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Abstract: Due to the important role of miRNA in regulation of plant gene expression, researchers have focused " Email Alert

on the prediction, identification, functional and evolutionary analysis of miRNA. As genome sequencing has been RS

completed in many species, the integration of genomic sequences with evolutionary data of miRNA provides more (EX PP
and more evidence and hypotheses for the origin and evolution of miRNA. However, the evolution of miRNA in b B

plants has not been extensively reviewed. In this article, we reviewed several aspects of the evolution of miRNA -

in plants, including the origin hypothesis of miRNA, the birth and death of miRNA, and the functional evolution of b RAE

miRNA, which provides a reference for future research. ¥ 2R

Keywords: miRNA, evolution, birth and death, origin hypothesis
Wk H 91: 2012-07-03; Hikit HIl: 2013-03-25

5 AARRFE AT H (%9 31070256) 1 e A EA RN 25 22 151 H (45 : GK200902036) %t Il
WINAEH 27 H Email: glli@snnu.edu.cn

SIHAA:

B, oK, ZEOM. MPmIRNAKEEE. 8%, 2013, 35(3): 315-323.

WEI Qiang, LIANG Yong-Hong, LI Guang-Lin. Evolution of miRNA in plants. HEREDITAS, 2013,V35(3): 315-323.
BEE A
http://www.chinagene.cn/Jwk_yc/CN/10.3724/SP.J.1005.2013.00315 [E1% http://www.chinagene.cn/Jwk_yc/CN/Y2013/V35/13/315

[1] Bartel DP. MicroRNAs: target recognition and regulatory functions. Cell, 2009, 136(2): 215-233.

[2] Lee RC, Feinbaum RL, Ambros V. The C. elegans heterochronic gene lin-4 encodes small RNAs with antisense complementarity to lin-14. Cell,
1993, 75(5): 843-854.

[3]1 Cuperus JT, Fahlgren N, Carrington JC. Evolution and functional diversification of MIRNA genes. Plant Cell, 2011, 23(2): 431-442. __ ri
[4]1 Hokig, ZFEF, EREE, K. MicroRNAZG BT ikl . {2k, 2010, 22(8): 1509-1517.
[5] Axtell MJ, Bartel DP. Antiquity of microRNAs and their targets in land plants. Plant Cell, 2005, 17(6): 1658-1673. ri

[6] Zhang BH, Pan XP, Cannon CH, Cobb GP, Anderson TA. Conservation and divergence of plant microRNA genes. Plant J, 2006, 46(2): 243-
259. et
tros:

[71 Allen E, Xie ZX, Gustafson AM, Sung GH, Spatafora JW, Carrington JC. Evolution of microRNA genes by inverted duplication of target gene
sequences in Arabidopsis thaliana. Nat Genet, 2004, 36(12): 1282-1290. . ri

[8] Voinnet O. Origin, biogenesis, and activity of plant microRNAs. Cell, 2009, 136(4): 669-687.



[9] Fahlgren N, Howell MD, Kasschau KD, Chapman EJ, Sullivan CM, Cumbie JS, Givan SA, Law TF, Grant SR, Dangl JL, Carrington JC. High-
throughput sequencing of Arabidopsis microRNAs: evidence for frequent birth and death of MIRNA genes. PLoS One, 2007, 2(2): e219.

[10] Rajagopalan R, Vaucheret H, Trejo J, Bartel DP. A diverse and evolutionarily fluid set of microRNAs in Arabidopsis thaliana. Genes Dev, 2006,
20(24): 3407-3425. ref

[11] Reinhart BJ, Weinstein EG, Rhoades MW, Bartel B, Bartel DP. MicroRNAs in plants. Genes Dev, 2002, 16(13): 1616-1626. , ri

[12] Arteaga-Vazquez M, Caballero-Pérez J, Vielle-Calzada JP. A family of micrornas present in plants and animals. Plant Cell, 2006, 18(12): 3355-
3369 !I'ﬂ!l’"“

[13] Ibafiez-Ventoso C, Vora M, Driscoll M. Sequence relationships among C. elegans, D. melanogaster and human microRNAs highlight the
extensive conservation of microRNAs in biology. PLoS One, 2008, 3(7): €2818.

[14] Sunkar R, Jagadeeswaran G. In silico identification of conserved microRNAs in large number of diverse plant species. BMC Plant Biol, 2008, 8

[15] Tang GL. Plant microRNAs: an insight into their gene structures and evolution. Semin Cell Dev Biol, 2010, 21(8): 782-789. __ s

[16] Ma ZR, Coruh C, Axtell MJ. Arabidopsis lyrata small RNAs: transient MIRNA and small interfering RNA loci within the Arabidopsis genus. Plant
Cell, 2010, 22(4): 1090-1103. s

[17] Ason B, Darnell DK, Wittbrodt B, Berezikov E, Kloosterman WP, Wittbrodt J, Antin PB, Plasterk RHA. Differences in vertebrate microRNA
expression. Proc Natl Acad Sci USA, 2006, 103(39): 14385-14389. __ re

[18] Shabalina SA, Koonin EV. Origins and evolution of eukaryotic RNA interference. Trends Ecol Evol, 2008, 23(10): 578-587. __ ri

[19] Zhang Y, Jiang WK, Gao LZ. Evolution of microRNA genes in Oryza sativa and Arabidopsis thaliana: an update of the inverted duplication
model. PLoS One, 2011, 6(12): e28073.

[20] Maher C, Stein L, Ware D. Evolution of Arabidopsis microRNA families through duplication events. Genome Res, 2006, 16(4): 510-519. __ ri

[21] Wang S, Zhu QH, Guo XY, Gui YJ, Bao JD, Helliwell C, Fan LJ. Molecular evolution and selection of a gene encoding two tandem microRNAs in
rice. FEBS Lett, 2007, 581(24): 4789-4793. i

[22] Guddeti S, Zhang DC, Li AL, Leseberg CH, Kang H, Li XG, Zhai WX, Johns MA, Mao L. Molecular evolution of the rice miR395 gene family. Cell
Res, 2005, 15(8): 631-638. i

[23] de Felippes FF, Schneeberger K, Dezulian T, Huson DH, Weigel D. Evolution of Arabidopsis thaliana microRNAs from random sequences. RNA,
2008, 14(12): 2455-2459.

[24] Svoboda P, Di Cara A. Hairpin RNA: a secondary structure of primary importance. Cell Mol Life Sci, 2006, 63(7-8): 901-908. __ ret
[25] Axtell MJ. Evolution of microRNAs and their targets: are all microRNAs biologically relevant? Biochim Biophys Acta, 2008, 1779(11): 725-734.
[26] Chen K, Rajewsky N. The evolution of gene regulation by transcription factors and microRNAs. Nat Rev Genet, 2007, 8(2): 93-103.

[27] Fahigren N, Jogdeo S, Kasschau KD, Sullivan CM, Chapman EJ, Laubinger S, Smith LM, Dasenko M, Givan SA, Weigel D, Carrington JC.
MicroRNA gene evolution in Arabidopsis lyrata and Arabidopsis thaliana. Plant Cell, 2010, 22(4): 1074-1089. __ re

[28] Nozawa M, Miura S, Nei M. Origins and evolution of microRNA genes in plant species. Genome Biol Evol, 2012, 4(3): 230-239. __ rt

[29] Ehrenreich IM, Purugganan MD. Sequence variation of MicroRNAs and their binding sites in Arabidopsis. Plant Physiol, 2008, 146(4): 1974~
1982. _ _ rei

[30] Warthmann N, Das S, Lanz C, Weigel D. Comparative analysis of the MIR319a microRNA locus in Arabidopsis and related Brassicaceae. Mol
Biol Evol, 2008, 25(5): 892-902. st

[31] Meng YJ, Shao CG, Gou LF, Jin YF, Chen M. Construction of microRNA- and microRNA*-mediated regulatory networks in plants. RNA Biol,
2011, 8(6): 1124-1148. sl

[32]1 ZK:, A, Z2E2E, R, Hz. HmicroRNAsHIFTEERE . #ifh, 2007, 29(3): 283-288. il i
[33] Jones-Rhoades MW, Bartel DP, Bartel B. MicroRNAs and their regulatory roles in plants. Annu Rev Plant Biol, 2006, 57(1): 19-53. __ ri

[34] Abrouk M, Zhang RZ, Murat F, Li AL, Pont C, Mao L, Salse J. Grass microRNA gene paleohistory unveils new insights into gene dosage
balance in subgenome partitioning after whole-genome duplication. Plant Cell, 2012, 24(5): 1776-1792. __ re

[35] Bari R, Pant BD, Stitt M, Scheible WR. PHO2, microRNA399, and PHR1 define a phosphate-signaling pathway in plants. Plant Physiol, 2006,
141(3): 988-999. _ ret

[36] Tsang J, Zhu J, van Oudenaarden A. MicroRNA-mediated feedback and feedforward loops are recurrent network motifs in mammals. Mol Cell,
2007, 26(5): 753-767. . ret

[37] Gutierrez L, Bussell JD, P?curar DI, Schwambach J, P?curar M, Bellini C. Phenotypic plasticity of adventitious rooting in Arabidopsis is
controlled by complex regulation of AUXIN RESPONSE FACTOR transcripts and microRNA abundance. Plant Cell, 2009, 21(10): 3119-3132.
cros:

’ﬂl

[38] Xie ZX, Kasschau KD, Carrington JC. Negative feedback regulation of Dicer-Likel in Arabidopsis by microRNA-guided mRNA degradation. Curr



Biol, 2003, 13(9): 784-789. _

[39] Vaucheret H, Mallory AC, Bartel DP. AGO1 homeostasis entails coexpression of MIR168 and AGO1 and preferential stabilization of miR168 by
AGO1. Mol Cell, 2006, 22(1): 129-136. s

[40] Meng Y, Shao C, Chen M. Toward microRNA-mediated gene regulatory networks in plants. Brief Bioinform, 2011, 12(6): 645-659. , ref

[41] Allen E, Howell MD. MiRNAs in the biogenesis of trans-acting siRNAs in higher plants. Semin Cell Dev Biol, 2010, 21(8): 798-804. _ r

[42] Montgomery TA, Howell MD, Cuperus JT, Li DW, Hansen JE, Alexander AL, Chapman EJ, Fahlgren N, Allen E, Carrington JC. Specificity of
ARGONAUTE7-miR390 interaction and dual functionality in TAS3 trans-acting siRNA formation. Cell, 2008, 133(1): 128-141.

[43] Montgomery TA, Yoo SJ, Fahlgren N, Gilbert SD, Howell MD, Sullivan CM, Alexander A, Nguyen G, Allen E, Ahn JH, Carrington JC. AGO1-
miR173 complex initiates phased siRNA formation in plants. Proc Natl Acad Sci USA, 2008, 105(51): 20055-20062. _ s

[44] Axtell MJ, Jan C, Rajagopalan R, Bartel DP. A two-hit trigger for siRNA biogenesis in plants. Cell, 2006, 127(3): 565-577.

[45] Wu L, Zhou HY, Zhang QQ, Zhang JG, Ni FR, Liu C, Qi YJ. DNA methylation mediated by a microRNA pathway. Mol Cell, 2010, 38(3): 465-
475 zmss’"

[46] Chellappan P, Xia J, Zhou XF, Gao S, Zhang XM, Coutino G, Vazquez F, Zhang WX, Jin HL. SiRNAs from miRNA sites mediate DNA methylation
of target genes. Nucleic Acids Res, 2010, 38(20): 6883-6894. , ret

[47] Khraiwesh B, Arif MA, Seumel Gl, Ossowski S, Weigel D, Reski R, Frank W. Transcriptional control of gene expression by microRNAs. Cell,
2010, 140(1): 111-122.

[48] Conant GC, Wolfe KH. Turning a hobby into a job: how duplicated genes find new functions. Nat Rev Genet, 2008, 9(12): 938-950. et

[49] Guo XY, Gui YJ, Wang Y, Zhu QH, Helliwell C, Fan LJ. Selection and mutation on microRNA target sequences during rice evolution. BMC
Genomics, 2008, 9(1): 454. . i

[50] Quach H, Barreiro LB, Laval G, Zidane N, Patin E, Kidd KK, Kidd JR, Bouchier C, Veuille M, Antoniewski C, Quintana-Murci L. Signatures of
purifying and local positive selection in human miRNAs. Am J Hum Genet, 2009, 84(3): 316-327. _ ri

[1] R SR 4k ELI 22K Simon Song, Stephen C. Barker, Renfu Shao.fil H %44k 45 ki 44 5t X 41 BF 57 3k & [J]. w4, 2013,35(7): 847-855
[2] EWREE MHE T XOm EEL IR A E K FL A 2 miIRNARE 5 L & [J]. #i%, 2013,35(6): 695-702

[3] S YL R RN R T w-6F w- 31517 98 I AU K % RGeS Th g4y e [J]. ik, 2013,35(5): 643-654

[4] MLL, 8, XUHAE, RIEF, WREL, gk NGRS RIS A microRNAMZ) & L1k [J]. 1%, 2012,34(9): 1181-1192

[5] BEL, XA, skIE. (Etfk) 20124F 58 O Hf 1h i B [J]. Bifk, 2012,34(9): 1152-0

[6] Y], BREL, sk, AT, VR OB — 4RI ER N H T microRNAKE I [J]. EifE, 2012,34(6): 784-792

[71 B, EL, FTEILHCVIE KR 2 R Wi AT S e [J]. Bifk, 2012,34(6): 666-672

(8l WUzt MRS, sEL R, N T PURUEOW E D RNASHE U e [J]. Bk, 2012,34(5): 526-532

kT, e, FHW, KR, BEEE, LR, ORMENE, AR, R, AME SRR S Y R 3 A TR PEX L L N SR AE W 5 BAF O] gk,
2012,34(5): 635-646

[10]  mlimk, FRE%. SRR 7 D B W R IR [J]. 1Bif%, 2012,34(4): 420-430

[11] 538, AL, 4Bk, FRE, 5, 2200, RETT. miRNA*A: Y& R 5 Ih BB 98 19 9 & BL[I]. #if%, 2012,34(4): 383-388
[12]  BUFK, WRiE, PR, RUMR, BUS0BL IR ABATS 5 KT sh A& 1 4 T L [I]. i1k, 2012,34(3): 296-306

[13] ML, RS AW ISR i L 7 [3]. dbifk, 2012,34(2): 157-166

[141 2R, skye#h. R L 2 FEPE[]. Bk, 2012,34(11): 1399-1408

[15]  REME, BT, HEAGH. W I3 Y I miRNAK B 5T 3 i [J]. #i4%, 2012,34(10): 1233-1241

[e1

Copyright 2010 by #ifk



