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Research progress in miRNAs in fruit trees
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Abstract: The functional studies, mostly from model species, have revealed that miRNAs are major
post-transcriptional regulators of gene expression in plants and are implicated in fundamental biological
processes, such as plant development and abiotic/biotic stress responses. miRNAs have been detected in
different parts of fruit trees, including leaves, inflorescence, roots and fruits, and there are significant
differences in expression levels among different parts or in different developmental processes. With the
rapid development of sequencing technology, a substantial number of miRNAs have been identified in a
series of fruit crops sofar, while the target mRNAs and functions remain largely uncharacterized. The
present review summarizes the progress in miRNA research in fruit crops, especially the role of miR-
NAs on the economically important species, such as grapes, peaches, pears, apples, oranges, and so on.
Some studies show grapes have the ability of anti- abiotic/biotic stress attributed to the significant ex-
pression of miRNAs and the miRNAs also respond to exogenous hormones. The above-mentioned abi-
otic/biotic stress responses to miRNAs are also observed in apples, oranges, pears and peaches. In ap-
ples, miRNAs regulates the metabolic pathways of IAA, ABA, GA, and thus regulates the process of
flower bud differentiation and juvenile period. Moreover, the activation of miRNAs influences the fruit
size of apples as well. Boron and magnesium are implicated in citrus tree development and fruit quality,
and some studies have found that miRNAs are widely involved in the response of citrus to boron and
magnesium by regulating auxin synthesis, leaf morphogenesis, antioxidant system and boron transport.
In citrus, miRNAs are also active in apomixis, somatic embryogenesis and cytoplasmic male sterile hy-
brids. Color is a part of fruit quality. The miRNAs are involved in carotenoid metabolism and then influ-

ence the citrus fruit color. Some research have showed orange juice sacs are related to the expression of
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miRNAs, while the quantity of juice sacs affects the taste of citrus. This function of fruit quality regula-
tion is also found in pears. The target gene of miRNAs in pears encodes some enzymes, which is related
to the formation of lignin and stone cells. The role of miRNAs in bud dormancy and dormancy release
of pears was also detected. Except for the above-mentioned fruit trees, twith some additional fruit trees,
the miRNAs and its targe genes have been researched, such as papayas, bananas, strawberries, litchi,
etc. We also discuss the future miRNA research prospects in fruit trees: ( 1) To use RLM-RACE, 3’
PPMRACE, degradome sequencing and genetic transformation technology to enhance the ability of pre-
dicting and validating miRNAs target genes, ( II) to enhance the research on miRANs and its target
genes in fruit trees by the creation of efficient transformation germplasm resources of fruit trees, tran-
sient transformation, virus vector-mediated transformation or natural variation materials of fruit tree va-
rieties for some fruit trees with low efficiency of genetic transformation,, (III) to construct molecular
regulation of important biological processes mediated by target miRNAs-target genes by means of vari-
ous genomics and other bioinformatics methods, to combine the results of functional genomics,and to
systematically analyse the regulation mechanism of plant development or stress response, in which that
target miRNAs and its Target genes are involved, (IV) to discover many conservative, non-conservative
and fruit-specific miRNAs and (V) to declare how miRNAs regulates some specific traits of fruit trees,

such as flower bud formation, bud dormancy, juvenile transformation, fruit coloring and cell engineer-
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ing breeding, etc.
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A% 4 4 microRNA (miRNA) # 7 /& Lee 25"
TE W 5855 T B /5 AT 2 HL %) 9% A8 4 383 A% 1 IR I 300
19, A4 1 2 T miRNA GEGS Rz L A R & . 1Y
W ) miRNAs 5 - B Reinhart 45 "' 7E #l §5 7+ (4rabi-
dopsis thaliana) F R, B EHAT CAE K T JLHA
FhFE ) miRNAs K %« K & 4 58 &K LA ) miR-
NAs BRI Z WA Ee, Tz 5iiEs4 K
RIS & RS BN SN RSy TS i
K, Bt %5 50F miRNAs T € 1) 3 S A0 7 BER 1))
HOR R, NATWAE 2 Fh B b &K B T K & miR-
NAs. P, 2 #H EE LA T miRNAs 78 J L) H #
R ELR, IR T RS AR,

1 fHY) miRNAs (15 FH AL AN € Ty

T B miRNA & — KK EH 20~25 (£ 17 IR
(nucleotide, nt) ] 5 4% 3F 2 5 /> 73 - RNA. miR-
NA 56t RNA 5 5 i 11 %% 5% % BW] 9 % s 1) pri-
mary miRNA (pri-miRNA) ", pri-miRNA Bf Ji5 7
DCLI (dicer like protein 1) &% [ I/EH ™, #% 55 ) Bk
A 5 I & A EE 3 45 H /) precursor miRNA (pre-
miRNA)®. pre-miRNA #R J5# DCL1 i — &8I ) &
J5 A BE miRNA/MIRNA* & & 4K o % 5 & 7K 7] 18

HEN1(HUAENHANCERD) & (A (1 F T 7E 3 37 i
)27 -OH iz B 4 H B AL DL4ERF HoAR e ™. W EEL 2
I 5 1) miRNA/miRNA*XUEE & 5 7k 22 £ HASTY &
H (HST) B 4# B AR N %08 fan 2040 B i ™ EA
2 Ff 5 )5, miRNA I 5 Argonaute (AGO) 55 1 45 &
T2 B RNA A3 I TUBR & & & (RISC) , RISC VI I HE
mRNA 75 5l 0 mRINA B2, AT A 50 56 (4]
DUERY . miRNA*HE W] A8 2 3F N\ B 1%, (H /2 £E
e RS 25 F T, miRNA* 1] 58 A B B4 i i R 35 —
JEDRe ",

i M1 LE $U BE TF KRG (Oryza sativa) %5 15 XAE
Yy, 3 EE R e — e AR W (E B A T TR A e
ISR AR 25 & 1) 77 123347 miRNAs 1) %5 @ f5GE . X
B A WA B A ik TR — S & 2 T miRNAs 741
R AR AAE A [ 958 L o S5 36 AT PN, R J5 P30 v e %
AN E B PCR S50 E8 77 v b AT B e

AT BeAE R, A5 BB — AR 7 BOR 43 HT /N RNA 7
H| k& ¥ miRNAs © H #7 B 24 , 5 % (Vitis vinif-
era)"" 1% (Citrus spp )" 3E R (Malus domesti-
ca) "™ Bk (Prunus persica)" " M3 K JK (Carica pa-
paya) VA SR 508 1 P R RS TR £ miR-
NAs 75 —HEAEY) miRNA Fdfs 22 140 46 2 1,

miRBase version 20(mirbase.org) «plant miRNA data-
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base(bioinformatics.cau.edu.cn/PMRD) %,
ORI AR (1) K & Y miRNAs 1) K& i 42
Bt AE R AEE I R SR AT ) W A A S
— RA I AEWE B A B SS 2 25 HE4T miRNAs
FR 73 B E R RE DR TR o XA ) 20 A B ik
% 2% A PatScan™. miRNAassist®. miRU™, psRNA-

P1. naive Bayes classifier

Target®. miARma- Seq
(NBC, https://github.com/smdouglass/mirBayes) ®I,
miRFinder™. MirCheck™ HI MicroHARVESTER""
o A EE R B AL R VEE B
43 1 \PLM-RACE.PPM-RACE.qRT-PCR % Jj i i

A7 B0 DR 25 5 WY 9T 000 7 L 0 T P
2 miRNAs 7£ M A 1 78 IR
21 #HEH

] 2 A2 SR R g e 0 B DR 2L A . R
1£2007 4, 8 ¢ R LG A 26 R R i R DR 2 B I DRy
7 %) T 2 98 miRNAs 7 51 3858 | K3 (1) 2R Al
Wang %558 Jof vy 6 & I 7 1L & %8 e —
miRNAs, H A FH 72 42 I R A . Kullan %
TEAHT T 704 KU T8 & R e 7 B AL T
o RN S 45 A 2311 /N RNA S, % 110 B
HIIAN 175 4358 & DL miRNAs, FEAF 78 T e A1 3%
B

KEM LR, % % 1 miRNAs |32 04 T
AL, A AE I TE 20 AR S sz B R [H]
WA EEARRERREPREIEEREE, W
miR397a.miR398a Fl miR408 7E K t ] ¢ i L - Al
16 A B9 & 100 £% 5 1 miR171. miR172. miR395.
miR396.miR319 A1 miR535 M £ 5 5z K 5 A [[] i
& E A A R IB B

miRNA tH 2 5 i %] 0] 100 53 Jbip 18 iy e 37 o de /e
(B 78 & B, miR156. miR162.miR166 F1 miR167A
(1) 3 5 % %) 6 i AH OGP, Pagliarani 28 1 5T
RIS AN R0 11 2 A 7 % 5 DR 2 A7) miRNAs %4
EMMBETERE T2 ARP RIS,
Paim 25 I\ 88 A R 2R AR K 25 14X miRNAs [
Rl RIEBEMRIE XA M,

] 7 e — ot A B A R R ) A TR AR R
WA, AN 0 A S AT A R S S e 124
2 TR R 78 26 9T K B miRNAs, H A 162 %
miRNAs 8% 1 B 2, ) AL #E®Y . Wang %55k L 7E )

AR I GAL AL B ] DLAI 1] Vv-miR061 [ R IA
M T2 HE Vv- miR061 [ 2 A $8 2[R VWwREV FlI
VWHOX32 I 3RIE , i & 52 B R S TR L S b 2
22 ¥R

ST — B R, OC TS R miRNAs (1)
W R O AR . Xia 58 IR B2 /N RNA T K&
LT 23 NMRSF 10 AN AR 57 1 A 42 AN 3 SRR 7
) miRNAs. HF 75 140 & BIX 28 miRNAs (1) $E 5 K %
R AR Ye 558 3 5L R 20 45 2R
AT miRNAs 4R 5F M, WSE R H 2 I T 154 % miR-
NAs, 3 & I iX £ miRNAs J§ T 26 > K ik, — b
miRNAs J& i ik 72 o 56 DR 20 52 ) P AR 1)

miRNAs 7E3F R (R EBAWIRFE . Wk
PRI miR156.miR159.miR160.miR 167 1 miR172
SERBIARIZHLFN K BB BCEA A A 2k g =,
A 4% 5F % () miR477. miR482. miR828. miR845 /I
miR535 A R FE R Y, B & B miRNAs 5 4141
B R IA MR S, I miR156 7E AR . miR165.
miR 166 f1 miR167 75 F if K & Rk,

Z AT B AT miRNAs 76 3 46 26 T iR #
WAL AR R O ME . 1 B S B AR A 1 F 98 R
KB, A8 I A, mdm-miR 156 %5 & () 3% ik
mdm-miR 172 5K [ 3 18 7] 58 4 4% 3 1 b Bt 1k,
i HiE & Bl mdm-miR 160 A1 miR393 w] DL i i 1 A
THAKRE 5 A OCE: R R X M AL A2 .
miR156 34 & I 7] LLVE T MxSPL26 i A1 5 3
FRE MR B 25, Guo 25515 51 5 3 B - ZE A1
WHFEMAT T/ARNAWT , & R R T 334 M4
AN 6 AN 31 & LAY miRNAs 7E 2 F 20 41 b () ik
i, Xz RN R IA BB K2 5
R R AR I o R B R B AL B S L 43 A 68 Al
27 CATH miRNAs [F5RIE8 F A1 b . Horp—uk
miRNAs [ H AL 54K R IEIR AR5 &= I
TESEARUHE A M. W KE 25 R A R
RUZFEAR i M 6 57 A% 2% T o 4 24 /) RNA 1l
B35 R BT 700 D miRNAs, HF14 1354 miR-
NAs 7E2 AN P () RIAAFAE 2 57, K e &
65 ERP R T WAL K I miR164,
miR166miRNA171 ¢ 48 5 K w] DL % 2298 49 2F
HA KA K, miR159.miR167.miR396 K H: # 5 [A]
AT DA 8 200 P 43 A R0 T ] B

FE AR 72 R, B 2 T DL A5t 0 R R PR
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AnZE% T AR CE 1 AR MO MRS w0/
MO 2 [fi] # 5 2% 1k 1) miRNAs, 753X 3 Ffobr Rk b ki)
F]206 > £ AT miRNAs F1 976 4 #7 ) miRNAs, I
Hfi 5 7 AP S TE 15 ) B B BRI ) miRNAs.
Hooh 5 JF 46 M1 5% i miR156 A1 miR172 76 1 3% < &
/MO NI E A T & 1 FI M9 Z i), X He Rk
P 3 2 B X 48 miRNAs 558 % . BRI A KL
(GO 7 W3R BH , 22 73 321K 1) miRNAs #E il B K & 5
Y1 A= ) G ORI T 45 22 Bl AR ) 2 AR

miRNA 12 53 L HU e . Yu 559758 o 5
EEW T T 7 LUR R § b B (Malus hupenhen-
si) A CE L3R 2 S5 miRNA B Fh 28 0 38 18 15 =
CPAIEH 24 0 D, 25 ALK 8 T 59 > miRNA
FE 5 % ) 108 46 miRNAs, I & Bl H: v 5 4% miR-
NAs A] A i .56 S0 Bl . Ma 2599 % 3135 1P
5 K Md-NBS J B 75 B0 1 b 3Rk e vy, i —
miRNA (Md-miRLn11) ) 75 /255 & A b R 08 5
5038 & B Md-miRLn11 7] BATE 11~12 nt 17 B 24 fi#
Md-NBS % [A, #f 78 A AN Md-miRLn11 7] DL i {F
T Md-NBS 2 K Rl B B RN o 755 — TilAf 5
w38 I 0T b B K U R R B R R e )
72 5 3R 15 miRNA R IL T 4 4N 5 P10 A0 X 1
miRNAs™ . 75 & 85 B 70 e W, $6 8U% R
B A1 7K 7 B2 BE % 0% miR 168 {13235 , T miR168 7]
DL A A T — A s a AR B BB MhAGOT K42 1
PO P

W 7230 % B3 S miRNA 172 () — AN 36 14\
S DR 5 3 AL K SR A MR A %, T LR S R
it ik miRNAT172 B & 980/ 52 K/, & B miR-
NA172 72 45 1] 37 5 RS RN 1) SRR R =5
2.3 HiFR

FH A 25 SR B 1 miRNAs %8 52 TAF , 54752 7
A FEHRE B R I EST 7 9103k A5 195, 2 J5 b 5 7
FEAR ) R F AR A J2E R A B 1 R A, ORI T K
= miRNAs 751 . B 50 & B IX 25 miRNAs 76 M A .
ZERAR ¥ £ IAP, A 4b, miR-RACE.RLM-
RACE (RNA ligase- mediated rapid amplification of
cDNA ends) fll qRT-PCR %5 i R BLLE )72 M F
FH A 28 A miRNAs J3 51 (194 1 15U B L 66 R
%[58] R

AR5 7 2 508 A A 218 SRR A R A IR 5 8 J 2
IR, — BB 58 R B miRNAs |32 2 5 4 ok 5 A1

BRI . LuEW W5 SR R & T
52 4~ i B AT 82 A TR I 1) miRNAs, 3 & Bl miR-
NAs FJ {38 1 B4k A0 B 3 12k 28015 5 48 0 0] AR £
H 38 g fg ¥ iz 58 F Mg mis im R R S LA
73 TH 2 55 b0 A 6 0 7 e (e B, o L S5 4 A7 6 B
THRAE 7 BN 70 R R AS TR A S AE T H miRNAs 1)
ZE 5, dE ORI K &1 2 7 K18 miRNAs. iX 4k
miRNAs [ ¥ 5 K KA KR A BRI F TS AR
EM RS e REREZ AT 1 GG
S A T 0 2 R AR BT, R 22 8 i miR397a 1
T 242 5 HE W) IR A 20 B BE AR A R 1 il R
(LACI7 A1 LACH) $& =y FELA0 0 W 1 3 PR i 52 410421

A A7 miRNAs )72 2 5 o) 1 55 1) 1a 1) i
o A SR 50 A R I — LA A miRNAs (1) #0 5 [A]
A B8 A2 e 5% R 7 P03 AH DG R, 4 NBS-LRR
P FE R ", B B K B csi-miR167 . csi-
miR396 1 csi-mir399 1] LI ik 2 132 fi A1 55 18 g 2
A% B v M A X B I R R, A, Xie S5
W8 I 255 o0 BT R A ER B R A AR R 1) mRNA
AT miRNA FIEHE , A7 — it B 5280 £5 ol
miRNAS.

FEA A T Rl A A2 B AR R O LR A AN
JH 5 4 55 5 T, 1 9K T miRNAs [ 58 . Wu
1000 b L A T B FE (Valencia) JE I 4 2 230R0 iR 1
ZH 3P 1) miRNAs, & I — L6 7= 55 R 1A 1 miRNAs 7E
JVA 1 2 1 B A A B R R 2B S R R I R IE KPR T
R Z . Long 26" 78 1 ko0 IR R A 1 72 o
miRNAs [ FH B AL IE , KL T £) 150 1> miRNAs,
B4 24 miRNAs [ 3R 1E KA T B4, R 2 4
miRNAs 5 2 IR FEL I T A 5. ZENEAH B ]
H A & H VAN F AL A 2 R miRNAs i 7L
oL R I T 824 % 7 R IA miRNAs, i@ it B 41
WP EAR L E 7138 AR, fEM T HEMEAF
FASHh S FLHE M AT A 5 A miRNAs BF i H, 2k
LT 206 1> miRNAs Fl 86 4™ i 5 [A] , L — S fipt 6
DRl 2 5 16 8 A R IR e i BRL 70,

miRNAs 7E i 45 5 52 i 7 A EEAEA .
TERRE K H A B TR R T LA ZE S RIED
miRNAs 52505 2 AU SR, 325 17 52 1 S 5 50
o VT HORLAL I G 5 M R AR SR J5 U T 1) O
o] @ 2 — , Zhang 5§ B 50 K I 2 > miRNA 5 %
(miR397 Al miR828) 5 A il & AW & i ok, H 3R
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— LRI S I, 7R A A A 2 A R N RO 1) I
Firh, miR156 Z R I 205 K A N, 1 miR172 FK %
Tk B, 5 HAR AR O T B B Ak B L 4
4?&[”10
24

Niu 55738 1 [R5 B (1) 77 1 B 35 (R4 vh
Bl 7 186 46 miRNAs, iX £ miRNAs J& T 37 N A [A] )
F. i —F A KB T X ¥ miRNAs 7 fg [t
326 2k HEEE A, Ik SR SR FE R WS J 2 S AR AR RE , G g
BE A PR M BR A e M AR W 45 . BE S, Wu
SEUVIE I A AR BT T 188 N A AL
miRNAs [ #8 3E [K] (2 216 4~ A1 184 AN 3 A& L 1) A4
miRNAs L IEE (1 127 4N , 25 5 3 B G5 7 [ #e
F R 5 s AR KRR %

miRNAs 5 RSB REEET KRR A
fifF 78 A4 L S48 7 T 5 miRNAs AR <, i1l
Ik ” AL PR 48 AR b < A IR AL IR R /)N RNAs 45
7 785 2 AN Fh A 3R 3R 45 89 2% %1 miRNAs, J& T
SIS 55 AE 24 b A bl g R B T
443 % miRNAs. Hf 5¢ i& & B miR396. miR408.
miR274.miR42 Fl miR442 5 A il & & A 5%, 1 H.
TE2 A S B A R IE AN A7, Cheng 25708 K
JR 2 AR A0 A 2 S B 1R 2 AL R R o
FFZAE A L EREL A3k b, SR ) X 24 58 15 21 1) L 52
HEAT miRNAs I /7 , 45 3 &K I 2 4> miRNAs (pyr-1809
Al pyr-novel-miR-144-3p) ff] K ik B A, EAT]
AH L ) A 25 DR 4 B 2 b AR I, 5 A ol 25 R A 40
TE A K

A T FEVE T miRNAs 78 L8 2R K
Hig o R EH . Bai &9 0 7 4 F A B
HR AN AR R A Bk 2 FoIRZS T 28 o ) miRNAs, 25 R IR
LT 137 AR S5 B AELOR 5F ) miRNAs F1 50 > FLRR
5 miRNAs. {H, X% miRNAs 7£ 2 fl R FRIR & %
R IR A B 2 R . Niu 2509 % IRk 25 5 I
15 7] DU 3 CBFs(C-repeat binding factors) [ #1 2,
HE M JA 8) DAMSs (Dormancy-associated MADS-box)
FEH 3% s DAM B J5 ] FT(FLOWERING LO-
CUS DN FREMFE S L FHNNKIKR, H
miR6390 7] LARE fif DAM F PR 1M fift B AR B
2.5

Bk miRNAs f5 4] A2 8 3o v ST I K & 204 &

HI EST P AR 131, FEIX M AR RIL T IR 2
FE LRSI S AE R 5F IO MTBE R 57 (1) miRNAs , 1% 28 miR-
NAs fEBR ) 2 N R R AT, B )5, i /N RNA
/e I8 & I 5 AR fi# 4H (degradome sequencing) 43 Ht
L& F B AT miRNAs S H 3 PR F00I0 55 5630k H 7
L™ PLM-RACE .PPM-RACE Al qRT-PCR %5 Jj 2
 H T miRNAs ¥ 5 K] 8 P 7™ ILAE , B
WP T B AN W e, 25 T — AR s il & P 4R
FIE T R I T 4R 22 Bk miRNAs 2 FL I [R]™,

Bk miRNAs 12 5 BB xF 35 A2 4 1 38 1) e 7
Barakat Z5"i i /N RNA /77 & BBk 2 o — S R =
] miRNAs (miR156. miR164. miR172. miR393 Al
miR396) Fl — & JE {} 5F ] miRNAs (miR414 #l
miR2275) G % i B2 ¥4 il i o Eldem S5 &I 1 JLAN
5T R A M %1 miRNAs, 215838 F I 1 miR 160
miR165/166. miR167 F1 5 1A i ] miR395. Pek-
mezei S RHF T I T 13 />3 B 1A 5% ) miR-
NAs A 54l 5 454
2.6 HitRH

B 7L LA E R, miRNAs £ Ho At 5 A
A BT . Aryal 5 CE 3 R NIy AIAE 28 58
T 60 2% miRNAs, H 1 [f] — 2% miRNAs 7E H fy R}
S FRIBF RS i N A NIA B F A2 Y. —A
T AN AN AE 28 B /N RNA TR B (B 58t %
TR Z 1) miRNAs, Tl H 1 — 28 miRNAs [ 1 2%
IRl Ty e 9 B 05 i B 45 4%, 3R W IX 48 miRNAs 5 21
S KRR A 522, Aryal 2R R I T 14 4 4E
A A TIAS [F] 4 J91) 28 B b bk 22 57 3R 15 1) miRNAs.
KEZHX L2 REERERELPREE S, IS
AR FEAE T, 1 7R METE T A5 S ) miR-
NAs I ] G842 T o 7 A= 2 2R AR K

Bi ™Mt T 40 5L 1-MCP &b B J5 X 7 8
(Musa acuminata) F:- 5279 miRNAs 520, 2 KB T
151 % miRNAs, H: §1 4 82 % miRNAs 7E 2. 4% 5% 1-
MCP 4b P2 J5 2 I AN [F) 1 Rk B =X, 1 88 22 e R IA
miRNAs 88 3L PR 34 8154, K £ $u it 5 5 Sz,
AR M E E . Dan 5 L0 A BRATA N 06 4k
PR RS T 2 miRNA S, I xt Hk 4T
TREHIE . L3R5 T 128 P C 41 miRNA , 3F %
H 128 B miRNA . Hod 22 ANE O b3 )5 22 7
Fik, Horp 6 > 24011 miRNAs K 80 3 [K] £ gRT-
PCR %7€ , K& I3 S 8 5L K] 32 2 9% 1 & 1 .45 GA-
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TA.ARF.DLC il AGO % . Sampangi-Ramaiah %™’
(T 58 &k 7 B Mb-miR531 Al Mb-miR 529 [ #
Ry ))& KCS11 A1 KCS10/FDH , T B AT #8 =2& H F
W TR A G B D], SR B LA | 2 4 miRNAs 7] A
T I R A TR ) T B i A R 5

Xia Z&"E B 45 (Fragaria vesca) RS2 KL T
38 /4N # miRNAs F1 31 4> %1 i miRNAs, H o — 4
22 nt 1) miRNA 2% M 6 1~ F-box 2 K] o 75 & B B 14
/NFHERNA, X 22 /8 F- 4t RNA 7] LA BT 1) HoAth 11 F-
box F: A, M2 1R 2 (A # #EFE . Surbanovski
SR B ORI — AN 2 L SURI R 2 E R IA 1) miR-
NA (fve-miR1511) [ #E 35E K] & LTR % 5% % Jog 5~
fve-miR1511 3 it 4% Ay 1) A1 F B 22 1%k 26 )5 3 R+
tRNA IR 5T 51 P45 5 A7 4 e 6 SR T BR LTR J % 5%
AT, T2 55 2 N AR B A 4% . (R R
SRS 5 T, miRNAs 8 1 1 8 2 11, Wang
S I miR399a 7E B AE i 0k ] e R S
At SR AH S TR X O RS ORISR R B SRR
AR LR

Yao ZE¥ IAE 75 8 (Litchi chinensis) 552 v %
JE tH 296 25 miRNAs, HH 11 X2 7 A . 18
X miRNAs 1, 5 14 % 5H M RLEEH X, ©
IR IE R I RE AR M S AE O AR R E 5/
U 7 10 45 A PR AR . Liu 259 % B miR156a Al —
AR B miRNA (NEW4AD 5 % B st B 0
Ko WFFIE KB miR156a FI NEW41q 2305 S 7] 1
P8P FE K] LeSPL1/2 A1 LeCHI 2K SZ 3 A 5L 52 25 (0 1)
EEC

AR, 3B SR (Morus notabilis)®" . 2y (Prunus
armeniaca) " J ik Bk (Actinidia chinensis) ™\ 45 ¥4

(Punica granatum) **F1 ¥ % (Vaccinium ashei) *' %%

TR R BT IR 2 miRNAs b HLAE LA
3 & OH

TP miRNAs {F A — K HEZ 1) /N RNA, B A
PR A KRG LT e T R AR A )
Ao DAL, miRNAs VE R — A5 37 B 704008, L4
B4 T AR A ATIE S ok . S
YIAREE , B miRNAs J7 TH AT 72 SR 0 i, (1
B 5 30 A R B R AN R R S B AT ES T &
SRS, BUTE O MG R E &) PR AL S
A EEL TN E R R RS T 20E Fl miRNAs /¢

FLRE LA, il A [F) 5 T Bl 7 — EB 4
miRNAs A H L DR () T B8 AR S L1 . 28 4 tooxt
2010 4F AR ) — Be 22356 30 E ) A miRNA K St
ARFE IR (3R 1) LA ST b i f 2 SR8 miRNA HIZEY)
FURECR D BT 7 — BB G . XL N
TR N HRFF 5 SRARS B ZEE PR 4D 98 42 0 e 35 g 57 55 B
TEAR LT AL A o

BB IR AN — BAESS 1 R AEAS R R
1 miRNAs, 3 s & [ 18 3% 28 miRNAs (¥ D) Bt , (5 8%
1B H A IX LA 7T R AR SRR > A 58 3% . miR-
NAs 75 JEA 257 G008 ) BIF 70 A0 L 38 A AR A 1 g 22
Ao FH— BEWFEA B H R KR, 8/
RNA I J¥ 3% #3 K & miRNAs . F %, H i F
miRNAs [ AT PR, PR 563X 2% miRN As $ 5 PR 1)
W TN AN 56 E B AT AD AR X A S . B S R R
RLM-RACE.3’PPM RACE[Poly(A)polymerase-me-
diated 3’ rapid amplification of cDNA ends]. [% fi# 21
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Table 1 List of a lot of experimentally validated miRNA targets of miRNA families in fruit trees since 2010
FEH PRET
miRNA o 275 CHk
Target gene Reference
miR156 Squamosa-promoter binding-like proteins (SPLs) [13, 33,42, 45, 68, 70, 100]
Acyl-CoA synthetase 5
O-fucosyltransferase family protein
Phospholipid/glycerol acyltransferase family protein
Branched-chain alpha-keto acid decarboxylase E1 beta subunit
Plasma membrane intrinsic protein 1;4
Aluminium induced protein with YGL and LRDR motifs
miR159 MYB transcription factor [13,17, 18, 42,45, 69, 100]
SAUR family protein
Esterase/lipase/thioesterase family protein
miR160 Auxin response factors [20, 42, 45, 68, 75, 100, 101]
Co-chaperone GrpE family protein
miR162 Dicer-like protein [17, 18,42, 68, 70, 100]
Sec14p-like phosphatidylinositol transfer protein
Unknown expressed protein
miR164 NAC domain proteins [13,17, 18, 42,45, 68, 70, 100]
miR165 Homeobox-leucine zipper protein [101]
miR166 HD-ZIPII transcription factor [13,17, 18, 68, 100, 101]
miR167 Auxin response factors (ARFs) [13,17, 18, 42, 45, 68, 100]
miR168 Argaunote protein [13, 18, 100]
miR169 Nuclear factor Y (NFY) [13,17, 18,42, 68, 100]
HAP?2 transcription factor
miR171 GRAS-family transcription factor (scarecrow-like) [13,17, 18,42, 45, 68]
miR172 AP2-domain containing transcription factor [13, 17,18, 33,42, 45, 68, 70, 101]
Ethylene-responsive transcription factor (RAP)
miR319 TCP family transcription factor [13,17, 18, 42, 45, 68, 70]
NADPH-dependent FMN and FAD containing, MY B-transcription factor
GDP-D mannose 3’, 5’ -epimerase
miR390 Ankyrin repeat protein family [13,17, 18,33, 100]
Leucine-rich repeat protein kinase family, nucleic acid binding, OB-fold like protein
MdATAS3-1, MdTAS3-2, PpeTAS3
miR393 Auxin-signalling F-box protein [13, 17,18, 33,42, 45, 100]
Methyltransferase superfamily protein
miR394 F-box transcription factor [18, 65, 70]
miR395 NAC domain proteins [17,18,33,100]
Sulphate transmembrane transporter
Bifunctonal 3’ -phosphoadenosine 5-phosphosulphate synthase
miR396 Heat shock protein, granulin repeat cysteine protease family protein, nucleoside triphosphate [17, 18,33, 100]
Hydrolase growth regulating factor (GRF)
TIR-NB LRR resistance protein, replication factor C subunit 1
miR397 Icel transcription factor [13, 17, 100]
GDP-D mannose 3’, 5’ -epimerase, acyl-coA N-acyltransferase superfamily
Laccase
miR398 Copper/zinc superoxide dismutase [17,18]
Rubredoxin-like superfamily protein
miR399 Isocitrate dehydrogenase (NAD) [18, 62, 87]
Putative ubiquitin-conjugating enzyme (PHO2)
miR408 RNA binding family protein [17,100]
Copper ion binding protein, cyclin D3
miR8&27 Major latex protein [13]
miR472 Glutamate receptor 2.7 [17, 68]
Disease resistance protein
miR473 Phosphatidylinositolglycan-related protein [13]
miR477 Tetratricopeptide repeat (TPR)-containing protein [17]

Thiamine pyrophosphate
Ubiquitin-like superfamily protein
Lateral root primordium protein-related
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LA PRET—

miRNA S, RPN
Target gene Reference

miR479 Transitional endoplasmic reticulum [13]

miR482 Cytochrome p450 [13, 17,45, 68, 101]
HOPZ-activated resistance 1
Alpha/beta-hydrolase superfamily protein

miR530 Lactoylglutathione lyase family protein [17]

miR535 Squamosa-promoter binding protein, DNA primase large subunit, splicing factor [13]
Cysteine protease

miR828 MYB transcription factor [13, 18,45, 100]
Pentatricopeptide repeat-containing

miR858 MYB transcription factor r2r3-like protein [13, 18,42, 45, 100]
Oligopeptide transporter OPT family
MATE efflux family protein, anthocyanin regulatory C1 protein
3-ketoacyl-CoA thiolase

miR1515 Transducin family protein [17]

miR3627 Amino acid transporter [18]

miR3951 Plant protein of unknown function [17]

miR3954 Late embryogenesis abundant (LEA) protein family [17]

Transmembrane proteins 14C

F 2 ARXFTREIBRK miRNA BYEH)F I RE

Table 2 Biological function of fruit tree miRNAs mentioned in this paper

HEW)2E I E Biological function

miRNA

22 ik Reference

R KR B A
Regulating plant growth and

development

Z 5% e

Participation in biotic stress

Z 5L ha

Participation in abiotic stress
U REE ST

Regulating fruit quality

miR156, miR159, miR160, miR164, miR166, miR167, miR171,
miR172, miR396, miR477, miR482, miR535 miR828, miR845

miR156, miR162, miR166, miR167, miR168, miR396, miR399
miR156, miR160, miR162, miR164, miR165/166, miR166, miR167,

miR172, miR393, miR395, miR396, miR414, miR397a, miR529, miR531
miR061, miR42, miR156, miR274, miR396, miR399a, miR408, miR442

[12,17, 18, 40, 41, 42, 45, 46]

[34, 50, 63,64]

[19, 20, 61, 62, 85]

[38, 72, 88, 90]

NAs K 5 K 1 1%, 0K kA 1A 1V 2 R
(7 A DR ST MR AR 57 (19 miRNAs A3 £ & Bl . A
15 Bt A 5 22 SR 4 ik PR 2 2H 25 1) 58 B DA S AR5 B
S R S5 0 BOR KRR R miRNAs I 0F 7T &=
EONATAMTRAN o 58 T, RARW miRNAs [HF 7T,
B 17 R B AR O AR SR ) (R B T 05 [ RVRIT 7E s R
b, & B 22 RVE miRNAs J& Q1] 1 42 — L8 TR A
B HF EL RO PER A8 25 T A ZE IR A 2RI
RE QAR TR B 55,
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