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Abstract: In order to understand the function of SImiR393 in tomato (Lycopersicum esculentum), the precursor
sequences and potential target genes of SImiR393 were obtained by searching tomato genome database with
computational algorithms. The SImiR393 gene was amplified from tomato genomic DNA by PCR and integrated
into plant expression vector pLP35s-100. Sly-miR393 guided-cleavage to putative target genes mRNAs was
validated using 5 RACE RT-PCR. The expression of SImiR393 and its target genes in tomato different tissues were
determined by Real-time quantitative PCR. The results showed that the precursor sequence of SImiR393 contains
the complete hairpin structure. Three auxin receptor gene homologs (SITIRI, SITIRI-likel and SIAFB) mRNAs
contain recognition sites with high complementarities to Sly-miR393 sequence. In tomato, SImiR393 directs the
cleavage of SITIRI, SITIRI-likel and SIAFB mRNA. The expression of SImiR393 has opposite effects on SITIRI,
SITIRI-likel and SIAFB in stem, leaf, bud and flower, respectively. Therefore, it was suggested that SImiR393
might direct specific target gene mRNA cleavage in tomato specific tissue and developmental stage, and the auxin
receptor homologous (SITIRI, SITIRI-likel and SIAFB) were validated to be as target of SImiR393. Additionally,
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the pLP35s-pre-SimiR393 vector containing SImiR393 gene was successfully constructed with CaMV 35S as

promoter, which laid a foundation for further studies of SImiR393 function in auxin signaling pathway in tomato.
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Table 1 Primers used for 5' RACE PCR and RT-PCR
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5"RACE Outer
TIR1-GSPI
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SlActin-R

CATGGCTACATGCTGACAGCCTA
GTTGCAGTGCCAGTTGAGGGTTGGAA
GCGTGGAGTGGATAGATGATATGC
ACCTGCATTTACTTGCTTGA
CGCGGATCCACAGCCTACTGATGATCAGTCGATG
GCAAGACTTCACATGGAAAGATGGGCAG
TTACTCTCCCTCTGTCCTATGCTCG

GGG ATTTCTCTTTGGCTTCTTCT
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Fig. 2 Hairpin structure and clone of tomato SimiR393. A. Hairpin
structure of SImiR393; B. PCR products of SImiR393; 1. SImiR393; M:
Trans 2000 DNA Marker.
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PP HE7=4); M: DNA marker I; B. SITIRI . SITIRI-likel FISIAFBS% sEA BT VI . (87 3%), S BCRAEA- V1B 5 i S-RACE SIS IR IE A4 2R
Fig. 3 Validation of Sly-miR393 guided cleavage of target gene mRNA. A. Amplification of 3' cleavage-sequence of target gene; The

electrophoretogram shows the nested PCR products representing the 3'-cleavage fragments that were cloned and sequenced for each gene; M: DNA

marker I; B. Mapping of cleavage sites of SITIRI, SITIRI-likel and SIAFB; Cleavage sites in the target recognition sequences are marked with

arrowheads, and their frequency among sequenced clones of the same approximate size is noted above.
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Fig. 4 Expression pattern of SImiR393 and targets in different tissueses of tomato. R. Root; S. Stem; L. leaf; B. Bud; FI. Flower; Fr. Red friut.
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}7 35S-P —1 SimiR393 — 35S-T |

35S-P — GUS — Nos-T 4{

RB

LB

&l 5 SimiR393 2RI ik AR A A . miR393 : SImiR393 WitAZE K ; GUS: GUS 2 [H;35S-P: CaMV 358 Jii ) F;35S-T: CaMV 358 & |1 ¥

NOS-T:NOS 11 F.

Fig.5 Construction of SImiR393 plant expression vector. miR393: Precursor sequences of SimiR393; GUS: GUS gene; 35S-P: CaMV 35S promoter;

35S-T: CaMV 35S terminator; NOS-T: NOS terminator.

1000 bp
750 bp

Pl 6 41 A & PCR % . 14: BH % 5o B ; M:Trans 2000 DNA
Marker,

Fig. 6 Verification of positive clones by PCR. 1,4: Positive clones; M:
Trans 2000 DNA Marker.

318

HE, Y P e A A TI4Z miRNAM,
H T miRNAs J7 81 1 PRy M AR IR 4548, A W 1S
BT OO — P e B PR R Y S e
miRNAs 151 Bl 2 7 i 55 DR 20 500008 e 1) 5
A By TR A B2 07 06 3 il miRNAs #E17
WL BN A . R A WE B BRI
T 2] 2857 9 miRNAs, (A5 AE7E — 2 14 Ja BRE
TSR (5 B ARSI S, I, X 1 2 1Y
miRNAs 7525 50 uE 2R A DA E R

AR miR393 HAT & BE AR T, il LU
U 1 4R 20 b RIS AR Y [ IR L Al A YA
S AT A 5" RACE £ A SS A, A 0L RS I+ ik
T o S5 5 H miR393 f AR I PR AR K R 1 22 K
TIRI | AFB £ ZEEY 76 B AN 75 50 3 R 41
G st A L, AT SimiR393 ¥R A

JE G A K K 2K F-box 1 AR EM N 61, AHF
8K 5" RACE $ ARAESE, &l SImiR393 A T4
& [A(SITIRI . SITIRI-likel 1 SIAFB)) mRNA 5
VIR g, IF H 85 U167 4% 5 K 2 800 ) miRNAs
XoJ L I PR (%) B 1) i R A ARG B T 90 b ) A6 1)
— B R i s gk LR S A miR393
X A 35 PR AR U A, 2 AR ST Y, E TR ATT A
miR393 YJREFEA [FIAE Pt AT — 2 AR

miRNAs X 5 P H5 AT 87 U14E H, {4 [A] 41
FE R 2 (8] () 22 35 KT B0 AH R 4 0. R,
KZHHEY) miRNAs 1254 5 5L R i =3k
R R, FERL R IT ., miR398 55 L # AL
K CSD1 Fl CSD2 TEARN AL K B B By kB
KR A KR, AN, T K (Zea mays)h
miR 166 L ILH leafl 2 [B]HAF 75 HH 7 235 10 2H
S (H U T B 2 miR393 5 L IR ) 2 ik
BN A7 7E HL A 40 OG R BRI b, el
SImiR393 I B A B HAB ) Fh i 1) miRNA 5 H A
FERRIAKE 2 AR RS . HRTEF AR
ARRE AL L B B AR AR R IR R B4 .
P L TRATTHEWT SimiR393 W] REFEHEAE A 41 4L ok i 1Y)
A 4% T A S KL ) mRINA B 57 ) B A, 11 AN J2
TR R R Ak . A Ntk SRR O A
ME KRG SR EZE A5, W] REAER; SkK
b2 BT R AR

TR Z Y miRNA B HAT 24~ FE KA,
iz FH IE [ 35 % 0 6 15 AR e 8 21 5¢ 4= T 6 Bl 2k 1Y)
miRNA 8K, JRAEEIrh A4 T T-DNA i
A ZEAE miR164b (miR164b-1), {5 37 3 %A AR 1A
A BREG , PR B A miR164 /0 2 fy 3 ML
JAEASE T G RS B AT BRI [ W AR 42 ) miRNAs
TR0 o Rk i S miRNA ARG 51), %
XPHUFE ] mRNA | 0 8y YI 8 AT 9 A8 55 7 ok
SEERUY S TR LA A P HE A miRNA FiTfA
FEDA (A5 TR B miRNA R Bk 4858, R 1



140 Py B AR 2 4

$216

FEAR T LA A mRNA AURIAF . XREAY 3
PRI R rPogle R SR B R ) e e 2R i R A R
H A, o X Fh o7 e m o2 i miRNA (19 ELART)
AEth A —Lediil . HFIA SImiR156 (R R Ak
TR 22 0 AR /N R A SR AR
Fen B R IE SimiR169 HA $E =T 28 i ag
F1P0 S AN Fon R aE L o B Ak SimiR4376 F
FE SRR IE ] ACAIO mRNA F ST YI47 5, &
TAIAETE SRR & AR AR A, HAR ST R AR, X
sb gk R Y miRNA Kk RES I8 R BN A
R TR, ik, AW R T SImiR393 FH 4
35 # AR pLP35s-pre-SimiR393, I3 13 4 FT 1 A
S B AL TN B TEAS B FRA 1 S R A
Bk, X %5 F T SimiR393 RN F MK R G5
e A E T A S R

S 3k

[1] Bartel D P. MicroRNAs: Genomics, biogenesis, mechanism, and
function [J]. Cell, 2004, 116(2): 281-297.

[2] Jones-Rhoades M W, Bartel D P. Computational identification
of plant microRNAs and their targets, including a stress-induced
miRNA [J]. Mol Cell, 2004, 14(6): 787-799.

[3] Kidner C A, Martienssen R A. The developmental role of
microRNA in plants [J]. Curr Opin Plant Biol, 2005, 8(1): 38—44.

[4] Zhang B H, Pan X P, Cobb G P, et al. Plant microRNA: A small
regulatory molecule with big impact [J]. Dev Biol, 2006, 289(1):
3-16.

[5] Navarro L, Dunoyer P, Jay F, et al. A plant miRNA contributes to
antibacterial resistance by repressing auxin signaling [J]. Science,
2006, 312(5772): 436-439.

[6] Parry G, Calderon-Villalobos L I, Prigge M, et al. Complex
regulation of the TIR1 / AFB family of auxin receptors [J]. Proc
Natl Acad Sci USA, 2009, 106(52): 22540-22545.

[7] Xia K F, Wang R, Ou X J, et al. OsTIR] and OsAFB2 down-
regulation via osmiR393 overexpression leads to more tillers,
early flowering and less tolerance to salt and drought in rice [J].
PLoS ONE, 2012, 7(1): €30039.

[8] Sunkar R, Zhu J K. Novel and stress-regulated microRNAs and
other small RNAs from Arabidopsis [J]. Plant Cell, 2004, 16(8):
2001-2019.

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

Chen C F, Ridzon D A, Broomer A J, et al. Real-time quan-
tification of microRNAs by stem-loop RT-PCR [J]. Nucl Acids
Res, 2005, 33(20): e179.
Yang Y W, Wu Y, Pirrello J, et al. Silencing S/-EBF1 and
SI1-EBF2 expression causes constitutive ethylene response
phenotype, accelerated plant senescence and fruit ripening in
tomato [J]. J Exp Bot, 2010, 61(3): 697-708.
Chen X M. MicroRNA biogenesis and function in plants [J].
FEBS Lett, 2005, 579(26): 5923-5931.
Ren Z, Li Z, Miao Q, et al. The auxin receptor homologue
in Solanum lycopersicum stimulates tomato fruit set and leaf
morphogenesis [J]. J Exp Bot, 2011, 62(8): 2815-2826.
Zhang L F, Chia J M, Kumari S, et al. A genome-wide
characterization of microRNA genes in maize [J]. PLoS Genet,
2009, 5(11): e1000716.
Sunkar R, Kapoor A, Zhu J K. Posttranscriptional induction
of two Cu/Zn superoxide dismutase genes in Arabidopsis is
mediated by downregulation of miR398 and important for
oxidative stress tolerance [J]. Plant Cell, 18(106): 2051-2065.
Juarez M T, Kui J S, Thomas J, et al. MicroRNA-mediated
repression of rolled leafl specifies maize leaf polarity [J].
Nature, 2004, 428(6978): 84-88.
Chen Z H, Bao M L, Sun Y Z, et al. Regulation of auxin
response by miR393-targeted transport inhibitor response protein
1 is involved in normal development in Arabidopsis [J]. Plant
Mol Biol, 2011, 77(6): 619-629.
Reinhart B J, Weinstein E G, Rhoades M W, et al. MicroRNAs
in plants [J]. Genes Dev, 2002, 16(13): 1616-1626.
Dugas D V, Bartel B. MicroRNA regulation of gene expression
in plants [J]. Curr Opin Plant Biol, 2004, 7(5): 512-520.
Zhang X H, Zou Z, Gong P J, et al. Over-expression of
microRNA169 confers enhanced drought tolerance to tomato [J].
Biotech Lett, 2011, 33(2): 403-409.
Zhang X H, Zou Z, Zhang J H, et al. Over-expression of
sly-miR156a in tomato results in multiple vegetative and
reproductive trait alterations and partial phenocopy of the sft
mutant [J]. FEBS Lett, 2011, 585(2): 435-4309.
Wang Y, Itaya A, Zhong X, et al. Function and evolution
of a microRNA that regulates a Ca’"-ATPase and triggers
the formation of phased small interfering RNAs in tomato

reproductive growth [J]. Plant Cell, 2011, 23(9): 3185-3203.





