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Functional characterization of sweet cherry PaPMEI and PaPME?2 dur-
ing fruit ripening and softening
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(Zhengzhou Fruit Research Institute, Chinese Academy of Agricultural Sciences, Zhengzhou 450009, Henan, China)

Abstract: [Objective] Pectin methyl esterases (PMEs) are key enzymes in the de-methylation of pec-
tin, which participates in the degradation of pectin during fruit softening. However little has been stud-
ied about the functional characteristics of PME genes during fruit ripening, In order to provide a theoret-
ical basis for determining the function of pectin methyl esterase genes (PMEs) during fruit ripening and
softening, we characterized the biological function of PaPMEI and PaPME2 genes in sweet cherry.
[Methods] 7-year-old trees of sweet cherry (P. avium) cultivar ‘Zaohongzhu’ were selected grown in
the resource collections of the National Fruit Tree Germplasm Repository, Zhengzhou Fruit Research In-
stitute, Chinese Academy of Agricultural Sciences (Zhengzhou, China). To examine the expression pat-
tern of PaPME] and PaPME? at different growth and developmental stages of sweet cherry fruits, quan-
titative real-time PCR (qQRT-PCR) was implemented using total RNA from different fruit developmental
stages. In addition, we used TRV-mediated virus-induced gene silencing (VIGS) to further evaluate the
function of PaPME] and PaPME? during the course of sweet cherry fruit ripening and softening. Mean-
while, The fruit hardness, soluble solids, soluble pectin and PME activity of the TRV::PaPMEI- and
PaPME? infected fruit were detected. [Results]Gene expression analysis showed that the expression
level of PaPME?2 was low during early fruit growth and development. Subsequently, PaPME?2 expres-

sion was sequentially and significantly upregulated during fruit ripening and softening, suggesting that
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the expression pattern was consistent with the ripening and softening period of sweet cherry fruit. The
expression of PaPME1 gene was low in the early stage of fruit development, and was up-regulated with
the development of fruit until the fruit ripened and softened. In addition, the expression of PaPME]
gene showed two peaks on 28 days and 56 days after flowering, but the expression of PaPME] gene
showed a trend of up-regulation and down-regulation during fruit maturation and development. The to-
bacco rattle virus-induced gene silencing (TRV-VIGS) technique was used to knock down expression of
the PaPME] and PaPME?2 genes in the sweet cherry ‘Zaohongzhu’. RT-PCR was performed using cD-
NA samples from infiltrated fruit at 15 dpi to verify if the PaPME1 and PaPME?2 genes in ‘Zaohong-
zhu’ were effectively silenced. This showed that the expression of PaPME! and PaPME2 genes were
markedly reduced in the TRV::PaPME1- and PaPME?2 infected fruit compared with the TRV :00-infect-
ed fruit, suggesting that each gene was effectively silenced. Furthermore, silencing of PaPME?2 of sweet
cherry fruit delayed fruit ripening and softening in comparison with 7RV::00-infected control fruit on
21 days post- inoculation (dpi). The fruit firmness, soluble solid concentration, water soluble pectin
(WSP) content, CDTA soluble pectin (CSP) content, Na,COj; soluble pectin (NSP) content, PME activi-
ty, cellulose content, and hemicelluloses content of the TRV::PaPMEI- and TRV::PaPME2- infected
fruits were analyzed. The results showed fruit firmness, WSP content, and PME activity of the TRV::
PaPME?2-infected fruit was significantly reduced compared with that of the TRV::00-infected fruit on
15 dpi. And in PaPME?2-silenced fruits, CSP content and NSP content were significantly increased com-
pared with those of the TRV::00-infected fruits on 15 dpi. However, soluble solid concentration, cellu-
lose content, and hemicelluloses content of TRV::PaPME?2- infected fruit did not differ significantly
from that of TRV::00-infected fruit on 15 dpi. Compared with TRV::00-infected fruit, TRV::PaPME2-in-
fected sweet cherry fruits had no significant differences in fruit firmness, soluble solid concentration,
WSP content, CSP content, NSP content, PME activity, cellulose content, and hemicelluloses content on
15 dpi. Together, our findings indicate that PaPME? is involved in sweet cherry fruit ripening and soft-
ening. [Conclusion] In conclusion, this study highlighted an important role for PaPME? that would
most likely be a key gene regulating fruit softening during sweet cherry fruit ripening and softening.
These findings would provide novel insights into understanding the molecular mechanisms underlying
fruit softening determination during fruit ripening and softening in fruit trees and might have potential
value for improving the postharvest quality and shelf life of fruits in sweet cherry.

Key words: Sweet cherry; PaPME2; VIGS; Fruit ripening and softening; Functional analysis

37 4%

WK E PRk (Prunus avium L)) 835 #0RHE & 1E
W, RILEATTHEE B RN EER, BAIR &S
Br e . BRIk SR S A W i SR (B AN R A D
B A FE AR A4 R E IR AR R R,
R RIE R F R 2" SR AR SR S it
W AL, 5 SRR PR 5 ) 2 AL B e s
Fa , 7 38 Fan A 5B R Hh st R B 2k, R 1) 1 A
MEF= b 1 s DRI, BT PR A SR S R B R AL
(1 A BRAN G AL, 3G 5 A PRk B i a8 1, I R
S BRI, — BRI TR I B B i R —

AP SR S A 3 2 P 40 BB 5 4 (1) A AL AN
2 it B 2H 7 AR TR AR ) L A M B 1 S RO R

RIEMAAERY . S50 BEY) o1 P g ) 2252 —
8K i B, a0 SR ke F OB % (pectin methylesterase,
PME) . £ 5 - L bE % TR % (polygalacturonase , PG)
212k 2 ¥ Ccellulase , Cx) Al B-F= FLAE F 1 ( B-Galacto-
sidase) &5, SLIR I PR g BE DX (PMEs) 5 ) VZ 474
TR N I — BRI ZE R 5K, 4309 Type 1 #l
Type Il . PME = S A4 S5 MR 2 e A2 BRI IR » N
PG #2 LK I , 5 PG Il P [R) 7 A A SR s i qe
WEFCR I, FE A R RN S B 7 0 4 6] A bk
L&l ZAEMIH RSB I A b, PME W 1 d2
ETF, W) PME 78 B 52 R BB Tk 4% B AR
R, R B4 W A PME 5200 352 i 2 ik, (5



510 H7

FA, 5 TRk PaPME] 5 PaPME2TESESE AL T R Th e 43 BT 1457

& BT AR RG2S — A 2 B K, AN A 1 SR
F i [ Tl 7 SR 5 e A v R (4 FE AR [ TR
—ANBE LA R e B 356 TR A 4 SR S R s AR AT o
FRIE , DA A 06 50 e Y e g 2 IR 5K IR ) e gk AT
FRGE MBI FT , B A SR S i A TR AR A
i, 28 2 R F A= 05 JE. 5 J7 90T AR Bk 56 IR 4 o
PME $: R 5 i 347 %5 58 , 3R 43 12 4> PaPME %
R o AR SEI 5t 58 B PCREAR I I 2
AN PaPME 2K [PaPME1 (Pav_sc0001102.1_g920)F1
PaPME2 (Pav_sc0000129.1 gl1650)]1E i 2 Bk 5 52
AR AN I 7R Rk B, SR R Pk R i
(17 VIGS #% A 45 7 Ut BR &t P2 Bk 3 S PaPMET A
PaPME2 H R, 43 1 e 1R 3R 12 155 10 % B PRk R S e
FAIA T2 I, S B fe PR R R Y T g R 1 T
B8 S AF S S R A Ak R 1 VR F B L SR
I Fsf Sy 75 Al A T 328 1 Pk s P i AR S 1R

1 BRI

1.1 #8

AL L« RO R R B R 1 b b < LT 2k ok
e (B AV AR 2 4 M AR BT T I Ak Ao o B U TR
AN ZY-17 0% 7 aCiF) , BHAA K IE %

B AR R TRV 95 8 3844 : VIGS %44 IR 5 ifg 24 95
i 4 1A (tobacco rattle virus, TRV) pTRV1 5 pTRV2
I8 46 R 5 X R R 204 W, AR s R 6 1 B PR
GV3101 HSL50 2= LR AF
1.2 A&
121 VIGS T H KW MERFHELRHFHEA
pTRV2-PaPME] Fl pTRV2- PaPME2 %5 1A [ 4 # %
H In-Fusion Cloning H{ K. 7 A& 114 A 16 MHES
XK (52 EcoR | F1Kpn 1 6 PEALI pTRV2 Fr B H.
N I 1) EL AN 5K ) PaPME T Y PaPME2 %% [R
S5 Xt PaPMEI-F/R Al PaPME2-F/R (K 1), LA
R Bk cDNA AR 3G tH PaPME1 F1 PaPME2 ()
J B¢, F H In-Fusion™ HD Cloning kit (Clontech,
Mount-ain View, CA , United States) 73 74 #4515 2|
() PaPME1 1 PaPME2 % R J B 3E #2342 EcoR
1 Kpn T XURE U] 26 VA6 1 pTRV2 84k 1, 14 & A%
pTRV2-PaPME1 Fl pTRV2-PaPME2 F £ # {4 , J:- 5%
N KW 15 DHS o g2 2, Pk H P4 A% , 42 PCR
U5, U U] 45 s A P IR R S S 0 ) F pTRV2-

x1 AHRETANSIY
Table 1 Primers used in this study
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Primer name Sequences (5’ —3")

PaPMEI1-F AGTAAGGTTACCGAATTCGAAAGGGGTG-
GTCGAGGAT

PaPMEI1-R GAGCTCGGTACCGGATCCTGCTGTTCTT-
GATGGCGGTC

PaPME2-F AGTAAGGTTACCGAATTCTGCCGGAC-
CACCCTCTACC

PaPME2-R GAGCTCGGTACCGGATCCTTCACCCA-
CAGTTGCTTGCCC

Histone2-F GGTGTGCTTCCGCAGATAA

Histone2-R TCCTCCTTGGGTGGTGAAT

PaPMEI1-J-F GCACACAACCTTGGCAACTTC

PaPMEI-J-R CACACCATCAAATCCATCCGT

PaPME2-J-F GTGTTGAGCCTTCCTTTGCTA

PaPME2-J-R TTGCTGGTGACCTGAGCCACA

PaPMEI1-q-F GAAAGGGGTGGTCGAGGAT

PaPMEI1-q-R TGCTGTTCTTGATGGCGGTC

PaPME2-q-F TGCCGGACCACCCTCTACC

PaPME2-q-R TTCACCCACAGTTGCTTGCCC
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AL FE TR, 2t B v SRR ER AN I ) DR SR TROIR A B
FRAR R K VB B (WSP) « WSP 2 £ 1 T e Al
BRI (CSP) BlIE P FR (NSP) & & (1) B IS AT
B G| RS AR, Rt — 25 M PaPME]
H PaPME2 Jk PR %F 2R 52 Rl 28 8R40 1 82 ), %
PaPME1 F1 PaPME2 Ut BR ¥ i P2 Bk 3 52 1 WSP.
CSP FINSP & & AT E 70 #r (B 5. 2421d
5, 5 AR E , PaPME2 3 PR 1T R A A A S
SEH WSP 5 i KT S o0 B4, CSP FINSP 77
B T SO R 1 PaPME T 5 ERICER 1 #l
Ak 52 b WSPLCSP FINSP & & 5 25 306 A E
ZRAEE (B S5-A~C). Ll g5 BEu, k3
S PaPME2 JE R ) 22 15 5 5 SR S b ] v M S e
J B B YIAR DG, ik — D R SLSL 1) JFi .

233 A ERTEEE(PME) % 69 %% PME i
DUEAL SR I PR PR T A0 A IR » 8 PG I R $R L B
ZEY . N T i€ PaPME] F1 PaPME2 3£ K 3215
B 1A% 1k & 5 5 W PME 35 7%, X PaPMEI Al
PaPME2 JT 8K (1) &l %2 Bk S SK 1 PME 3% 14 347 7

Mro GEREIR,RY21 dJ5 , PaPME2 3£ R T ER 0 i
PR B B SZ fR PME 3% 1 B 35K T 2 3O IR AL, i
PaPME 5 R JTER I S P Bk SR 9 vh PME W5 1% 5 &
WA B FEA — 3 (B 5-D) , F W PaPME2 F R (1) %
I R PME V5 M, 28 2 W7 e 7 S 52 R B i b i 72
W, PaPME2 B£8R 85 4% i) PME ¥ V4 1 5 1) 1 A2 Bk
RS

234 Mg FFFH R RSSO R R
AL R, 2 4 R 1K At 2 S 8O SR AR
R esg Rz —. Hk, P4 R ML A4 RS
A S P R SRR A A ) B PN R AR . N T
& PaPME?2 5 R TE S 5 i A I R v & 75 R B
SN MR RE R A gERA LA AR T EM DL, X
PaPME1 1 PaPME2 JUER ¥ PR Ak SR 55 vp £ 4 0
FAQgERGTERITNE. &R ER, PaPME] F
PaPME2 UTER AR R S A A R AR A e XS
5O A EE A — F (& 6) , R WIEH PR IR
S PaPME2 BRI 3005 5 R Seh 4 R A 40 4 R
B EMRAFAR , HE—PAUE S PaPME2 FE R & i 1



10 4 FeA gL, 5 BNk PaPME] 5 PaPME2 75 5L S AL A (I Bh g 43 BT 1461
A B
_ 110 .~ 60 .
~ 5 100+ = - 2 8 250 | =
S 5w 90 - - ® oS
= 5= 8y a2 ET = T
Z & ® 70 ** SIS i
S5 8 = T 2530
ag 60 |- =5 E
50 : : ‘ © ° 20 ‘ ‘
TRV::00  TRV::PaPMEI  TRV::PaPME2 TRV::00 ~ TRV::PaPMEI  TRV::PaPME2
C D ~ 20
100 g 1.8 | _
£ o o =16 | = =
282 Y T w 14 |
® oo = 8 #5121
H 5 & - T it 5 10t
£ g £ 700 S5 o8| =
2355 4l =2 06|
=3 g g2 04
Zz ° 50 E 02 |
TRV::00  TRV::PaPMEI  TRV::PaPME2 A& 00
TRV::00  TRV::PaPMEI  TRV::PaPME2
B 5 PaPMEs EFETEKRIFHEBER L AIKAMERE (WSP, A, EESMHRR (CSP, B).
WAMERE (NSP, O HMEEK PME BgEME (D) BTk
Fig. 5 The change of WSP content (A), CSP content (B), NSP content (C), and PME activity
(D) in TRV::PaPMEs-silenced sweet cherry fruits
A ~ B
o 60 - 70 -
S =
S 50 L 5 60 r T F _
5 T ~ £ L -
o Eal [T + = G § om0
g = @ 8 o 40 -
< o 3 2 w30 ¢
= o 20 <~ © &
9 = 2 =2 |
2 10} 5
= ex 10 |
g 0 0
TRV::00 TRV::PaPMEL  TRV::PaPME2 TRV::00 TRV::PaPMEI  TRV::PaPME2

B 6 PaPMEs Z£EFTERIFIEBERIAHESR (A MEFER (B) ST
Fig. 6 The change of cellulose (A) and hemicelluloses (B) content in 7RV::PaPMEs-silenced sweet cherry fruits
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