o o2 R 2021,38(2): 168-178

Journal of Fruit Science

DOI:10.13925/j.cnki.gsxb.20200297

HE S UG PavSST A= FHAEHE R L BRI Th BE 72 4
FARE BN, REE,ZF W
CR LRS5BT FO5T 56 450009

2 LB 89 YRR PavSS 3k K S AE B9z G 72 P 1 2 g L7 3R YR QRT-PCR AR T T 7 AN HEBE A
fitg 2 Rl PavSS1~7 15 52 K & 1L B2 o I R IE NG, FE 0 AT T E BN PavSS 57 e 2 PR 22 38 1 52 il , R Pt A8 Bk SR i 1
VIGS HiAR 7T T PavSS1 55 PavSS6 KR 500 5 52 il 1) Dy 68 o (45 R 1PavSS1 1 PavSS2 & K TE AT FE R 5 52K & Aty
HREFIFRIL, B PavSST BRI RIS B2 PavSS2 B 10 65 LA L s PavSS1 Al PavSS2 15 J 55K B AT IR IA & B H =
JE IR IE IR K. PavSS3 Fl PavSS5 HERTE RN RS R B MK RIE, ARIEEERF AR E . PavSS4 M PavSS7
RN RLRE RIS ER, JGHRIEEK. PavSS6 RN TE R K B VIR, b5 R IE EIF W T+, JE 4R
KT A e L2 R T PavSS1 A PavSS6 B IR [ 3R3% , 1T PavSS2+ PavSS3 PavSS4 PavSS5 Fl PavSS7 5:[K (1) 3
RN T PTEREPERE SR ST PavSST 2 RIS T E PR 5 S e G I ST \ABA & & AR (U & BRI ] VA I
W R AR T 3 P DB B DG DR (1) R0 R R 5 T TR PavSS6 JE IR 1) AR IR i 5 2 ot R L, e
B E A LB NPavSST B AT g fe 42 i SRR HE SR SRR AU IR DGR BE IR, 2 5 1 Rk SR e st AR A TR 42
BRI« ARk s EWE & B ; PavSS1 s PavSS6 s F 5 ik

PE D2 S:5662.5 MR SRS A X E S :1009-9980(2021)02-0168-11

Functional analysis of sucrose synthase PavSS1 regulating sweet cherry
fruit ripening
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Abstract: [Objective] Sweet cherry (Prunus avium L.) is an economically valuable horticultural crop
that is widely cultivated in temperate regions. Its fleshy fruits have nutraceutical properties and antioxi-
dant activity. Sucrose synthase (SS), which catalyzes the reversible conversion of sucrose to monosac-
charose, is a key enzyme in sucrose metabolism. The functional characteristics and regulation of PavSS
genes during fruit ripening, however, has not been studied widely. In order to provide a theoretical basis
for determining the function of sucrose synthase genes (SS) in sweet cherry during sweet cherry fruit
ripening, we characterized the biological function of PavSSi, PavSS2 PavSS3, PavSS4, PavSS),
PavSS6 and PavSS7 genes in sweet cherry. [Methods] To isolate PavSS1, PavSS2 PavSS3, PavSS4,
PavSS5, PavSS6 and PavSS7 orthologs in sweet cherry, the protein sequences of AzSS/ (AT1G05560),
AtSS2 (AT1G73370), AtSS3 (AT3G43190), AtSS4 (AT4G02280), ArSS5 (ATS5G20830), AtSS6
(AT5G37180) and AsSS7 (AT5G49190) were used as the query in a BLAST algorithm- based search
against the sweet cherry genome (http://cherry.kazusa.or.jp/map.html). The fruit ripening, quantitative
real-time PCR were used separately to analyze the expression patterns of PavSS gene families in fruit
tissue obtained in different growth and developmental stages. To verify the effect of sucrose on PavSS
gene families expression, qRT-PCR was implemented to assess PavSS gene families expression levels
with sucrose treatment. To determine the functional characterization of sweet cherry PavSS1 and

PavSS6 during fruit ripening, the tobacco rattle virus-induced gene silencing (TRV-VIGS) technique
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was used to knock down expression of the PavSSI and PavSS6 genes in the sweet cherry landrace
‘Brooks’. RT-PCR was performed using cDNA samples from infiltrated fruit at 14 dpi to verify wheth-
er the PavSS1 and PavSS6 gene in ‘Brooks” was effectively silenced. To further understand the role of
PavSS1 and PavSS6 in the regulation of fruit ripening, we analyzed the anthocyanin contents, ABA con-
tents, fruit hardness, soluble sugar contents in the 7RV::PavSSI- and PavSS6 infected and control fruits.
The transcripts of the ripening-related genes, including PavNCEDI, PavPGl, PavXYLI, PavPLI, Pav-
PAL, PavCHS, PavANS and PavDFR were assessed. [Results] Seven putative full- length mRNA
[PavSS1(Pav_sc0000129.1 g1710),PavSS2(Pav_co4071539.1 g010),PavSS3(Pav_sc0000174.1 g950),
PavS§S4 (Pav_sc0000130.1 g850), PavSS5 (Pav_sc0000174.1 g960), PavSS6 (Pav_sc0000103.1 g1530),
and PavSS7 (Pav_sc0001124.1 g380)] were obtained for PavSS with a start codon ATG and a stop co-
don TAA in sweet cherry. The expression level of the PavSS! was high during the fruit development
and ripening. The PavSSI expression increased gradually from 7 days after flowering, reached a peak
on 21st day after flowering, and then decreased gradually during the later stage of fruit development
and ripening. The PavSS2 expression was low during fruit growth and development, and the expression
pattern of the PavSS2 gene was similar to that of the PavSS/ gene. Both the PavSS3 and the PavSS5
genes expressed during the development and ripening of sweet cherry fruit, but the expression levels
were relatively low, and the differences in expression levels were not significant throughout the fruit de-
velopment and ripening. The expression of the PavSS4 was high in the early stage of fruit development,
reached a peak on the 14th day after flowering, then the PavSS4 gene expression decreased, and main-
tained in low expression level. The expression of the PavSS6 gene was low in the early stage of fruit de-
velopment and increased in the later stage of fruit development, with the highest expression level 49
days after flowering. The PavSS7 gene expressed during fruit development, but the expression level
was relatively low. In addition, the expression of the PavSS7 gene showed two peaks on 7th day and
28th day after flowering, and the expression level was relatively low during fruit ripening. Compared
with control, the expression of the PavSSI and the PavSS6 gene were up-regulated at 6 h, and then sig-
nificantly down-regulated at 12, 24, 48 h in sweet cherry fruit after sucrose treatment. However, the
PavSS2, PavSS3, PavSS4, PavSS5 and PavSS7 genes in sweet cherry fruit did not differ in expression
levels from those of the control after sucrose treatment. The expression of PavSS/ and PavSS6 was mark-
edly reduced in the TRV::PavSS1 and the PavSS6-infected fruits compared with those of the TRV::00-in-
fected fruits, the PavSSi-silenced fruits displayed light red or yellow-white or green-yellow at 21 dpi,
the control fruits (7RV::00) fruits had a red and dark red epidermis. However, the fruit phenotypes for
the PavSS6-silenced fruits showed no visible defects compared with the control fruits at 21 dpi. Several
ripening-related variables in the PavSSI-and PavSS6-silenced and control fruits were analyzed. The re-
sults showed ABA content, anthocyanin content, and sucrose content of the TRV::PavSSI-infected fruit
were significantly reduced compared with that of the TRV::00- infected fruit at 30 dpi. And in
PaMADS?7-silenced fruits, fruit firmness and fructose were greater than those of the control fruits.
Moreover, the qRT-PCR results showed that the expression of the ripening-related genes, PavNCEDI,
PavPGl, PavXYLIl, PavPLl, PavPAL, PavCHS, PavANS and PavDFR were strongly suppressed in
PavSSi-silenced fruits compared with the control fruits. However, compared with the controls, the
PavSS6-silenced sweet cherry fruits had no significant differences in ABA content, anthocyanin content,
soluble sugar (sucrose, glucose, and fructose) contents, fruit firmness, and transcript levels for the ripen-
ing-related genes. [Conclusion] The PavSSI is most likely to play a pivotal role in the regulation of
strawberry fruit ripening, and its expression could be inhibited by sucrose.

Key words: Sweet cherry; Sucrose synthase; PavSS1; PavSS6,; Fruit ripening



170 3 i)

S 4

55384

RERE R AE Y6 & E F IR = P H 1 32 224
J  FEAE 0 T TR RE S0, [R] B2 /K SR o AT i
B P 3 BEAH RGER 4y, FEAR IR IE R AE T 1 R AN 4
BRI B SRR A A Ko R AR
PERM . FEREACUTE S SR SR 78 rp 2 A Y
BAT, B IR SR R, I e S KR A T
JEE M 5 i (sucrose synthase, SS) Sy JiE B A 4 1 0% it
ity , REAE 1] 30T b A ORI 3 A RE AR, A RERE 2 5 B H 21
FAT T A0 o R AR 0 A4 P A i 5 o e e ), L
SN < FERE PR 2 (UDP) <> b+ R —
1% % & f (UDP-G) . H AT CL7E M A8 kAL
1 SR R S eSS, Wt 4 e 6 4SS
BN, BERE %5 8 A SSFE M, Bk 458 H 6 >SS
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FERM, T HA A 0 SS S& BE 4 B R (1 S BERE, 6
CitSus & A v, AV CitSus] A CitSus2 1 F A v 5 %
KT, HRE FaSST AT R S S, H FaSS1 H13iA
52 T T4 TR RN FE A S A, 7E BERE AN e i o, AN
WEATVE N ABA {5 5B EE I LI#E 501, fE& A
T ST R RN R A R R T R B R
IR T N TR/ RE A B R (SOTE R SE R F
55 R R oy A R O L A

KRN B CPrunus avium L) 52 H 3TdbI7 75 H
SR PR S A A R R 2 —, R R E AL F
Z Fi s R R, H AT O 2 #E A R TS
T R VA AR R 2 B DX LR R | R
L VEFREE, HE S 2 Mokt &9 Ea i 4
RV VSN L TIE GRS,
RZMNATVE R I R Pk R e A W 2L (8 1 D e
YT, PRI JRE A I 2 R E AP SR S R R
IR R VR R LA, kT R 4 R A A RE Ay B SR s
RESMARA EENES E L, FR i — S0
T PR B SR S A AR 2R R S 5 R SR SR S
BALI 2> F-HLH 55 € BER LAl o

SR 5 5T PavSS FE [RI 76 FH AR Bk S SR B A1k
PG FE A 1 4 F LI AN T 4 L H PavSS 3 PR TE &
PERk I BRI AH P A7 AE 2 A SR RCUA AT REAT (E AN [R] 1
RE, WB— > (B UAS) PavSS 5 DR 78 B A Ak SR i i 24
A I AR ke A A ) R R G R HROE
B, N RE R A PavSS 55 IR % R AE S S R A Ak
AR ThRe , 2838 AR B 2R DR 2 B R oy S
T PavSS FEE R WAL T EAERVERK R LR E

AR B R E RN, FE T T At N JS PavSS %E
DA 1A B AR AL , 3 — 20 ) s 5 55 1 22k R 28R
(VIGS) £ R 43 #7112 A~ PavSS 2 [Al (PavSS1 F
PavSS6) 15 5 S B A R B D e, itk —2b
W55 PavSS Hk PRI 7E BB R 52 AR AL R 2 BIL A
PSR

[ VR S IDIRES

1.1 iRgamH

R RA AL « RO Pk R 15 ot b < A1 68 e " L
H o [ O R} 27 e 4 SR IE 5T I PR Bk A o %
JEACH CZY-17 S 8 aCAR)  BHRAE K IEH .

B AR R TRV 95 25 2001 : VIGS 2544 00 5 i 24 9
i 4K 1A (tobacco rattle virus, TRV)pTRV1 5 pTRV2
I8 1 K % X KR B B, AR e R R B R
GV3101 AL R 1.

FEREACHE SRR BRI 35 d 5 , EAT A1t RE B
b TR CREAS B SE2VESS 50 mmol - L EERE 1 mL, LLVESS
50 mmol - L I ZLEE 1 mL 1 iB 3% 4 xF B, BH M0
D
1.2 PavSSEHHIRFH UKD

BT O4 NG TT ot Bk A R A A
S DRI B0 P s 5 HA I SS K TR, JE IR 1) 7 91 5
W« AL F I [AeSus] (At5g20830)  AtSus2 (At5g-
49190) . AtSus3 (At4g02280) « AtSus4 (At3g43190) .
AtSus5 (At5g37180) « AtSus6 (Atlg73370)]. & i
[SISSIINM_001247726.2)SISS3(NM_001247875.2)+
SISS4 (HM180943.1) . SISS5 (XM_004243632.4)
SISS6(XM_004235340.4).SISS7(XM_004232624.4)].
Bk [PpSus1 (JQ412752.1) « PpSus2 (KJ493331.1) . Pp-
Sus3 (KJ493332.1) . PpSus4 (KJ493333.1) \ PpSus5
(KJ493334.1)  PpSus6 (KJ493335.1)]. % %j [VvSSI
(XM_010650590.2) . FvSS2 (XM _002271494.4) .
VvSS3(XM_002271860.3) VvSS4(XM_010657782.2)+
VvSS5 (XM _019226319.1)]. % % [FaSSI (XM _
011462748.1) . FaSS2 (XM _011464439.1) . FaSS3
(XM_004290765.2) + FaSS4 (XM _004287496.2) .
FaSS5(XM_004289518.2) FaSS6(XM_004299431.2).
FaSS7 (XM _004301177.2)]« #f #& [CitSusl (XM _
025097291.1) « CitSus2 (XM_006474620.3) « CitSus3
(XM_006479940.3) . CitSus4 (XM_015530185.2)
CitSus5 XM_006481888.3 . CitSus6 XM_0064889-
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70.3)], FIH# A+ MEGA 5.01 H () 41 #292: (Neighbor-
joining) 2 il AR Bk Je FAR MY SS KR IR 7
B R GL LB, Bootstrap 1E 13 B A4 1000,
1.3 LB RN EE PCR(qPCR) 4 HT 51 HE R 52
KB I1IIEH PavSSI-6 EE R FRIA

53 WS BR ARG i o < AT B v T I SR SR Rk
B WA JREUS RNA, I [ 4 5 il cDNA , it
PRSP (R 1, 3-4T 3 RIMST I %4 6 52 2 PCR,
I HTEH Ak PavSS1-6 3£ R ¥ 2 S R ik, qPCR
% B {E ABI7500 PCR # i ¥4 1% (Applied Biosys-
tems, Foster City, CA, United States) I #F 17, i
TransStart Top Green gPCR SuperMix (b 57 4= 4=
EEARE R A A, AL 5, o ED R & AT B,
PAEH PR K] Histone2(Pav_sc0000671.1)FE K N 2
AT M, AT 3 IRAE # E R B .
1.4 VIGS-PavSS1.VIGS-PavSS6 TR H KB #1E
RRHEEK

pTRV2-PavSS1 Fl pTRV2-PavSS6 i 41 4 14 14
## K H In-Fusion Cloning #i A . DAEHPEHE 5 52 1)
RNA AR, 73l it A 16 M ES X (54
EcoR 1 Fll Kpn 1 2R MAL ) pTRV2 B BN I 7] B
AN 3K 1) PavSST R PavSS6 i R s 5744 51 ) %
PavSS1-RNAI-F/R fll PavSS6-RNAI-F/R (£ 1), 1
bR FE A BB . R J5 A A In-FusionTM HD Clon-
ing kit (Clontech, Mount- ain View, CA, United
States) 73 H K PavSS1 Al PavSS6 H& [K] i S0 AR Fr B i
BB EcoR 1 Al Kpn 1 XUBEY) 25 PEAL 1 pTRV2 2%
A b, e 2 il 2 A, 3 il i 44 9 pTRV2-PavSS1
A1 pTRV2-PavSS6, I 54 N K Jl ¥ i DH50 /& 52 25
obr, BRECBA P T K, 42 PCR %5 , MUBET) % 2 A 5
1B )5 » 73 54 pTRV2-PavSS1 Al pTRV2-PavSS6 %
I NARFTHEFE M GV3101 1,-80 CLRAE#H .
1.5 VIGS KR 55 1L FHEHE SR 52

PR R SE ) VIGS BOR 2 55 7 G256 Fu
G VAT IR B 25 d I RR PR SR S, SR
V5 R 38 V5 ¥ & pTRV2. pTRV2- PavSS1 %
pTRV2-PavSS6 5 pTRV 1 VR A B8 ¥k M S 52 FE A b
A, B B ST R R, ROR SR # R
SRS ZA, 3 5 S AR SR Sk B W B ) I B AN
0 FE BRI, W AN BB I 25 C L W I AR
30%~70% , [ B o v S ao (1) SR S dh AT AR AL 3,3 d
JE LRSS . WUGERE | ARECH AR, BRI

F1 KARFAFHGIMER

Table 1 Primers used in this study

GIE/ER S il
Primer name Sequences (5" —3")
PavSS1-F ATGGCGGATCGTGCCTTGACCCGT
PavSS1-R TTACTTCTCAAAAATACGCTGCAAGCC
PavSS2-F ATGGCGGATCGTGCCTTGACCCGTG
PavSS2-R TCACTCCTCCTCGGCAAGAGGAAC
PavSS3-F ATGCTTTATGTGTCCCTCCTCTCTTC
PavSS3-R CAGATTTCGGTACTTGAGAATGTA
PavSS4-F ATGGCGAACCGTCCTAAGCTAACTC
PavSS4-R TCACTCCTCACTTGCTGGAGGAACAG
PavSS5-F ATGAAAAAGTGGATTCAGAACACGC
PavSS5-R CTATAAGTGTGAAGGGGCACTTGGCGA
PavSS6-F ATGCCTGATGCACTGAGACAGAGCC
PavSS6-R TTAGTTGTAGTTGTACATATTCCTTATC
PavSS7-F ATGGCTTCAGGAGCAGCCATCAAACG
PavSS7-R CTAGCTAGTAAATATATGTACTCCTG
PavSS1-RNAi-F  AGTAAGGTTACCGAATTCACGGCCTGGT-
GTTTGGGAGTA
PavSS1-RNAi-R  GAGCTCGGTACCGGTACCGAAATAGCCGT-
GGGGAGAAAGGAT
PavSS6-RNAiI-F  AGTAAGGTTACCGAATTCAAATGCAAGACA-
GATGGGGACTAT
PavSS6-RNAi-R  GAGCTCGGTACCGGTACCGCTGCTGCT-
GTTTCTGCTTCTC
Histone2-F GGTGTGCTTCCGCAGATAA
Histone2-R TCCTCCTTGGGTGGTGAAT
PavSS1-q-F ACGGCCTGGTGTTTGGGAGTA
PavSS1-g-R GAAATAGCCGTGGGGAGAAAGGAT
PavSS2-q-F ACAAGGCAAGCCTGATCTCATC
PavSS2-q-R GCTCATGTCTGCTCCTGGTGA
PavSS3-q-F TGATGTGTGGCCGTACTTGGAG
PavSS3-g-R GAGCCATGTAGAGCAGTAAGT
PavSS4-q-F GTCCAACCCGGTCTTCATCCAT
PavSS4-q-R TGCCCGCCAGTGTCAGGTAG
PavSS5-q-F GTCATTGTGTCTCCACATGGCT
PavSS5-q-R CATGAGCAATATTGCACTGTGT
PavSS6-q-F GCAAGACAGATGGGGACTAT
PavSS6-q-R GCTGCTGCTGTTTCTGCTTCTC
PavSS7-q-F CAACTGGGGGTCAACAAAAAG
PavSS7-q-R CAGAGTCCGCCAACAGTAAGGT
PaNCEDI1-F CATGTCGGAGGACGACTTGCCGT
PaNCEDI1-R GCGCCGTCTGGAGAGACGTGGA
PaPG1-F ATCACCTTCCGCATTGCTG
PaPG1-R TCACCTTAATGTTGTTGGAG
PaXYLI-F ACAACTGGAACGGTGTCGAT
PaXYLI-R TCCTGGTGTAATGTTGCTCG
PaPL-1-F GATGGTCGCTTCTATGTTGTCA
PaPL-1-R TGAGATGGAGAGCTCCTCACC
PaPAL-F GCCTCACCAGGCAACAAGAGCA
PaPAL-R TCTGGCCATCTGGTCCAACAGC
PaCHS-F GTATGTGCGAGTACATGGCA
PaCHS-R GCTTAGTGAGCTGATAGTC
PaDFR-F CTGCACCGGAGTGTTCCATGT
PaDFR-R CTGGTGCTCTTCGACGTTCAC
PaANS-F ATCTCCGATGAGCTCATGG
PaANS-R CTCAATGTAATCAGCAGGTG
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TR /u\ WEST 60 AN R SLL b, FEEAT 3 ML B AR
1.6 ¥ ZE=RT-PCR#&

T AR PR Bk SR SR T I S RNA, % 58 Rl
cDNA, UL 2Bk Histone2 (Pav_sc0000671.1) % [A]
NN S, 5 A EFE S Y cDNA & sk 47 7, 2R )5 4
5 I H PavSS1 A1 PavSS6 % A 45 5 1 51 ¥ %t
PavSS1-J-F/R H1 PavSS6-J-F/R (& 1)K v Bk J AH
5% PavSS1 5%, PavSS6 3 IR (1) 221k 7K
1.7 TRVZZEHFHEMRIMRIEERLTE.
AR EHEF] ABA & 250 E

S SR ] GY-4 BUAE 52, Bl
kg-em?e FERBENLZEEL S A RS ORHIER B, A
TSN AR AL I 2 A4S s E , P2 BRI Sk (B4R 1
mm), WEGEE NO0.5 mm- s, WEHEE NI mm- s,
M5 PR 1 mm-s*,%n*ﬁw%ﬁ“*i'j 10 mm, £ 3 &
5RO ME . nrEPEEDEY) & & (Y%, w) K TR
ABEFEAC(PAL-1, 240, HAO W E , 3 IREH , HL
Sl

167 £ KW %E 2% Cheng 5™ )51, H 1%
A1 3R R - BRI A UK EREUR R B 5 10 000 g
250230 min, 4 “C. FHZ 5 pH il & 50 2 LI
HEEE RO E. SSAHE 1 g RERLPRE
HER-3-HEREE M ERR.

ABA 75 5 1) 7 SR = S0 ik . HER
FREUAE T 2R F B oy A R SR FE i 1 g, TN 80%
(o, Ja [FD H BV S mL, i 15 10 min, 10 000 g 2§ 0
20 min, EEBGEIEAL S (15 mL 100% FFEE AT 15 mL
0.4% Z, & T AL # 1) [ C18 Sep-Pak [# #H 13 1k 4+
(Waters Ltd, Mississauga, ON, Canada) , F§ 15 mL
10% H % - 0.4% Z, & M\ Sep-Pak C18 ¥ ¥ it
ABA. i 0.22 pm Bt 3 f5 , H HPLC (i 30 AT
ABA B EIIE . MIE RN AR 35 CRsitHN
ACHEE) :BOK, & 1%L 1)=4:6; i : 1.0 mL-min '
ABA ZJ1E 22 min H HLIEAE .

R P R 6 60 B A0 SR & Bl e &
% Jia &P TR JEA BTeal . FREL0.5 g TR A
FRAT B PR S AR, TN 80% L BE VAR 10 mL,
80 C /KB IZ 4220 min, 10 000 g 0> 10 min, EiEW
WS 25 mL A ST, FRVTEES FdRPIR 1
o BUHREEUH 2 mL T 10 000 g B 0> 10 min, b &)
it 0.45 um HPLC Jé # M (MEMBRANA, Germa-

ny) o R85 R ]  ROR i v (HPLC) Wl 52 i 4
B SRBERT RN . BRI R A B AT - 6.5
mm>x 300 mm Sugar-Pak TM-1 column (Waters) ; £
160 °C s KR - 50 °C s i shAH « B 4liK ; i
0.5 mL-min" s BEFEAFL: 20 pL.

AR SR SE A (6T R L ABA AT 2 18 0 (e
B8 2] B AR B 2 , EAT 6 IRE A,
AP EE AT IREE B E.

1.8 HEALIE

18 F Microsoft Excel 2010 #5445} it 38 E 4 4b F1
FFez B s A SPSS 17.0 FRAFREAT S R0 M AN 22 5
BENE( <0.05) 737 .

2 SR

2.1 FHEHE PavSS RIEEFE R R E . RFF R 5
WANFIEAER 5 47

N T 3R E AR FE S PavSS %R R K L
g5 7 BL 3R IF 7 A4S SS & Al (AT1G05560+
AT1G73370. AT3G43190 . AT4G02280 . AT5G20830
AT5G37180 Fl1 AT5G49190) [ & F£ 1 ¥ 51 A Query
7 81 AE iRk 2k O8] 2H 3 P2 (http://cherry.kazusa.
orjp/map.html) # #f 17 BLASP T # , 3k 18 7
PavSS & K Kk B 5 ,%%Uﬁﬁ%iypavssz
(Pav_sc0000129.1_g1710)\PavSS2(Pav_co4071539.1
2010 ) | PavSS3 ( Pav_sc0000174.1 950 ) \ PavSS4
(Pav_sc0000130.1 g850).PavSS5(Pav_sc0000174.1
g960)  PavSS6 (Pav_sc0000103.1_g1530) Al PavSS7
(Pav_sc0001124.1 g380),

N T T E BB I PavSS ZX R FE IR R 51 5 HoAth
VI SS SR i 03 AL G R, W& T Rtk
o 25 SRR, THPERE 7/ PavSS B I R 2R3 A
Wb, b PavSS1 A1 PavSS2 J& T — MK ik,
H PavSS1 H1 PavSS2 Rl Vi 14 # =1 , AHABLEE 1K 100% 5
PavSS3.PavSS4 fll PavSS5 J& T A 4h — N5k, H
PavSS3 Al PavSS5 [A] 5 14 8 iy , AHABLRE 18 100% 5
PavSS6 Al PavSS7 J& T 5 =MK%, —#F etk
B EAL T AR BB 1D . 5 HABY R 3L R
tt %% &% B , PavSS1/PavSS2 5 PpSusl. FaSSl. Cit-
Sus1 Al CitSus2 %% %5 < Ik , [A] Y5 £ #) %=1 . PavSS3/
PavSS5 5 PpSus2. PpSus4 Fl FaSS2 [A] J§ & & ,
PavSS4 5 PpSus3 1 FaSS3 AH1BL W% /& , PavSS6 5
PpSus6 . FaSS6 1 FaSS7 #H 1Ll J& #% /& , PavSS7 5
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Fig. 1 Phylogenetic analysis of the Prunus avium PavSS proteins and SS orthologs in other plant species

PpSus5 F1 FaSS5 LU M i (K 1)

) SIS 5 5 5 B (qRT-PCRO) 70 A BBk SR sz
RE GG FE R PavSSI-7 F A () R IEHFIE . 45
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35 42

49 56

PavSS2. PavSS3. PavSS4 PavSS5 1 PavSS7 #& [A 1)
Tk 5 EXT AR, BB (E3) . Rk
W], PavSS1.H1 PavSS6 %[5 W] fE & I A & i 2
HH R S R, BV 5 AR SR S R



F2

FeAGE, 5 REREG G PavSST T TR SR S O T g 23 A 175

2.5
m0h m6h 12 h m24h m48h
2.0
£
i % 15
XK &
® B
T 2 1.0
=3
o
~ 05
0.0
Ty TE R IS TENE 1L AL TEH IS TRE N
Sorbitol Sucrose Sorbitol Sucrose Sorbitol Sucrose Sorbitol Sucrose
PavSS1 PavSS2 PavSS3 PavSS4
ANF] AL H Different treatment
16 r mOh m6h ~12h m24h m48h
=
.S
K 8
BB
EE
&

[ITEAN JEHE Ty HEHE Lh A4 R
Sorbitol Sucrose Sorbitol Sucrose Sorbitol Sucrose
PavSS5 PavSS6 PavSS7

A [Fl4b ¥ Different treatment
*FoNIE B N E R K (p<0.05. FHEL
* indicates significant differences at p <0.05. The same below.
3 EHEXS PavSS1-7 RIEEEFRIZH T
Fig. 3 Effect of sucrose on the PavSSI-7 gene expression

2.3 TRV 97 5 PavSS1 #1 PavSS6 5 & 7 B By B S B IR, ST EAR L, RSr R AR E B
pUkd B (E4-B) . FIREE R, YTER PavSST R[] 4E

N T W 5E PavSS1 A PavSS6 i K] & 75 1 4% FHHA%
B S SE AR A Dy B, I 2 5 SRR TR R
B TRV::00C= 106 D FI TRV: : PavSS1 Fl TRV
PavSS6 [FIAFF B B o 5l 12 e Bk R s F A
. 14 dJEPREUR e RS 1) A mRNA #4752
HPCRAGIM . &5 REI, 5 TRV::00 12 G 1 & PR Bk
RSAIEL , TRV: :PavSS1 A1 TRV: :PavSS6 12 Je it Ak
H sz PavSST A PavSS6 3 [R 1) 3 ik & 1 25 BF 1K
(B 4-AD , i PRI PTER 2503 i it 85% , K W PavSS1 Al
PavSS6 5:F 73 A T ER .

12921 d, R MELKIN - TRV::PavSS1 12 G 1)
FH A 5 Sz 506 JR TRV::00 K LG , 32 Bz 52 3 40 0, 1%
HHAGGESE), TRV 0012 4K R KR L it
EVRL ., 1 TRV::PavSS6 1= 42 i FH AR B 52 22

IR S R B S R, B 7R PavSS1 ] g 1R 47 B
B RS2
2.4 TRV 1} 5 PavSS1 F0 PavSS6 £ & 57 2K B &H 12
HER KB ERER AL BOTh BE S #7

N T 325 W PavSS1 S 75 1 72 B A R Sk
B, 22 b T A8 S5 55 dCZS 3 IR L If i
Pk 58 4 B , TRV::PavSS1 1 TRV::PavSS6 17 4t
(R IR SR S B R E R AR, IS E T R
B OABA S ATV N R AR R S =
AERSAERE . L VEAL 15 B OC 1 — LE BE PR () 3%
KB, B ABA & 5 R R o< B3 K
PavNCEDI , 5% Wi 5 S 4l BE (1) AH 5% & K] PavPGl
PavXYL1 Fl PavPL1, 5 Wi 4675 3 A B AH OC 5
PavPAL . PavCHS PavANS 1 PavDFR. %5%H E IR,



176 E S . I - #38%
&
A QQ Qo'
AN
PavSS1 m PavSS6
PavHis2 = PavHis2

TRV::00

TRV:: PavSS1

TRV:: PavSS6

4 FHAEBRIRIE PavSS1 0 PavsSSe EEIBX RiZEL W RE R E BN R LAY RE
Fig. 4 Quantify of PavSS1 and PavSS6 genes in sweet cherry fruit using semi-quantitative RT-PCR and Phenotype
observation of TRV::00-, TRV:: PavSS1-, and TRV:: PavSSé6-silenced sweet cherry fruit

55 %8 TRV::00 M B , TRV: : PavSS1 13 Y 1 i PR Bk 5
THEF RS ES ABA T E L FH FIKE 5-A~B),
K] PavSS1 B R F B PERR I SR B (. TV
B LW 6 20 0 S RERRD & B 0 45 SRR, 5T
& TRV::00 KA L , TRV::PavSS1 12 4% i) Fft BBk 5 siz o
REPE & 2 B35 A M O, RS BB B, M
A SRR E (B 5-C), K PavSS1 /&1
P REWE A5 B R BESE (K . TRV::PavSS1 A2 < () 1%
Mk SR S P S SR R B AT B 0 R TRV 0017 B
(AR B SR 5 (B 5-D) , K B PavSST 3 K 52 i B P2
Be SRSz 8Ak . SR1TT TRV::PavSS6 17 Y i Fit H Ak S sz
6T R & & ABA 2 5 L SAg D R Al 4 4
CRBE &0 R & /8 52 A I TRYV::00 12 G
(R PR SR SR L, e B AR

5554 B8 TRV::00 #1 LL , TRV::PavSS1 12 G () i 152
Bk J 5 bk 2R ¢ 19 3 Xl PavNCEDI  PavPGl
PavXYL1. PavPLl. PavPAL. PavCHS. PavANS #l
PavDFR 1338 W3 T, T TRV: : PavSS6 12 4L 1 it
PRk SR Sk o R O 11 2 TR R T A 3 ARk (]
5-B). Bk TS REW , BNk PavSST 45 R 5k
AR AR A o

3% W

IR S TR 9 2 B 5
0 K B RTS8 TS R A9 1

PR K, W7 B AR B AE SR SR B A0 B i 78 v
EEEEMERY. EF DN 7RG R A
B B I % B il — TR B A g (SSO 7E At A Bk 2R
WREE RSP SF IR TR RRY,
PavSS1 55 PavSS2 3k R 7E T PR Bk 92 g K5 R #tad
FErp— B B8 RIE , PavSSI F N MR IE R
PavSS2 FE K 1 10 £5 LA I s PavSS6 3E K AE Rk B
J& B RIS AR R AR A, 5 PR R S RO
UF BBk . T L AN RE AR o] #0461 PavSS1 A PavSS6
BN ik, 3 — 5@ 1T VIGS B A UL B S Bk SR s
PavSS1 Fl PavSS6 K 2125 , AL T ER PavSS1 & [K 411
BT SRS, AL SRS L ABA S et S
BT VAR S R A S AR A DA R R R S R [
MRIEELZE . HILEE W E PavSST R A 2
ATk SR S TR W A A I DG B L IR, A A SR s
FRE o TR R 50 55 [ Z A I 9 A s AR
JE R AL I 1 % RS2 R ABA 5 5 IR AR R 3R R S
2T EL T 2 A REREARS R b i O B BE R 5
W 5 S Rl B, W B A B FaSSIY. FaSUTI™.,
FaCHLH/ABAR™ 1 FaASR" &Kl , & it i¥) SIVIF Al
SIASRI™ZE B[R o A1 it B2 0% 1 U 17 50 4 et R A1
2 FaSS1 FI FaSUTI 3 K 320K, 22 3 R B1
ATt 1B S5, BBk B S PavSST A PavSS6 ik
PRI LR ARG R T, XS RS Y
1) XL 1) Rl (G SR 4 g R D T J M 5%, A7 it



#5234 FeAT R 5 ENES RS PavSS T 4 FT PR R T S RS T BE 2 BT 177
A 250 B 140 -
T 120 [ =
2 200 ~ 100 |
N =11]
H?i{ ‘g 150 go 80 | *
v § " < 60 -
:ﬁﬂ S 100 < r B
T g aa)
=g < 40 +
S50 %
2 20 +
E 0 0 \ |
TRV::00 TRV:: PavSS1 TRV:: PavSS6 © TRV::00 TRV:: PavSS1 TRV:: PavSS6
C D 25 .
mPiR mESiH mKEILE]
70 ¢ Sucrose Fructose Glucose o *
en =) 20 —
& * 8
g on
o X WE 15 L
3 B £ 1.0 -
= 2 E 05+
2 [£3
,g *
g L 0.0

TRV::00 TRV:: PavSS1 TRV:: PavSS6

12 - BTRV::00

m

1.0
0.8
0.6
0.4

HET F A
Relative expression

0.2

0.0

PavNCED1 PavANS PavDFR

B TRV::PavSS1

PavCHS

TRV::00 TRV:: PavSS1 TRV:: PavSS6

W TRV::PavSS6

PavPLI

PavPAL PavPG2 PavXYLI

Bl 5 PavSSI #0 PavSS6 ERRIFHBHERNHETREE (A). ABAZE (B). AAMHERE (O,
REEE (D) UREHBARERNREE (E) TR
Fig. 5 Effect of silencing of PavSS1 and PavSS6 in sweet cherry fruits on anthocyanin content (A), ABA content (B),

soluble sugar content (C), fruit firmness (D) and expression of the ripening-related genes (E) compared

with levels in control fruit

BE AT RESCIOE T REMESBE0) AR DhRe, RN BiR
1K B JE I AR A IR A DR SRR N I RIA

TRV R 5 08 AR SR 7E SR S A 30 8 kS
EVERIE T, HAE R gloghad 72 9, s ABA
MEESEZH I >", EH AR RN
PavSS1 5 R 1E f PR Bk % 30 (FE )5 30 ) Rk &
N B SR AAE I, IR 4R R R R B Rk K
Fo PavSS1 3R 2R R B R T PavSS1 % R /E
RELKEHMWEZEIER, 5 HEN K SR T T
RE L5 TH BBk s b ABA FIEERE S B 2 T & A
K, BN PavSST %5 IR 1) 3R 3k 52 B B% A1 ABA 1) 4]
H1, [F F7E U ER PavSST % RS2 B B sz
ABA FIEERE & = FFAK, 5 80T 1818 F R Bk SR 52 A

P, 2R WY R BV 2 U 2 PR R S RN AR
Oy ¥ I, BEREh FaSST 3 N 3 ik B AR B sk
it 11 S ) L R R B BV 5 A S ABA IR
GRIEA K. B DB E R 78—
55701, %3 RELHANABA R, T ABA
5 IE B O (E R R S S AR O A B
ABA {5 5 i A2 1 2 R S 2

4 4% w

TR WA Bk PavSST JE [H2 55 b & i i
RUEHE AL, FLAE R AR R Se A (AN SR Sl b i
e FHEC AR L E LR S DT S PR SR S A R
AN F R RIN I s E R S



178 3 i)

4

i #3845

S22k References:

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

[11]

WIND J, SMEEKENS S, HANSON J. Sucrose: metabolite and
signaling molecule[J]. Phytochemistry, 2010, 71(14/15): 1610-
1614.

JIANG Y, GUO W, ZHU H, RUAN Y L, ZHANG T. Overex-
pression of GhSusAl increases plant biomass and improves cot-
ton fiber yield and quality[J]. Plant Biotechnology Journal,
2012,10(3): 301-312.

KOCH K E, WU Y, XU J. Sugar and metabolic regulation of
genes for sucrose metabolism: potential influence of maize su-
crose synthase and soluble invertase responses on carbon parti-
tioning and sugar sensing[J]. Journal of Experimental Botany,
1996,47: 1179-1185.

RUAN Y L,CHOUREY P S, DELMER D P, PEREZ-GRAU L.
The differential expression of sucrose synthase in relation to di-
verse patterns of carbon partitioning in developing cotton seed
[J]. Plant Physiology,1997,115(2):375-385.

HOU J, JIANG Q,HAO C, WANG Y, ZHANG H, ZHANG X.
Global selection on sucrose synthase haplotypes during a centu-
ry of wheat breeding[J]. Plant Physiology,2014,164: 1918-1929.
LI J, BAROJA- FERNANDEZ E, BAHAJI A, MUNOZ F T,
OVECKA M, MONTERO M, SESMA M T, ALONSO-
CASAJUS N, ALMAGRO G, SANCHEZ- LOPEZ A M, HI-
DALGO M, ZAMARBIDE M, POZUETA- ROMERO J. En-
hancing sucrose synthase activity results in increased levels of
starch and ADP- glucose in maize (Zea mays L.) seed endo-
sperms[J]. Plant and Cell Physiology,2013,54(2): 282-294.
ISLAMM Z,HU X M,JINLF,LIUY Z,PENG S A. Genome-
wide identification and expression profile analysis of citrus su-
crose synthase genes: investigation of possible roles in the regu-
lation of sugar accumulation[J]. PLoS One, 2014, 9(11):
e113623.

ZHAO C,HUAL,LIU X,LIY,SHEN Y, GUO J. Sucrose syn-
thase FaSS1 plays an important role in the regulation of straw-
berry fruit ripening[J]. Plant Growth Regulation, 2017, 81(1):
175-181.

ZHANG C, YU M, MA R, SHEN Z, ZHANG B, KORIR N K.
Structure, expression profile, and evolution of the sucrose syn-
thase gene family in peach (Prunus persica)[J]. Acta Physiologi-
ae Plantarum,2015,37(4): 81.

ZHU X, WANG M, LI X, JIU S, WANG C, FANG J. Genome-
wide analysis of the sucrose synthase gene family in grape (Vitis
vinifera):
Genes,2017,8(4): 111.

BELL, BN, fin, EEV, KGR, AR, R AU
B S SUS A1 SPS 3 K SR I 45 52 53R IE 0], Tl Z
2£3,2018,45(3): 421-435.

LU Jiahong, WANG Yingzhen, CHENG Rui, WANG Guoming,
ZHANG Shaoling, WU Jun, ZHANG Huping. Genome- wide

Structure, evolution, and expression profiles[J].

identification and expression analysis of sucrose synthase (SUS)

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

and sucrose phosphate synthase (SPS) gene families in pear[J].
Acta Horticulturae Sinica,2018,45(3): 421-435.

JIA H, WANG Y, SUN M, LI B, HAN Y, ZHAO Y, LI X,
DING N, LI C,JI W, JIA W. Sucrose functions as a signal in-
volved in the regulation of strawberry fruit development and rip-
ening[J]. New Phytologist,2013,198(2): 453-465.

JIA H,JIU S, ZHANG C, WANG C, TARIQ P, LIU Z, WANG
B, CUI L, FANG J. Abscisic acid and sucrose regulate tomato
and strawberry fruit ripening through the abscisic acid-stress-rip-
ening transcription factor[J]. Plant Biotechnology Journal,2016,
14(10): 2045-2065.

TIAN L,JIA H,LI C,FAN P, XING Y, SHEN Y. Sucrose accu-
mulation during grape berry and strawberry fruit ripening is con-
trolled predominantly by sucrose synthase activity[J]. Journal of
Horticultural Science and Biotechnology,2012,87: 661-667.

LI B, XIE Z, ZHANG A, XU W, ZHANG C, LIU Q, LIU C,
WANG 8. Tree growth characteristics and flower bud differenti-
ation of sweet cherry (Prunus avium L.) under different climate
conditions in China[J]. Horticultural Science,2010,37(1): 6-13.
PRINSI B, NEGRI A S, ESPEN L, PIAGNANI M C. Proteomic
comparison of fruit ripening between ‘Hedelfinger” sweet cher-
ry (Prunus avium L.) and its somaclonal variant ‘HS’ [J]. Jour-
nal of Agricultural and Food Chemistry, 2016, 64(20): 4171-
4181.

S G, U] MR, R FEFE TRV A3 WO AP B 2R sk
VIGS 1A Z [\ 7 [T]. A 243 ,2018,35(11): 1309-1315.

QI Xiliang, LI Ming, LIU Congli, SONG Lulu. Construction of
TRV-mediated virus induced gene silencing (VIGS) system in
sweet cherry fruit[J]. Journal of Fruit Science, 2018, 35(11):
1309-1315.

FUDQ,ZHU B Z,ZHU H L,JIANG W B,LUO Y B. Virus-in-
duced gene silencing in tomato fruit[J]. The Plant Journal,2005,
43(2): 299-308.

CHENG G W, BREEN P J. Activity of phenylalanine ammonia-
lyase (Pal) and concentrations of anthocyanins and phenolics in
developing strawberry fruit[J]. Journal of the American Society
for Horticultural Science, 1991, 116(5): 865-869.
JIAH,CHAIY,LIC,LU D,LUO J,QIN L, SHEN Y. Abscisic
acid plays an important role in the regulation of strawberry fruit
ripening[J]. Plant Physiology,2011,157(1): 188-199.

QIN G,ZHU Z, WANG W, CAI J,CHEN Y, LI L, TIAN S. A
tomato vacuolar invertase inhibitor mediates sucrose metabo-
lism and influences fruit ripening[J]. Plant Physiology, 2016,
172(3): 1596-1611.

CHAI'Y,ZHANG Q, TIAN L, LI C,XING Y,QIN L, SHEN Y.
Brassinosteroid is involved in strawberry fruit ripening[J]. Plant
Growth Regulation,2013,69: 63-69.

SUN J, DONG Y, LI C, SHEN Y. Transcription and enzymatic
analysis of beta-glucosidase VVBGI1 in grape berry ripening[J].
Plant Growth Regulation,2015,75(1): 67-73.



