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AN ESEEE R HBEE E FvAATW2 TNREM 5

% %?7 E&E}%’ étlj%—&a %ﬂ*ﬂ*’ I {%7 EKEEj], I "LT%’ a3,
CERCT M R REEETT e, bt A TREECRDEFT R, RE b DX d Z AR A2 5 Rl s 1 i 5 s
%3, JEat 100093)

B E. ENHENEE (Fragaria vesca L) BUAR S g b BT B AR MEIE R (Fv4ATW2) ()3
fith I, ¥t CaMV35S Ji 3 7SR BN A A 1F X RIA AR pBI21-FvAATW?2, TEMH%E (Nicotiana tabacum L.)
% (Fragaria x ananassa Duch.) ‘Camarosa’ Pt &Rk FvddTw2, URFRILIhGE. RHRAT
B ST SR AR R 54 ;. FH PCR A1 Southern blot fifi i 44 FE bR &R 18I 5 52 & PCR A1l
SE AAT BEE PERH U 6 DR R AR b AMJSRE PRI 23 FUHT SPME/GC = MIS 75 A0 0 B0 -y A0 4 SR 5
PR R ML o X e I DR 5 AR5 DRI A8 R B S P 5 R R B (RGN 45 SRR W, KSR R FvAATW2
RIBARDIRE LT, HeFEAR R WAL LA LI & ORI s U e A0 A 25 PR 2 RS SR SR 52 R IR S
IR, BRI IR L, B DR A RS PSR RIS B A K LRI CR AR CR
SRR PR OBEEFE R BRI LG B2 E, TR RS R RE R, FROBM S RN, ¥
WIANIR FvAATW2 ERERE T RENS 111 35 I 52w R SRS A R, T o AR 4 A M I R ) A R S
AW

KEEIR: ARG, WIS R MER RN 92N & & PCR

FESHES: S668.4 NHRFRERD: A XERS: 0513-353X (2018) 01-0041-10

Studying Function of Alcohol Acyltransferase Gene FvAATW?2 of Fragaria
vesca by Over-expressing in Tobacco and Cultivated Strawberry

DONG Jing, WANG Guixia, ZHONG Chuanfei, CHANG Linlin, SUN Jian, ZHANG Hongli, SUN Rui,
SHI Kun, WEI Yongqing, and ZHANG Yuntao"

(Beijing Academy of Forestry and Pomology Sciences; Beijing Engineering Research Center for Strawberry; Key
Laboratory of Biology and Genetic Improvement of Horticultural Crops(North China), Ministry of Agriculture, P. R. China,
Beijing 100093, China)

Abstract: FvAATW?2 was an alcohol acyltransferase gene, cloned from Fragaria vesca L. fruits by
RT-PCR. In this study, the sense plant expression vector pBI121-FvAATW?2 driven by cauliflower mosaic
virus 35S promoter was constructed through replacing GUS with FvAATW?2, and then was used to
genetically transform tobacco and a cultivated strawberry cultivar ‘Camarosa’, to study the function of
FvAATW?2. Agrobacterium tumefaciens strain LBA4404 carrying pBI121-FvAATW2 was employed to

WA BEH: 2017-06-04; HEEEH: 2017-12-29
EEWE: HEXARFFEETH (31601714); ILCIIREAEY L AIH HAITH (BAIC09-2018)
* JWAF{E# Author for correspondence (E-mail: zhytao1963@126.com)
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infect leaf-discs in the genetic transformation. Transgenic lines were identified by both PCR and Southern
blot. The expression of exogenous FvAATW?2 in transgenic in vitro plants was studied using relative
enzyme activity and real-time quantitative PCR. It was found that FvAATW?2 expressed in all 6 tested
tobacco lines and AAT activity values of 5 lines were higher than wild-type plants. Volatiles in leaves of
the transgenic tobacco with the highest AAT activity were also detected by SPME/GC-MS at 10 ~ 12
leaves phase. Octyl propanoate was found in transgenic leaves, while not any ester captured in wild-type
plants at the same phase. The results showed that pBI121-Fv4ATW?2 functioned correctly and esters could
be synthesized much earlier in transgenic tobacco than in wild-type one. Four strawberry transgenic lines
were obtained after PCR and Southern blot operation. A transgenic line bearing more aromatic fruits was
screened out and used for the volatiles detection. Through analyzing the ester composition of mature
transgenic fruits, it was found that the proportion of esters in total volatiles and respective proportions of
octyl acetate, ethyl hexanoate, octyl hexanoate, and ethyl octanoate were higher significantly than those
of wild-type fruits, while mass fraction of methyl butanoate decreased significantly and that of ethyl
octanoate increased significantly. It was indicated that exogenous FvAATW2 expressed normally in
cultivated strawberry and effected ester synthesis, and it could make fruit aroma intense by changing ester
composition.
Keywords: Fragaria vesca; alcohol acyltransferase; genetic transformation; volatile detection;

real-time qPCR

B A SR AP EZEA/EH  (Larsen & Poll, 1992; Schieberle & Hofmann, 1997) , I
THREFESAAERES (Dongetal., 2013) . BEMEILHHEE AAT (Alcohol Acyltransferase) ZREKR G
JRI B, LB RIS CoA Z M. (Forney etal., 2000; ik FRERIFR AL, 2007; XIFHF
S5, 2017) o ERAORRSEAN G B IT R AR R EE AR (Ulrich et al., 1997) , {fEAF
FPFUAS [R) B AR B W B W) 2474 035 2 5% (Pyysalo et al., 1979; Hirvi & Honkanen, 1982; Ulrich et
al., 2007) . Dong %5 (2013) RGILE T RALEAE 5 ARARFLRE ) R L ERIMI B, RINFER BRI
Ty WHImER SRR A BEAARINERRLY, FIRARERRE BAREPEA B T T e
SIER H S . TEERRY U A& o FEh, AAT XYY EBRr AR Yk L R s T &
FCERIFIZE (Wyllie & Fellman, 20000 o {H H AT LA 25 B A BORAREHE 12 I AN BE 78 73 R 5
RS2 R SR R I 2 FEPE (Perez et al., 1992; Zabetakis & Holden, 1997; Dong et al., 2013; Bianchi
etal., 2014; Negrietal., 2015) . AWFITRH, HFEER AAT FERERZE, BEBAFERRY) IS &/
W Hm A KL FHL (Souleyre et al., 2014) , IX 44 FRARRI R BRI A AT AL T8
JR5Y

K RT-PCR Jj i O N ERE (Fragaria vesca L.) RS2 7a [ 31 AAT R4 K541,
40 FvAATW2, 0 HAEA R AL 3R S5 & W) () Inp s SR OB R PEEAT T 0F 9T G 45, 2014) 6
AWFFEHH R CaMV35S i 801 IREN 1K FvAATW2 W) IE LCRIE AR, 4355 DA O P00 B Rk 55
AE AR, AT R A SR AT AL e Ak, 30 I A0 &0 Y5 5 R P 2 5 AR 2 e DR A e
J e o AT 2 LS R ) T By TR AL R A X FvAATW2 I DIReEAT ST, it — 0 AAT
FERIRRIE, W TUNRIE 22 S T U 73 1 WL BE 2558 SEAilh o
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QY ViR SRS DARES

1.1 RFENEWHEE. EE/EEEL
I T 2011 FELEAE T MMY SR B2 et AT o MM R W (Nicotiana tabacum L.) F

HIEH A (Fragaria * ananassa Duch) ‘Camarosa’ [ G 1

MM BamH 1\ Sac 1 B§UINL AL, 4 pBII21 Bk 1K) GUS Bl FvAATW2, HEMYIRIEE
P& pBU21-FvAATW2, FFHANKRATEE (Agrobacterium tumefaciens) LBA4404.,

KINARATEA T 00 P AT AL AL o EIRARAR 20 d AOTE B, #5H F BT KN 3 ~ 5 mm®
Ry A R AMELAR o

JRHEAMEARAEARAT R B PR Y 8 min JEHUH, FHEHEIRANR L 2 RE, £ MS+0.5mg- L
6-BA+0.1 mg- L' TAA f/MEE 53k ISR 2d, S MS+0.5mg- L' 6-BA+0.1 mg- L' TAA +
50 mg - L' Km + 400 mg - L' Cef [ 73 18577 UPMERKE 1 em PIF, # % MS + 50
mg - L' Km + 400 mg - L™ Cef (/£ IR 3L ERE %,

BRRAMEARTERAT BT S 3 ~ 4 min JEHUH, TR IELAUR L2 RWW, 7€ MS + 3.0
mg - L' 6-BA+ 0.1 mg - L' 2,4-D (/0415773 G IR 1d, H4EMS +3.0mg - L' 6-BA + 0.1
mg- L' 2,4-D+50mg - L' Km+ 500 mg - L' Cef ({7 E8 IR, SUHitE i KE 1 em )R,
4 12MS+0.2mg - L' IBA+50 mg - L™ Km + 500 mg - L™ Cef (45756 15,

F CAMRIITOEZEIATY %, MR AR 97960 MS + 0.5 mg - L' 6-BA+ 0.1 mg - L™ TAA;
TGRSR MS + 05 mg - L 6-BA+ 0.1 mg - L IBA. 7EUCIIE], 453 4 1 7k, R0k
Cef WSS A% 100mg - L', HEM N Omg-L'.

1.2 #EFEE#RAY PCR FA Southern blot £

KM CTAB VEIREUHUME ZESE N 4] DNA, HEAT PCR 19 %52 . WA IS0 F3. R1; S5
KHMEIHN Gy G2, Rk I AAT JET48, Gl &R T8k 41 (€ 1) o PCR KM
TR Z K 20 pL: R 50 ~ 100 ng, 2 pL buffer (457 Mg**), 2.5 mmol - L Mg®", 0.5 mmol - L™ dNTP,
0.5 umol - L 5#)#1 0.5 U Taq M. PCR NVFEFF: 94 CHiAM: 4 min; 94 CAME 305, 55 CiBK
45, 72 CHEM 1 min, 35 MAER; 5ol 72 ‘CLEM 10 mine 3347~ 1%35 i el EA T Hyio R o

*1 FWRFARAETIHAFS

Table 1 Sequence of the primers used in this study

PRV SRR CER/R ) SIFH (57-3D

Resource Primer name (Forward/ Reverse) Primer sequence (5'-3")

FvAATW?2 F3/R1 ATGGAGAAAATTGAGGTCAGTATA/GCACGAGCCACATAATCTTTC

FvAATW2 & Hifk/ B4k Gl/ G2 GATCCAGATCTCCAGTCTTATG/ ATATGATCGATGATATCCCATGG

FvAATW?2 & vector/ Vector

FvAATW?2 F8/R9 CCAAACACACCATCAAACCATCAACTTC/
CAAATCTCCTTGTAGCAACTTTTTTTCCG

WARIFvAATW2 & Ak SF3/SR1 CATCGTGGAAAAAGAAGACG/ CATAAGACTGGAGATCTGGATC

Vector/ FvAATW?2 & vector

FvAATW?2 F3/ fR2 ATGGAGAAAATTGAGGTCAGTATA/ AGATTGAAGACTGCAGGGC

HHEL Actin - Tobacco Actin faF2/ faR2 CTGCTGGAATTCACGAAACA/GCCACCACCTTGATCTTCAT

Y4 Actin - Strawberry Actin - faF1/ faR1 CCACGAGCTGTTTTCCCTAG/GATGCCAAATCTTCTCCATGTC
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22 Jin %5 (2009) [F7VERATHEILINMIFRIY Southern blot %5¢, 4% DIG High Prime DNA
Labeling and Detection Starter kit I (Roche Diagnostics, Indianapolis, USA) it B A0#/E. il & K5
VREFBT B 105 4 F8 R9; FEAEFTHSIMh SF3. SR1 (K Do FIHFRGITEPN DI EcoR T HE1T3E
(K121l DNA ffY) .

1.3 3EEFEIERINE FvAATW?2 £ EE PCR #&F0 AAT 5E N E
53 ML PCR. Southern blot % [P (R MHBE . FLRE L DIBR R OGR4, CTAB A HUE
RNA, 51 cDNA Ji7, 5K H SYBR Green 56 Y RHEXTANE FvAATW2 W3R N5 BUEAT SEI 32 & PCR
el 51400 F3. fR2; WS KM EFZRILIN Actin, JHE Actin 5140 faF2. faR2, W4 Actin 510
faF1, faR1 (£ 1). KM 10 L JeMifA & : 1.5 uL cDNA, 51#1% 0.5 uL, 2.5 uL LK, 5 uL Mix
(SsoFast™ EvaGreen® Supermix, Bio-Rad Laboratories, Hercules, USA) . 3 JXEH . ¥ TN
95°C 30s, 95°C5s, 57°C10s, 40 MEH.
SEFEHE (2007) (7775, PEHUFEIE DR SRR OB 1 AAT B, W HyqtE. 3 IkER.

14 FHEREEM FEERESRRRIAIELZER S RN

W AAT FEREPE S5 i (R 00 S S DR bR R 5 B AR R R — i b . BRI ORI =, Ariipk K
10 ~ 12 Jrfi, HUREB 3 ~4 gt g de, ARG, - 20 CRAEEH .

¥ PCR. Southern blot %55 [k [ B AE % BE D R SR AN BF A2 AU RIL . #2430 Db %, 7EHF
TG, EARERARIRMKR, DU, veid, WKk, FWEEE, -20 CIRAF&H.

FE S TRAL P 4% R PR3 1 SPME/GC - MS £l Z2% Dong %6 (2013) 7775, 3 IREHE . K
H G i 2t ENAS [T NIST library M1 Wiley library #5-/N Bil FEAH LS, 454G AT
R B B8 L o3 BT T 25 PRI B PO B AT A0 B, SRV TR AR A — A5 %% o 76 S 3 R W)
HBT LR TRAR A RRUE I ZR AT S BT, UM AR AR, OIRERE. TR AR, TIRCANS.
TR CRTER. CRROHS. FIRCERSEIRRB Mo s BAAAEN, MR k2= A AL
T J - B I A S U EA T AU B o B AR R340 [ Sigma-Aldrich - (St. Louis, MO, USA). FJH]
SAS AKX IGHEAT G AT (e R

2 R

2.1 FvAATW2 E¥IRIESIAHE

CUAT FvAATW2 42K 1394 bp, 1 GenBank 111 VAAT HAT 99 %lrlJsftk (FFE 4, 2014). ¥
FvAATW2 3E N BRI FEIERAE pBII21 |, & T CaMV 35S JB8h 7 i, WEET FvdATW2 1E X Eik
AR pBI121-FvAATW2 (1.

NOS-term 35S prom FvAATW?2 NOS-term

BamH 1 Sac 1

B 1 MR IFEEYRIASG pBI121-FvAATW? FRRLE il
Fig. 1 Diagram of plant expression vector pBI121-FvAATW?2
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2 BamH 1 . Sac | WY E (K 2). MJFRAFE, RiEFEAWERD).

M 1 2

5000 bp

1500 bp [ FvAATIV2

2 pBII21-FvAATW2 i BamH | 0 Sac | WESLI =49 s ik E
M: Marker 70503S; 1. 2: pBII121-FvAATW2 B017 4.
Fig.2 Electrophoresis of pBI121-FvAATW?2 digested by restriction enzymes BamH I and Sac I
M: Marker 70503S; 1, 2: Digested pBI121-FvAATW2.

2.2 % FvA4ATW2 fREH) PCR #A Southern blot X F

A I (AR ) 208 B e N R AT B LBA4404 1, B M-S A 0B, 5545 T Hilk 2.
it PCR 1 Southern blot %5, 7&K IHTIE ZF i # A I 2 T AMEEE R FvAATW2 (44 (&
3, W4, B NHMEMPUELD, SRR

B3 #FEFFEEN PCRERE
P: FURIBHPEX I, No BPAERUPERIE: 1 ~6: HilE2F; M: Marker 70503S.
Fig. 3 PCR analysis of tobacco transgenic plants
P: Plasmid as positive control; N: Wild type plants as negative control; 1 - 6: Resistant buds; M: Marker 70503S.

4 FHEFEMWER Southern blot £ 7E
P RPN I N: BPAERIBIVEXT G 1 ~6: UMk,
Fig. 4 Southern blot analysis of tobacco transgenic plants

P: Plasmid as positive control; N: Wild type plants as negative control; 1-6: Resistant buds.

2.3 HERWEDINERERE FvAATW?2 RiEW

FIFH SN 2 2 PCR SN T AMNE LD FvAATW2 AEIR SR IL R R Rk (1S, A), 4Rk
B, PR IEIRR R FvAATW2 TR B3 RIE, (HRIEKVAFAEZE R AR,
SE M AAT BREVERIL, BRERR 146, HARFBEREKRLY S TEHAEMKR (B5, B), #i#4t
U5 AAT FERIW DFE R RIRR R bRk, & B A TR AAT W
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b
b
L b b b
© 005 | b
< 1.5 [ !
C
= ﬁ — c 0
1 2 3 4 5 6

WT

H—bMERE =
Normalized Fold Expression

S = N W s N )
AAT BEREME/(U - g")
AAT enzyme activity

5 HEEBEBRRPINE AAT ZERRIE (A) 0 AAT BiEtE (B)
1~6: FIEEMAR: WT: BFAERKK.
Fig. 5 Expression of exogenous AAT gene (A) and AAT enzyme activity (B) in tobacco transgenic plants
1 - 6: Transgenic lines; WT: Wild type plants.

24 HEREEMHERER SN

HI T ANEIE DR O AR E , WP T AAT MRS TR 5 e (R R DU R R A2 AR I R A T
JTHERNER R SPME/GC - MS 70#frai iR (3R 20 KB, ERASRERRI Jv i A vk 1 o AR A
Mo T, AR BB G AR IE DI AR T, R R MR AR T, Bk T ISR
Yt SR BN IR, (BRI 3.47%, UG SMIEEE D AR TR P A 1) A
L WIR (R KB B A RE I RK

®2 FEASREFAEEH R SEREIEDERERS S P ELE

Table 2 Proportion of individual volatiles in leaf of wild type tobacco and transgenic plants

R 47K Name Ligaceis] ¥ FvAATW2 R &
Volatiles Wild type Trans-FvAATW? line
fiE2 Esters IR ¥ Octyl propanoate — 3.47
£ 7 Total 3.47
2% Aldehydes L% Hexanal — 18.52
2 - UM% 2-Hexenal 19.37 42.86
3 - C\fi¥ 3-Hexenal 36.87 —
T-/# Nonanal 16.07 3.09
%4 Decanal — 7.82
{71 Hexadecanal — 14.34
2,6 - - 1% 2,6-Nonadienal — 3.59
T Total 72.31 90.22
[ Alcohols 3 - HE - 1 - B 1-Pentanol, 3-methyl- — 3.62
2 - LH -1 - CBE 1-Hexanol, 2-ethyl- 10.48 —
4 - W3 -1 - U 1-Hexanol, 4-methyl- — 2.67
2 - & - 1 - % 1-Decanol, 2-hexyl- 17.21 —
£ T Total 27.69 6.29
e “—7 REr.

Note: “—” Not detected.

2.5 HEFEZER PCR 1 Southern blot £ &

JANS 3V FvAATW2 B NEREARE Rl ‘Camarosa’ W &EFKIA, VL HRE RIS,

FIH PCR A1 Southern blot %552 i 4 ANMprrEtark (Bl 6, KBl 7).
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Fig. 6 PCR analysis of transgenic strawberry plants
M: Marker 70503 S; P: Plasmid as positive control; N: Wild type plants as negative control; 1 -4: Resistant plants.

7 ¥HEFEHR Southern blot £ 7E
N: ARG I P SURLFHPEXT IR 1 ~4: HUtEAebk.
Fig. 7 Southern blot analysis of transgenic strawberry plants

N: Wild type plants as negative control; P: Plasmid as positive control; 1 -4: Resistant plants.

2.6 EEHERBEKRPBYINEEE FvAATW?2 B3R IE#&N

Kl 8 s, SZINE & PCR KA AAT BEGE I 2 45 LW, FvAATW2 {5 4 /g L Rk
AP RERIE, SEAERIN ALY, AL DIRERRI) AAT BEETEG T & .
09 - 012 - 2

a EE

0.6 r

o
o
le]

03 |
b I
aﬁc b 0.03 ﬁ ﬂ
0 I I I ’%‘ I c I 0 L L L I
2 3 4

WT 1 2 3 4 WT

H—bMERE =
Normalized Fold Expression
AAT BEREME/(U - g")
AAT enzyme activity
<
=3
(=)

8 HERESHKRRPINE AAT ERBRIAT AAT BFEHE
1~4: BHHERMRAR; WT: BB,
Fig. 8 Expression of exogenous AAT gene and AAT enzyme activity in strawberry transgenic plants

1 - 4: Transgenic lines; WT: Wild type plants.

27 BERESRITELMEMS AN

¥ 4 DYDY B Wik, EAER H i E T, RS E ik A AR 1 AR
F, OISO S A R OO AT TR S5 R, e DRI R R SE RV R R A 4
2K (17.00 AR (16.5) FEA—3, (HILAEQIERY T I (65.73%) Ml Z s (38 3).

I DR S SE R FEA R A e 2 3 BT, BRI I LR & AR R A T W AR E . S
AR IRAR LG, R B R ERSE b, R R I IRl CROER. RN ~FIR Ol
A NBER TR BRI LA e s, Hh ZRFERE. CRRSFRRLLY) B2t m, QRO
FIETR LW LU 5 2 e EF BT, SF R Sl AR B35 T R, T 1R P AR (2 (K 0



Dong Jing, Wang Guixia, Zhong Chuanfei, Chang Linlin, Sun Jian, Zhang Hongli, Sun Rui, ShiKun, Wei Yongqing, Zhang Yuntao.
Studying function of alcohol acyltransferase gene fvaatw?2 of Fragaria vesca by over-expressing in tobacco and cultivated strawberry.
48 Acta Horticulturae Sinica, 2018, 45 (1): 41 - 50.

JEARISR L, DR SR R SRR O LU B T T R #, B NI ANEERE N FvdaTw2
RE S AL MM BT R R S o

F3 REFEE (TL) 5FEE (WD) RELETEMREMSHFHLH. SBMSHHER

Table 3 Proportion, mass fraction and odor description of fruit esters in strawberry transgenic line (TL) and wild type control (WT)

N LEA1/%% 4/ (mg - kg! FW) . .
TR Proportion oot BUSTHREE3T 9
Volatiles Odor description (Reference)

WT TL WT TL

ZR Ul Hexyl acetate  2.66+0.87 3.03+1.54 2.38+0.51 2.83+£045 JBE, {£7, FPK Fruity, floral, sweetish (Noguerol-Pato
etal., 2009; Olbrichtetal., 2008)

ZTRENE Octyl acetate 258024 592+ 171" 3.07+132  506+0.64 4L, SEF, YFIK Neroli, jasmine, fruity GH&IT, 2009)

LR -2-CM-1-lE 247+085 1.61+£0.66 222+035  1.96+0.12 A AMtefs, AW, 340K Pleasant, fruity, pineapple

2-Hexen-1-ol, acetate (Olbricht et al., 2008; Antalick et al., 2010)

TRRFEE 267+1.07 035+035 1.26=0.14"  0.14+0.14 Fuk, Ftwk, 320k, 0K Fruity, sweetish, pineapple,

Methyl butanoate green (Ulrich etal., 2007; Olbricht etal., 2008)

T W 0.64+038 1.08£026 057052 057028 FABRGEMEE, Fbk, 320k Ripe kiwi, sweet,

Ethyl butanoate pineapple (Olbricht et al., 2008; Antalick, 2010)

T C. Hexyl butanoate 0.77 £0.18  1.15+0.44  0.55+0.21 0.69+0.10 Bk, 7 TUk Fruity, apricot (Dongetal., 2013)

TR 027+027 258+1.16 0.05+0.05  0.15+0.05 5, #7, W5, #KK Herbaceous, orange,

Octyl butanoate parsley, melon CHf&IF, 2009)

2 - TR 0.70+0.35 2.00+£0.79 0.09+0.06  0.120.03

Octyl-2methylbutanoate

3 - HE TR 1.05£0.34 245+1.05 0.09+0.04  0.14£0.05

Octyl 3-methylbutanoate

CUR T 409+£1.29 479+153 3.10+1.05  447+0.67 Huk, FHuk, 3% 20K Fruity, sweetish, pineapple

Methyl hexanoate (Ulrich et al., 2007; Olbricht etal., 2008)

CLR 7. 15 262+023 948+3.61" 292+1.74  7.46+0.90 Bk, #EWK, #i%FE < Fruity, pineapple, winy

Ethyl hexanoate (Sarrazin et al., 2007; Olbricht et al., 2008)

CUBR 1 Octyl hexanoate 0.08 £ 0.08  0.78+0.78" 0.02+0.02  0.05+0.05

TR F 035+0.23 0.77+031 040+£0.23  0.64+0.15 HAHEES, Kk, BT Winy, fruity, orange (GBS,

Methyl octanoate 2009; Antalick, 2010)

S 2.1 Ethyl octanoate 0.00+0.00 1.35+0.75" — 0.67+0.33" Yiuk, FEFWK, FATW—A Tk Fruity, floral, wine -
apricot (Noguerol-Pato et al., 2009; &7, 2009)

&1 Total 1448+0.43 65.73+4.9" 28.49+1049 39.00+2.75

T * FoREEER AL 5% LR R e 1%KF EERRE. “—7 R,

Note: * Means the difference was significant at 5% level compared with wild type control; ** The difference was significant at 1%.“—"Not detected.

(U]
v‘ P2
=
>

K B AL e A T LA T 4 R 1 A3 AR AH ST DR R Th B SIS, 5 7 5% TR IR A A R R A Y
RS A TR YD TR FE DR A AR 1 B 40 P 1) 20 Al DRS80S A — 30, AR ) P )
T RAHREFERNE, CHREE R T HF LR AR E 2 A A I RE s, 4R
WA AF . Lucker 25 (2001) ¥ Clarkia breweri W] S-Frigif & LR lis 18 &7 it &R,
AR LD R R 2 0 T AR AR M DT R AR R AR IR A G LA PR A M D5 R I .- Guterman
& (2006) {EREAA IS R IABOREE OWEIEH S IEIED RRAAT, AFE LR =42 T 2 Foglis:
LRI LR ZIRAR G, I T HAE . Beekwilder 25 (2004) H243F I #45 SAAT F4bJ%
e, WA Y, AL R R A Rl 208 2R 5, i R R R K R e
R, A R ANERE A, X0 BE R TR AR AR N ANAELE SAAT v A1 (1 BER IR A 51
J) D IE R o AR KNG (2005) RIS MAAAT? AR 5L, AT |k, 51k B A
PR P I R R RS O A2 AR A, BESE I T A BRI & K, ARG TR eSS, (RS
HHEAT MdAAT2 FES2RE et RIS I A I B RE S K AR Ak, 24 IX ] g A2 XA A2 ) MAAAT2




O, FEEEE BPMETR, CEBREER, b @ skdy, b EE A B, BUKEE, Skigd.
ARG RETEIL S, B BIE IR FuAATW2 ThEETTI.
[l &244), 2018, 45 (1): 41 - 50. 49

Fitg 5 JEC ) 20 L P AT T A ] PR DX 3 13 1)

AT L) PR R, SR S RaA 1 7 2, R P O R e AR B R T B A R AR
Bt FvAATW2 WDNRewt s, 45RUEH], XPIR USRI T 4AT DIRepF A0 H . BRI Ay
TERT RS AAT WAL S R 28 BT 75 (A, FHOSRE AL B AL AR LG, S A R o A, i BE 2R )
HHAT RS RBAE, RIS ERIREZE KR (10 ~ 12 M), R BETE R SL PR B ook 0 380587 A i f i, 3%
ART IS R S R R s MR TSmO R R DR, REAR ARG AR b B 0 () A N AR
WHEREE, T H TR R R s, XA A R AT Uik Ty, Ak, B TR SIS
(A 500 S T 5 BT

TS S ERHA A 55 (Dong et al., 2013) . HHI5TE A RNAI £iK N T ‘Royal Gala’
W AATI KI5, AT R BRI EER A& &2 B TR, AU 2SS (Souleyre et al.,
2014) o AWFFEF, FEAFMFRE 4R, BN FvAATW2 S ERARE Rl ‘Camarosa” LS B
FRIR AT B, B AECERR O, TR 4 Fhlg L g el/ fl & 38w, 1540 1 FhEe I TR 3%
FER S e AN B S IR B BRI SRl IR OER. CRRFNR. FIR OMRSE, IXUERER
J§53 2B AT NI AE B R A AR, SIS R BT & L 4 s, ] e i DR
SRR — A EE A,
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