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REAHIR

kR, HER, B O KERS F & FuXL, £ R
:fd‘ﬁiié 1’ \X ﬁ/%za E%’{% o

b E B AR R BB SRR IS, W 5711015 2 HERESE R AR AR, W 5702285 3 HERE K
ER, W 570228)

B E: N THEAHHRERERERENELRILSER2NCR, W BRIZ HEARSE R,
WFFT EARBERT KT GEZKIRIL 30 min, 25 TR, XD, MRAERTKT (2,4 - —HSSEZEE), B DNP iR
30 min, 25 CIH); B EAEMACE (5 CIRILII) 2 3 Fhfigmi /K PIRE TR EZEL SR, fts
S CERk ¥z, FERD FERIRIEMC R 45 REN]: XA, DNP A (AR B SR
BET BRI, 5 CARRIE I CRifemiKr) RO 29808 . DNP ALBE, LedOXT 7E 6 h Kik i Lif,
RSEAE 24 h IR KB, LeUCPI (MFRIAZ RN BANH], LeSnRK2 MFRIAIKF EIHE MIFRET, FRIAK
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LeUCPI Rk KV B R B, 5 CRURIEIN, LedACI. LecAOXI. LeUCPI R LeSnRK2 85 R {5 FF
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ambient temperature (25 ‘C) storage (the control), lower EC as affected by 2,4-Dinitrophenol (DNP)

and higher EC at low temperature (5 ‘C) were investigated to determine effects of EC levels and
energy-related genes expression on pericarp browning and senescence. The results showed that low EC
level under DNP treatment remarkably promoted fruit senescene; accelerated senescence was observed in
the control fruits during post-storage, which was associated with decreased EC; and delayed senescence
was noted in 5 “C-stored litchi fruit with higher EC. DNP treatment resulted in up-regulated expression of
LcAOX] within 6 h, and severe browning in DNP-treated fruit initiated after 24 h of storage. DNP
treatment strongly inhibited the expression of LcUCPI. Compared to the control fruits, DNP treatment
resulted in earlier and more intense expression in LeSnRK2. During post-storage, lower EC levels were
observed in both control and DNP-treated fruits, and expressive levels of LcAACI, LcAOXI and LcUCPI1
appear to decrease while fruit senescence was aggravated. The expressions of LcAACI, LcAOXI, LcUCPI
and LeSnRK2 in fruit stored at 5 'C were maintained at relatively low levels throughout the storage. The
present results indicate that the decline of EC level in harvested litchi fruit might be one of the most
important factors to cause rapid senescence. The genes including LeSnRK2 and LecAACT were sensitive to
energy changes in litchi pericarp, which might respond rapidly to deficit of the energy, and might also be
induced to express in up-regulation. The up-regulation of LcAOXI and LcUCPI was positively correlated
with the senescence of litchi fruit, which might be as reference indicators for postharvest senescence of
litchi fruit.

Keywords: litchi; fruit; energy regulation; gene expression; postharvest senescence

#4585 (Litchi chinensis Sonn.) WK J5 WA Zy#A%, T4, #1407 HKgiE 584
R B ARG AE BRI S O, F 2 MM 78 (Jiang etal., 2004; EZXMR 5%, 2010). Ji
BRA (A 45, 20060, H K (Joas etal., 2005; Fkz 45, 2013). fitfE 5 H (Richter et al.,
1996; ¥ERH] 45, 2016) 55. KRG HEE SREREMN AL FTIMIC, 1-MCP AFRE(ERE ‘g’
RS (12 ~ 18 d) ATP S EMAER, WELZHEA IR Befr (E 1K)~ HEIRRSEE (%
#E 25, 2015); NO AbFIAEAR AT LA G 1 5 5% A 100 S0 40 M0 (4 25484 . H'-ATPase. Ca’-ATPase
LRI AR DG RGTE Ik, dEFPEC S RE LK, AT ZE 2% SR SR AL IE R (R AT 4%, 2014);
50% O + 50% CO, Kb FE AT LI F 162 ORFFAHN B i) ATP &, (FHEZAER (Lietal., 2016);
100% O, B4 T BxMEtk ADP. AMP /K¥- LA KBRS K-, FRAIK T figfiT J ATP/ADP LU, i T
HEEZ (F8W /5, 2013; Huang et al., 2014); Chen Fl Yang (2013) &I 6-BA bR KA 5L 11
ATP SRR R AT, K T kil (R AL BERRAC TRk ATP fOgaxt& i, (HER R
THEMAKCE, EEHIEE (Faint 55, 2012). XE% (2010) JE 5 R AR E B & T 3
FZI) ATP & BB /K T, 5% T B4 Liu %5 (2007) KIS 7k 5% (1) g E/KF ] R
B, AEERACH R, SETEZMEAE; Duan Z (2004) KILBEE 758 R AR FeEOE N, ATP
BB KO ORI R R

2,4 - AHFEAE (2,4-Dinitrophenol, DNP) & 2RI A BERR A0 1) 59 B 511 AR IBER], AERH 1
ATP HITE S, AT PR U BEfi ZKF (Wedding & Black, 1962). AWIFTHLL ‘BT 7L
BSONAEL, WEST DNP AREE, JE/KALER. 5 CIpR 3 PR H % 1 REAT AT 16 2 7 J L 5 2 A
oy BRRAHDCIER (ARG, #is. FEHD RIBMICHR. LU R 7R R B fe A5 R G R 2 106
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R, TRRERACHIRTAEL, U5 7 BCR S B R B IR K s o

QY ViR SRS DARES

1.1 RIEsrel

‘PRI AHECR B LA H . 2016 425 H 12 H, BRIERN. BB, ol
HIJUBEARSE, K5 2 h WAz ] SE S AL B

1.2 REHE
1.2.1 X

(1) DNP 4bFE: $52H 1.0 mmol - L' DNP (2,4 - 5281 %9 30 min, BT, F 23 cm x
14 cm [ PE A3 048 (EAWIEE D EAR 1 em iB540) B3E, MR 20 NS, JICELE 25 °C,

(3) 5°CIk: FSz NG /KIZH 30 min, 5 CIp, U . R 3 kHH.

DNP ABEF FERERFIR] 20510 0 04 24 64 12 24, 48, 72 A1 96 h, 5 CI i HUEES 8] 435 A
0. 2. 6. 12, 24, 48, 72. 96. 120, 240, 360. 480 1 600 ho AL F Bz T LN H A,
TN - 80 CHR-AFH -

122 REFRikE, REBE TN

WPISCH A K2 750 g BB 6 L) i, % H] 20 min, H CXH-3010E 414k CO, 73 #r X

A AME ) PR COL AL, FRER SR, HARKERTE T & RS, TR
(B CO, MBI, mg- kg -h™) .

AR FRE: o PArAER AR AR A SR T I L), 0 2, TeMRAR; 1 2%, WARTR < 1/4; 2 4%,
14 < ®ARHA <1/2; 3 2%, 12 < WA <3/4; 4 2, WM = 3/4, AR = ¥ (K%
FH < ARG [ CRITEE x B KRR > 100,

fie 7 (Energy charge) [l 5 : — R I 1 ( Adenosine triphosphate, ATP) . 1% it 17 ( Adenosine
diphosphate, ADP) . — &l ¥ (Adenosine monophosphate, AMP) ¥ &l '8 2% Liu % (2015)
(K)77v%, fefar = (ATP+ 1/2ADP) / (ATP + ADP + AMP) .

1.2.3 RNA 3., cDNA #4|& & % %% & PCR

H % RNA B AF 42 AL el AR R A PR W) RNA 2 B0 78 (0416-50 5241 GK 2
VI HEAT . DAHEEU S RNA AR, I TIANGEN FastQuant cDNA & #5387 & 4 il cDNA.
PCR 1%} Life QuantStudio6 Flex, SYBR" Premix™ Tug™ (Tli RNaseH Plus) #¢% 5 BiX71&, K%
ficf PCR [V : SYBR Premix Ex Tag™ 5.0 uL, PCR Forward Primer 0.3 pL, PCR Reverse Primer 0.3
uL, ROX Reference Dyell (50x) 0.2 uL, Jil DNA iR 1 uL, dH,O #MEEAFI K 10.0 uL.

SEI 9862 B PCR N FE: TilAs T 95 °C 30s, 95°C 5s, 60 C 30s, 40 MEH: 72 °C 10 s,
RNT IR MG B 5 — P REATR I . BEAMERAL 3 AN 14T, FPPFIE L RS RNA 1 CT 1H.
FH AACT 566 58 B PCR 4 MR B-AT AL B, H (03 R A Ao & i o o 8 27Tl ke o
AOX. UCP. AAC. SnRK J:K5#Z % Liu 2% (2015) C#k, LLNZHEN Ledctin (GenBank % 3%
5 DQ990337.1) KyWAR, HAETAEY TR (L) BROERARAGHKI Y (R 1),
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124 #3E4E
BRE 3 EE M, R B R Excel #44F (Microsoft 2007) £, F|H SAS 9.0 &%
AL EEECHR, F LSD VLT a = 0.05 125 B A .

&1 ZKRTHAEER PCR 3IFFI

Table 1 Primer sequences of real-time quantitative PCR

B GenBank %3¢ 45 EM5IF5 (5't0 3" RGPS (5103

Gene name GenBank number Forward primer Reverse primer

LcAACI JQ349007 CTGAAGAATGAGGGTGCCAAGTC CTAAAACAGCGAAAGGAATACCG
LcAOX1 JQ349006 TCGGTCATCACTAAGATGTTGGTCA ACAAGCACACACTCAACGGATTTAC
LcUCPI JQ349009 AGTTGGCGGTGATTTTATTGGAG GCATTCAAGGTCCCATAATAACG
LceSnRK2 JQ349008 AGTTGAAGGACATCTGCTTGGAA ATGCGAAAACCATACCTGTGTCA
LcActin DQ990337.1 TTGGATTCTGGTGATGGTGTG CAGCAAGGTCCAACCGAAG

2 HEREHT

21 AEEBHZHREERKENES

WE 1N, BN A K, ARG 25 CIE I 1 7k 5L 5z i iy 7K S He [
%, 48 h P& T 17.98%, DNP ¥Zifd)5 25 CIp ) FREREEL, 48h FF% T 31.46%; 24 ~48h, DNP
Ab B LU T 3 2 BTG o S /KIRI S S CI i RE AT I BRLL A v 12 . DRSS DNP AbBEAR R IR B B
Faf ARCPARAR I3 7 28, 1T 5 °C AR FR AR L5 fit 1y A 1488 v A ek 7 oo

Lo - [] *JR# Control DNP % 5°C

0.8 v Y Bl

L N

. Y [y
Y

W/

06 r \ Ny

04 r

B
Energy charge

02 r

0.0 LN\ N7 N7 NV N7 N7 N\
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-y Bt /h - Stored time
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“xr FOoREXRAMEA EEER («=0.05). T,
Fig. 1 The difference in EC levels in pericarp of seedless litchi in different treatments

“

was significant difference comparing with contrast group (o =0.05) . The same below.

2.2 A[EAIE T Z R I IR ZE A 220

AL FE 12 h N 25 R MR S R A AL R K, 1F 24 h B B 5%, 2 5% Wi 0T+, DNP AFE (Hefiss
D B TE) P SR g PR R AR I =, 0~ 2 h B T, 2 S PN BE, 48 h R TR, FE
96 h LT X, 5 CACEE (REMfR ) WP HUR LS R 2, Ik 12 h A X T 7.40% ~ 16.82%
(E2).
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Fig. 2 Respiration intensity of seedless litchi fruits in different treatments

2.3 ARAEMZHRILEBTAIS N

Bt 5 B TR (R 2, SR 7 S A e B 1 . o) R A B M AR HS BUAE 48 ~ 96 h L I . DNP
REPE CREFTEA), TRAS LA EEERT 24 h, 1F 24 ~ 96 h N RARFeE e T imy, vl WL g ek
THRSWAE, 5 CAHE (RERTRED, EA 360 h N0 Bse A TFE#AS, 480 h ok, (Hi&
AFERURAL, 600 h I K 3.01 (& 3).

40 - [ XFHE Control DNP 5C

_§ 30
& 5
M sp
-
&
10 +
0 1 A | %_1
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-y Bt /h - Stored time

3 FEALEMZHRIBERRM

Fig.3 Pericarp browning of seedless litchi in different treatments

24 AR ZRREEERRERRENFM

LeSnRK2 [FRIA T : S HACEELE 2 h BRI &), 6 ~24 h 2818 T %, 48 ~96 h il\i# - F}; DNP
PR CREATEUR) 7 6 ~ 48 h W4y, (ARG (72 ~ 96 h) W& R, 55X RACEAHLL TG
ZEsts 5 CAbH (REmis) Rk N, I TG LIRS W9 240 h i (K 4),

LeAACT (kG : W MACTEZE 2 h PRl THi, 6 h P N R, 2 5% 72 h PR hn, e
KIS (96 h) XAHFFE; DNP ACHE (REMTEAE) fE0~24 h Ff4k BFF, 6~24h B
FE TR, 2T, 48~72h BEMTXM; 5 CAM (Remim) B/ (B 4).
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Fig. 4 Expression of LcSnRK2, LcAACI, LcAOXI and LcUCPI in pericarp of seedless litchi fruit in different treatments
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3 W

31 HRXERETHREEREZMXR

RESEW L7 BT 5 K 2RISR G 338, X T BN 5, REAar ST IR T oA 4 B R T2 1) 56
HHNE (Richter et al., 1996), ATP /K-FFRAE IR I B FFE CHEER 45, 2016), 7R
SEREAE AR FR B N, ATP & 5 A RERT AP G RS (Duan et al., 2004). fEREA AT UIELE
TEVSEIRIN KA, ATP & F % (Tippi & Paulin, 1984). Rawyler Fll Braendle (2001) [{IHfF572 1,
1 ATP & BUS ZAK T — & BIE I, BSR4, a0 8 e TG AT N - Z BRI £ 1 e 2 = 36
Saquet % (2003) RINALFE S GHIAR, ALEAREATACT- BN, 22 SANURIIR 5 8 4 e R A0 T 3t
MRS B BT, 5% (2009) JHANE ATP ACFE 7Ky, ZEIR T 40 OB vk A3 n, IR it g it
FALTREE, T R B AR AR DG B3, I FLIR I R ANV RO S e R e mi Ko R, HERRam
JL P A AL T2 KT T OR RGN S 2 A4 () s b, AR RN IE 505 8, GEIR R A . AT
FUH RN, DNP ALEIIR T R BEAr A I N, SRS 48T, 5 CARIRIE 8 R B nT PR EFAH R
R REAT KT, RS E G . DRI 0 b AR SRS ReAnr 7K T B 3 B0 A Do o 21— A 2 K]
R, ARG A AR R R S B KT, DUEZE 4 R G

32 LcSnRK2 RIEEFHRFRRE

SnRK /&40 M RE S AL IR AT, BRIEANAH M pe EACUDIRS XL, 5 ATP 14 BUUIAHC (Nietzsche
etal., 2014), LeSnRK2 WIEANREM K P BRI LI GERRI 25, 2016), w1 e ~af
KHIWFE ATP (& &R, JFa 78 ATP I AU 45, I 45 kB 11t 75 30 & K4y
(Dobrota, 2006). ## R KJGEZITFEDT, LeSnRK Al REIRANIEZ M ATP THYSS, s ATP
B s FERCEE IR 3R IA , dERr e i Vi CEEERIA 55, 20160 « AWFFTH A3 DNP ABE S LeSnRK2
(PIZRIL I TR T, RIBACHER S, 0 AP 3 A% R SIS ) LeSnRK2 ik W30 LeSnRK2 3%
IR KPR T BEXT G RERR R R AT K S R RE 2% SR S 22 B AR A

33 LcAACI RizEHBRXRTRE

ADP/ATP #fkHH (AAC) 157 ATP {EZebi AR 2 [ ik (&, 2015). il AAC
JE DR AT AR R AR R A I AN 42 K (Klingenberg, 2008), #hAMEIRMNA F/KRE AAC LA K%
KRN (Chivasa et al., 2011). ZHFCRIGHEER LeAACT FikFEE:T i (Livetal., 2015; £,
20150, ABFFTH RILKRIHNE 30 min AJ 55 HAE 2 h AR/ ETF, 25w R A
A6 h FIAR T, U ZEIIMA ST LedACT Fik BT Hud FTF: DNP ALBE S ShEm T %,
LeAACT Fik e mAo s RIS T R B BB A AR Ry, HUAR LedACT [FRIE 52 B
i, (HAALIREEA K . BEAHEL LeAACT &R R BUBIER, XREREPTZ f Vi, HRIKKH
VAT REXS BN An e ATP (R FIGEE s 2 AT — e X

3.4 LcAOXI A LcUCPI RixEGHEETEE

WP B AE P2 A2 ATP IR I 2 7= AR v PE 4L (Reactive oxygen species, ROS), 1EFEHLF =4
[¥1 ROS i AOX H1 UCP {5k, VAORFF =R MIEH BT, FHICROS Ui . FE3R. Fri. 7
Bos MRS A, ASER S A ] AOX M UCP B3Ik (Costa et al., 1999; Considine et al.,
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2001; R 4, 2016). ] AOX Mg It v AL K25 . AR I = D) fE i) A (R D7 55,

2002; Ramprasad et al., 2004). {HAEA AR AL Wi s AOX B PR v LAEZEAT 25 DI F fiw (3R
RN A, 2007) 0 H TR UEHE T ) TR SR G AOX JERIERIA L Ek AOX B iiG P 4 o n] §E & I
HEELMTFUR HERW] 5%, 2016). #44%KJ5 LcUCPI MFRIEEATIA T, w2/EMA EIF (Liuet
al., 2015). AWFFTTRIL, DNP AT T LeAOX] Rik/KFHERTTE &, JFHAE 24 h RS
ik, WHEALIEAT 48 h B RIS E PG, WASAEBELE LedOoXT LSRG RS THR KB .
DNP Kb B A] 5 24| LeUCPI WIFRIE K-, HMLHIGANTE 2 - LeAOXT Ml LeUCPI 3k AR 3 in
B 5 R S i 3 2 R 20, (AR S 277 A K& 1) ROS B, FUF6 /& %68 8)) LeAOXT i/ LeUCPI,
PLJ LeAOXT Rl LeCUCP1 Z R I AEAR ST 22 55 H AT NG 48

3.5 REFHTHEAHRBXEERREISHRRERE

IR I Ta) e g st FE R 25 R B 2 18 LeAACT. LeAOXI~ LeUCPI. LeSnRK2 Fik B bedess
KK, M RET R R AT, SR e AR PTG 1 52 1) 0 S 4k, D WRIR 45 2F N 7 Bl 51 e 45
B Re K, RS E il .

AAREH, MREEMT /K (DNP ARER) SRSLFEZIH, LeSnRK2. LeAACI FI LeAOXT FIEW ]
PERT, FILEPEE; BEBEMACE (5 CEEIED RE T RELTE LR, LeSnRK2. LeAACH .
LcAOXT F1 LeUCP1 RIEIKF- U0 FRAK o DRI 7 A SR SR I e A 7P 1 Bt S BUR S st i 2 (1)
TR EZ . LeSnRK2 Rl LeAACT K B B e AR BIURIE R, W RERBEZ RN . LedOX]
FILcUCPI ikt P S HB R ST E RD, AR AT I3 T LAE b 75 4% SR SR S5 TF 46
NE B ANE =2 T
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