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FEE: vAE 56 (Solanum lycopersicum)suAt ‘Micro-Tom’ A XA+, FAFF L F B30 B AR ZE, EARRLE
KA e H AR EEA, FHEH. KA A B, WETEEAESE . RS KBEE A BA XA E
aARst AR, EREY, EFBRFLFIARF, L/EGDBHALEGRETEMRES TR G, LE LMt
B EFBE. BANHRRETIEESE. ABNRBHR X B B AR R A F 0 948 X AT 57T 4o,
FAE-1,6-—FEEBH(FBP). AERBKEE] (PK]). AEABSEE2 (PK2)AR R AT H A48, RABS Z 638 oA 5

FAEMAE R P A CEE(ND)E W AFBP. PK2. NIEE RAST B, 4 F 6938 mAe 2| e T AR A .

KGRI B 6, AR AEARAHAR K B LB KA

7 A A Wt AR 3 R B AR, B AT AR
T BT AN W R R, O T A A o ) BT T R
BRZZ o B 520 RS ot o A XU T 5 ) S
FERZ, fERSLINREMI I S5 W) o
PR 5 16 5 Bl DA SR SE R R . 32 22 (Naieh 55
1992)%5 7 M #R R ¥ B EAE FH o SRS & B ) Fb
B HE K LR RS . KR AN A S 77 Ak
Gy Y5 B EL LA, 2 TR T S S ORI R A E
HER .

] A A/ B A RIS (R PR
[52002). KFE(FFTTDE451989) H i (Lobo%%
2015) SR (E 7K FAI5KKE2000; X H1452001).
8% % (Wiberley-Bradford4$2016). % 5¢(Klein%s
1993). & li(Stommel 1992; XI|LLFT452005; 541
5520065 T F54E2011; LisE2017), {H 2 X2 ik
AR FRIAE F A0 BT 0] 25 A e A A Y (Stommel 19925
TF5UE2011; LigE2017) IR 7T, % w0 . FpsAn
TER AR IR TR R > . A, WETCER I, SR RE
S FE ) 1 HEAC 1 (TrabelsiZ£2009; Singh%:2011;
FIFEE2011; BRAEFH452014; Han%52014), SR1100%
o3 5% e 3 A XA T DL IS AT 28, A fr it — 28
R o BRI, A0 38 I A 7] 21 86 ) A 38 35 it
MEAR, BT AT R L s RbE . RENE . UEk
T, FEACU TR O Bl A HUAH O BE R R A,
T 45 2 g0 SR S W AR %) O B Il R O B R A
R A i SR S 7 AR B B RS it 0 AR

1 MRS

1.1 R 54018

ARG AR it dt ANz W (Solanum ycoper-
sicum L. cv ‘Micro-Tom’ ) it AS, 5T & 2F J5 3%
R PSR R (12, VNRE R, B4R
Ja (F5 7230 d) ik B 34— B0 40 B B N i s
5=,

JEIR SE0 ELED Rt AR Aok R
PR FIPR AL, eI TR AN LE 1), IR E T T
I, KRS E AR I, DLRIELEDYGYR N
FERRAE KA ME— I8 . BRI W d AN [ B A3 41 15
AL L0/ (1) 20/ (3:1) . Z0/85(5:1). 41/
W (7:1), BLE G AR IR(CK). SN b FES08k, 370E
52, BENLHES . BEBSGUES0 emib % BTl
JZ 14300 pmol-m™s™, JeE I A12 h-d”, A KIEE
28°C, W) 2 18°C, WJE(70£10)%. 53 T
FHERAI e AR A3 A o B EURE I 72
1.2 REACAMREIER S ERNE

RGBT A A 25 S i . W]
TR RE S B A RO e Rl e R T A8 552002) .
FERE R 2 R SR (R S R 5E 75 AR5 (2015)
77, A s . FREICRSEL g, 80% L BE A 1%,
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R A AT CRAD B LB, & ZAEY B R 56 ER
SRS HE 42 BRI A1 578 7E(201303108)
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7£80°C/K 30 min, 14 000xgES Ly, Wbk Bk, &
3, 75T )5 02 mLB KR, 0.22 pmfgfLIE
JEEJE2 0K, HEAR B I o KGR A AT VA YERE 1)
T v FH A K Ay (i A 2220 12) 00 5 Y 75
1.3 HEEIAE XERIE AN E

HEBE A B (sucrose synthase, SS, EC 2.4.1.13)
1 EE B 1% B2 & Al B (sucrose-phosphate synthase,
SPS, EC 2.4.1.14)i% M & {85575 AR (2015) [ 7
e W AE SSHF K FH R BRI A 2 450 mmol-L!
HEPESZZ i (pH{E ~7.5). 15 mmol-L" MgCl,.
25 mmol-L"' B FE 25 mmol-L™ UDP-7 %) § 1 .
) 52 SPS IR 4 KL g 42 B 5 45100 mmol-L™!
HEPESZZ M1 (pH{E J97.5). 5 mmol-L"' MgCl,, 4
mmol-L " BB -6-B5 1% . 20 mmol-L % % ¥ -6-fi
%, 3 mmol-L" UDP-#i%j #5111 mmol-L"' EDTA
Wb . 24 N AE37°C V30 min, 2 5 A
NaOH¥A B 7K 3 & 18 SN

TR 54k i (acid invertase, AL, EC 3.2.1.26)4ll
i MR Ak B (neutral invertase, NI, EC 3.2.1.26)i% M
I 5 Z M55 75 AR (2015) 1 5% o R AH B2 UK
JMAEIT mol L' Z BN &+ il (pHAE 4.5 F1 T
SEADLE M, pHAE 7.5 Tl & NIE ) A1120
mmol- L™ JEFEE I A1 37°C I N30 min. B 58 K
Ja IIN2.5 mol-L™" Tris, 90°C/K 52 minZ& 1k iz i Ff:
B,

JER I (amylase, AM)YE PRI E 2 {8 55 75 2R 5%
(2015)1 771, CATT I PHETE R A EA, 37°CRN.20
min, FIDNSZIE N, i 7K#HES min, ¥4 5 I 5E
520 nmfJODAH .

1.4 PERS K EE A Real-time X St E EPCRITAT

P RAR AR A IR 2 7] (1) Trizolid 1) &
PR i S RNA, RNA PR BN 44 R 45 5] 38 1
2 LK AN 43 e E TR, R FH PrimeSeript™ RT
S % A7) & (TaKaRa, K%, 1 [E) & HicDNA.

AR AH OC Bl B DR 1 4 K 7741, B FH Beacon De-
signer 7.9% it H BRI R R 51 (R D). 5
5€ 8 PCRF H TransStart Tip Green qPCR SuperMix
(TransGen Biotech, Jt 5%, /1 )ik &, (X 2% ABIO-
RAD 1Q5, MW EAK ZR20 L, REAHBNR 15 B3R
ITEES, LUEH T &t E EPCRIActinkk
RSN, T2 AT 85 0 b7
1.5 BRI S4R

KHIDPS v14.105¢ v+ 35 S it AT 05 22 73
M, K FDuncanifi &t 2123817 £ & L (0=0.05),
FMicrosoft Excel 2010317 £ ds A- BEAIE & o

2 LR

21 FARIEFRTEMREAAMESELMN
HIZR2 W] 1, ARG 5T T 2 b 2R S ] s P
AR K EE BT ES . E3NARFK

R PO E BPCRIN H T3 R 51 ¥ 51
Table 1 The gene primers used for qRT-PCR

%5 B YSES L5537 N3
Solyc03g121070.2 T (hexokinase 1) GCACTATACAGAATACAGGATG AATGAGAGGCAGCAAGAA
Solyc06g066440.2 L2 (hexokinase 2) ATCCAATACCTCCTTGAAGA ATACAATCCGCCATCCAT
Solyc01g106010.2  HLiiE-1,6 TR CTCTTGACACATCCTAACATC ATTGCTACGCCACCATAT

(fructose-1,6-bisphosphatase)
Solyc01g049650.2 AR (pyruvate kinase 1) CCTGCTGAGTCTACGAAT ATAATCTTAACCACCGATGC
Solyc01g106780.2  PEHIRIAAEG2 (pyruvate kinase 2) TGGTCAGGTGGAAGTTAT CCAGAATCTCGGAAGGTA
Solyc12g088160.1 Bl fis i X AT I 8 i 1 TGGTCAGGTGGAAGTTAT CCAGAATCTCGGAAGGTA
(phosphoenolpyruvate carboxykinase)
Solyc07g045110.1  JEFERERR & W TATTCGTCCTTCCATTCTGA GTCTTCATCCTCAACAACAA
(sucrose-phosphate synthase)
Solyc02g081300.2  JiEf & ki B (sucrose synthase) GCTCAAGGACAGGACTAA GCTCATACATCTTCTTCATCTC
Solyc03g083910.2 R PE4%{bi(acid invertase) CGGAATTGGATTGTGGAAT CAGGTCAGCAGATTCACT
Solyc01g058010.2 4% (ki (neutral invertase) GCGTATAATCACTGGTAGC GAATCCACTGCCTTCTTAG
Solyc03g095710.2  a-JEK; B (alpha-amylase) GAAGAGTTATGGAGATTGAAGG CTGGATGAGTAAGAATGTATGC
Solyc07g052690.2  B-VE Ky B (beta-amylase) GCTCCGTTATCCATCCTAT CACCACCTTCCTTCTTGA

Solyc03g078400.2

Actin

TGTCCCTATCTACGAGGGTTATGC

AGTTAAATCACGACCAGCAAGAT
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Table 2 Changes in soluble sugar contents of tomato fruit
under different light qualities

AR S B/me g

AN LS
L Bt B8]
payiGt 21.82+0.21° 28.57+0.17% 33.12+0.37
1:1 19.98+0.23" 21.07+0.24"* 28.46+0.09"
3:1 26.59+0.06™ 30.53+0.32* 37.19+0.42*
5:1 20.91+0.39™ 28.4240.07° 35.34£0.37%
7:1 23.76+0.04" 26.34+0.72™ 30.460.74>

AN b ) 22 S 4 25 PEAG 56 R F Duncan B & £ 1k . /NS 7
BFRIR0.057KF, K57 EERIR0.01KF.

3, 205G DRI RTE MRS s Eom, T H 53
flAbBE 2 R 22 S R 3 . DRI, B AR B ) E R
R 7 R S W R 1) S G R AL B, AT S S
RIS FT, B/ WG DA FESE S N3:1.

22 AEERTEMREIFEERSEREIER
HEXERMRIL

P B -ATT A, 3 R HE(CKO) Fé A 46 B 55 =
Y118 5 5 o SR S 1) B A 5 IS W T v ) A A,
T RS, HE BB R, I A3 A RS
BEFMALEEIEPHEE S TCK. 5CK
FHEG, 3 1A 3 i R S b M1 (HXKT).
CUEIIG2 (HXK2). TAERBRUSEE 1 (PKI)AP R
B2 (PK2)R: N RE, RHE-1,6- RN
(FBP) R 1 Js e 2G4 B B AR B (PEPCK) 2 [ |
WRIE(E).

F3LW], 3 VRICK ) # &) bl & 834 5SS NI
o-VER I (a-AM) B-VE K0 B (B-AM)TE P S HXK T
HXK2. PEPCK. NI. o-AM. B-AMZ:RFik 2%
BEMK; GANEWHMADER R LB EML, 5
SPSYEPEFISS, SPSHE R Rk TG i 5 AH 5%

CK 71 % 0 & B 5 FBPELR 04 5 5535 Uk
K, 310 BRI B 7 Al SR S ) i S 2 S5 FBPAE A
KIEEMEZE L. &3 0HEHERSES
PKIFERIFRIE WA MR AR T B35 AR, R REL
FH-0.813"454-0.903", M3 i . CK )% 4 b
SRS NI HE (PK2)%: R ik SRS 2 0
5, 1AL HE S A S AN 3 (R3) . AUk, FBP.
PK1. PK2FERN [ 2IE XT3 1 Ab B 5 75 i SR S 45
B2 B R B SR A

FH B 1-B AT, 3:1F06] JE (CK) ) S0 & 23 B
3 7 i F S R G R IS T s, B
SCRCEA, Ho AR, HFH3 AR SRR
SR B IR ) m TCK, {H R AL 2 0] 2 57
AR, 5CKMLL, 3: 1B MHXK]. HXK2HE [
NRFRIL, FBPEEDR LA ). F3FR, 3: 141
CKHEpE S 5SS. NIL a-AM., B-AMIFE LK
HXKI. HXK2. PEPCK. NI. a-AM. B-AMZE[RFE
K EREMG, SANEME RADE R FRIL B2 B 3E
FH; ESPSTHMERISS, SPSHEK FIA T i A

FH3 1] %1, CKE S & & 5 FBPAE R Rk 2
TEMAR, 3B G R AR A B E
FBPHERI K B R EAH G . 483: 14028 5 LAk
T ESPKIFERFIL AN R E T B, AH
KA K h-0.827"48 4-0.927", AL TR, CK
RHEG RS PRK2EENFRIL SR UH K, 3:140
HS AR MEA R . Kk, FBPFIPKIFIPK2HE R
(R0t 3: 1 A 7 5 25 4 SR Sl SR 5 B ) g ke 2
REERIER
23 FARXRTEMREPEESEREIEXE
SEMFEEMRIA

KI2-AZHH, 3: LRICK (1) b 2 B 38 b A6 2 i 1
SEF LG RE R IR BRI, A SR, H
FrEIA R, M HAETE R SR F IR, 311
FERE S B ETCK. EFRMAKF RS, 3: 1405
1SS, NIFHMEAETCK, AL & TCK, H H At FE
(FISPSIE I 25 57 % . HCKAEL, 3: 1403 A& i
SEHISS. SPSFINDRER 35 N, ADER 3% LR
(El2). #3EW], 3: 1 MCKHRERE & B4 5SS,
o-AM. B-AMEVE N HXKI. HXK2. PKI. PEP-
CK. SS. B-AMKERFIA BB FEM G, HALF M
NABERZIE B WK, S5SPSIHYEMSPS, a-AM
FERFIA TR E R

CKIFIRERE & 2 SNIE 7R 3 AHOC, 3: 1403
Je RS R i, AHOE RAAEN-0.9417, 431403
J& BEBE & i 5 FBPIE IR 3R 1K B AR G PE R AR AR K 1)
Ak, F9% A2 B H0.784 45 -0.986"", CKIHIEHE
TR 5PK2. NDERRIEZWEEIEMX, 3:14
UG M RMEA R 2 (3R3). B, NIEEMFBP.
PK2. NI R IR %1 3: 14 # 5 2 5h R S e bE & &
RGNt 2 AR .
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Fig.1 Changes in glucose and fructose content and expression of related genes in tomato fruits under different light qualities
PhOAN[R] Ak B ) 22 S ek 2 PR AG 6 R ] Duncan i SR 2205 . /NG T RERIR 2 7 135 (P<0.05), N E[FI L.

2.4 AREXRTEMREFIEHNSERHEXE
M AERE R RIE

KI3-AKH, 3:1IMCKIER & AR &l
R A 2B T BERE S, 2R
2, HE IR FRAC, I H3 1Em & RERF MR

LR BEAEFYETCK, RN EFLREF, 3:1
AP o-AM. B-AMYEPES T-CK, Jf H 5%} A
bt 3: 1B a-AM . B-AMIER NifZFRIA, £3%
B, 3: 1FICKiER & =15 5SS 0-AM. B-AMi%
PE e HXK1. HXK2. PKI. PEPCK. SS. p-AM%:
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Table 3 Correlation coefficients of sugar contents, sugar metabolism related enzymes and
corresponding gene expression in tomato fruit under different light qualities
. CEL s Py s REBE AR VER B
CK 3:1 CK 3:1 CK 3:1 CK 3:1
FEEE A5 PR 1 -0.981"  —0.970"  -0.985"  —0.967" 0.993" 0.967" 0.997" 0.997
R B R P 1 —0.691 -0.122 -0.679 -0.422 0.681 0.647 0.666 0.669
B PE AL RS 1 0.713 0.746 0.738" 0.765" —0.888" —0.727 —0.828" —0.885
HR P A A B 0.957" 0.906™ 0.976” 0.968" -0.713" —-0.941"  —0.810" -0.922
o-VE R 14 0.979" 0.918" 0.974" 0.996” -0.961" 09277  —0.908" -0.934
(BT Ry Bl i 0.954" 0.955" 0.947" 0.998" -0.929" 09857  -0.903" —0.941
LW Bl 1 3 R ik 0.934" 0.982" 09117 0.906™ -0.964" 09737  -0.920" —0.998
O B2 3 [ ik 0.903" 0.981" 0.914” 0.933" -0.934" 09777 0977 -0.991
SEBE-1,6- i RR L R R 0K —0.767 0916"  -0.773" 0.995" 0.784" —0.986" 0.797 —0.942
VAR PR R 1 B R 2 TR —-0.813"  —0913" 0827  —0.927" 0.934" 0.946™ 0.977" —0.988
DI R Bl 2 L R TR -0.919"  —0.011 -0.908™ 0.299 0.932"  —0.541 0.945™ -0.677
Tt 1 A o A T B P Yl i R 208 0.906™ 0.922" 0.9317 0.996” -0.942" 09837  —0.968" -0.937
FEHE A5 L R 0k -0.603 —0.641 -0.621 —0.646 0.929” 0.957" 0.962" 0.993
FEE B B IR 5 PO i B e 0k 0.645 —0.605 0.654 -0.621 —0.668 0.643 —0.695 0.686
FRPE AL RE R 0k 0.783" 0.763" 0.709 0.758" -0.777 —0.809" —0.874" -0.894
rh A B R A 0.981" 0.956” 0.993" 0.962" 09157 —0.696 —0.965" —0.625
o-VE R L R 2 1k 0.993" 0.995" 0.998" 0.961" -0.079 —0.653 -0.035 —0.650
B-VE M T PR e ik 0.980" 0.970" 0.905" 0.930” -0.992" 0994  —0911" —0.998

RN NG, F O E AR

Rl Rk B AR EAHOG, HALE I KA RIS B
EAIE; HSPSIEVENISPS, a-AMIER FIA T 5 3%
FHK .

CKIVER & & SNIE 7R E A, 3: 1403
JE AR R, A SC R AR 09227, St HEAR
bb, 3: 14038 5 Ve M 7 i 5 FBPEE R IA I AH G 1
RAERKMAE L, M5 R EH0.797 45 4-0.942",
CKME# & 5 PK2. NIEF R IE 2] 2 2 EAH
K, 3 IACFR G FHOCHE AN 23 (3R 3) . EALItE, NITE 1A
FBP. PK2. NIFERZFRIEXT3: 1403 5 76 i F 92

0 e P MG Tk OGS P

3 g
T R (2005) 7 HA 415 B 72 v 2 A 1 T VA I
S, A5 EA=EU0UV-BE & 4H, R

UV-BXHED 3, KFIEUV-BE 20 & Ab 2,
Wi, BRAIR A RSB EERS. BN AR

W1, ZOGREMSIEREANGEER it (E452011), 38R
4hrE(RERN2010), SIR3E(HRFEH2014). BarE

(MG 201 D)SE R PERE RO 2R o B2 B4 (2009) £
W T Jo X REAR A B A 1 K it ot FR) 52 Wi I 5 L,

IR GG L, B AN T Rl v AR
AHFTERIN, BLL GGG 2 3.1, BﬁJH&
ARSI ERE S R .

FFLLE SE(2006) N R 783 BH 78 5 35
SR B ISR, R B S AR, RS R
VR, B RS —E KRR B (RS
SO i o P A T P PR T v, R ) R M BRI,
2 RS, RS I f e, JUSF AN R I
R, T K I R R R SR 1) A B s, R WIAE
TR E R, 7S BR0E 0 R IF A2 RERE,
B EVER AL T BRI B . ARHEFUR B, RN
SRS RE KR, WEE. RS
BHBAME KR, B2 5EES K
B E AR BGOSR, M. RS RS
TREAEE S PR AR 3 U OCOC R, X 5 DA
(2005). Islam (1996)IWF A 45 R —5. Eh& &
5 o=@ A TR B- Y K il P 0 A S A0 I 3 U O,
it AR 52 R B T A K R VR R, REE S E
B, JE IBE A R B 1 B 1 5, E R & BB
BEA, 2R, S RIABRK, XE5FFHRE
(2015) N HIBIF R 45 R — 3
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Changes in sucrose content in tomato fruit and its related enzyme activity and corresponding

gene expression under different light qualities
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Fig.3 Changes in starch content in tomato fruit and its related enzyme activity and corresponding

gene expression under different light qualities
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Effects of light qualities on sugar contents, activities and gene
expression of related enzymes involved in sugar metabolism of tomato
fruit

DONG Fei', WANG Chuan-Zeng’, REN Yu-Qian', ZHANG Xian-Zheng', WANG Li-Xia',
LIU Shi-Qi""

'College of Horticulture Science and Engineering, Shandong Agricultural University/State Key Laboratory of Crop
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Abstract: Tomato ‘Micro-Tom’ was used as the test material. After 30 days of seed germination, the seedlings
were transferred to the light quality laboratory. The fruits were harvested at the mature green, breaker and ripe
stages, and then the fruit soluble sugar content, sugar metabolism related enzyme activity and gene expression
were determined. The results showed that the soluble sugar content of red/blue (3:1) was the highest during the
development of tomato fruit, and the difference was significant. By analyzing the correlation coefficients of sol-
uble sugar content, sugar metabolism related enzymes and corresponding gene relative expression in tomato
fruit, it was found that fructose-1,6-bisphosphatase (FBP), pyruvate kinase 1 (PK1), and pyruvate kinase 2 (PK?2)
gene expression played a key role in the increase of glucose and fructose. Neutral invertase (NI) activity and
FBP, PK2, NI gene expression played a decisive role in the increase of sucrose and starch content.
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