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Response Analysis of IAA and Identification of miR167a
and Its Target Genes in Peach Fruit
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Abstract; We determined the precise sequence of peach miR167a by using miR-RACE PCR reactions of the
peach (Prunus persica) cultivar ‘Xiaobaifeng’, cloned three predicted target genes PpARF6, PpARFS8
and PpARF6-like of ppe-miR167a and analyzed the phylogenetic and conserved domains of the three
genes. The target genes of ppe-miR167a were further identified by degradome sequencing technology, and
the mode and frequency of interaction between ppe-miR167a and the target genes were analyzed. The re-
sults showed: (1) the accurate sequence of ppe-miR167a was different from the predicted sequence in the 1
nucleotide at the 5" end and 3" end. All the three target genes ARFs contained highly conserved B3 and
auxin response DNA binding domains. Phylogenetic tree analysis indicated that PpARF6, PpARFS8 and
PpARF6-like in peach were closely related to Apricot, followed by plum and sweet cherry. (2) The re-
sults of the degradome sequencing displayed that only PpARF8 could be cleavaged by ppe-miR167a among
the three predicted target gene and no cleavage sites were detected on PpARF6 and PpARF6-like. (3)
The analysis of gene expression of exogenous IAA treated peach showed that the expression of miR167a af-
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ter treatment was lower than that in the CK, while the expression of its target gene PpARFS8 and the 3’

end cleavage production were higher than those in the CK. Taken together, these findings showed that

ppe-miR167a in peach fruit involved in auxin signaling pathway and participated in the regulation of fruit

development by mediating the cleavage of its target gene PpARFS.
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sponse factor) §% 5% K 7 3 S 48 P A= 1 2 i i 11 ¢
BT N T, ARFs #5527 AT LS AR K 2 e
FH G 37 X 8k A K m bz ot 4 (AuxREs)
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FOILP ARF 8 o I ¥ 0 28 1 2 W0 5 B0\ T 4 2%
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ARFs #EL K% ORF I #6471 1% 51 32k 1k A 08 < 2
S8 qQRT-PCR 2087 T miR167a J H 0 3 5 76 IR
SRR Je T A0 25 [ 3% 38 15 100 5 A fige 20 A
THk ppemiR167a 5 ARFS [] i) 24 i /5 FH A =X 9F:
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1 MR TIT
1.1 #EHR

DL Al RO F2 AR 2% B G A 3 30 56 b 1) < /s
H R K Bk (Prunus persica) IR EAF &K H
BF 3 8 SR S AR R SE M kL. FAES 20 d CREZEE —
W AR KD (50 dCRSERER D (75 dCRIE
YR A KD AT 90 d RS2 YD 20 S HCRE |

K RATETF 2019 4E 6 A 10 H OREGHT 30 D
FH 0.2 mmol « L' AME IAACI 1% & 80) #k4T
TERIR AL 1 min, WK O 1% mEE 80) S XT HE,
AbFRE 30 d BURE . SRS T A RE SR ]S 8G 5 TR
ROE R IT B AE — 80 °C VKA ARAF .

1.2 S|¥H&ERRENLKH

SEUR T G140 i A T A TR ) B A FR
PNEVE R BARIF IR 1, RIAFFE (Escherichia
coli )k DH5a,.DNase i | \Power Script [| TM
J % S W Taq B . INTPs, pMDI19-T #% {4, DNA
Marker., % ¢ 5 2 4t Bl SYBR Green [ ¥ A
TaKaRa 72 &), DNA A7) 60 0 b 50 R A A b
BHEARAF .
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Table 1

Sequences and usage of primers

F##514 Forward primer (5'—>3")

TU#514 Reverse primer (5'—=>3"

& Purpose

TTTTTTTTTTCTAGATCATGCTGGCAG
TGAAGCTGCCAGCATGATCTA
GGAACGATACAGAGAAGATTAGCA

ATGAGGCTCTCATCTGCTGGTT

TGCTCGTATGTTTGGCCTTG

ATGAAGCTTTCAACATCAGGGT

GACATATCCCGGTTCAGCAG

ATGAGACTTTCGTCTTCATCAT

CTATGATGAGCTGCGCAGTG

GCTCGCTGTTTTGCAGTTCTAC
CGACUGGAGCACGAGGACACUGACAUGGACUGAAGGAGUAGAAA

ATTCTAGAGGCCGAGGCGGCCGACATG-d(T)30(A, G, or C) (A,
G, C,orT)

ACTGCATTGAACAACGCCTT

TCAATACTCGAGTGACCCCACG

AGGCCTCGTTTTCCCATTTG

TCAATATTCAAGTGAGCCAAG

GTCGTCACCAAGGAGAAGCA

TTAGTAGTCCAGTGAGCCCAAC

TCATTCTCCCGGTCACCAAA
AACATAGGTGAGGCCGCACTT

GGAGTAGAAAGAAGCTGCCAGCATGAT miR167a 5LfE Clone of miR167a
ATTCTAGAGGCCGAGGCGGCCGACATG miR167a qRT-PCR

U6 §" 1 Application of U6

PpARF6 ORF ¥ Hf Application of
PpARF6 ORF

PpARF6 qRT-PCR

PpARF8 ORF ¥ 4 Application of
PpARF8 ORF

PpARF8 qRT-PCR

PpARF6-like ORF #" 1% Application
of PpARF 6-ike

PpARF6-like qRT-PCR
RPII §"#% Application of RPII

LMWRNA 5' % 3% Dapter of LM-
WRNA 5'

cDNA

1.3 F &

1.3.1 RNA 2E K miRNA 98 XRH%E
CTAB L BUR [F) & & B BOR 92 A 19 8 RNAM,
DNase [ [iff (RNase free) 1§41k M S5 il 32 25 5 3L K
¢ DNA, 7E& RNA FAf B, H 4 mol « L' LiCl
43 B3 K4 F it RNACLMWRNA) 5§ mRNADY
1.3.2 ¢DNA & mRNA 5 LMWRNA ¢cDNA
H B % Zhang L.

1.3.3 #kmiR167a BEHFFIWIE LI 1.3.2 T4
B LMWRNA [ cDNA I & 1 519
HEATH H , miR-RACE J57 %% & Sun 547,
1.3.4 BNEEERNTERFEISH 5Nk
BRI miR167a #Y 3 AFRIE R FEHIV, DL
3 B RNA J#E 50 cDNA N HREFT PCR 3714, 3k
FONE R BE PpPARF6, PpARFS . PpARF6-like
) ORF J¥51, 4597 5 7E NCBI HriE 17 Blast (ht-
tp/ www. ncbi. nlm. nih. gov/BLAST/) b X, #) FH &
SF 45 ¥ B0 48 B (CDD,  https://www. ncbi. nlm. nih.
gov/Structure/cdd/cdd. shtml) 347 14 57 45 #4569 4
Br. RGFEM g H MEGA 5.0 #ff.
1.3.5 BEFRANE KW /DA R BEARE 0 4 A4
RE N AL S 20.50.75 Fl 90 d S5z R A
W IEAT B R 4L I T, B RNA H Trizol i &
(Invitrogen, CA, USA) #£H, # & 4 4~ [ fif 41
JEE L B 2 3R )1 A2 42 ) RN 2R 45 B K 35 (50 bp)
M, W 7 4 F Hlumina Hiseq 2500 (Illumina
Inc. » San Diego, CA, USA),

1.3.6 ZLBRXEE RT-PCR 44 LI mRNA,
miRNA DL R 5" %4 3k A 3'-ploy (A) & L 4t fk 1)

mRNA %534 B H cDNA M. LISk RPIT 3
T U6 rRNA N2 47 qRT-PCR 473,
SLEG T E 3 W, SLH EHE ] LinRegPCR 1 Excel
2010 #MEarbr. HEYZEBE WS WE 1.
2 ZER5500r
2.1 ppe-miR167a F5HFFIRIEREARAREE B
B REXPHRIE

A4 T B A Ak R PR b B0 A Bk ppe-miR167a
F51, F]H miR-RACE # AR BHE ppe-miR167a 7E8k
Al NE RO P RS BRI S g R R L R
WER) ppe-miR167 J3 41 5 1k K& B 20 o 15000 1) )5 9] £
5" 3" NG AEAE— RE BRI 25 5, BV IR IE P 8 A 5
i 1AL £ T R UL M7E 3" shids 1 466
BRI GER 2),

Hik— 4 T f# ppemiR167a fEME RS2 &K F i
e )R IB O AKX A qRT-PCR X HAE /)
FI R AR5 S0 % 7 0 A 4 A 6 Bl ik 3 0 B 2 ek
BT T SR KW, ppe-miR167a £ LT 20
d B 3R Gk & B s, BlOE R S0 HE A A B, ppe-
miR167a Fih B E T, HMZ GBS 50 DIF
Ifi s ppe-miR167a MR IX | B L FH (& D,
2.2 ppe-miR167a il 8 £ (& 9 52 P& & FF 51 4 4

5 7T 1 Al psRNA target web server Cht-
tp://plantgrn. noble. org/psRNATarget/) 7£ %
ZH R I A ppe-miR167a A8 L [ 45 9 (% 3),
AT T AR L, L mRNA JEE SRS 9 cDNA
SRR, I AE A 3 PR A 500 JE Chittps: //www. ro-

saceae. org/species/prunus_persica/genome_vl. 0)
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R B R S S SERERT B PpARF 6(XM
_ 020562547 ), PpARF8 (XM _ 020560148 ) Al
PpARF 6-like(XM_007217628) Y 5¢ B ORF, K/
Iy 2 664.1 767 FI 2 760 bp (&l 2), f#5F45H
AN BR 34 ARFs SRR &4 & B AR SF A K

%2k miR167a il FF 51 5 36 9E 51 LE &
Table 2 Comparison the sequences of predicted and

validated ppe-miR167a

i H Item J¥%1 Sequence (5'—>3")

T Predicted GAAGCUGCCAGCAUGAUCUAG

B5IE Validated UGAAGCUGCCAGCAUGAUCUA

6001 .
ppe-miR167a

P wn

(=3 (=

(=] (=]
T

HIXRIL =
Relative expression

N W

(=] (=

(=) (=}

—_

(=3

(=]
T

S

20 50 75 90
16 )5 K & W i)
Time post anthesis/d
AN FEVNE TR SR 3 25 5 (P<<0. 05) , T[]

Bl 1 MRS % & ] ppe-miR167a /Y3 5X
Different normal letters represent significant differences
(P<20.05), the same as below
Fig. 1 Relative expression of ppe-miR167a in

different stages of peach fruits

LR DNA 4541 (& 3).,
2.3 ppemiR167a HNEERNRZELE

it MEGA 5.0 84 # T ppe-miR167a 3
AT R ) R G kAR (IR 4D L 25 251 R ke
PpARF6.PpARFS8 Jt PpARF6-like ¥ 51 H 4
1) 2% 2% 0% ZR G LR Ry A R0 A mmmmﬁ
PpARF6-like 5 ¥ B By 2% & X R & &
PpARF8 SR RS R RBm (K 1,
2.4 BRRELAEFLE D ppe-miR167a T il 3 E H
B FRix

S HT ppe-miR167a Tl #8 3 PN 7 S 55K [A] &
BB RIBEREZY, PpPARF6 fE1E)5 20 Al
75 d BRI R B IR B B (S 50 D
() 2 IR M XA L AE ST 90 d SRSz SRk B e (A
5), PpARF 8 Ik & 75 5 52 5 — UCP 3 i K40
(HEJ5 20 &) Jmedy » BRI (IE ST 50 DA BT F B 7E
B 5 A 7 S B0 O 3 R k. PpARF6-like )
REBAEANRKEN TR ZEZE S, 50
ppe-miR167a 15 H: 15 I #2 3 5] 1 2 15 A =X & 1,
PpARF8 5 ppe-miR167a B 5 ik # # FE A — 2,
PpARF6 Fl PpARF 6-like W31k 5 HICH] WA %
P, UL, B 3 AL K H S ppe-miR167a
] B4 FH O XA T i — D TRADESE
2.5 ppemiRl167a SEHEERBEMNIEAAR

Shy 58 I 900 R S M R ppefmiR167a
5 80 5 DA ] B A PR A BIF 0 388 5 o figk 2 0 )

x3 MNAHERAF miR167a HEERE
Table 3 Predicted ppe-miR167a’s target genes from peach genome

U £ K
Predicted target gene 1D

NCBI sequence

FERITT X

Interaction mode

I

Gene annotation

ppa001179/Prupe. 4G085900
ppa003267/Prupe. 3G011800

ppa001069/Prupe. 3G182900

XM_020562547
XM_020560148

XM_007217628

PpARF6 Z4fi# Cleavage
Zif#t Cleavage

Zf# Cleavage

PpARFS

PpARF6-like

M PpARF6

3000 bp
2664 bp 2000 bp

3000 bp
2000 bp

1000 bp 1000 bp

M PpARFS

M PpARF6-like

3000 bp
2000 bp

2760 bp
1767 bp

1000 bp

2 Mt PpARF6.PpARFS8 K PpARF6-like B ORF §" 1 (M. DL5000)
Fig. 2 PCR products of PpARF6. PpARF8 and PpARF 6-like genes ORF
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TYESH . BR LW, ppe-miR167a L)L 5T Y) )7
ERME RN A 2 A4, H—F ARFs Z MG FE A, AP
PpARF8, % — /% HPR-A JH (EWY {5 B %k
M F| 4 ARF e 55 i 51) , H 5 miR167a [A]
A A FHIBEE B0 , A B 58 T A SR AT TR 20 BT . % i
4K & M B ppemiR167a 5 PpARF6 Fi
PpARF 6-like Z A1 BIAEFH U6 W15 2 5 T000 45 SR A7
TE—E MR A BT KRB, B
HEHE W8 ppe-miR167a fEH T HIIL [ PpARFS8

379 687 775 999 2182 2487
PpARF6 m— . 2664 bp
70 255 1384 1608 .
PpARF8 — 1768 bp
394 702 790 1023 2311 2571 B
PpARF6-like — g 2760bp
B3 | [Auxin resp)  AUX_IAA superfaghily

K3 Mkt PpPARF6.PpARF8 K PpARF 6-like
T 51 B R S 45 4 38 03 A
Fig.3 The distribution of conserved domains in

PpARF6, PpARFS8 and PpARF 6-like genes

A Bk PpARF6
B HAK PdARF6
e 4|0 02057 _I_[— #§ PmARF6
00920 FIHEMK PaARF6

0.02612 e
0.03674 0.01820 SER MAARF6
Lo 1 PbARF6

o

0.00081 000153 0.06938 — e Eﬁ HdiEe
, H% VvARF6
0.06142 *Z*JISJ}’ARFG
0.09259 *}J*}q PtARF6

Bk PpARF6-like
B B H K PdARF6-like
%';Eﬁj PmARF6-like
0.01576 | T Bk PaARF6-like

002 003626 0.04084 SER MAARF6-like
0.02869 006708 L PbARF6-like
0.00092 — == % FvARF6-like
Q00082 5t 7RF6-like
0.11516 #i% VvARF6-like
0.13385 WM PLARF6-like

Bk PpARFS
& HA PAARFS
C 0.02312 ﬁjpmARpg
0.02 0.01497 H Bk PaARFS

—
0.05170 0.03884 I:f % MdARF8
%L PbARFS

0.00218 0.06339 45 FVARES
" 0.02460 2?21]92 VL) ftARFS
. W% VvAREFS
L1275 1%tk JARFS

A. PpARF6;B. PpARF6-like;C. PpARFS
Bl 4 PpARF6.PpARF8 i PpARF 6-like T4
SE P B4 AL 23 B
Fig. 4 Phylogenetic analysis of predicted target genes
PpARF6. PpARES and PpARF 6-Like

() S A7 A T miR167a 5/ 3 B9 4E 9 F 10 o7 B ik
Z 18], Bl PpARF8 () 2 441 i Eehb (& 6), S 4b,
TERRR SR T B 4 A8 . miR167a % PpARF8 1Y
RGN B 2R R O Hp Hm A 2
A FEAEST 20 A1 90 d BHEAIK. 7EAESS 75 d BHYEH
SRR K, R miR167a Al RETERE SR L & B HIEE —
YV A K (BT 75 dD i B /R
2.6 A K E 4 E I B ppemiR167a, B
PpARFS8 R HE =M RIEHI =T

AR B A 2 25 R R W ppe-miR167a 1Y 3 AL
FER A K Z RN AN T PpARFS, B A4 K &l i
LRZAHF (ARG My A K &K E . Witk

357 [ PpARF6 ®BPpARFS W PpARF6-like
3.0t a

AHX R L &=
Relative expression
- = b N
(=) W (=) W

e
wn

]

0 75 o
A )5 K ]

Time post anthesis/d

(3]
(=]

AFE/NE FEALR 3 M EEEARF L E R RE SR
BFEMZESR(P<0.05)
K5 REAFKEFH B PpARF6.PpARFS
K PpARF 6-like WA R 335
Different normal letters represent the significant differences
of the expression levels of three genes in different development
periods (P <C0. 05)

Fig. 5 Relative expression of PpARF6, PpARF 8
and PpARF 6-like in different stages of peach fruits

07 2441 nt
PpARFS BI VLI s Cleavage site .
401
30

20

19241 Reads

10 |

ot l‘hum il J'MMWMMMMMW

500 1000 1500 2000 2500 3000
{37 & Position/nt

Kl 6 ppemiR167a 5 PpARFS [8] 9 1FE H = &
PE 7 A 2
Fig. 6 The mode and site of action between ppe-miR167a

and PpARF 8 were identified by degradome sequencing
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Table 4 Information of the target genes of ppe-miR167a identified by degradome sequencing

ppe-miR167a

i H Ttem
Prupe. 3G011800_v2. 0. al Prupe. 7G264000_v2. 0. al
HH Gene PpARFS HPR-A
PCHE {7 ¥ Alignment range 2 430~2 451 351~372
SfRAL 5 Degradome cleavage site 2 441 363

DPA20-TPB 1 845.03 18. 83
DPA50-TPB 4 502.33 0
DPA75-TPB 12 663.61 15. 83
DPA90-TPB 1 793. 64 44, 84

£ TPB. 4 10 12/ 54 st A%
Note: TPB. Transcripts per billion

138 - Eppe-miR167a
115 E2APpARFS
921 WM3'PpARFS

A RIS =
Relative expression
S == NN o N
(98]

SN OB O W
T T T

IAA
AN TRV/INE TR R ] — 5 PR A A 3 S 1 R 5K i 1 25 5
B3 (P<<0.05)
B 7 TAA PSS ppe-miR167a 5 H M0 3 H &
R 3w A i ik

Different normal letters represent the significant differences of

the expression levels of the same gene with treatments (P<C0. 05)
Fig. 7 Expression patterns of ppe-miR167a, ARF8 and
cleavage product of peach ARF8 3’ end with IAA treatment

and the control fruits

AT ppemiR167a Z 5 A K R FESHERLRKTF
MDIRE A F S AR R SR F S W AR IR TAA 4b 3
30 d, ¥R S ppe-miR167a K I 35 [H] 1 25 i) 32
KIEAT T 438 R 2 B T =3 [ 4 7™ ) 3= 5k
A, SREH RLLBRIAERKRRLH)S,
AEFRZH P ppe-miR167a MYFEIA AR T X B 2H i 40
S PpARF8 L J 3" i 4/t 7= ) 1) 22 3K 78 Ak B2
R R D, B ESRTUE S AR
FAHRRETE — 5 B LR ppe-miR167a K L H0 I
PpARFS [R5k LA K — 34 18] (A R A

317w

HATHREC ZUE ARF % T A KE

fFoEBh N, HES 54 KRGS e
Yy R s Bt AR b R P AR DY AT H 4
FI B BE 98 &% B ppe-miR167a By #0 KL 0y 24k K &
mel b X ARF's S8 15 B 0, i i 98 — 35 18] i A T oG
R MENERCR S & F of 72wl e A2 76 A 4E T, 3
A SEIRIE T miR167a 76 /N 1 R 5 Bl b B RS
73 45 R, ppe-miR167a 1Y 137 5 7E A 4] 5 Fh 8]
FAAE—E MR 3L 22 21, 125 Tl o & A8 78 7 51 Y
P i 3 5 LU LA AR 9 v B B g 5 R — B
Bt ppe-miR167a ££ A [A] & B B BBk 5 52 i) 3 38
15 B & I miR167a 78 5 52 P % R 2R 52 Al 4
W ah R T AE S SR A% D) e 3k T AR, X 4%
FE S A7 UL b miR167a 1Y %38 B 7E B9k & i
H AR A2 1 T AR BT R RS . 3 4 ARFs
He R &S E) & G845 R W oR PpARF8 5 ppe-
miR167a W) 3% i5 & ¥ M A — F, PpARF6 Hi
PpARF6-like W3R ik 5 ppe-miR167a i 3R ik JC I
WA, X 5 R iRE ) miRNA 585 R
2 38— g 2 AR G R [A) L 0L R T b I g &
P, miR167 5 H 4P H N AtARF6 Fl AtARF 8 [f] 1f
TER B 5 . AtARF 6 g ii% miR167 ik,
AtARF8 il miR167 3Rk, BT a3 i 1% It 3%
T B A SR A R AR AR R A A SR
S EGE R RIAE S 170~250 d,CiARFS By ik
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