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Cells of Loquat (Eriobotrya japonica L.) Under Temperature Stress

LI Hui-Hua” XU Jian LIU Xiao-Ying WANG Wei CHANG Qiang SU Ming-Hua
Fujian Institute of Subtropical Botany, Xiamen 361006, China
*Corresponding author, Huihua80@aliyun.com

Abstract Ursolic acid (UA) is an important active component in loquat (Eriobotrya japonica L.), and
squalene epoxidase (SQE) is one of the key rate-limiting enzyme in pentacyclic triterpenoids biosynthesis,
such as UA. To clone SQEs gene, find the suitable stress temperature in loquat suspension cultured cells, and
further to find out the correlation between the different expression of SQEs and the content of UA under
suitable stress temperature, cells of Eriobotrya japonica L. in the late logarithmic growth phase of cell
suspension had been chose. Both the cell growth and the accumulation of UA were investigated at the low
temperature of 15 ‘C and the high temperature of 35 C treatments. At the same time, the homology-based
cloning method was employed to determine the different transcription levels of two genes (¢jSQEI and
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¢jSQE2) at 15 °C treatment. The amino acid sequence similarity between ¢jSQEI (GenBank accession No.
JQ294053.2) and ¢SQE2 (GenBank accession No. JQ294054.2) was 69.89%, and the significant differences
between sequences were in the heads and tails. The results indicated that the total UA production of the 48 h at
15 'C treatment was the highest of all. Moreover, the expression of ¢jSQEI and ¢jSQE2 peaked in 48 h
treatment, and expressions of both genes declined significantly in 24 h treatment at 15 ‘C (P<<0.05). The
results revealed that there was significantly positive correlation between expressions of ¢fSQE! and ¢jSQE2, as
well as expression of ¢/SQE2 and accumulation of UA with any treatment longer than 24 h at 15 ‘C. This study

reveals the gene sequences and expression characteristics of SQEs under stress temperature, and provides the

foundations for the further researches on UA regulatory mechanisms in loquat cell suspension cultures.
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AE B BR (ursolic acid, UA)Ff& — Fl FLIR = % 264k,
Y, BB HE R PUE DU (Yu et al,, 2010). JLHIAR
(Machado et al., 2009). i & 1t (Tsai, Yin, 2008). 8
IT 8 PR (B = 4 %, 2009). fR 37 18 £ (Lu et al.,
2007)58 2 R AEMEN, BT ENRARAGY, £
B TR, £ 0T (Ligustrum lucidum L), B
i B (Prunella vulgaris L) %5 ¥ %) % (F IE 3%, #0k,
2004), HETXTUASEAZwERMEMED &
BUOZRA—ER TR BIMEBREEEREE
& ] B, o i I 24 45 B (squalene epoxidase, SQE,
(E.C)1.149.7) 2 A ¥ =i5 A& Kig & R
HEy 2 —, 1k & 4 (squalene, SQ)TE C=C Z |a] &
A—ANEEFER23- HEEH, L2 =d5K H
BEE RS R EHERN LR LS,
2009; Brz, BPENI, 2005). SQE A& — 40 ffd i 4
8, EEYTHSQER— NN EREEK, &
18 (Medicago sativa L) 2L 18 2 4™ (Suzuki et al.,
2002), A\ & (Panax ginseng L)¥ 1 3 />(Choi et al.,
2005), KRG AREEAN T ERM, HEEHE
EWRUEMEANSBREERERPEENRKE
BERIEA. £ T SQERIELLK SQE & & &t xt
miE RSV ENEEN, £ A2 AEY,
F 71 1 (Acanthopanax senticosus)(FB 8AXK 2%, 2012).
=t (Panax notoginseng)(4+ = =%, 2013) . K AL =
(Gynostemma pentaphyllum (% & & %5, 2010) th 7 %
T SQE i) 58 B S 21k 4047, (B R AL A %
SQE B[R 15 T R WARIE

UATEA T £ % DU BB AE i R R B A HL
BRIRE), FAEERE VB 1 A= S R R, 5 LA
WM K, AR ERE BT
RK. @IS Y BRI 7 A= IR

Cell suspension of Eriobotrya japonica L., Ursolic acid (UA), Squalene expoxidase genes (SQEs),

72 B AR F= M A 7= b B ) B R B 4R (Georgiev
et al., 2009; Jang et al., 2009; Mustafa et al., 2011).
HREH, RNEHEELENBFEFENEYE
KRR ) RIFRE A BBEE, 2013; A
W B %, 2013).

AHFFAAE OF FIRLAE 40 f 877 5T 77 IR B g
RRMVIP Rm AR B (FEE% 2013), FRE
FEpraxt K AEYE R IRAEYR BRI, R
UA & g2 SQEs MR E M 7. BT RT-
PCR %55 RACE £ 4 B 50 [ SQEs, LR AL 37 fI it
R P BV 3 724k &R AR, BEATAR BRI = IR v
AEFR, TR UA & B & a4 3 ; 4k 43 47 SQEs
HANEREHEBEELETHERRR, HE
SQEs R HFIREESEUAN S EEIER., U
Xt 4 JE AU B VF 40 B UA & RO I B BT 50 32 fit
ERtig el

1 #MRS5F*
1.1 ##

S50 A A BV A M R & 5L B RUAE (Erdobotrya
Jjaponica L) 2.4 6 S M F &AL,
HEEE LA EYHAESHKARE. &
BIF 70 LARE A B Vo7 45 7 4 P Sy 2 TR 5 O M

1.2 & /% 35 § 8 (squalene epoxidase, SQE) &
2K EE

EH X ART-PCRE A RACEH L. &
RNARBKXAIEIRKBEEAAKMEREY
RNAOUT 2.0, Z %A & Ui 8 IR EBG R F X K&
3'RACE ® H Fermentas 2 &) (il & KX)RevertAid
First Strand cDNA Synthesis Kit, {f 5F X 3 3% ] cD-
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NA 4% % A Oligo(dt)18 # 17i¥ % 3% , 3RACE K
cDNA AR LA AP(K 1) 1% ¥ % 51 %), 3RACE £35{
PCR H 5 ) 823k 5| K FH AUAP(ER 1), Rk %
2 Wy B H ; SRACE ¥ F TaKaRa 2 & (H &)
SMARTer™ RACE cDNA Amplification Kit, LA
NUP-long(F 1) A 514, £A PCREAR I
3L 5| ¥R F NUP-short(K 1), B2 Wi A 5.

i & GenBank b B % % K £ F# 185 ¥ SQE
mRNA 5\ cDNA /¥ 51| , 3k F DNAMANG6.0 ¥ 14 i#
TEEWN, AREEESHX R TEFTXIE
RIEGY: RERFXY ENFROMTFER
¥ it 3' RACE £ PCR 5 —# IE M 5[ UL R TE
HAM & PCRE_RIEMSIY, 5755 7 &
K 17151 ¥ AUAP & # 47 8 s PCR ¥ 1 ; IRB R
XY E KA BRI TSR RN SRACE £
PCR 15 — % & A 5] 40 UA B £E B 4 i ¥ i+ PCR
B oMY, 7551 7 & IE [ 54 NUP-
short 41 & 1T 2L PCR ¥ 3%, LA PCR & — 3™
Y 10~100 5 BEAE 8 0P AR, Bk
B ALANEHAD: BERFXy BIFF.
3'RACE ¥ il FF .5 RACEF M F &£ R, XA
DNAMANG.0 5 4 AT 7 5| 9t 82, EE HFEESR1B B
cDNA £ K 7 5 &2 47 %50 F AL F1 28 1k RS 7 b i
it —xt 519, A T3 14 SQE &) FF i 59 15 4E (open
reading frame, ORF). 5| ¥ HZEFEHEYIHE KER
MRS ERAT SR, PCRERNFEEKKGIH
FAIREL.

PCR ¥ #§ 1k %& (25 pL): 10 x PCR Buffer( &
Mg®*) 2.5 wL, NTP Mix(2.5 mmol/L) 2 pL, cDNA
AR 2 wL, & T3 51 %9 (10 pmol/L) & 1 pL, EX
Taq DNA % & B (5 U/pL) 0.2 pL, H:O 16.3 pL.
PCRY 4 F2F:94 CHIAE 2 min; 94 CEH 1
min.iB K 1 min.72 ‘C#E{#, 35 MEH; 72 CHEfH
10 min; PCR #3451 477 18 KI5 F&E « ZE 8 B [B) H A4k AL
£2, PCRY MELEAEFERIKAN B FEBRX
FH TaKaRa /A 7 ( H 4)DNA #5# 4t 4k Bl iR 71 & 5]
W, B %l K B #F B (Escherichia coli)DH5o/8% 52 75 41
ffl, LA TaKaRa 2 &) ( H 4%) ) pMD-18T A 44T [
W B AN SRR, BH 1 32 B IR IR KRR R AL
R %A R A F 5 o

1.3 SQEEEFIIST
X BLAST (http://www.ncbi.nlm.nih.gov/BLAST)

HAT SQEs B R A B BR 7 5 A B R P FIFE £
EtXf, Fl DNAMANG.0 3K 145 72 [ 18 2| () SQEs ¢
51T ORF Tl R R E BT 7 MH T, 75 R 5
B R

14 HARMAERFIEF AR EME S E

7£ 25 CRUA R B R UK B
PR ERE 15 CREE3S CAHE, »RIEERE
12 RUCHR 5 96.72.48.24 F1 12 h X B/ E T 15 8¢
35 ChbHE, FZ 4T 25 CHEFANE., BER
BHEAERSHN: B E 6 g/100 mL Murashige
and Skoog(MS)1% 75 ¥, pH 6.0, FEHE IR E 30 g/L, IR
& 25/15/35 °C, AR 4T 400 Lux, F & s\ K&
130 r/min, 3£ & 100 mL/250 mL = £ #EE, MS 3%
FE VR 5 In 28 2.8 (a-naphthaleneacetic acid, NAA)
0.5 mg/L, 355 [ A 12 d, MBI 3 IREW ¥
HE. BHRZGREERTEWLRHE. BT
BEMBEEANKES RSP RSES, ALK
BUE E AR S MR B FR B+, AR
N4 o e 2 R — B

4i 1t B T 5 I & A& SR BR (ursolic acid, UA)
GE,WIREAREEL. BFEMETIERE, FF

F1 PCREMNPHEMIMIAFT

Table 1 Primers used in PCR assays

g9 F51(5'~3")

Primer Sequence

P1-F AGTTAATTGAATTGGGACTTGAAGATTGT
P2-R ACCAAGCTCAACGGACGGGGGTTTAAG
P3-F ATCATTCTACACACTTCGCAAGCCTG
P4-F TCTATGGAGTAGGTCGCTTAATGATT
P5-R CCGACGAAGCAAGAAGGATTG

P6-R GCTGTAGCCCTTTCACGCAT

P7-F ATGATCATCAACACCACTCTCAGCGG
P8-R TCATTGAAGAGGAGGAGCTCTGTAATA
P9-F GGCAACCTAAATGATCCATCTAC
P10-F GGATTGGAGCCAGATTAATTTCTA
P11-R CAAAGGGCGAGGGTTCAATC

P12-R TCAACCAGACAGCGAACCTCT

P13-F ATGGCGGATCAGTACTTGCTC

P14-R TCAATTTACGCAATCTACGGTCT

NUP-long CTAATACGACTCACTATAGGGCAAGCAGTGGTATCAACGCAGAGT
NUP-short AAGCAGTGGTATCAACGCAGAGT

AP GGCCACGCGTCGACTAGTACTTTTTTTTTTTTTTTTT

AUAP GGCCACGCGTCGACTAGTAC
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IR T K4, MEEEE. MEEHENMRT
50 CHAETREER, METE. UAFENNE
F R 95% 1 Z. B2 #0875 $R B % = ROME €2 3 5 (high
performance liquid chromatography, HPLC) # Il ,
VAR ETEERARKREFR TR, tS
110742-201220.

im E I8 A0 3B T LB SQEs B E M RiA

REAE A B BV 55 57 R0 SQEs A E 1.3 H %
1% B 43& B B8 8 5 4b 38 F #E 4T QRT-PCR R, 5
AN ST 3IRENF ES IR EHE, BHT3 IR
BEAMESR.

KA 1.2 PR E IR A S RNA, IR E Ta-
kara 24 &) ( H 2%)PrimerScript i % F 8 i% B 1 # 47
WHe R A& B E cDNA, 1% .4 cDNA # % 101,
2 uL AR , BLiZ & B§ 2 X (ubiquitin enzymes,
UBQYNWZEE, T qRT-PCR 51 ¥, A S 51 ¥ 1
Wit 5% ¥ B (Malus domestica)(GenBank & 3% 5

1.5

*&2 PCRERI%M4
Table2 PCR condition

MDU74358), H W2 5| ¥ ¥ it e A2 =
FERARXE, 5197 51 3K 3, K H ABI7500 3¢
i 2% % %€ B PCR A # 1T qRT-PCR X .. qRT-PCR
R4k £ (20 pl): 2xSYBR Power Ex-Tag buffer 10
uL, 1E & 51 #3(10 pmol/L)#% 0.5 pL, cDNA 0.5 pL,
%M ddH,0 3] 20 pL. qRT-PCR N % f4:95 CHIZE
£ 5 min; 95 ‘CZE M 155,60 ‘CiBK 155,72 CHEH
308,40 MBI . RMERFHATY L. B #
£k (60~95 CYZ 47, fr il HAar Bk, A R ETE
3ANE S I B B A INREAR fBH X BR .

HEXT F A5 B R 249 Livak, 2001 51T . H
HAACt= (Ctyene—Ctuno)sem —(Clgen—Cluno)sim o

1.6 HiESH

K SPSSI18 M #EAT 7 Z 70 T » SR I HE R
F X8 5 %1 & t% % ¥ (Duncan's multiple-range meth-
od), RN N3IRERK P HELIrEZE. XA
SPSS 18 AT WA BRI

PIKH KB 51 Tm/C BKAE)/s
Amplication of fragment Primer Annealing time
REAE SQEs fRF X P1-F, P2-R 520 72
Conserved region of SQEs from loquat
HEAE SQET # 3'RACE H—H P3-FFl AUAP 557 60
3'RACE of SQE1 from loquat The first round of amiplification P3-F and AUAP
% % P4-F F1 AUAP 526 40
The second round of amiplification P4-F and AUAP
REAE SQEI 11 5'RACE #—# P5-R FI NUP- short 528 60
5RACE of SQE! from loquat The first round of amiplification P5-R and AUAP
% % P6-R I NUP-short 525 50
The second round of amiplification P6-R and AUAP
REAE SQE 1 (1 F 1) 2 HE(ORF) P7-F, P8-R 570 90
Open reading frame(ORF) of SQE! from loquat
HLME SQE2 /I 3'RACE % —H P9-F #1 AUAP 56.5 60
3'RACE of SQE2 from loquat The first round of amiplification P9-F and AUAP
¥R P10-FMIAUAP 56.5 40
The second round of amiplification P10-F and AUAP
REFE SQE2 1 5'RACE % —% P11-R FI NUP- short 525 110
5'RACE of SQE2 from loquat The first round of amiplification P11-R and AUAP
5 —# P12-R FINUP-short 528 70
The second round of amiplification P12-R and AUAP
RLAE SQE2 ff] ORF P13-F,P14-R 528 100

ORF of SQE2 from loquat
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B, 8t N SQEI 720 bp(E 1), 5R ¥
X B 1 EE& BN 133 bp,SQE2 991 bp(A 1), 5
X BR2EE B N509 bp.

7ELL B EAE BT ORF M3 34, FIF 51 90 P7
F1 P82 PCR3K15 1 500 bp B2 — DNA F B, F H 5
¥ P13 A1P14 £ PCR 378 1 600 bp ¥ — DNA H E&,
3435191 533 F01 1 614 bp(& 1), 3 5 H M
PHEEFF I — B, 3t — PRI T BHEF S IER .

¥ 3R MR BT AIBHE, BRIKER S
5l 1 % M ejSQE1 M ¢iSQE2, H. 7 ¢jSQEI 42K 2 068
bp, GenBank & % 5 4 JQ294053.2, 5'JEm AL X K
244 bp, 3'IEZRAG X A 290 bp, 3' poly(A)E K 17 bp,
ORF A 1 533 bp; ¢jSQE2 £ 2 065 bp, GenBank &
F581Q294054.2, 5'IE4RAL X K 149 bp, 3'FE IR 1Y
[X 4 302 bp, 3' poly(A)E ¥ 5 bp, ORF A4 1 614 bp.
¢SQEI Al ¢SQE2 £ K BB T FI MR REERF
58.58%. ejSQE1 Tl ejSQE2 ¥iTR - 5 ) FF 1L Bl 52 4
B [E) 95 14 4 66.52%, ¢jSQE2 fE L IR FE D F 2 J& 40
bp M (LS F 2 B 37 bp 5 ¢SQE] FHI E R &
K. % DNAMANG.0 Kt LL Xt , ¢fSQEI 11 ¢jSQE2
HIEBF 5 AL N 69.89%, 167 51 i)k B A
E &K, H Clustal format 45 3£ 1K 2.

23 BEBABLENHIEABREBEZENEKR
UA ERRK# M

7 AR 40 Al B VR T 3R B B KA R R
B35 CRI15S CEEMIE, 25 CHEFFANME. B
FEREMERSHEER —BW, fAB %M
APARMEKBEREUVUAKMESE LKL 155
35 ‘CALEE DL K 25 ChiHE 5%, & (8] sl WORIE 3
B EE TREBMEP<0.05). 15 %35 CAFE
AET, MRS ERTEHKTNRE2C,H
UAMSEYSETHE, Hd 15 CLAE UA B
B Bk, BXTIR 1 2.5~3.8%,35 ‘CAEE T UA
KA B RITIBA 1.49~2.53 1% . 15 Chiig Bk
HRT AR 48 h, L MM ETERUVASE
15 ChREFHREE, 35 Chria UA & EMIEE
HEUE 12 h BB RE 5, (BEE S B RAmMAEK
K UA B8 8,35 CHris i AL BB ] & 48 h, itk
B UAYGRM B EE Mm@ TE< AN EEUAR
8. 25 Cxt IR 996 &3k 96,72 F148 h fIHX
BE AN T80 K, BRIk 24 X 12 Wb FF
& B9, g i B B R T B TR, 15 A0 35 CH
B A ER R 48 h &4 T X B AEKBHRE.

.k, Kk, skekskk k%

® okokk, dokkkkk, kkk K, B L Fk

*, dokkk

L sokkok

solok, Kok wokk |k, koklolokokiok

.. dokk KKK K

ejSQEl  —————— MIINTTLSGEKKKVYEKVSNGVNVNGYVWMPSQNGNFQPEIASG——————~ TDVVIVGAGVAGAALAYTLAKDGRR
ejSQE2 MADQYLLGWIFATVLGAVFLCRALARRNCERGRALMEKERSECVKSVMVSNGECRSTDGDVDV I IVGAGVAGAALAHTLGKDGRR
I . . .

ejSQE1L VHVIERDLSEPDRIVGELLQPGGYLKLIELGLEDCANES IDAQKVFGYALYKDGNDTKLSYPLENYPSDIAGRSFHNGRFIQKMR

ejSQE2 VHVIERDLTEPDRIVGELLQPGGYLKLIELGLEDCV-EQIDAQRVFGYALFKDGKNTRLSYPLEKFHSDVSGRSFHNGRFIQRMR

ejSQE1L ERATALINVTLEQGTVTNLIEEKGTVKGVMYKNKAGEEMRSYAPLTIVCDGCFSNLRRNLSTPKVDNPSCFVGLILENCELPHAN

ejSQE2 EKAATLPNVQLEQGTVTSLLEEKGT IKGVQYKTKTGEEMTAYAPLTIVCDGCFSNLRRSLCDPKVDVPSCFVGLYLENCNLPHAN
*, %k, . ¥ *kkk K, L kokk kk, ok kkokk |

ejSQE1 HGHVILGDPSPILFYPISGTEVRCLVDVPGTKVPSVANGEMAKYLMTVALSDIVLLRDLLRPLTDLNDAPALCEYLESFYTLRKP

ejSQE2 HGHVILADPSPILFYKISSTEVRCLVDVPGQKIPSISNGEMAKYLMTVALSDIVVLRNLLRPLGNLNDPSTLSKYLESFYTLRKP

ejSQE1 VSSTINTLAGALYKVFCASPDPARKEMREACFDYLSLGGICARGPISLLSGLNPRPIHLFLHFFAVAVYGVGRLMIPFPTPKRVW

e jSQE2 VASTINTLAGALYKVFSSSPDQARKEMRQACFGYLSLGGVFSTGPVSLLSGLNPRPLSLVLHFFAVAVYGVGRLLLPFPSPKRAW
*, .. kKK . Kkk L. kK, . X%

ejSQE1 LGTRLLLGASGIIFPITKGEGVRQMFFPATIPAYYRAPPLQ————————~

e jSQE2 IGARLISSASGITFPIIKAEGVRQMFFPATVPAYYRAPVLSEKQMKKTVDCVYN

S L dkokokkk X

El2 ejSQE1#ejSQE2 Rl bt o4
Figure 2 Analysis of eJSQE1 and ejSQE2 sequence
* BREME; o RERRTFH

*. The same residues; *: Conserved residues



& TR L R (SQEs) I ST IE B2 BE R A F 5 HUAR B3 3 FR 40 b HE RIR(UA) & BLROAR St

Cloning of SQEs and Correlation Analysis Between Their Expression and UA Content in Suspension Cells of Loquat 487

F4 FRABETHEEFARNEKHEARUVASR

Table4 UA content and cells growth in cell suspending-culture of loquat at different temperatures

T/C EZ £ (B)/h UA % &/(mg g' DW) & (FW)/g FEDW)/g
Sampling time UA content Fresh weight Dry weight

15 #2UAE Starting value 6.78+0.0200 o 6.03+0.1500 k 0.53+0.0200 k
96 25.16+0.2100 ¢ 12.30+0.0960 h 1.15+0.0320 gh
72 25.65+0.1800 b 13.0540.1500 ¢ 1.18+0.0056 fg
48 26.45+0.0250 a 13.3640.0320 d 1.20+0.0100 ef
24 21.45+0.0450 d 12.7840.0100 f 1.16+0.0100 gh
12 19.44+0.0100 g 12.10+£0.0100 h 1.08+0.0100 i

35 #4A1E Starting value 6.78+0.0200 o 6.03+£0.1500 k 0.53+0.0200 k
96 18.18+0.0150 i 11.074£0.0150 i 1.02+0.0100 j
72 15.26+0.0200 j 12.27+0.0150 h 1.14+0.0100 h
48 19.93+0.0058 13.75+0.0100 ¢ 1.27+0.0250 ¢
24 18.72+0.0120 h 11.12+0.0100 i 1.16+0.0210 gh
12 20.73+0.0150 ¢ 10.534+0.0057 j 1.05+0.0100 ij

25 FZYA1E Starting value 6.78+0.0200 o 6.03+0.1500 k 0.53+0.0200 k
96 12.27+0.1000 k 12.4440.0510 g 1.23+0.0260 cde
72 6.95+0.0250 n 13.30+0.1100d 1.32+0.0210 b
48 7.86+0.0100 m 15.30+0.1000 a 1.44+0.0150 a
24 7.86+0.0860 m 14.21+0.1300 b 1.25+0.0500 cd
12 9.27+0.0550 1 14.12+0.1600 b 1.23+0.0060 de

BRE A ] 2 06 B B R WK OB 12 et ia]. SRS AR/NS T RERRE R E R 2EP<0.05). XTH:25C

Sampling time was from the last harvest time(The 12th day). Different lowercase letters in the same columns indicate significant

difference between groups (P<0.05). Control: 25 C

B 4h, 12 d W3Rt , 35 °C AL 2R 41 a3 2 30 B IR
@,25 CAEMBEREKE, 15 Cb B r M
BB KA, NARIRESR LR 15 CREH
R ot 40 it BRAR K I, T 35 CREXT A
RRGE. G UERZAREFRERERESR
KRB 8] 48 hidE4T 15 CIREME L EE R T H
FRPEIUA RIA AR .

24 715 CHMEANIE THUIEBZ AR ¢fSQE]
5eSQE2 BEERERFKIX

15 °C Fip 168 Acb 28 5% 37 482 3 WAC 3R I 1) , £ Bl A AL
T 40 P N B S0 KA S R R g A
KA & 1, LA S ANEURE s B A 2R 3 10 B B 3
TERBZEWESH, EFRE3I IR HIESFH
fih ojSQEI 5 ¢jSQE2 BN 2K E R Rk, 7EHE
B IR 72.24 12 h, BNERWREEZRAE
% EIEERIR96 M 48 h, N REHRIEEFRE
2 5 (P<<0.05); 25 B R BUHK I B 4L 2E(96 h)
SQE2 ¥ (Kl R 15 B & ¢SQEI # K #) 1.31 & .

DejSQE]
meSQE2
=12 ab a
2 be bc be cd
309} de be
X & e e
® 806}
%803
[P}
&,
0 44 1 i
96 72 48 24 12
P B USCER e [] /b

Time away from harvest
B3 15 CAEMILRTFHMGSQE] 5 oSQE2 ER MR
Figure 3 ¢SQEI and ¢jSQE2 expressions in cell supend-
ing culture of loquant under 15 C
AE/NSFRRRFE—EE AR ZREEP<0.05)
Different lowercase letters indicated significant differences be-
tween different groups of the same genes (P<<0.05)

ejSQE2 3 R A Xt F ¢jSQEI 2 K R A BT AR
Z, BRI TR EF TR BRI, HiE
1B H B AT B 7 0 AR A & g S50 () R SR (R B



488 RAL AW AR ZER
Journal of Agricultural Biotechnology

3K 48 h); ¢ SQE] B R R IELWB RNEM, Bk 2
EF TR AT, IR 72.48 F0 12
h,gSQEI ERARIEELEEWER. ¢SQEI 5
¢SQE2 B FIAEH B AR SR A A K
& BV (24 b).

2.5 15 Chna& B THAIRE ZHia A ofSQFs EH
FE5UA SBMAXH

15 °C Fip 3 Ach 25 52 ¥ B2 6 WA SR B 1) £ B o LA
BRI B EKIRE R A RAEK
W& 8, SR UA & R R SQEs 5 B ¥ =%
UASEBRMHEBRRNE4FT/R. ISCHEAT,E
B B B WK 48 h B (HEAT B0 7 4 i A - SO Y
K ), SQEs(ejSQE1 A1 ¢jSQE2 3 [N R 15 & 2 F) A1
¢SQE2 R IRIE B LA K UA BRI I EAE ; £
FEE UK 24 h, =& 1 H BB K FRE , BhR R AL AE

——UA —=-¢SQEs —a—¢SQE2
30r 12.5
z 25 o §
— 200l i 3
»g2 {155 &
E S1st g 5
< {1.0% 2
ﬁDm-é‘—-r//J\\\k//% £
< ! {os &
5 3 &
0 . . . L 0
96 72 48 24 12
PE BRI [Al/h

Time away from harvest
B4 15 CEHBRE THIERFHAMYP GSQEs BERFRIES
UA R EHZhEEL
Figure 4 Dynamic change of ¢jSQEs expressions and UA
content in loquant cell supending culture under 15 °C

x5 ¢SQEsEEFIARS UA SRAHEXY

BIFMMAE KT S A8, 4 i A KR R
A K EREE N B E KBRS B, SQEs 2 E /Y
RIEERUVAKEERHE B A.

¥ F SPSS18 344 %} 15 °C 38 4L F ¢jSQEs
HERIES UA EERAARMEFIT AT, SR AE
5. MRS FiA, £ n=5 B (Fi A B 4 2), ¢jSQE] .
GSQE2 UL K SQEs RIEB EUA S EBHRAEE
KM, B eSQE2 RIEB S UA S ERMHX RE>
¢SQEs RIEE 5 UA S BWMMXRE >¢SQEI Rik
BES5UASERMXAS. B4R @EI4MLE
RLEI1S CTREBEKRERTET 24 h L), 44
BHEFHRAMAN: UARNTEE gSQE2MRILER
FIEMHR(P<0.05), X ZE N 0.960; UAKI S E
5 ¢jSQEs IR IE B B 3E [EAHRP<0.01), X R
580992, FHk, MAEMBETF R =WELE
YUARIEES SQEs EFMREEXRREY,

3 it

3.1 #iIEHEMEBEFRAEMIEERRERIFNXE

AR AR A RAR A BRI R YME N EE T
R SR M, SR A @ R SR e, R BRIR I
R oy F A AR R AR AR R 5
E 5B R, IX 1E A0 R A0 BE M A4 4H 4 b g ALY
WIEEHEAES, 2010). HHCARVE R HES
B85 T ¢SQE] 5 ¢jSQE2 &K mRNA 75, B &
TEEE BT 5 AL AL 69.89%, 1t B TEAR AR
FHSQEs BERMREEF —ENFEEMTEE. it
EAREFEEF R UEAMEERETER
FHH AR

Table 5 Correlation analysis between expression of efSQEs gene and UA content

AR E S5UATENHEXAS
Different treatments Correlation coefficient with UA Content
¢SQE1 KL & ¢gSQE2RIXE ejSQEs KL B
Expression of ¢jSQE1 Expression of ¢fSQE2 Expression of ¢jSQEs
n=5, FrE AbE 0.228 0.753 0.586
n=5, All treatments
n=4, BEEIIRK T4 T 24 h g 0.925 0.960* 0.992**

n=4, Treatment time away from harvest=24 h

*: 78 P<0.05 /K-F (UM b BFEHIE, **: 7E P<0.01 KF(XUU) LR B FEHRK.
*: Significant correlation at P<<0.05 (bilateral), **: Extremely significant correlation at P<<0.01 (bilateral)
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32 #HEBRZFHAMTPSOEs BEENERMRIEIR
H5UVASBMEEXER

Suzuki % (2002) 7 &5 i B §& SQEI 1 SQE2, B
FEHEERF M EIRYEN 82.1%, ZE R B R
RAWENSE T SBED A R, BRFI8R Pl
HEESFHAMS, K SQEI f1SQE2 mRNA £ &/
RiL,SQEI R ¥ S, SQE2RILE#E Ff, WET]
BATEAFBIIEE. ERFRF, 15 CHHEAH
At 3 i [B] O AL SR A ML 1 1Y ¢ SQET 5 ¢jSQE2 B
B R 2 I Z RRIE, FE B WOEREHK A9 AL HH 8]
(96, 72F148 h), 15 525 CxI B EL T £
T, AR T EAEKBERE R,
gSQE2 HFRIE 5 F T HO AL, 25 B8 IR 8 K A Ack PR Fef
Bl(24 M1 12 h), 15525 CXI AR EL T F
REiads, thrt A AL T 7 & 1, ¢ SQEI FIRIE & £
ST . SQEI S ¢)SQE2 IR 3 MR 7 %1 B JE P8¢
1, 12 4 69.89%, P4 & 7E Rt AR 40 ff 8 V% 3% 3% UA iR
EH AR FAEARM S T, ¢SQE2 RN RE 5B K
A (8] ¥ B8 DL R A ) A Kk R &), €)SQET 5
BEE AR E XA EZR TR REEY.
XASE RS F M+ ¢SQEs &R ThREHT 5T
RUSE LK

Suzuki % (2002)F AR AFXKFI R F B H 5,
=W RN E YA O R B 1A B (squalene
synthase, SQS)(7 F SQE % A 1) L %) SQE2. B-F
Pt RE B2 & B 2 K (B-amyrin synthase, B-AS)(L T
SQEEHMI T EE LARE S =L LED
MEEEFMEX ESQEsKEMA —RiA—
SQEI A H5Z HHKHE. HiHREFQOIDNELNR
ANZBEHEARIBEP SQS M SQE HF1E 14 MHAH
BEVPHNREERFEEERIHSASEF Re.
Rgl\.Rbl.RAMBBHEEZ A EEFHXKR.
SQSMSQEEREANS B HERBETREERIL
BEMNEH. ZRF 15 CTEERKIATET
24 h B H, SQEs EF IS RBEBH UK
GSQE2 R RIEZ B S UA BTtk
—, EMHBEEMKX. HILAT N, A SQEs 5
=AM EVMUANKREY. BEERWIR 12
h, BB 4l fR AL T AE K BIF & B, SQEs Z H Hsh 2
Rix@EH 5 UA BRI BLEEIHF A5 SQEs £
RlRik 8RR — MEE A PE Bk 24 h it 1.36 5,
M UARR — /M b 3 A BE k24 h (9 0.89 15 .

SQEs & A =ik & UA & g B IREmEZ
— L SQ R 2,3- R A E B R =5 K
B BE . RS RS 2R R I F BTk, 5 T = 4b
FEBRERE LR SQEs RiEGHFIE=ZMEK 2
X——HEE R | B R R B B, B SQEs Rikfa
AT UVAKZ#EERR S X —FHBRR BT R
B OLERFEAHEUSEHHEM =L EY).
AN UAEEY P EEURESEE UEETS
YA LE (RIS, 2001), tB A AT RE UL I &b T 4l i A=
KEFEH, AT ZRE, RN —545 UA
DL &SRR BTHE. &L, AT UAKE K
BREBRENERRN, FEANELZ XEEERA
F,.IREREZH L FHE R RIE KRB
P, 77 BE B IS B Hb 3B~ L R

33 15 CEMAERHMERZFAME™ VAT
ZFANz—

BRKG T, EMEANRERERB-USTE
RIC, BESNFAFEMETRAEREFERS,
2012; EF15%, 2008). TESPFRER BT, READ [ Fb i
BE&HF—BANET 15 CHET 35 COFmE,
2013; M3, EAZ M, 1980). AHF 575 B & & 0
B I A e 0 P B b B RE AT B 4R i, LU AT
fele it AWM= ARk . TERERTFA RN
X BAE K R B R BT 15 CARIB AL 48 h, LY
MMM EKES UA KRR ER FA B e E,
R15 CREAEMBMEKERT 25 CHE, H
WHBRNUANMESEERER. SHMBEALEE
FHEG, 15 CER 42 5 1E IR M T4 5 R A
A= 0 B KRR AR P L AR BT 4 Mg LUIR R UA
WERAEREFHIHRZ —

4 Fig

A 5K F RT-PCR 45 & RACE #1751, B X
FERLAE TR BB IS A BB B R M AN AR R —
¢/SQEI 1 ¢jSQE2 B K|, P # & 2L BR /5 51l £ A8 ol t4
969.89%, fEMRIE 15 CHBTFTEEZRMFRX. K
17 15 'C K 35 C Resg I RtAs B3 40 i & UA 7=
B, 15 CABERKKIShHIE B UASE
. 15 CAETEEEKIK=24 h I 4b 3, LT B
FAHM S SQEs R UL K ¢SQE2 R 5 UAMIE &
EHHEZEEMKX. AL R NE— SH R
F D R SR ER A & RIS AL IR L R R
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