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Transcriptional Analysis of Sugar Metabolism-related Genes During
Strawberry Fruit Development

CHAI Ye-mao, JIA Hai-feng, LI Chun-li, QIN Ling, and SHEN Yuan—yue*

(Beijing Key Laboratory for Agricultural Application and New Technique, College of Plant Science and Technology,
Beijing University of Agriculture, Beijing 102206, China)

Abstract: To analyze the relationship of sugar accumulation with sugar-related gene expression
during strawberry fruit development, receptacle of ‘Fugilia’ strawberry (Fragaria x ananassa Duch.)
was used and real-time RT-PCR primers were designed to analyze both changes of the mRNA expression
of four sugar accumulation-related genes and soluble sugar contents, respectively. The main results showed
that sucrose, glucose and fructose contents increased continually during fruit development, in particular
sucrose accumulation was closely related to fruit ripening. The mRNA expression level of sucrose
phosphate synthase (SPS)gene increased gradually during fruit development, and a rapid increase occurred
in later developmental stages; The mRNA expression level of sucrose synthase (SS) and acid invertase

(AI) decreased continually in addition to white or turning stages; The mRNA expression level of sucrose
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transporter (SUT1) displayed increased firstly, and then declined, finally increased again, in particular
increased rapidly before white period. Combinational analysis of the changes of soluble sugars content and
gene expression demonstrated that sucrose carrier and sucrose phosphate synthase play an important role
in regulation of strawberry fruit ripening.

Key words: strawberry; fruit; development; soluble sugars; sucrose transporter; real-time RT-PCR

BRI R B FERL, 5 RERE B RSB Rh 2 A Lt H RO R BIR
SEIRIHRTE SOABR (BELL 4%, 20100, FERAERSE, MR SR T REDARERE . A0 A GO0 3 Fhal i it
PEIEAAF(E (Forney & Breenp, 1985). REHEZ “UE—FE” [t ot ALY s ip L,
D] L R (10 3 A A AR 7 R S R i AR OB AE ] (Yamaki, 19950 SRSI A RERHE 138 Hi 12 24K
SEREMEFLIZ H 1 (sucrose transporter, SUT)  (Sauer, 2007), 1My EREACER IO AH SCHE 12 224 # AL B
(invertase, Ivr). FEHEA A (sucrose synthase, SS) FIFEMHIE & ¥ (sucrose phosphate, SPS)
(Hubbard et al., 1991 FSE A0 i & LG R VEF AL I Cacid invertase, AD F1 1 PE4% 4Ll (neutral
invertase, NI o HHTRMIFHALES RS KB RAREY] (Pan et al., 2006) , K, 7EH TSI
A e R A A 0 1 T

SR AR TTIEUESE T IRVEFAGTE . REE 5 R MR IR & M A R it S
FERM K AR (Ofosu-Anim etal., 1996; PR 5%, 2007), {HH [y 54 RS R 15 7L
HIEATGHE o A tl, AR 1 A5 5k, Rk Rgg RS R VR A . RN G R
JREE B8 TR P R A 3 Bl L R DR ) e 2 20 B (R i B, ot S 9ot & PCR 514, #F5T E
I 4 AL T R E A A SR SR B R AR A, 48 s e RS R RS R AR R 4 T
LTI AR SR S U T )8 428 B s kT S Al

QY i SRS DARF

1.1 RIEH R

AN kEveRr’ % (Fragaria x ananassa Duch. ‘Fugilia’), 2009 4EH [ b5t 4 2 B it
KM, SRAEAEIS 7 ~28 d (URSE, SIECHR (Faitetal., 2008) KRSkl 7 MY et (%)
B, e 7d). REg ORI, )5 14 d). gk (adhl, )G 18d). 4l (A, fe)h 21
d. LD R, 60523 . v R, R85 25 &, 220 ORI, 185 28 do BN
IR R 3 AN EE USRS LRI ) R B R A 574 B, SR R R R, AR T - 80 °C
AR VKA TP AR
12 AIBAMERIENE

M =80 CHEMRIELUKFT Ui 25 g, TEMCEUTWTES ok R, HERIFRE 0.5 g» M 10 mL 80%
LT 80 “C/K# 3 min, 10 000 x g Z5.0 10 min, Y8 F3E T 100 mL = ke, 5 H 10 mL 80%
LT 80 "C/KH 20 min, 10 000 x g &5.0 10 min, T 2 %, &IF Lk, BIARKREH 80%4 K 1 mL
VRS E, BEME 10 mL AR N 2 W 5% o - 25, WA, WPERESGIMNIRGRR, 4y 2
TR G I, ORI s AR . ARSI B EW K TR ST, H 20 mL 4K GE 2 IR,
EAE] 50 mL, B 2 mL it LC-18 FIAHZEEUAE, 57251 1 mL, YA SIH 1 mL it 0.45 pm S8,
R
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AT N SR e RS A ) =R A (5 Agilent Technologies 1200 Series, 6.5 x 300 mm
Sugar-Pak™-1 ¥ (Waters A 7)), fh% TAESAN B.02.01-SR2, ¥aAHNMAIK, Fik 0.4
mL - min”, K 60 °C, /RZEPTEA I, K25 50 °C, BEFEE 20 uL. BT HIARFERERI 19 Sigma
AL D 4 RS 30 F R B 90.61%, b 86.30%, JEHE 97.61%.

1.3 2 RNA BY$2EUK cDNA E—4EHE K

F EASYspin fH4 RNA PO & CIERTEE R A AT FRA F]D SRR S SE i
RNA . DLEEL )5 RNA A EEH, FIH] Clontech SMART™ Library i1 #: (4 [ Clontech) 45 h cDNA
BT SUT 2L A B

14 ERAREB=E

M GenBank JAZIR (nr) 4l FE PR &R B 5L 46 P W AL SPS. SS S8 LI 73 41, HO&
ST AB275667.1. AB267869.1 F1 AB275666.1. FAR# GenBank 1t T %0 i) JL AR il )
H, ik T SUTL JERAH 5140 SUTL E3iF 5'-TT (C/G) GGGTGGG (C/A) CC (T/G) CCAGCT
GTC-3', N 5'-AG (C/T) AAACA (A/G) ATCGAT (A/T) TGAAGAAGC-3'.

PCR XN 451N 94 CHIAEYE 5 min, 94 ‘CAEME 30 s, 55 ‘CiEk 30 s, 72 CIEMH 1 min, 35
MG 72 CHeJa ZEH 10 min, PCR P2 R, 4lift,, 5 PMDI19-T Vector (I &AM TFEA
HD EHE, ik DHSa B ARRA D BEZEM, W& AL Euy A TAY TREAR
AR AED .

15 ERRAEEE PCR 71

HF 7 AR S BIEEECE RNA, JE N DNase [ BB DNA 54, A& 4 2 pL DNA [,

45 pL A RNA F1 5 uL DNase I [ buffer. 37 “CJHUE 12 ~ 15 min, 28)5H RNA #E 77 & 21k RNA
(U E AL G R R EE R AR , JH{#H MMLV First cDNA Synthesis Kit (1 H gAY 1
ARG H IR A T AR 4 cDNA, A4 Primer 5 #31 T 2665 19,

5% SPS(AB267869.1) Lilff: 5-GAATGTCCCTATGTTATTTACTGG-3"; Fiff: 5-TCCTGTCTG
GTGCTGGTTAT-3'. SS(AB275666.1) |i: 5-TTATCCCTCGCATTCTTATT-3'; Filf: 5-CAATTCC
CTTCTCGGTTCTA-3'. AI(AB275667.1) Liif: 5-CCGATACCGAGTCCGATGA-3', Filff: 5-TTCAA
CAACTGCTCCTGCTT-3'.SUT1 _LJj¥: 5-CTACAGCGACCGTAACACC-3", Fif: 5-~ACAACAAATA
CAGCCACAGC-3'; ACTIN(AB116565.1) L-Jif: 5-TGGGTTTGCTGGAGATGAT-3', Fijf: 5'-CAGTT
AGGAGAACTGGG TGC-3';

PLACTIN KNSR, 48 SYBR Premix Ex Taq™ikifla (B E 54 TREEGRAR) i
185, RN 6E R PCR (real-time quantitative PCR, RT-qPCR) (515, HI3E K FAH R 22
K,

Xt B S T4 cDNA 23 BIE T 5 MBRERRE (1. 107, 102, 107, 10, seitise e i
N, AR5 2 AR ARV M2k . AH GRS 9 Bk ACTIN JEBK] RT-qPCR #7341 i e A& 22 2 20 uL, 4
#%: 10 uL SYBR premix Ex Taq J8 4, 2 uL cDNA, 0.4 pL 3514 (10 pmol - L") , 0.4 uL F
ol (10 pmol - L), 7.2 uL EMIRIG A KF K. NFEF A : 94 CHIALTE 2 min, 94 CAZ
PE20s, 55 C 1BK30s, 72 CLEAH 30 s, 40 NMEIR, BRXIGIE 3 HHATRNCRE . G 60 C
THER A 95 °C, k% 30s ETF0.5 C, it 71 AMEF . AT GE, bl sithZe. briEds cDNA
FRFIIAE S BeE 3 IR .
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Fig.1 The change of soluble sugar content during strawberry fruit development

22 EERITERECEREEMNTE

T % NCBI A% B 9 PEFERE R P A R, BB A7 A5 ) BB TSI 5% % i & PCR 43 #fr
1) SPS. SS. Al JEPRIPIE 7 741, TG SUTL JEPR P HI AR AT I o i T T EE DR S I 28 o
K5 PCR 514, Wit g19, MEZER A cDNA FErhwilf SUTL JERE F B 2 I 3 2351
il RT-PCR £ A e LS 2 1) SUTL 573 bp 4545 M A% F IR 13 41 (i 44 O FaSUT1) . T FaSUT1
JE[X NCBI BLAST (Chttp: //blast.ncbi.nlm.nih.gov/Blast.cgi) [F¥EME 741401 W], FaSUT1 4 Betula
pendula (AF168771.1). Juglans regia (AY504969.1). Vitis vinifera (XM002267804.1) #1 Nicotiana
tabacum (FM164639.1) [ [R]J53E KIAHALYE 23504 73% 72% T1%H1 69%, AUPER: & o 2751 HE
W ASH S R B 75 (B 4), R CEIh w2 T SUTL JEH By, Al LA
H T8k 265 |91 RT-PCR.

M FaSUTI
2000 bp
1000 bp
750 bp
500 bp 573 bp
250 bp

B2 FasUTL EE#EHE
Fig. 2 The amplified fragment of FaSUT1 gene
M: DL 2000 marker.
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5/-ttcgggtgggeectecagetgtegttgetcactecctacgtecagecaatteggggteccace
S ¢GGPSSCRCSILPTSSNSGSH
acaagtgggccgetgtegtetggetetgeggeectatetecggettactggeecggtgcaa
TS GPLSSGSAALSPAYVWPVQ
cccategteggetactacagegaccgtaacacetetegttteggacgtegtegetettte
PIVGYYSDRNTSRPFGRRRSTEF
attgecgecggggeaggectegtegecategecgttttcatgateggttacgeecgeegae
I A AGAGLVYVY AT AV FMNTIGYAATD
ataggtgtcegcaccggegactegtgggagaaatccacgaagecaagagetgtggetegta
I G VR TGD S WEZI K STI KTPRAVAYV
tttgttgtagggttttggattctagatgtggcaaataacatgcttcaaggcccatgcagg
FVVGFW%¥IULDVANNMLGGTPTCHR
getettttggecagacatatcaggetcecgatetgaagaaaatgagaacggcaaatgetcete
ALLADTISGSTDILI KTI KMRTANATL
ttctcattettcatggecgttggecaacgtecteggetatgecgetggategttaaaaagt
F SFFMAYGNVLGYAAGSTLEKS
ctttacaagatctttcccttcactacgacaaaagcatgegacgtttactgegecaaccte
LYKTIFPFTTTIEKACDV VYT CANIL
aagagctgcttettcatategatttgtttget -3/
KSCFFTIZSTITCL

3 FaSUT1 EE#B% cDNA SR HESHEERFTY

Fig. 3 Afragment of cDNA sequence of FaSUT1 gene and its deduced amino acid sequence

EEFasSUTI EH IR E R

A scale for the length of query FaSUT1 sequence

1 25 50 75 100 125 150 175 190
' I I [ [l I 1 ' I I i I I ' I I I
" . GPH_sucrose ]
TRAFEEHE | = |

I GPH_sucrose superfamily i

Conserved domains

B4 FaSUT1 SEBRTFT
GPH-sucrose (superfamily) fCEIEM-FILigilmy GEEWO, SBHEASH 12 MEBXIE.
Fig. 4 The deduced conserved amino acid sequence of FaSUT1

GPH (Glycoside-Pentoside-Hexuronide) -sucrose (superfamily) represents sucrose-proton co-transportation transporters (superfamily)

with 12 trans-member regions.
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MR B e FaSUTL e v B HAt R DAL 50 A 38 2 R P 41, vk S IR 90k 52 s
PCR 514, RS F R R IR RIL BT . WK S TTLUEH, SPS Rk EhEH RLA T
BB INES, HBWE N 3 DR B W R RIE RN, 202G
SLAGIR RN Wk 7 4L R AL RTA BRI N SS BRI RIA A RIKE, B T2l E R4t
HRBWFECHIES Al RN EEERTKE, Bk 7R 2B R, SRR
W RN SUTL JENFRIE BRI R LR FEA LRATHERE. BT @S, JUH
Heor B ARSI A 2 v, BA R (O R ORI — RS, L AR R AR

A

B, WPNGERRA R RL R FLRES, Al SS BRI A 5 e v J5 (IRE M B K A
e, FUZEE TR I AR SPS RPN BLAGARS i R S InAe bt SUTL JEERIA R 1

THE BRI AR @ (& 5),
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Fig.5 The changing trend of sucrose metabolism-related enzymes and its transporter during strawberry fruit development
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B AR da B A 23 Pl R SR I kA, R JOE VR BRI R R D 3. AT AR SR S
T YITADHHAR 22 10 5 B2 5 WA QO AT S K3 R S DIAH G (Vizzolo et al., 2003). PRI H15E (2007) L
BOREARIGAE)A 1 ~ 8 JANI & g RS Ay, Tt AR 5 5k o3 Sl s D 17 WA O B g 2 11 14
WE, AU SRS BRI SR R AR R, (HRRE ) PR FOns RS TR X A R Dk
IR AER SR B R IR MR A R PR R R S A A T R B, (HAERSOR T IR Y], BRIEFEAC M
A3 0 2R S AT ORI T s AR SR SRR DR AR YR R 5 RS B T B B AR AR
RGO I RE R, RO S £ 1 T R RAEAAE 1 Pl ) R S T B BRAR DL AR A S AN,
TREBIEAE TR 5 RS A JREBE 5 RSO e SR ST ST BB P DR AR R ke > (R AT 5%, 2007D

AR R (1) IR R RSP R ek Al e, R rhopli A 32 2 DU
PRI AR D0 32, OB S BB, X5 SRS T IRV A B D g AP A AW 15 o IR RN AE
PR AL B TR R I 2, BEREAR SR> (Darnell et al., 1994), AL K145 R 5 FRAL
RAFEEE R M RIEA 8 (20 RN BRI TR, 3 Pl v Bl o2tk i,
7 Je SO AR, 2 FRUITERE T 28— Ikl . AORERE D RIA A0 AT W], RS2 AR M 2t I R
PR BRI 5 BRSSP IS TR v, PR e A R DR e S S 25 AT, SR s R
e PRI SR Y U T v 2 1 RIA e U, KR PR PR e SR AR A B TR AL R (3) RSEGG
LB, ROREE U DR A K RREE BRI, RERIFRE 2 3 1 AR A P i DR I A —
RTT RS, RERE BRI 15 Jl i DA R R AT U T v, XS IE DA PR A SR AR A AN e 2 17 TR (10 Pk
&, mHADT ORI R KRBy, BESHURSEAE 5 WA OBl [ SR, o
B SR 2K GELIE SPS A SUTL JE i RIASEHL), 73 R AL RV E A AL B DA v e SR R
A AR R CRAR R [RIAT AR R s PR I A 2R (R AT 5%, 2007) LRACHM T AL, RS
EE e TR 5 RS DR e S K 5 U K1 AR 58 W) s IR PR G A ek DR e iK1 L5 T i
TWACE AR FEAR — 50 REORE W & UL DR e S K 5 U /P AR A AT SR # . X
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P& DL, PIRE S BAR AN DG, RnAE 5 REREBE IR & R L A AR B G I A k.

B, Kb R RS WAR G B R TR 1 A A A IR E], AR SERRSE S e [R] B
B, —MHRFEWE A . fERU R IS TR N, BEAE R SEONAMEEEG I 1 A5 A4, T HE e R
IR R, LR ] B AR R ARSI (. AR R SRR SR G (0, RS R R T
S ETb: B — T A T R A e S R R m KRR s B IR T iR T R e s
Ah, EEADE T RS A I R R KR . BT AT TR, R A v R A 40 R (RIS o
PIRP g AR T S B RO 22 AT 1R 8T RS A% R i 40 1) B AT I8 S 1) A MACIR %, STAMA IR A%
TELE I AR N0 L (Oparka & Prior 1988; Oparka, 1990). Zhang 2% (2006) W57 %L,
FERIA SR G, A AT RS (AR SRR, SRS 1)l S s R I L T pk i 10
SERE HENBCAY, RS AT R, )R S S 2 B A I A R A8 A A MA B AR A R
oo (HAF RIS, REFHBEIR G R SE N K P RE R ARG O, DRI 12 DR 48 B A SR S ol
AUE BN BA EEE S W A AR ) R oy T AR A R R R R e R AR A A SR B
(1) D RENG A2 Jo BT L L 2%
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