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Plant Small RNAs Poster: Biogenesis and functions of
plant small RNAs. For further information, see [1-8] and
refs therein. Send questions and comments to Blake
Meyers (BMeyers@danforthcenter.org) and/or to Dmitry
Shevela (info@scigrafik.se).

Abbreviations: AGO, Argonaute protein; CLSY1,
chromatin remodeling factor Classy 1; DCL, Dicer-like
proteins; DDL, forkhead-associated domain protein
Dawdle; DMS3, hinge-domain protein defective in
meristem silencing 3; DRD1, defective in RNA-directed
DNA methylation 1; DRM2, domains rearranged
methyltransferase 2; dsRNA, double-stranded RNA;
easiRNAs, epigenetically activated siRNAs; ER,
endoplasmic reticulum; hc-siRNAs, heterochromatic
siRNAs; HSP90, heat-shock protein 90; HEN1,
methyltransferase Hua Enhancer 1; HST, Hasty protein;
HYL1, Hyponastic Leaves 1 protein; IncRNAs, long non-
coding RNAs; mRNAs, messenger RNAs; miRNA,
microRNA; nat-siRNAs, natural antisense transcript
siRNAs; nt, nucleotide; phasiRNA, phased, secondary
siRNA; Pol, RNA polymerase; RDM1, required for DNA
methylation 1 RDR2, RNA-dependent RNA polymerase
2: rRNAs, ribosomal RNAs; SE, Serrate; SGS3,
suppressor of gene silencing 3; SHH1, Sawadee
Homeodomain Homolog 1; siRNAs, small interfering
RNAs: snRNAs, small nuclear RNAs; snoRNAs, small
nucleolar RNAs; TGH, G-patch domain protein Tough;
tRFs, tRNA-derived fragments; tRNAs, transfer RNAs;
tasiRNAs, trans-acting siRNAs.

Notes: Complexes and cofactors were generated with
Protein Imager software using coordinates of the
following PDB codes: 2xcm, 3htx, 4g0y, 7eld, 7roz, and
vg2.

Acknowledgements: We thank Joanna Porankiewicz-
Asplund and Edith Kalén for their valuable comments

Plant Small RNAs: Biogenesis and Functions

I/___—_______________—___—___._ __________________________________________________________________________________________________________________________________________
- Plant Small RNAs (21-24 nt) Silence Genes or Transposable Elements
I . [ ] [ ] [ ] [ ]
| U Nucleus ~_Rough ER DNA methylation & miRNA-mediated cleavage of mRNA “OM\ Translational repression phasiRNA-mediated
N  —~ DNA A g y g L
: N OO0 : chromatin remodeling S /Rough ER cleavage of mRNA
| hc-siRNA ™\ —% \Transcription Smooth ER Histone Chromosomal DNA ?/ hasiRNA target mRNA(#rans)
| J & O/ 176 dD — e (4)
| - MRNA 7 sl n'G :
| shcioc! ¢ o : Ribosome -
| envelope Cis face 21/22 nt phasiRNA
: of Golgi oo PR source mRNA
. I, ) e (A)
| chromatin Lo "
I Polysome hc-siRNA AGO1/7/10 (A), see Biogenesis \\
| of phasiRNAs g
I . .
| mRNA Y &R = ;- phasiRNA
: '\ (A),
| degradation | L Scenario with &‘ S w
: ’04 Tl . DDR complex : 22 nt miRNA / Ay
| gjlele] : = S Scenario with i thesi AGO1/7/10 AGO1/5 =
D . DNA methylation ! . (triggers synthesis
' DS -~ - DMS3 : 21 nt miRNA

| , o : Dl i - 21 nt 22 nt _ of phasiRNAs)
| " miRNA \I® , | (DRD1.RDM1 &j— ; /}o
| . Mi D) e : Pol VI 66 & nryo : mYG&\/ (A),
: Possible outcome <. ; mRNA O : (DRM2) : cap oy

of cleavage " I oy | -t | | | . Th
: by 22 nt miRNA /A ,_ f \ @ 5 Pol V. AL 5 mRNA degradation 5' degradation 3' fragment S
| phasiRNA \\,, NETIY i : . E TS ash S ST Gy el M(A)n _ :
| duplex hasiRN A’ @ \ Vel _ e s e S . Anti-AGO7 (Agrisera) AS21 4526 Anti-AGO1 (Agrisera) AS09 527
| pelast S I see Biogenesis Anti-AGO set (Agrisera) AS18 4248 Anti-AGO5 (Agrisera) AS10 671
I Hc-siRNAs direct DNA methylation ! of phasiRNAs
| — . " Secretory and histone modifications, silencing \ . o . o mMIRNA pairing triggers phasiRNAS;
| SmalI RNA-related antibodies are available from Agrisera: vesicles DNA: this is known as RNA-directed o mMiRNAs pairing with mRNA direct 0 MIRNAs recognize 3UTR sites these siRNAs direct cleavage,
: Cytoplasm DS WKW, G0 TISEFLCOMI MIGIORNA DNA methylation (RADM) cleavage and degradation I I and attenuate translation often in trans.
I
\__
e R SRR R e s s T s s s —m e s ;i s e e s ——— N\ - - - -"-"-"""-""-""="-""="-""=""="="-""="="-""="-""-"-"-"-"-"=-"=-"=-"=-"=-—-"=-—-"=-"—"=-"=-"="-""="="—"7"=7= \ - - ------"-"-"""-""""""""""=--""-""-"=--"""="-"""="-"="-"—=""-"="= \ Z U

Classification of Small RNA in Plants

Biogenesis and function of hc-siRNAs

(
| 1 8 [
' * A ||
| RNA & |
S
and corrections. We are highly grateful to Agrisera for | :><><>J<>O<>l<>o< DNA : : Nucleus :>o<|><>ooloo< DNA : : Nucleus :>O<I>OOOIOO< DNA
sponsoring the poster design, printing, and free | | l 1 N . e -
distribution at conferences around the world. : _ | I o e _ : | % 4 (DMS3 : :
| | Coding RNAs Non-coding RNAs S Y Terminal loop & C MIR = miRNA gene | : *'SHI-I <" Transposon Yy DRD1RDM1 B Lo % " PHAS . PHAS gene
Citation: Meyers B, Zhan J, Shevela D, Slotkin K (2022) | | | o o | i , | Pol V | @
. | | : e o | Upper stem ' 2
Plant Small RNAs: Biogenesis and Functions, Agrisera : | | s 8 ‘ Transeription : I o : : / \'I;ranscription & RNA processing
. . , I . - ) | 3 5:f--v'iq S ) .
ggﬁgtgggmgtﬁgiare 21186073 : mRNAs rRNAs o Small RNAs IncRNAs @ i '2_ MIRNA/MIRNAR oo : I - k. Transcdrigtri\lo: & = : : __from 21-PHAS loci o ~ from 24-PHAS loci "
- U, . . . ' ‘ ] O - | 2 secon M'G T T T T T T T n MG T T T T n
I tRNAs H-HERER-------------------- | | o ’ 9 E3 L | strand synthesis — 1! i ~
T U N U8 IR a SN . Lower stem | , e , IncRNAs
References: [1] Axtell MJ (2013) Classification and comparison of I : B 3" | ] : : I KDRMZ/I : |
small RNAs from plants. Annu. Rev. Plant Biol. 64: 137-159; [2] Liu Y, snRNAs i i : S ~ Pri-miRNA I —
Teng C, Xia R, Meyers BC (2020) PhasiRNAs in plants: Their biogenesis, : ‘ ?;ZZIA“? \ Sl : 0 Hairpin-structured RNA { : | e Pol IV strand ||
genic sources, and roles in stress responses, development, and I Small RNAs snoRNAs | | E | ' = . I | dsRNA e e I ' _
reproduction. Plant Cell 32: 3059-3080; [3] Yu Y, Jia T, Chen X (2017) | K % | e (A), : | RDR2 strand F it : : mZII%Nn/t\S miR2275
The 'how' and 'where' of plant microRNAs. New Phytol. 216: 1002-1017; . , , | PO o SE I  ——0 . Ol
[4] Cuerda-Gil D, Slotkin R (2016) Non-canonical RNA-directed DNA : D §|2'2)aw”ﬁ§’§ﬁe present poster [hC-SIRNAS] nat-siRNAs ' secondary siRNAs : I 3 Gl DDL p— | DCL3 g 1§ | (typically) S
methylation. Nat. Plants 2: 16163. [5] Loffer A, Singh J, Fukudome A et : _ 24 nt B A ! y X Toh HYLT 1 S i
al. (2022) A DCL3 dicing code within Pol IV-RDR2 transcripts diversifies | Not well validated N t °°p't.°'t. g Base-to-loop Lo e .. AGO1?
the SIRNA pool guiding RNA-directed DNA methylation. el ife 11: | or conserved small RNAs N | ecrtiona co-transcriptional | | “ ||
e73260; [6] Gonzalo L, Tossolini |, Gulanicz T et al. (2022) R-loops at | Other RNA EacinIlAS phasiRNAs| | ! processing processing I 1|
microRNA encoding loci promote co-transcriptional processing of pri- I ther S 21/24 nt | I : | : : mIiRNA guided \
miRNAs in plants. Nat. Plants 8: 402-418; [/] Borges F, Martienssen RA I | ”’»_ J
(2015) The expanding world of small RNAs in plants. Nat. Rev. Mol. Cell | o ?Oom?RKJIXENaﬁg ?(;esg(r;%cnlérg,&riiRNAs tasiRNA : [ / \ I 124 cleavage S
Biol. 16: 727-741; [8] McCue AD, Panda K, Nuthikattu S et al. (2015) ; | L | Lo - I ' RDR6
ARGONAUTE 6 bridges transposable element mRNA-derived siRNA to l 0 The tRNA-derived fragments | | | E__ K ¥ 85— Tl ’SGS3
the establishment of DNA methylation. EMBO J. 34: 20-35. { are related to small RNAs : | ; : | : : RhDRe synthesize(sj =i
s i S e e i = I ‘ I the reverse stran
I First cleavage W w I T | ,
---------------------------------------------------- B | 4 I 'S . SGS3 (A)
. i I HEN1 —etsasd s, Methylation n _, T TTTTT  TTTTEA T s
| : | Y 1! on v * Rt
miRNAs vs. siRNAs | DCL1 structure and function k ) L Lo ‘
| Second 1) CH Py 1
) i _ | BAZ Homain cleavage \00§ L 23/24 nt | 3 i Ze N 2
Properties miRNAs siRNAs I <& I hc-siRNA © o e ) Lo
| " g¢ | duplex Skl — |
Origin Endogenous non-coding RNA. Distinct Exogenous double-stranded RNA. : \->{ - I I : ST
genomic loci. Encoded by their own Encoded by transposons, viruses, | RNase llla ~65 A : l : :
genes (MIR) and heterochromatin | domain : : Cytoplasm | :
I /v S Methylation 1 A I
Precursors Hairpin-structured Short or long dsRNA | ' % | I L O [T OO0
sin ?e-stranded RNA ° , RNase lllb : 1) e || .
g | domain H.C 21/21 or 21/22 nt i o - 24 nt phasiRNAs
| oM T miRNA/MIRNA* o 24 nt he-siRNA ! o TN ——gm
' ' duplex L | WALy ot 8
: Pr|‘m|RNA \ HST Export | I ,i “ >, \ _— (lj LA Methylation R REG
i | ‘ )
: | lige 1 S e
Structure 21/21 or 21/22 nt 21/24 nt long RNA duplex with | AGO1/7/10 | || o :—:—-U
: : * : : ' () =
MIRNA/mIRNA* duplex a dinucleotide 3' overhang : : : : : oLLLLL /AGO1/5? AGO? o
. : o : - - | Tl 7 \r
Target Homology-dependent pairing with Pol Il Specific Pol Il or unknown transcripts for : 0 In sikRNA and miRNA biogenesis, DCL : : | | . | : | RoreRn N o %
products, with some mismatches allowed phasiRNAs; Pol V transcripts for hc-siRNAs | proteins cleave long dsRNA or hairpin S ) | Anti-AGO4 (Agrisera) AS09 617 Anti-DCL1 (Agrisera) AS22 4785 of | R o S0 »}“’7
I RNA into ~21-24 nt fragments by the Oy /=7 I | Anti-AGOG6 (Agrisera) AS10 672 Anti-DCL3 (Agrisera) AS12 2103 [
: L I RNase Il domains B0 : Anti-AGO9 (Agrisera) AS10 673 Anti-RDR2 (Agrisera) AS15 3097 [ R Pl
Role Endogenous gene expression Regulate genome stability via transposon | SN i e @ «— - ps S5 i Anti-HSP90-2 (Agrisera) AS11 1629 Anti-HEN1 (Agrisera) AS15 3095 Lo N, Al )
regulator suppression, plus viral defense and gene : _ ST e e
- I | Legradation RN A* RN A | | | | rrrrro FrrrTr®
regulation | : - AL il - Lo
| [ I I | |
| \ ] \ ]|
_____________________________________________________ 7 N | e | s e sy | e s e 1 i s e st s S o e et g s a5 e e e S S D e e e el e e s el e B e s o e e e s e W o e e e
o . . Poster 6 - Plant Small RNAs: Biogenesis and Functions, 2022 Plant Meetinas Calendar
Plant antibody collection ’ . . g el
I I S e I a _ 19 1 _ 3 _ . 19 Sign up your meeting, or check what is coming!
e b www.agrisera.com/plant © 2022 Blake C. Meyers"*; Junpeng Zhan'; Dmitry Shevela® & R. Keith Slotkin" https://plantae.org/events-calendar/
1 : ) . : . ' E 3 o . .
Donald Danforth Plant Science Center, USA; “‘University of Missouri-Columbia, USA; "Umea University, Sweden | | . o
y y 5 75 (R HE! Graphics(©)Dmitry Shevela @ SciGrafik _°

Agrisera holds exclusive rights for free distribution of this poster

L Sy S S S VOO S USSR USSR S U S SO S— U - O —————————— 4


User
電子印章 Agrisera

User
LINE


