR164c miR164d miR164e
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Expression divergence of the miR164 family in cultivated and wild rice. A:
Log?2 of the expression ratios of miR164 in six microarray chips including six
cultivars and six O. rufipogon lines; B: The expression of miR164 family in
developing grain and seedling as indicated by reads per million (RPM) in O.
sativa (japonica) and O. rufipogon small RNA populations through Illumina
sequencing.



miR164 family: selection evidence

indica japonica rufipogon
) .. Tajima' e
Title Seq No. Tajima'D P (H test) Seq_No. D P (H test) Seq No. Tajima'D P (H test)
miR164a 25 1.544 0.0772 22 -1.3099  0.7128 11 -0.8448 0.5446
miR164b 23 -1.1361 0.2312 21 -0.0466  0.8038 12 -0.0143 0.3002
miR164c 23 -0.5139 0.021 23 -0.6312 0.001 8 0.4691 0.105
miR164d 25 -0.4764 0.0028 21 -1.2874  0.0966 12 -1.5419 0.2304
miR164e 21 -1.9033 0.003 21 1.1834 0.6054 10 -1.0403 0.905

miR164f 22 NA NA 22 NA NA 10 NA NA




Genomic variations in
precursors of 38 previously
identified conserved

miRNA families in wild
rice.

(Wang et al, 2012, New Phytologist)

0sa-miR1861
0sa-miR166
0sa-miR156
0sa-miR819
osa-miR812
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osa-miR809
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0sa-miR1428
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osa-miR5148
0sa-miR1883
osa-miR531
0sa-miR1884
osa-miR445
osa-miR2121
osa-miR5534
0sa-miR5157
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H No any|
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miRNASs are targets of artificial selection

m Our results 1llustrated MIRNA genes, like
protein-coding genes, might have been
significantly shaped during rice domestication
and could be one of the driven forces
contributed to rice domestication.
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3. Identification of small RNAs

m MIRNASs
m phsiRNAs
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Prediction of MIRNA gene

m 3 stages:
1. genetic screening technology; direct cloning of
MIRNAs - small RNA isolation
2. computational approaches

3. prediction based on high throughput
sequencing data
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Data mining based on high throughput sequencing

technology

Small RNA sequencing:

= Millions of reads
= High sensitivity
= FASTQ & FASTA
Pipeline:
» Quality filtering | Unique 0|
.
» Trim adaptors
-
" eliminate the redundancy
-
" Mapping to reference sequence
= Removing small RNA mapping
“Onique |
to tRNA, rRNA, snRNA, snoRNA,
mRNA et al.
“Singleton |

Prediction (sofware or webserver,
based on structure and property
of mMiRNA)

. Root | leaf |

Topping ~ Wounding Control (wounding)
5,186,473 5,510,747 3,074,948 4,722,862
1,959,287 3,083,036 1,018,809 2,178,969
2,632,084 2,700,532 1,277,575 2,469,534
477,279 803,960 206,310 491,809
1,667,977 1,085,172 782,079 1,312,822
542,516 965,547 252,425 687,949
385,469 702,522 148,981 442,337
25,780 25,780 25,780 25,780
417,905 761,185 202,567 534,409
1,293,204 1,218,970 764,235 1,528,346
99,553 137,509 43,758 107,459
985,513 811,452 563,565 1,165,580
129,710 186,601 72,750 149,454
77,511 116,666 32,875 84,638
14,001 14,001 14,001 14,001
88,566 131,515 48,486 102,406
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Prediction of miRNA'’s targets

miRU (update to psRNATarget)

http://bioinfo3.noble.org/miRNA/
miRU.htm
(Dai and Zhao, 2011) Al s

Locatiom: Asnahyrsh

PeRNATarger A Plane Small RNA Targer Amnalysic Server

Trer-sabmdticd small BNAs / prclaadicd grasscrips Prcleadod aosll RN¥Ax / nacr- mubeisicd g Unubeseed aoall RM¥Ax | wacmbossiod emncgper

Principle — T
1. <4 mismatches (at T

most 7) R

2. Nearly none of e
mismatch allowed et
between 15t to 10th = Pl o
position from 5° end, T
espetially 9t to 11th e O S

o o Targst acceaadbiiy - allowed manSmom sosngy %o mopeic the target site (UPEr 25 0 (rangec 0-100, les & hader) 7]
pOSltlon Flanities langth zround target sfts for target 2ccmadbiline anahean 17 | bp inopatreem (13 | bp in dowmtresn a

Rangs of oseral miwmatch Jsading to tramslasiona] inhdtesion: 3 - = B
3. One to many

B o

EE=] (==

£ 2003-204 L by The S=mcd Rebat Mcbk Fooodztioe, ko Dagecd e 10242 7éd cochisos
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Degradome sequencing

The principle of degradome sequenciiipe process of library construction

mRNA - target of miRNA

w ABAAAA(A),

lmnmwm cleavage
3-End of cleaved mRNA

r AAAAAALA),

Ligate

v

High-u'lrmghpul

sequencing

e

m'G
cap

m'G
cap I 3-OH

mRNA cleavage
site

Degradome sequences

mRMNA position

3 OH

Paly (A) RNA
5P Ay 3OH
5'RNA adapter ligation
Apy 3'0H
Reverse Transcription
5 | Am 3OH
. ONA VT,
—ﬁ 3 OH
! P
2nd strand synthesis

ok h 3'OH
4 UH rl

lmel digestion

f ?
. 3 OH
£p

3 DNA adapter ligation

3

PCR amplification

5P OH
O — =8

PAGE purification

0 miRNAtarget
: [ 5'RNA adapter
Qc I 3 dt adapter
. B 2 DNA adapter
SBS sequencing

31
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Prediction of phasiRNA
Howell et al., 2007

n = number of phase cycle positions occupied by at
8 least one small RNA read within an eight-cycle window,3 2
P=In[(1+ Z ki )”_2 ],P >0, k= the total number of reads for all small RNAs with consolidated
P start coordinates in a given phase within an eight-cycle window.

Phase cycle length was set at 21 nucleotides. A positive phase
signal, therefore, was limited by the power function (n-2) to
those loci with small RNAs occupying at least three cycle positions
in a phased, 21-nucleotide register.

TAS3 Predicted TAS3 ta-siENAs
508+ SOT(+ ST+ S0E(*) S04+ SO+
5V RO A AT O OO G A O e T AR GO T D OGO TG TR 2 O O A L L L O R P O L T T A T T L R L R R R L e A O L T A A A T R S R A T R AT A DT LR O I R,
siR1778 o
11722 siR1769 9/22
1 502+ 509+ }Jr_
L 1 1

TR UG U O SRS T AT U U S A ST GOCUAL SO S S OO CUAADSUECACAD 31

I [RENR RN |

O ASARIRIAACCARGCTICAGL 1" CCOC-CATASIORGANCTCIANA 5'

SE2H Hypothetical B
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(B)

gma-miR1520j 3’ AACUAACAGUACACAGUGCARAGAA 5/
e rerrrr trrrrerrrrn

PHAS 5’ TTGACTGTCATATGTCACGTTCTTATTGGATGACGA
CT*GTCACGTGTCATGTTCTGATTGGA*TGTCAACTCC
ATGAAAGATGAAAT*GCATTGCTGTTTTCATTGACCAA
T*TAGAATATGACATGTGACAGTCAT*CATCCAATCAG
AACGTGATACGTG*ACAGTTARACATCACTTGTTAACGG
*TTAATGTCTAATTGTGGCCTGGAG* TACCAACATTGC
ATGATTTTACAA 3f

©)

phasiRNA 5’ UGUCAACUCCAUGAAAGAUGAAAU 37
0 01 Ay B ) A
Glyma03g31570 3’ ACAGTTGAGGTACTTTCTACTTTA 5’
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4. Related database

-miRBase

http://www.mirbase.orqg/

NIGESS

Home || Search || Browse || Help || Download [ Blog Submit I:lm

Latest miRBase blog posts

miRNA count: 38589 entries
MicroRNA Gene Ontology annotations By sam (June 7, 2018) | Rel 22: March 2018
You might have noticed some additional information on the mature miRNA pages in the last few weeks. See for example: http://mirbase.org/cgi-bin/mature.pl?mature_acc=MIMAT0000123 http://mirbase.org/cgi-bin/mature. pl?mature_acc=MIMATO00006S The new

section “QuickGO function” contains a set of high quality manual annotations of Gene Ontology terms for mature miRNAs, the vast majority of which come from the work of Rachael Huntley et [...] Search by miRNA name or keyword
miRBase 22 release By sam (March 12, 2018) G E .

After repeated and unreasonable delay, miRBase 22 is finally released. As you might expect with such a long gap, the number of sequences in the database has jumped significantly — by over a third. The vast majority of the increase comes from new microRNA 2 danps
annotations in species not previous represented in the database. Indeed, there [...]

Download published miRNA data
- = - ._
miRBase: the microRNA database Download page | ETP site

miRBase provides the following services:

« The miRBase database is a searchable database of published miRNA sequences and annotation. Each entry in the miRBase Sequence database represents a predicted hairpin portion of a miRNA transcript (termed mir in the database), with information on

the location and sequence of the mature miRNA sequence (termed miR). Both hairpin and mature sequences are available for searching and browsing, and entries can also be retrieved by name, keyword, references and annotation. All sequence and
annotation data are also available for download.

+ The miRBase Registry provides miRNA gene hunters with unique names for novel miRNA genes prior to publication of results. Visit the help pages for more information about the naming service.

To receive email notification of data updates and feature changes please subscribe to the miRBase announcements mailing list. Any queries about the website or naming service should be directed at mirbase@manchester.ac.uk.

miRBase is managed by the Griffiths-Jones lab at the Faculty of Biology, Medicine and Health, University of Manchester with funding from the BBSRC. miRBase was previously hosted and supported by the Wellcome Trust Sanger Institute.
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miRBase Genome Browser

http://www.mirbase.org/cgi-bin/browse.pl

= monocotyledons

o

¢ o o 0o o g o 0o o 0o o g o

Asparagus officinalis (101 precursors, 101 mature) [Aspof.V1]

Aedilops tauschii (88 precursors, 173 mature) [ASM34733v2]
Brachypodium distachyon (317 precursors, 525 mature) [Bd21]

Elaeis guineensis (6 precursors, 6 mature)

Festuca arundinacea (15 precursors, 15 mature)

Hordeum vulgare (69 precursors, 71 mature) [Hvul _cvHarunaNijo3HBACO01]
Oryza sativa (604 precursors, 738 mature) [MSUT7]

Sorghum bicolor (205 precursors, 241 mature) [Sorghum_bicolor NCBIv3]
Saccharum officinarum (16 precursors, 16 mature)

Saccharum sp. (19 precursors, 20 mature)

Triticum aestivum (122 precursors, 125 mature)

Triticum turgidum (1 precursors, 1 mature)

Vriesea carinata (33 precursors, 65 mature)

Zea mays (174 precursors, 325 mature) [B73_RefGen_v4]

Version 22.0
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Accession
i

Description

Deep
sequencing

Comments

Genome
context

Gene family

Accession

ID
Sequence

Deep
sequencing

Evidence

References

MIOOO0DG53
osa-MIR156a

Stem-loop sequence MIO0D00653

Oryza sativa miR156a stem-loop

1111 reads, 2 experiments

The stem-loop sequence represented here is predicted based on homology to miRMNAs

rice.

Coordinates

01: 22523102-22523201 [-]

MIPFOOO00008; MIR156

MIMATO000618

osa-mik156a

Mature sequence MIMAT0000618

1110 reads, 3 experiments

by similarity; MIOD0O0D183

PMID: 12101121

"MicroRMNAs in plants”

Overiaoping transciots
intergenic

Reinhart B], Weinstein EG, Rhoades MW, Bartel B, Bartel DP
Genes Dev. 16:1616-1626(2002).



