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B OE: ULOMAY x GrERY ZalE AURSE 2 ) R BRI I MA GT-Y10 M1 DT-Y168 4
WM, BEFCICR SR B IR SR RN LW R RRER L B DR AU AR DG R (1 AR
SRKW]: GT-Y10 F1 DT-Y168 Bk f g, 4300 v OBH 2 1 1K) 45.77%H1 50.98%, (L AL & FHikZ,
TERE O AR . T, GT-Y10 PRS2 BT DT-Y168, Tilkeks. #i%ihs. LZUme s 2 mh
TEYEE ST DT-Y168. GT-Y10 fl DT-Y168 & w7 m 12 SS (HJrm) 5likd; %5 biFl R
Wit 22 5 =22 H T NAD'-SDH Fl NADP'-SDH 5 PE[f1 22 57 5 e, [ 52 AL NI R SS (S 115
i; NAD'-SDH Fl NADP'-SDH it i th AL & 5 (10 2 5 o

KB A 2SR B AR
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The Difference of Soluble Sugar Accumulation and Related Enzymes
Activities in Pear Fruit from Hybrid Offspring

YANG Zhi-jun', YUE Wen-quan®, ZHANG Shao-ling', YAO Gai-fang', ZHANG Hu-ping', MA
Cui-yun', and WU Jun"”’

('Pear Engineering Research Centre, Nanjing Agricultural University, Nanjing 210095, China; “Research Institute of
Changli Fruit Tree, Hebei Academy of Agricultural and Forestry Sciences, Changli, Hebei 066600, China)

Abstract: Two individuals (GT-Y10, DT-Y168), showing comparative higher or lower sugar content
with fruit respectively, from the population of ‘Yali” x ‘Jingbaili’ were taken as materials. The contents
of total sugar, sucrose, fructose, glucose, sorbitol and the activities of sugar related metabolizing enzymes
were analyzed and compared. Results showed that the content of fructose in GT-Y 10 and DT-Y 168 was the
highest, and accounted for 45.77% and 50.98% of total sugar content; The content of sorbitol following as
the second, and the content of sucrose was comparative lower. At the stage of fruit ripening, the content of
fructose in GT-Y 10 was lower than that of DT-Y 168, while the content of sucrose, glucose, sorbitol were
higher in contrary, and resulted in total sugar difference between GT-Y 10 and DT-Y168. The key enzyme
that resulted in the difference of sucrose content between GT-Y 10 and DT-Y 168 was the sucrose synthase

(synthetic activity), the difference of glucose and fructose content between GT-Y10 and DT-Y 168 were
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mainly resulted by NAD'-dependent sorbitol dehydrogenase and NADP-dependent sorbitol dehydro-
genase, meanwhile it also affected by acid invertase, neutral invertase and sucrose synthase (cleavage
activity) . The activity of NAD -dependent sorbitol dehydrogenase and NADP-dependent sorbitol dehydro-
genase also made contribution to the difference of sorbitol content between GT-Y 10 and DT-Y168.

Key words: pear; hybrid individual; sugar; related metabolizing enzyme

PR ) AR R W AR ST AT R 87y, AR RS AU i B PR R A 28 e e o
MIPE CAIvE 2%, 2011, DRI BN A8 B Al e i Bl AL S5 I R 2 — o fHIE, AL
F AR AR, B IR 2 RN, R AR AR L) iz 1, RE R AR SR AL PR S
DURE VIR S R A T BRSSP, SR8 AR SE P AR I 22 5, IR 23 TR 1
PERE oy TR, N TR S AU SR i TR 1R I8 A 2 R RAT LR R

S T3 2L A 250 RS Bl A S ARSI T Y R it U G I AT i o 55 (2004)
A R BB BRI E T A BRI 410y, S RRIER SR S (el R QU RE R . AR
M BRI I A, b RO AT B Bl PR . R A TS (2007) Sl 70 43R0 AL Rl
WEFUARDL, SRS RREE RS R BT ESs, BEREAE AT 4 ~ 6 T IR 2IFE 2R
W, T SRBEAE AR A BT N RE, H R AR 22 B . AR (20090 BIFST TR AREERESS
MRS ALIRSE, SRR, RH RIAH SRR R s i S B2 R AR, R R B,
B AR RN R T R P 22 AN 3 . WREOT 48 (20100 2007 17 98 N AL AT AT B 4L 57
SRAM], ANTF] SRR TR R AR R R RO, ATV PR B I 25 S R R 2 R I . B
AT KRB 7 by R AT 9 5 B P RN ) P SR U A AL 0 A B . DA SRR 0K IORFAIE
I, R T ARSI F KV 22 7 1 AL BERL At R A DL OR T XA o AHFSE P S R X 248
AR R DL v Bl 5 AR O BRSO 4L 70 A 1 Bh A SR ORERS PRI 9T, PR ™ Al o AR B 22 7 1 2
BUIEA, NI A i 3 3R A0 F ol ohoBl XU it i o 1R 3 (LB MR AR

QY ZiE SRS DARE

1.1 RIEH R

PRLT 2010 4EHL AL ARMEFEBE BB RMBEFT, LLREAY < CptEady Al e AR i
16 H B B R AL S AR GT-Y 10 AMIRBER Y 5 AC bk DT-Y 168 (FEFEUE 45, 2011 Ailietr kL.
ZRERIFLR S R R EEAAER G TR, FrUAAE)E 45 d FFARFE, RO 5 AR, SRAER)
M AN By AR S P b S AN T BEALIE UK /N FAE B G H RS, 3T 2,
Zoh%, K RRTRS), SR DY EIRE , B384 F B 4L o il e, SERAE AU R G & T - 70 C
UKFE, AR DGRBS 1 .

12 MNEFRZE
1.2.1 T MEAF 6T

AIEPERE RIS ] Jia 55 (1999) [WJ7VEHFRHT R o HEMIFRI 2 g R PURNBFER IS
W (80%) L FEHW) WFEE, 37 C/KINFA 30 min, #BH 4RI 15 min, F 250 (4 °C, 12000 x g,
15 min), 4 B3EWFE) 25 mL AN, AR 3 K, %, W2 mL HiekzRNEET, Hil
ai/KER 1 mL, B4t Cg SPE H:F1 0.45 pm Sep-Pak ffLuEEIL €5, #E4T HPLC 7081, &=/
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W e Z W75 (20100 = 80RO 1E %
122 BRR&GRIR

B ISR ISIAE O ~ 4 CIEAT N AT . IRV AL (acid invertase, AD PR AL (neutral
invertase, NI [J$RINS HUBE 4% (2001) Jrikdfclcdt. B4 Islam 55 (19960 KJrik, iE
TR 10 53RO (A& PVPP),  JIEBH 5 1B A T B 1S PE 7 o

JEREA UM (sucrose synthase, SS) FHREHE IR & HiM§ (sucrose phosphate synthase, SPS) [1)4
L 8 A AR ], 3R P K : 200 mmol - L Hepes-NaOH, 5 mmol - L™ MgCl,, 0.1% p - %
JELWE, 0.05% Triton-X 100, 0.05% BSA, 2% PVPP, 1 mmol - L' EDTA, 1 mmol- L' EGTA, 10
mmol - L PFUIRMERH, 10 mmol - L' PR IR—ERIRA 2% H o EERZEr84: 20 mmol - L
Hepes-NaOH, 0.25 mmol - L' MgCl,, 1 mmol - L™ EDTA, 1 mmol- L' EGTA, 0.01% B - $iJt L0,
0.05% BSA 1 0.2% H i«

HeHt NAD 1 Z4EE i &0 (NAD'-dependent sorbitol dehydrogenase, NAD'-SDH). #i#fi NADP
()11 ZLWE i S8 (NADP -dependent sorbitol dehydrogenase, NADP™-SDH) Flili A4z 4 LA (sorbitol
oxidase, SOX) [IHLHUS B 5 AL B, $EHOR A : 200 mmol - L™ AN ZE 7, 10 mmol - L™ $i
RIMLA4N, 20 mmol - L' B - $iFELRE, 0.1% Triton-X 100, 10% PVPP. &K A: 20 mmol - L™
FEBRZE M, 20 mmol - L' B - S 2.

1.2.3 B egm &

ALFI NLIE P SS A BT ) A5 7 1) I3 PR o 2 R B v 4R (2001) [177%. SPS & T
W5z Z 18 Lowell Z5(1989) (1) )72 . NAD(NAD-SDH FI NADP -SDH) [f 35 #El 52 2 £ Lk (2009)
(¥1777% . SOX ¥EHE 1l 2 Yamaki FI Ishikawa (1986) {1777k,

2 R

21 SHESHEESEHKRIBEEISENTH

HE 1, 1A%, fERSEREBANMERKEF RS, Sk GT-Y10 MYICHE 5.4k DT-Y168 L8
GEMEA T, H GT-Y10 B4 5 E 5 T DT-Y168 (P <0.05). GT-Y10 fE46)5 105 d Sphi & ik
KA, S84 121.09 mg - g 'FW, EAEREE AN & B AT R 4 10 DT-Y 168 (K150 & R AE LG 120
d BB KA, 4 95.68 mg - g ' FW.

SWE R AL AL SR o v B S R A o B ERAR GT-Y 10 AUICHE JLPk DT-Y 168 J 5 1) S0 &
e AR E TR, PIEAELE )G 90 ~ 105 d IS B EUREEIE, A GT-Y10 X T DT-Y168
SR ERESE (E 1, 1.

FURL Sz e () RS AW AR, B R LR BT, EAARN T %, HAERSLRE T
WA EACEIRE N BN REMN, SRk GT-Y10 S5 H RN & B0 2% m TR Ak
DT-Y168 J5, P [H)F & 22 ik W olobl B 57Kk (B 1, 1D

TERSER B FEA B, mod bk GT-Y 10 AR bk DT-Y 168 [ 58 % i ffA 2 a3

(B 1, VO, ERSERERN, BT re, fifaemdaRr. Rk aidfEd, GT-Y10
FESZ A S R AR 2 m T DT-Y 168 H5K2,

L B o () AR A A FASE R Bl R GT-Y 10 FMERHE S ik DT-Y 168 HEA—2 (1, V), R
SR RTIRGE LT, BE)E 60 d S EHARIEAE, SR N 52.77 mg - ¢ 'FW FI1 51.75 mg - ¢ 'FW,
EWEEZES AL E; ZEWEMLRES R4S TR, 2R GT-Y10 R m & 8K Pk
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BFE T DT-Y168 5z (P<0.01).
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1 EREEHK GT-Y10 F{EREEME DT-Y168 RELEE. RE. B, PEEMLAEIENTL
KNG FEBEGS SR A — I 2 5 i iR Bk (P <0.01) FIEZFEKFE (P<0.05). T,
Fig.1 Changes of total sugar, fructose, sucrose, glucose and sorbitol content in GT-Y10 and DT-Y168 fruits

Different capital and small letters indicate respective significance at P <0.01 and P < 0.05 levels. The same below.

22 SESEERRRIPEENRSHEREFEENT L

EREPRLRR GT-Y 10 FIICHE bk DT-Y 168 HSE AT BvG PHEAE4) B E R, H DT-Y168 [HIEH
P E T GT-Y10 (B2, 1). BEEREMET, Al BEEME L B RS, He GT-Y10 &b )a
60 d O AR RN BR K, AR RS DT-Y168 [KEFE T N B BEA X 2% . MM (R
1), GT-Y10 91 AL BRE I 5 e & B AL B 55 (r =-0.5707), 11 DT-Y168 o —F M e EA
B,

NI il 3 ME7E bl Bk GT-Y 10 FUICHE Sk DT-Y 168 ki B R G Ak S IR B et (&
2, 11D, f£J5 60 d, GT-Y10 [ NI BgaG 2RI F B EUEAK:, e EAERIRIEHE N E); DT-Y168
BT TE T B B T 2% . Mt HT (R 1) £, GT-Y10 NI Bgis Pk 5 REp & B A1k B2
FAHXE (r=-0.591"), 1fii DT-Y168 1 —FFH A B3
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K 2, TIAT%0, SPS WG TELE Bl LAk GT-Y 10 UK Rk DT-Y168 1 2722 L TH#a#h; Fric
Ji 90 d 4h, HE&E GT-Y10 3 m T DT-Y168 (P<0.05). KM H (% 1) £W, GT-Y10
th SPS VI 5 RERE S AL B EA DS (r=0.8217), 1 DT-Y168 f —FAH KA B 2.

FERSIR BT, SBE R GT-Y 10 FIMICKE 50k DT-Y 168 [ BEHE & el (SS) A iy ) BTG 1
AN ARTRAR; AEAESG 90 d, W3 I EERG ME R ILPOE T s, 2 GT-Y10 B¥ & T
DT-Y168 [ SS gigtE (B2, VDo AHSCHE TR, PIE TP SS (G Ty ) WGP RERE & 848
RIEARSE, AR K30 0.859°H10.938 (& 1),

AR GT-Y10 SEHE bk DT-Y168 [IRERE S BAE  (SS) 41l J7 In) il 7% 1AL Ah i 5 oK~
FEARL, PR CEE 2 (K2, VD)o MRS HTRI, GT-Y10 1 DT-Y168 1 SS (4 fi#J71n]) M
PR RERE 2 AR A DS AN

—a— GT-Y10 —=— DT-Y168
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E 2 SH#EHK GT-Y10 FERE S DT-Y168 RLEMER HHH XEFEMN T
Fig. 2 Changes of sucrose related metabolizing enzymes activities in GT-Y10 and DT-Y168 fruits

2.3 EESEERKRRIP LARERKEIEXEEEEMT b
NAD-SDH i P48 bl bk GT-Y 10 FIMCHE bk DT-Y 168 H (A A7 — e 20 (B3, 1),
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DT-Y 168 7E& & FIHMHE T F PRI, 1 GT-Y10 FRF@AE T 12; AERLKEF A, DT-Y168
MErS T — e R BT, 1 GT-Y10 23— M LN Esh. MR (K 1), DT-Y168
NAD'-SDH i P 5 1AL & 8 AT Ak 3 ¢ (r=-0.8187), 1 GT-Y10 t “F MR B
NADP'-SDH ¥% 4 7E bl bk GT-Y 10 FMEH SR DT-Y 168 bt A—2 (& 3, 1),
I LTS NN R EWS), b GT-Y10 RSEMEEE G2 5T DT-Y 168 H5k. A2 Hr & B
(£ 1), PR NADP'-SDH B 15 1L AR & AR (AR G A 3
B 3, A%, @fERpk GT-Y10 FEHE AR DT-Y168 FE32 1 SOX 3 AR fb A FE A — 2,
I AEFEAE A ARE IS /K, AR ARIE A K.
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3 EMEEER GT-Y10 F{ERESLK DT-Y168 REUFREEAR SHELMF MR
Fig. 3 Changes of sorbitol related metabolizing enzymes activities in GT-Y10 and DT-Y168 fruits

* 1 BRERK GT-Y10 FUERELHE DT-Y168 REPREES SHXRHEFEMHHEXRY

Table 1 Correlations coeffcients among contents of solube sugar and related enzymes activities in GT-Y10 and DT-Y168

SS (Jrfi) SS (HHL

Sugar Type Al NI SS‘cl-eavage SS.S}fl’ltthIC SPS NAD'-SDH NADP'-SDH SOX
activity activity

sy GT-Y10 -0.812"  -0.860"  -0.787" 0.585" 0.616" -0.290 0.112 -0.609
Total sugar DT-Y168  -0941"  -0.884"  -0.902" 0.700" 0.832" 0.008 -0.250 -0.382
R GT-Y10 -0.570" -0.591° -0.381 0.859" 0.821° 0.290 0.273 0.186
Sucrose DT-Y168 - 0.440 -0.389 -0.279 0.938" 0.642 0.688 0.575 - 0.560
AR GT-Y10 -0.775" -0.777" -0.821" 0.621" 0.628" 0.524 0.177 -0.285
Glucose DT-Y168  -0927" -0958"  -0.898" 0.762" 0.703" 0.324 0.662 0.374
P GT-Y10 -0.552 -0.679 -0.897"" 0.572" 0.548 0.607 0.466 -0.173
Fructose DT-Y168  -0913"  -0922" -0831" 0.826" 0.806™" 0.831° 0.615 -0.389
A GT-Y10 -0.497 -0.532 0.243 -0.088 0.100 -0.094 -0.259 -0.165
Sorbitol DT-Y168 0.226 0.317 0.085 -0.531 -0.209 -0.818" -0.508 0.475

e FHHIRAN IR IRAE 0.01 F10.05 K _E W 2E A E.

Note: **and * means significant at 0.01and 0.05 level, respectively.
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AN RS AL AR, SRR, Bk GBS 4%, 2005). Bk (Vizzotto et al., 1996).
MINEHT (Chenetal., 2002) HOBE®) LIS L RERE, TM#I%] (Davis & Robinson, 1996). 2% (ik
JCEL A%, 2004). H&E (Ayazetal, 20000 HOREMEEN & OB AWESCRORIL, CREEL R1
FIAL 288 A Sz rb SR 2y, SN GT-Y 10 A1 DT-Y 168 FApR R L Sz vb SB35 o sop
(K] 45.77%F1 50.98%, H. F0E 55 SOBEAN S PERE 5235 (r 23310 0,903 F1 0.905™), i% 5 i g #HE4% (2004)
FVE 55 (2007) )45 HAHAL 17 4 2608 2 K T SRR 5 5, B 20 i) oy OB 1) 19.52% 11 12.92%,
X5E AT (2007) W4 B 5 5T 5 I 2 B RRE 10% ~ 30% 2 A 45 1 AH— 30, fEA4R
S, RIS i () B 2T (L A, T B 1 AL K T S, 25 TR, GT-Y 10
I DT-Y168 HUbk 1) 5 1 AL 5 28 el B 3, X S5 4EME (2009) & TP ALBEAL 4 IIF 9T 45 18
AL, I B T AEAN R AR ST A R S AR R 22 S (ko 5%, 20100, AU
SE R RE PR AR A, AN U (A ST 20 S L RBE 1) 5.42% K0 4.42%; T A5
(2007) MIWFFCRI], LA b pEiE SR8 3] 50.14%.. AGEALAH TR I, AR AR
RAERBE 7 T AR AE I BN, AL SR ok v R R L A Y, A AT, PR
Shy v SRR R e L R AR, RK Ak v A W R s R AR, T P A A A R v A, R
AL (WSS 55, 20100 AR REISEAR 2 —X RGRL, RS EAUL, Bk, BeReE S
BUG A RERE B AR
32 AN ERERRHESHXEEMEMAXR

SR 2 (AR B A AR DG A G 2 DI DR R o AN [FRE A0 1) RSB AR SR LA FH G B i )
PR FTAIE . AR S A AR A S 5 L GG 2%, 2005), 7EFK R R
Z X EAZ AL, NI AT SPS (520 (FRkE 2%, 2004), PRS2 E G SS F SPS X HERH AL 2k
HOREEMEMER (RER 55, 2003), ks & om0 hop R R E R 7% AL NLATSS (5%
25 55, 2006).

AW AT AR A 4 Bl R4l 22 Ko B B B, e T GT-Y10 A
DT-Y 168 M55 7 R B B MO MR o SRR EHIH, GT-Y10 1 DT-Y168 1 EERE A & &R,
HZRS RN EE, X T GT-Y10 1 DT-Y 168 1 AEE FEAERER 1 AT R NI 5 P ZSA 6 5
HZES R . 2R, BSohi ATR NI R B A SRR 20 2 m 1, B
A (2001) BFFTIACH AT R NI 23 fif RN T2 S AR R A 260 SO AR T RS e VRl A
(2009) AA AT FI NI IE PR B R R SR — /M5 5. GT-Y10 Al DT-Y168 H (1 EHE . SPS.
SS (BT MAEfG 90 d IR EZ T EIHiEss, m 1 nf%1, DT-Y168 1] SPS 5 REHEAH
MR, 1 GT-Y10 f DT-Y168 H11#1 SS (&l i) 5 RS EAMBAH ST (r 25k
0.8597° A1 0.938"), HEH HMIMEMIBETEZ WS, XL S8 GT-Y10 Al DT-Y168 X3}
P RERE M E S (1 e B SR [N, 3X 5 Moriguchi 25 (1992) Al SS 25 [ FERIAL B4 A A () =
PR AH 3. 0SS (AHARTT1RD) IS PEAE GT-Y10 I DT-Y168 it 25 A %, H 5 REHE & &1
AR B2, DRI AN A2 FEEW AR 28 25 S 1Y) O i AL

AL AL P R s i E 2, S s I AL R AN R SE S, K&k SDH A
SOX 1153 il AE FH B RS 381 25 0 R SRR, Rl 20t R A7 T RAMA R o AWFFT S KW, GT-Y10
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I DT-Y168 H 4 5 L AL REAH DCAC U (v PR A =y, X nl g2 LA 2 B AN SR SR SR I, X
S (2009 [F7E4hie—8. MAERLLE T AY, GT-Y10 fl DT-Y168 # NAD'-SDH [#)iF% PE
B & 2424k . NADP'-SDH [ 45 1 Rl 45 B & A8 b #8540 — 3%, BTLL, NAD'-SDH Al
NADP'-SDH e 551 v 45 Bl RSB (0B S8 8 B LA, X S vEsmas (1999) [T 5145 FAH
Fle B 1 BoR, X PR EGS FOME A8 20 A OGP EAN 3, 3K A el 1 SR S b SRR R e 2
A RIL S ALL NI AISS (OMifJ7m) HIBEIETEA OC, A AT R NI RE68 255 K AL REHE T 1 b
FI% % 8% (Chengappa etal., 1999), SS (ZMi#J7 In]) REXFRERE 73 iF T2 SR (Huber & Huber, 1996;
Oliveira et al., 2000; Tanase & Yamaki, 2000), H & {4 NAD -SDH il NADP'-SDH 7£ GT-Y 10
A DT-Y168 h2ei b . Kk, GT-Y10 Fl DT-Y168 A 2 4 AL i) 2= 5 E %2 i NAD'-SDH
A1 NADP'-SDH 521, [FIRFIEAZ A, NI FI SS (A7 [m)) HIs2m . AL L AL G f 8 32 2
5% NAD'-SDH. NADP'-SDH 1 SOX [{Jif#x, MiEARK H, N SOX #£ GT-Y10 f1 DT-Y168
Hf 2 S EAN B3 . R, GT-Y 10 AT DT-Y 168 A 1L AR () 2 7 th 32 22 /& NAD'-SDH Il NADP'-SDH
SR,
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