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Effects of De-fruit Treatment on Soluble Sugar Accumulation and
Expression of Flowering-related Genes in Terminal Spur Buds and Leaves
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Abstract: ‘Fuji’ apple trees were de-fruited at 31 days after full bloom. The bud growth, flowering
rate, and endogenous sugar levels in terminal spur buds and bud-adjacent leaves were surveyed.
Additionally, genes associated with sugar metabolism(e.g., MdSPS6, MdSUSY1, MdHXK 1 and MdSUT1)
and flowering (e.g., MdFT, MdFD, MdCO, MdSOCI, MALFY and MdAP1) as well as three MdTPS

genes in apple terminal spur buds were studied by quantitative real-time PCR. The results revealed that
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de-fruit treatment improved the flowering rate and increased bud size and fresh weight. The content of
sucrose, fructose and sorbitol in terminal spur buds had obvious changes, which were significantly higher
than in the control during late stage of flower buds physiological differentiation, while the glucose content
changed little. In spur leaves, de-fruit treatment advanced the first peak of 4 soluble sugars from 60 to 40
days after full bloom. Genes associated with sugar metabolism and 3 MdJTPS in terminal buds all
responded to de-fruit treatment. Furthermore, the expression of MdFT, MdFD, MdCO, MdSOCI1, MdLFY
were significantly up-regulated at 40 days after full bloom. The change of MdLFY was the most obvious,
while MdAPI had no significant difference compared with the control in the whole physiological
differentiation period.

Keywords: apple; de-fruit; flowering; soluble sugar; gene expression
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Bangerth, 2009). /KA WAEIEX iR HAA R EAER . T2 KA S 40 1 1R AR A B A 1)
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2005; Xingetal., 2015),

PR bV S 5 AR AR A DG B 4EL R T 1) [R1J5IE ] (Jeong et al., 1999; Sung et al., 1999;
Yao et al., 1999; Kotoda et al., 2000; Wada et al., 2002; Esumi et al., 2005; Kotoda & Wada, 2005).
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species/malus/malus_x_domestica/genome v1.0) yFRA5 B T A5 H i AR 3 AR MATPS 175
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2014). J1] DNase I ZF54f bk RNA H1f) DNA 7544, 4%# TaKaRa Prime Script'™ RT Reagent Kit it
AP IRE 1) cDNA 55—, H Primer 6.0 #AFBTHRE RS 149 (3R 1) qRT-PCR [ W% TaKaRa
SYBR® Prime EX Tag ™ I (R & Ui W BT RNAKR (20 uL) 4: 2 pL CFREI) cDNA &,
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Table 1 Sequence of primers used for expression analysis

B G s (5= 30 IR (53
Gene Gene ID Forward primer Reverse primer

MdATPSI-1 MDP0000139096 GCTCGGTATCTACTTCAGTCCTCG ATCTCTGAACCGGAAGATGAAACGC
MdATPSI-2 MDP0000227381 GCTGTTAGGAAGGGAGAGGACTCAT CCAACCAATCCACCTGGCATCG
MdATPSI-3 MDP0000267875 CGGACCACATCCCACCAAATCG CTTCTCTTAACTGCAACTCAGGCTCA
MdSUSY1 MDP0000250070 CTCAAGCGTGTTAAGCAACAG CTGAATGGAACACGAAGAATATC
MdSPS6 MDP0000288684 AGGTTCTGTTGAGTATGGCAGTGAG GTGCTTCAAGTGCCGCTGAGA
MdSUTI MDP0000275743 TGTTCCGTATGCTTTGGTTTCTTC AATAGCTGATCCCAAGGTCCACT
MAHXK1 MDP0000309677 CTGAAAGTGGTCGGGAGCAAAC TGCACGAGTGGCAACTATGTCG
MdAFT MDP0000132050 GCCAGCGAGGTTTCAACTTCTT TGCCGCAGTAGTTGCTGGAATA
MdFD MDP0000169473 AGTGACCAGACCAACCACAACA ATTTGGGTGGTGGGATCAGTGA
MdCO MDP0000298635 GTTGTTGCTCAACCCGGTGAAA ATTGTTGTTGCTGCTGCTGGT
MdSOC1 MDP0000144597 GTGCGAAGCCGTGGATGGAG CAACAGCGCGCACCATTTGGC
MdALFY MDP0000186703 AAGGAGAGGGGCGAAAATG GATGGAGAGACGGGGATGAG
MdAP1 MDP0000269921 AAAGGAGAAGGAGAAGGCTGCA TGTGGAAGCAGGTCAAGGTCAT
MdActin MDP0000912745 TGACCGAATGAGCAAGGAAATTACT TACTCAGCTTTGGCAATCCACATC
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Fig. 2 Effects of de-fruit treatment on soluble sugar content in terminal spur buds
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Fig. 4 Effects of de-fruit treatment on expression levels of sugar metabolism-associated genes in terminal spur buds
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Fig. 6 Effects of de-fruit treatment on expression levels of flowering genes in spur buds
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The color brightness was found to be directly proportional to the expression ratio.
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SRS SRS i A BT O A P A K e 7 TR 2 S B 7 AN S N 1V 5 A > S 123 T 6 AT D) G
JE SRR A ) R, AHE XA A 5 . WU, 98 AR T DA 3 SRR A A 2 (1 T B
(Foster et al., 2003; Muifioz-Fambuena et al., 2012; Samach & Smith, 2013). AZEHE TN, fHHE
MBS, ‘KE 257 SERAR AL R S, R T KN R R I A — s R R B

MR, TR EPIARE . B 5 B0 5 WAL 2E (s DA G, Homi C/N HLEA F)
THRM AL (Menzel et al., 1988). A5 & LRI ZE 4 Pl vt & &, fEie 8o
S (70 D ¥RFE TR, M R AR AR LAY EE 1 A st B RS 60 d 4
2T 40 de fHLWIAn, MRS, PRUESREE S, b TORIRSE (FEERED B FRAbSY, URrHOK
WEWRBE, B2 W FEAAD SRR R, RO nT S i & s i R, 3 580 ON HE
N, SIS (2013) 7ERETFST 45 R AL

R — N R, i — RAUBGEAT ML RN, 200 R AN OIS (52 g
25, 2013). SPS Al SUSY & REFHARMNRA M OCEE M IL N, Baxter 55 (2003) ¥4 £ K1) SPS JLRI#4
FHE A, ORIV AT, BITEBL AR . ARE B SRS A TSN MdSPS6 ik
ARG 40 d A1 80 d i KT X, MdSUSYI #E46)5 50 d 5 B T, SUT 2 5810 Je %k
B, MASUTI 7i4t )5 40 d B35 B, Ui B9 A o] DURRE BERE 2, semamayns o i . RO
(hexokinase, HXK) {EAEY)ABE(S T S OCBIER, MRS, MdHXK] 7E4E)5 40 d 2%
TR, X ST 40 d FURE SR TR R 2

AWFFARIE, FP T TOP BT LUE Ik ma SRS 5, 4 FT RIS, dEmifedt SOCI. LFY. API
SETFAE S I R SR S AU IF e (Wahl etal., 2013), H A/TPSI () BRAS L 1778 77 4 K 3 IF
FEMRL P (van Dijken et al., 2004; Gomez et al., 2006). AHFFTHHLE] 3 N5 ATPSI ¥4 il
(1) MdTPS (MdTPS1-1 ~ MdTPSI-3), HixX 3 /NAEDAES e N4 AR BE, fE6)5 40 d A1 50 d ik i,
AN, BARERER, X34 MATPS 3£ 5 MdAPI. MdFD. MALFY Fl MdCO “5 At R BEFE N 2
AT AR BRI S . HEW MdTPS WTfig 5 A¢TPS1 ThAsAHLL, Wdmi N5, SH¥EREIEHET.
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