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Recentstudiesonnon-codingsmallRNAsinplants

ShenEnhui Liu Yang YeChuyu FanLongjiang* (Zhejiang Key Laboratoryof Crop Germplasm Departmentof
Agronomy CollegeofAgricultureandBiotechnology ZhejiangUniversity Hangzhou310058 China)

Summary Therearemanynon-codingsmallRNAsinplantsandanimals whichregulategeneexpressionvia
directcleavageoftargetmRNAsorviainhibitionoftranslationatthepost-transcriptionallevel Inthispaper 
recentstudiesonmicroRNA miRNA -mediatedphasedsiRNAs phasiRNA andendogenoustargetmimics

 eTMs werereviewed 1 phasiRNAscanbegeneratedbothincodingandnon-codingloci andsomerequire
miRNA-mediatedcleavagefortheirbiogenesis Patternandevolutionary mechanismsof miRNA-mediated

phasiRNAswerediscussed 2 Genome-wideidentificationandapplicationofeTMsasmiRNAdecoytargetswere
recommended includingtheuseofartificialtargetmimicstovalidatethefunctionsofmiRNAsandemploying
bioinformaticsmethodstoidentifyeTMsinthewhole-genomelevel 

Key words microRNA smallinterfering RNA phased smallinterfering RNA endogenous target
mimics bioinformatics

CLCnumber Q943   Documentcode A

植物非编码小RNA研究进展 英文  浙江大学学报 农业与生命科学版  2014 40 4  370 378

沈恩惠 刘扬 叶楚玉 樊龙江* 浙江大学农业与生物技术学院农学系 浙江省作物种质资源重点实验室 杭州

310058 

摘要 在植物和动物中存在着大量非编码小RNA 它们通过对靶标 mRNA直接切割或在转录后抑制其翻译对

基因表达起调控作用 本文主要综述了该领域在以下2方面的研究进展 1 微RNA miRNA 介导的具有相位排

列的小干扰RNA phasiRNA  由miRNA介导的phasiRNA可由编码和非编码位点产生 介绍了phasiRNA产生

的模式特征 以及phasiRNA和 miRNA的进化机制 2 介绍了最近出现的内源 miRNA诱捕靶标 endogenous
targetmimics eTMs 研究进展 包括利用人工诱捕靶标检验miRNA的功能 通过生物信息学方法在全基因组水

平计算识别eTMs等 

关键词 微RNA 小干扰RNA 相位排列的小干扰RNA 内源诱捕靶标 生物信息学

  Thereare manysmallnon-coding RNAsin
plants whichregulategeneexpressionthroughdirect

cleavageofthetargetmRNAsorthroughsuppression
oftranslationatthepost-transcriptionallevel Small
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RNAsinplantsaredividedintotwomaincategories 
miRNA microRNA andsiRNA smallinterfering
RNA  Inthisreview wepresentrecentprogresson
themiRNA-mediatedphasedsiRNAs phasiRNA  
whichcanbegeneratedbycisandtrans-regulation
through miRNA phasiRNA originatesfromtrans-
regulation whichtargetsmoregenes andthushas
receivedmuchattentionrecently phasiRNAcanbe
generatedinbothcodingandnon-codinglociwitha
specificpatternfeaturethat makesitpossibleto
develop bioinformatics methods for large-scale
identification Some studies focused on the
evolutionary mechanism betweenthe miRNA and
phasiRNA which was helpfulin studying the
functionsofphasiRNA In addition thisreview
introducestheresearch ontherecentlyidentified
endogenoustargetmimics eTMs  Itisknownthat
miRNAcantargetgenesandplayaninhibitoryeffect
onspecific mRNA however duringtheplants
development aclassoflongnon-codingRNAsnamed
eTMsbindto miRNAandblockitsfunctionsby
segregatingmiRNA Currently weareabletoidentify
theeTMsatthewhole-genomelevel 

1 ResearchesaboutmiRNA-mediated
phasiRNA

1 1 phasiRNA
Inplants sometargetsitesorgenesofmiRNAs

 suchasmiR173 miR390 miR393 cantriggerthe
productionofphasedsecondarysiRNAsfromeither
non-coding suchasTAS andmiR390 orprotein-
codinggenes suchasAFBandmiR393  Withsome
obviousstructuralfeaturesofphasiRNAsandknown
referencegenomes wecanusebioinformaticsmethods
to detect such the types of siRNAs with the
combinationoflarge-scalesmallRNAdata Howellet
al  1 identifiedtheTAScandidategenelocibasedona
remarkablefeatureofsmallRNAsthatconsolidates
andstartsthecoordinationofagiven21-nucleotide
phasewithinaneight-cyclewindowthatgenerates
phasiRNAloci Pvaluewasusedasaparameterto
describethephasedscore anditwasinfluencedby

bothsmall RNA abundanceandthe number of
positionsoccupied Pvalueswereappliedinascrolling
windowformatwithsinglenucleotideadvances and
scoreswereassignedtothefourthcyclepositionin
phasingplots Chenetal  2 alsodevelopedamethod
todetectphasiRNA andsimilartoHowelletal  1  
theytookintomainconsiderationthedistributionof
phasiRNAsandconstructedthePvaluetosearchthe
candidateloci withthe use ofa hypergeometric
distribution 3  AlargerPvaluescoreindicatedamore
significantphasedstructure Inaddition Rajagopalan
etal  4 havethesamecoreprinciplebutalooser
standardthat detects the phased loci with the
permissionofatwobasedifference Basedonthe
abovemethods Liuetal  5 identifiedhundredsof
phasiRNAlociinwildrice andfurtherresearchfound
thatthesesitescouldbeimportantundertheselection
pressureduringricedomestication ManyphasiRNA
siteshavebeenidentifiedinotherspecies 12 56  which
indicatesthatitmaybeaconservativepathwayto
regulatethegrowthofplants 

miRNA-mediatedsiRNAshavetworegulatory
pathways oneiscis-regulatoryandtheotheristrans-
regulatory Fig 1  Wepaymoreattentiontothe
trans-regulatorysiRNAs whichcantargetoneor
moredownstreamgenes especiallythephasiRNAloci
originatedfromprotein-codinggenes 

  phasiRNA-generatinglociarecalledPHASgenes astasiRNA-

generatinglociareTASgenes 6  

Fig 1 DefinitionofphasedsmallinterferingRNAclasses
inplants

1 2 phasiRNAcanbegeneratedfrombothnon-coding
andcodingregions
1 2 1 miRNA-mediatedphasiRNAfromnon-coding
loci  TherearemanytypesofsiRNAs someof

173 第4期
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whicharespecificinplants withaphasedarray
structure Phasedarraysareaphenomenonwherethe
primarytranscript produces a continuous specific
lengthofsmallRNAproductswiththeparticipationof
sometranscriptionfactors Onetypicaltype was
tasiRNA whichisatypeofsiRNAsfoundinsome
researchtotakepartinthechangingdevelopmentstage
ofleavesinthemodelplantArabidopsis 79  Table1  
ThesynthesisoftasiRNAstartsfromasingle-stranded
RNAthatisthencleavedbyaspecificmiRNA The
cleavageproductsareformedintoadouble-stranded
RNAbyRDR6 RNA-dependentRNApolymerase
6  andthentheDCL Dicer-like enzymesacton
complexestocatalyzetheformationofsmallRNAs 
AlthoughtheroleofthebindingsiteswithmiRNAis
stillnotclear 10  differenttasiRNAshavedifferent
miRNAbindingsites suchasmiR173 TAS1and
TAS2  miR390  TAS3  and miR828
 TAS4  4 78 1012  AmongthemTAS3isthemost
conservativeandhasbeenfoundinmanyterrestrial
plants such asrice  10 1314  Furthermore the

expression of different phased siRNAs changed
significantly andpartsofthemcanbeformedinto
complexesbythebindoftheARGONAUTEprotein
tocleavethetargetmRNAs 13  Zhaoetal  15 found
somephasedarraysofsiRNAsinChlamydomonas
reinhardtiibutdidnotfindRDRhomologousgenesin
itsgenome therefore themechanismthatproduced
tasiRNAswasunclear Heiseletal  16 andZhuet
al  17 havefoundaspecifictypeofsiRNAs whichis
calledlongmiRNA-likehairpinandisrelatedtothe
developmentofriceseedsinthe6thandthe12th
chromosomes The single-stranded RNA can be
formedintoalongmiRNA-likeprecursorstructure 
butwhentheloopisquitelarge >1kb  thelong
stemcanforminto21-nucleotidephasedarrays This
formationissimilartotasiRNAduplexes andalso
supportsthementionedregulationoftheDCL4inrice 
whichcaninfluencetheformationofsiRNAs These
long miRNA-likesites werealsofoundin other
plants 4 18  andtheywereconsideredtobederived
fromtheduplicationofprogenitorgenes 16  

Table1 phasiRNAidentifiedinnon-codinglociinplants

miRNA LengthofmiRNA nt phasiRNAloci Species References

miR173 22 TAS1a-c TAS2 Arabidospsisthaliana Vazquezetal  7  Peragineetal  8  Axelletal  10 

miR390 21 TAS3 A thaliana Fahlgrenetal  11  Willamsetal  12 

miR828 22 TAS4 A thaliana Rajagopalanetal  4 

miR529 miR156 21 20 TAS6 Physcomitrellapatens Arifetal  19 

1 2 2 miRNA-mediatedphasiRNAfromprotein-
codingloci  SomemiRNA-mediatedphasiRNAsare
fromprotein-codinggenes Howelletal  1 andChenet
al  2 firstreportedthisphenomenon Table2 in
severalresistancegenes suchasNBS-LRRgenes  Due
tothedistributionofsmallRNAsinthegenomeas
hotspotsorclusters Johnsonetal  20 generatedalarge
datasetofsmallRNAsfrom differenttissuesand
developmentalstagesinriceandidentifiedalarge
numberofphased21-merclusters whichwereflanked
byadegenerate22-ntmotifthatwasoffsetby12-nt
from the main phase of the cluster and were
preferentiallyexpressedininflorescenceswithaspecific
pattern ThemiR2118wasonememberofthe22-nt
motifpattern andthe24-merclustersalsohadaspecific

expression pattern In dicot miR2118 was also
discoveredandwasshowntotargetNBS-LRRdisease
resistancegenes anditmadethisgenelocusgenerate
phasiRNA whichcanactas bothcis andtrans
regulators 6 2123  Xiaetal  23 foundthat miR828
targetedMYB genesinapples whilesomeofthe
miR828-targetedMYBscangenerateover100sequence-
distinctsiRNAsthatpotentiallytargetover70diverse
genes Källmanetal  24 foundthatmanysRNA small
RNA sequencesinsprucecanbeassignedtoa21-nt
siRNAsequence whichoriginatedfromthedegradation
ofNBS-LRRgenes Furtherresultsshowedthatthis
phaseddegradation ofresistance-related genesthat
containedeitheraTIRorNBSdomainwasinitiatedfrom
an abundant 22-nt miRNA-guided cleavage 

273 第40卷 
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Intriguingly theknown miRNA-mediatedphasiRNA
loci whichweregeneratedfromprotein-codinggenes 
wereassociatedmoreorlesswithNBS-LRRresistance

genes Table2  Iiissuggestedthattheregulation
mechanismofmiRNA-mediatedphasiRNAmayplayan
importantroleintheregulationofplantresistance 

Table2 phasiRNAidentifiedinprotein-codinglociinplants

miRNA LengthofmiRNA nt phasiRNAloci Species References

miR828 miR159 miR858 22 21 22 MYB Malusdomestica Xiaetal  23 

miR161 miR400 21 PPPclade A thaliana Howelletal  1  Chenetal  2 

miR393 22 siRAAR A thaliana Howelletal  1  Windelsetal  25 

miR780 miR856 21 ATCHX18 A thaliana Howelletal  1 

miR472 22 NBS-LRR A thaliana Howelletal  1 

miR2109 22 NBS-LRR Medicagotruncatula Zhaietal  6 

miR1507 22 NBS-LRR DCL2 M truncatula Zhaietal  6 

miR1509 22 Predictedtranscriptionfactor M truncatula Zhaietal  6 

miR5754 22 Predictedproteinkinase M truncatula Zhaietal  6 

miR156 miR172 21 AP2-like M truncatula Zhaietal  6 

miR4376 22 ACA10 Solanumlycopersium Wangetal  26 

miR482 22 NBS-LRR S lycopersium Shivaprasadetal  21 

miR2118 22 NBS-LRR SGS3 Plant
Shivaprasadetal  21  Zhaietal  6  

Johnsonetal  20 

miR6019 22 NBS-LRR Nicotianatabacum Lietal  27 

miR6020 21 NBS-LRR N tabacum Lietal  27 

miR7122 22 PPR Plant Xiaetal  28 

1 3 PatternofmiRNA-mediatedphasiRNA
miRNAcomplementarysitesexistupstream

anddownstreamoftheregionthatgeneratessmall
RNAs whichcanbedividedintotwotypes One
isasingle-hitmodel i e  TAS1 2 4  4 78 10 and
the other is two-hit model  i e  TAS3 
6  1112 19  ThelengthofmiRNAinthesingle-hit
modewas22-nt and21-ntinthetwo-hitmodel 
theformation direction ofthesingle-hit mode
phasiRNAstartedatthe5'cleavagesite andat
the3'cleavagesiteinthetwo-hitmodel There
werealsosomevariantsinthesingle-hitmode 
such as generating 24-nt phasiRNA
 miRNA2275  29  similarly somevariantshad
miRNAcomplementarysitesbothupstream and
downstream butthe3'sitewasnotcleavablein
the two-hit model  miR1509 miR7122  6  
Anotherexistingvariant TAS6 wasthatboth5'
and3'endswerecleavableinordertogenerate

phasiRNAinthetwo-hitmodel Inaddition the
cleavage sites of miRNA-mediated phasiRNA
tendedtooccurinthe10th 11thbasesofthe5'
endofmiRNA whichmadeitpossibletoidentify
phasiRNAsitesonalargescale 
1 4 EvolutionmechanismofmiRNAandphasiRNA

Learning the evolution mechanism of

phasiRNA and its mediated miRNA would
contributetotheidentificationandanalysisof

phasiRNA Accordingtothesequencesimilarityof
thebindingsitsbetween miR161 miR163genes
andtheirtargetgenesinArabidopsis Allenet
al  18 proposedthatgenesencodingmiRNAsin
plantsoriginatedintheinvertedduplicationof
target gene sequences Due to progenitor
sequencesof miRNA theinverted duplication
eventsoccurandresultinhead-to-headortail-to-
tail orientations of complete or partial gene
sequences Withtheconstraintsofthefoldback
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transcriptandDCLenzymes themiRNAgenes
wereformedtoregulatetheexpressionoftheir
foundergenesorothermembers Rajagopalanet
al  4 alsofoundthesimilarsequenceofsixmiRNA
genesin Arabidopsis excluding miR161 and
miR163 between stem structure and the
correspondingregionofthetargetgenes Heiselet
al  16 showedthatmiRNA-likehairpingenesalso
share a similar evolutionary mechanism and
regardedthe POT gene asthe progenitor of
Os06g21900gene However thesitesoftasiRNA
did nothavethesamefoldback transcriptas
miRNAdid andtheformationofduplexeswas
dependedonRDRratherthantheDCL indicating
thattheoriginoftasiRNAcouldbedifferent 18  In
fact when they first discovered tasiRNA in
Arabidopsis Vazquezetal  7 pointedoutthatthe
lackofsimilarsequencesinthetasiRNAsiteand
itstargetgenewouldmakethetasiRNAoriginate
fromanothermechanism Axtelletal  10 proposed
atwo-hittrigger mechanisminthestudyofthe
universallyconservedTAS3oftasiRNAgenesin
higherplantsin whichbothsites werecleavedto
generate two transcripts containing miR390
complementarysites whichresultedintheformationof
phasedsiRNA Howelletal  1 thoughtthatTASgenes
mayhave originatedfrom theregulatory gene of
miRNA PPR-Pgenes asarapidlyexpansivegene
family weresimilartotheknownTASloci They
generatedmany21-ntphasedsmallRNAs whichwere
responsiblefortheregulationofPPR-Patthepost-
transcriptionallevel Thegeneticdriftsorrecombination
eventsresultinginthelossofcodingpotentialandthe
reservation ofthe small RNA binding sites and
phasiRNAproducingregionsmayhavearisenasan
evolutionarymechanismforthenewTASsites 1  Shen
etal  30 madeaphyleticevolutionstudyonTAS3sites 
andtheyfoundthattheduplicationeventsofgenesor
chromosomesledtotheexpansionofTAS3 members 
thoughsome members werelostinsomespecies 
Johnsonetal  20 foundsomedifferencesbetweenphased
smallRNAandtasiRNAassociatedwithinflorescence
stagesinrice ThenumberoftasiRNAmemberswas
veryfewbuttheywereexpressedinnearlyeverytissue 

whiletherewerehundredsofsuchsmallRNAloci
distributedinseveralsmallRNAclustersthatwereonly
expressedatthedevelopmentalstageofinflorescence 
Moreover suchtypesofsmallRNAonlyexistedina
22-ntphasedarraywiththe5'cleavagesiteeitherwith
thelengthof21-ntor24-nt whichwassimilartothe
specific TAS1 TAS2 genesin Arabidopsis 13 and
differentfromthesingle-hitmodelofTAS3 Thelatest
findingsshowedthatthesemiRNA-mediatedphasiRNAs
mayhaveoriginatedfromacommonprogenitorsequence
andwouldbeconservedduringtheevolutionprocess 28  

2 ResearchabouteTMsofmiRNA

2 1 DefinitionofeTMs
miRNAsplayanimportantroleinthegrowth

anddevelopmentofanimalsandplants Inorderto
realizetheirregulationfunctions miRNAsfirst
bindtotheAGOproteintoformacomplexand
then target the specific mRNA through
complementarybasepairinginordertoinhibitthe
expression ofthetarget mRNA 3132  Franco-
Zorrillaetal  33 discoveredthenon-proteincoding
geneIPS1  inducedbyphosphatestarvation1 
from A thaliana TheIPS1 genecontaineda
motifwithasequencecomplementarytomiR399
duetothemismatchedloopattheexpectedmiRNA
cleavagesite whichledtothesequestrationof
miRNAinsteadofcleavage Theauthenticgeneof
miR399isPHO2 whichencodestheubiquitin-
conjugatingenzymetomaintainhomeostasisandto
perform normal physiologicalfunction in the
cells 34  ThepresenceofIPS1 blocks miR399
fromtargetingPHO2 thistypeoflongnon-coding
RNAwasdefinedaseTMs 
2 2 Makinguseofartificialtargetmimicsto
analyzethefunctionofmiRNA

Inplants manymiRNAshavebeenidentifiedbut
the majority of their functions were unknown 
DiscoveringthefunctionsofmiRNAisincreasingly
important In previousresearch eTMsshowed a
negativeregulationcorrelationwithitsspecificmiRNA
andsequesteredthe mRNAinsteadofcleavingit 
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Accordingto this mechanism Todesco etal  35 

developedsomeartificialsequencestotargetmimicsin
ArabidopsisandtoforecastthemiRNAfunction The
resultsshowedthat14functionsofall71 miRNA
families were inhibited resulting in abnormal
morphologyinA thaliana Additionally theyfound

thatthehighlyconservedmiRNAtendedtohaveagreat
impactonthegrowthofplants andtheimpactofnovel
miRNAs on plant growth was not obvious 
Furthermore the3-ntbulgearosebetweenthe10thand
11thbasesinthemiRNA5'cleavagesite otherwisethe
functionoftargetmimicswouldlose Fig 2  

  A Threeartificialtargetmimics Atargetmimicwithanunmodifiedcentralsequence MIM172cs  whichretainedcomplementary

tothecentralportionofmiR172acrossthecleavagesite redline oppositeposition10to11ofthemiRNA didnotchangeflowering

time Modificationofthecentralsequence TCTAtoGAGT MIM172 restoredathreenucleotidebulgefoundinIPS1andgenerateda

functionaltargetmimic whichcausedadelayinflowering However asinglenucleotidemismatchintroducedintothecenterofan

authenticmiR172targetsite MIM172sn  butwithoutabulge wasnotsufficienttoreducemiR172activity 

B Four-weekoldplantsgrownat23℃inlongdays 35  

Fig 2 Requiredbulgeatthecleavagesitefortargetmimicry

2 3 Identifying eTMs on a large-scale with
bioinformaticsmethods

Theuseofartificialtargetmimicscanidentify
thefunctionsofspecificmiRNA however the
identificationofeTMsinplantsisstillattheearly
stages Theresearchonthebindingrulesbetween
miRNAandeTMshaslaidthefoundationforthe
identificationofeTMsonalargescale Menget
al  36 firstidentifiedeTMsinthetranscriptomes
of Arabidopsis TAIR 10  The Arabidopsis
InformationResource release10 andriceTIGR
6 1 TheInstituteforGenomeResearch release
6 1  Theresultsfound300and260potential
eTMsinArabidopsisandrice respectively The

followingmethodswereused First Ssearchfrom
theFASTA3programpackage downloadedfrom
theFTPsiteofEBI European Bioinformatics
Institute  ftp   ftp ebi ac uk pub software 
unix fasta   3738 wasusedtofindthesitesinthe
cDNAsequencesthatwerereversecomplementary
tothemiRNAs Second Perlscriptswerewritten
toscreentheresultsfrom Ssearch obeyingthe
followingrules 1 The3-to5-ntbulgesmust
exist within the complementary sites of the
cDNAs andthebulgesshouldbelocatedinthe
middleofthecorrespondingmiRNAs definitionof
themiddlepositions 9thto11th-ntofthe19-nt-
longmiRNAs 10thto11th-ntofthe20-ntones 
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10thto12th-ntofthe21-ntones 11thto12th-ntof
the22-ntones 11thto13th-ntofthe23-ntones and
12thto13th-ntofthe24-ntones  2 forthenumber
ofmismatcheswithinthenon-middleregionofeach
miRNA nomorethanfourwereallowed andthe
consecutivemismatchescouldnotexceed2nt and3 
nobulgewaspermittedwithinthenon-middleregions
ofthemiRNAs Inaddition theyalsostudiedthe
distributionoftheeTMssitesinArabidopsisandrice
andfoundthatmostofthesesiteswereintheUTR
regionwhileonlyasmallportionwaslocatedinthe
CDSregion GO wasappliedtodotheenrichment
analysisforeTMs anddegradomewassequencedto
recognizetheauthentictargetsofmiRNA thusthe
regulatorynetworksincludingeTMs miRNAs and
targetgenesweresuccessfullyconstructed 

Banksetal  39 appliedcomputationalanalysis
toidentifyanumerousendogenoussequenceswith
potential miRNA decoy activity for conserved
miRNAsin severalplantspecies Their data
suggestedthateTMscanbewidespreadandmay
beacomponentoftheglobalgeneexpression
regulatorynetworkinplants 

Several previous studies identified eTMs
throughtheannotatedgenomesequences andWu
etal  40 developedanewcomputationalmethodto
predictthedistributionofeTMsintheintergenic
regionsandnon-codinggenes Accordingtothe
RNA-Seqdataand RT-PCR experiments they
found that more than 40% of the detected
predictedeTMswereexpressed Theyalsoproved
thattheeTMsofseveralmiRNAcouldeffectively
inhibit the functions of their corresponding
miRNAs Non-codingRNAs shortORF open
reading frame -encoding genes  with coding
potentialoflessthan 100 amino acids  and
intergenic sequences in the Arabidopsis
InformationResource TAIR 10forArabidopsis
andthe MichiganStateUniversityRiceGenome
AnnotationProject release7 annotationswere
collected and used as the eTMs prediction
libraries eTMsforthe20selectedmiRNAswere
predictedusinglocalscripts withthefollowing
rules 1 Bulgeswereonlypermittedatthe59end

fromthe9thto12thpositionsofthe miRNA
sequence 2 the bulgein eTMs should be
composedofonlythreenucleotides 3 aperfect
nucleotidepairingwasrequiredatthe59endfrom
the2ndto8thpositionsofthemiRNAsequence 
and4 exceptforthecentralbulge thetotal
mismatchesandG UpairswithintheeTMsand
miRNApairingregionsshouldbenomorethan
three Thedistancebetweenqualifiedintergenic
eTMs and their upstream downstream genes
shouldbelongerthan200nucleotides Asaresult 
25of36detectedeTMsand94of186detected
eTMswereindeedtranscribedinArabidopsisand
rice respectively TheeTMsforanmiRNAcanbe
morethanone withthesequencesconservation
existinginthetargetsites 

3 Conclusions

Thisreviewdescribestherecentprogressin
phasiRNAandeTMs whicharecloselyrelatedto
miRNA TheexistenceofphasiRNAandeTMsis
importantinmaintainingthehomeostasisofplant
cells currently onlyasmallportionofthesewas
provedtobefunctional andmoreresourcesshould
beusedtoclarifythemanymysteriesofphasiRNA
andeTMs Fortunately thebioinformaticswas
developed quickly and was crucial in the
identification of phasiRNA and eTMs The
developmentofthissequencingtechniqueandits
continuous production of high-throughput data
havelaidagoodfoundationforfutureanalysisand
research Inaddition theresearchaboutsmall
RNAinplantsisdevelopingrapidlyandoccupiesa
very important area in the plant kingdom 
However the mechanismsofitsformationand
evolutionstillremaintobesolved 
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