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SEETHRRERBEREER S R XERETEERIESH

E&u, THA, EIFE KT, L0, B4AC, B e 28 Y
'R AR B, BW1650500
IR A AR BEE B SRE TR, B 650200

FE: AR TR Z B ARAE IR AR 348 H#H AR (HS-SPME/GC-MS)* 34t = ) £ H A H B3 E 40’ (Rosa ‘Crim-
son Glory’). “JA4r’ (R. gallica ‘Dianhong’)& ‘4314 34’ (R. ‘Jinbian’)44 2 FF LM UEAT T AR L MR SN T, 4
REH, RAATRBR CEESN, AL Fo 2L AR MR 35 128, 505 B3R MR K F14993.232%A4256.864%. M
HAEA KRENEFBE. Art8i. ROBE. AFRERFIEEF RS, M BLLER V56T HEHAKRE
HHDEF. ERIOR T EMM L RARLE, ABKFEIK. #—F RART-QPCRYAT T 34~ X415 B
B R BB K AR EE R B (RANUDXI). 8 2.8 84s F 3464 85 £ B (RhOOMT ) Fn 3k LBE 5 85 3 B (RhPAR) 12
BRABORETTHLH e R L. b, RINUDXDER ERL ¥ R ARG, LR B, A 2AHR T
AEE, REFH BT AL RAN—E. RAPARK R L AL Fo B0 F LA F AR —H, RIKH A BRI
. RhOOMTIR R #3455 W 5 AR AL B4 > A 41> 4 3. RhOOMTI 3 B A2 RhPAR A R ¢4 %

5 GC-MSHM 3t 5L 55 AW i 9 Bk G e — 2 5.
IR AR HOL, WA E; AR AR AA

BB e S B B AR — 283
i BORAH ISR, J& 3% ik (Rosaceae) # ik
J& (Rosa) T - BUH; SR HEAR (5K Ve XU R 75352006) o
ke, BMBBAETh E S EA . Mg, ML
d4e. WIHRMBELER, EHEFENT HTRED
FNAR LB AT 2 (8 5% B (R 25K & 552006), AT
HEREFREL. AT UMD R, & R DR A2 i G
UG AN 58 452004) o o7 b TR 32 ZA OB
BOHRER . BRI . B IMABORE & K4
e B T BOR M AR B A IS A P s, 2R T
HAR K A SN =\ S
PR A F S AR B . Herh, R
PR T AR LT A, A i R E SR, R
MG . BT, XX =R e HEEE R AE
AR AR IARIE -

AL A RN CRADGIR R,
TN B TEREAR,; LR, IR, L2505,
IRBCHAT; FEM TR IO M L )5 . UEEAE D 4
(BRI 452018), VAL A )\ B, /2 H
EORAIAR I, MR OV BSLEREAR, sl th, 16
Ul N 7 3 I £ T N AN 2] £
PHESTE22011). <GB0 XA WEBOL, =
Fa 4 A i, RERR 9~ B S VER, JERG A8, qE

RN, TEFF B BETEAET, e A& AR, 16
s T HIAE TR, RAE7 A AT 1 i Fl
—(ME552017; EHHE%E2018),

B85 70 T A ERAE Y AE A 7 H RN,
i T B A A A AU X 255 38 T IS T, R A R 1
VIR B0 N3 5% E BN G ER: wEiE2R. KN
TR BANA VRN B S W6 s S a TR AT A
P& R 72 (Xie52010) . 5 254k AW 7E 4
MR 43225 1A 6 i, — S Tl B ) F
1% (mevalonic acid, MVA)I&4E, — &N T
A Hp ) FR S 7 g A I 2% 2 (methy lerythritol, MEP)
B, 75 EIRNE YA R S R (cinnamic
acid)i& 12 56 k. LAC18 MG W A AR ) R A & g
(lipoxygenase, LOX)i& 4% #& i T BR AT AE P TE A 3
LR

T I S B A B B AR A ) A RS, E
NIGEFNTZ N T H RS AR
TARU, LRI PG SRESFIRIT . BERR K

ks 2018-1022  f&E  2019-06-12
ALl K REFE R4 (31660579F131872144) 1 2 B 44 R 1t
K135 H (2016BC008).
* o JLEGEAE# MK (dgh2012@ynu.edu.cn). 2 5
(hjyan8203@126.com).
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fif g Rl (Nudix hydrolasel, RRNUDXIT)F|FIMVA
MIMEP 1242 5 27 i i PR IR, V) F — Mk
1% Tk A A= i A - i FR R R I, S 25 W TR TG 2 1ol
AL A A i (MagnardZ52015) . 1% K GE %
fR ik 240 b 2 i BE A R, PR H 3005
e

RO E BB RIE A sy, BA A R EOR
S, TR AR T -8 P s B i 07 B 2 B R It
B E DT AR R L AR & R O, A
IR FE WA 5 g FE K (phenyl acetaldehyde reduc-
tase, RhPAR)IE JR Ak 12K 2.1 (Chen%5:2011)

3,5- 4R L HF 2K (3,5-dimethoxy toluene, DMT)
51,3,5-= F4FEIK(1,3,5-trimethoxybenzene, TMB)
& HZFEPRREYIR, 16 RTMBH) 7 3G, (8]
I = Ty S - HR R e A T e A 1) R =y 2F B 3,5- — H
F IR F ik (3,5-dimethylanisole, DHA) (Wu%52004).
DHA i J5 4 & R 1 % - F B 7% A2 1 5 Rl (Orcinol
O-methyltransferase, OOMTI)5¢ il Fx 5 P 25 H 34k,
SN A TMB (Noa%52002; Scalliet?52002) . It 4k,
OOMT Mk LA Ha T Ay 2 da W iy e Ak, e R AE
JDMT.,

A 56 R FH T 7 ] R il A B £ - o %
PR HARXS EE A 73R B B VR AL SR e
SN FIFE R, FEEAT T iHENLE
for 2R 5 b A B ) R E 1 DL R N bR AT . i
— P S e B PCRAT I 32 A A7 B4y 1) 6 ik
N RIRANUDXI . RhOOMTIFIRhPARAE3F& F
B RIAZER . B4 T omEREHBIEM
A W5 A OB I R R R IE 22 57 o AR 9T AV
A BT 70 B BORAE KPP BRI R, R
it — 5 R F B T B G ) 5 i e B R A A A ik
DRI A 4R

1 57 E

1.1 5
L1.1 &9

7 F AR B AP 2240 (Rosa L. ‘Crimson
Glory’). “YHZ’ (R. gallica L. ‘Dianhong’) ) 41/l
B (R L. “Jinbian®), &£ 62, 73T,
—FHTGC-MSKll, —¢H TRNAKFZI . #*

i BB 2 AW R 2 e AE B 9T BT Sk, HORE B
[H]520184F6 H5H, iR E4-10:00~11:00. &A™
A A AT IR ) A

1.1.2 FEi5

GC-MSHKLMAFA: 28 g 1E ki

B R 2R R FH RN AR B (RAR 2 7)) Al s
SKIAGE (B 5 RRO47A, 1T TaKaRa 22 7).

1.2 K
1.2.1 TRZS[EERZEE

I BIFRELE FHECERAE IR L g, TN, K
TEIE R 2 S, B bZEROS B BIR Rk . A
0.01 pLZM2 Z.15(0.865 pg-ul; Sigma Co. Ltd., USA)
VB PR, T 2 I

X 2 3k (headspace solid phase micro extraction,
SPME; 75 um PDMS#-4E, Supelco, USA)#EATE 1L
Ab B AR €0 18 3 RE 11250°C 2618 T #4660 min.
WA N 40°C /K 1, 4l ASPME#HI Sk, %E
HX40 min; ZXETERLSE, BUH SPMEZEL, 4iiA
GC-MSIEFISGEREFL, f#U%2 min, ] Trace DSQ-GC-
MSSAH- 5 3% B A% (Thermo Corporation, USA)i
17GC-MSH il «

1.2.2 GC-MS#&3M

SAHERE SR K IEE AL FID, il
F: 9 DB-SMSHAfilUA 98 B4 #E (30 mx0.25 mmx
0.25 mm), LL99.99% 1R SN NiE # Ak, wE N
1.00 mL-min™"; #:H7 5100 kPa, /3 bb3:1; F2E T+
I 3EERFL9250°C; BRI EE N50°C, fRFF] min,
SR )5 LLS°C-min” FHE £200°C, 1 LA8°C-min™ JHii
£230°C, ftJr ££ 230°C{#:FF8 min.

JRRE A RHELE TR, THERT0 eV, Jit
T 5 935~500 amu, PUZEATIRFE150°C, &
TR E230°C, fE 4R %250°C, #:£100 kPa.
123 BN EMSEEN

SE T RALE Y S BT EALR R
[ I S5 NIST library it 3% ZEAHVC L, FE456 N T
TEARAT, 15 AR EWAH k.

75 B8 ORI R, WRPEHE RS Wbk
At A . HFEARIT: A5 &
(ng-g ' y=[ 4 43 VAT AL/ P e 06 T AR < A o £ 5
(gL Y PR R A (UL ) YR it FE B g A EURT [ ).
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1.2.4 RRNUDX1. RhOOMTIFIRhPAREEKIZ
RER

FE S BB S, K ) S RN A B2 B
FIREUIEIRNA, RNA K5 5% 2 W3k AT W9 15 4 B,
DL e 55645 21 () c DN A L5 A B 2 1T Real-time
qPCRY 18 . DUH i -3-lf 2 it SR 52 Kl (GAPDH)
RN, F1H KR RAINUDXT. RhOOMTI. RhPAR
FWINEYES . RN GRS a2, &
TREAARERY . WK GAPDH K H 3k
51 Pk, 519t i A H A S
FRA A

2 SLIEER

2.1 GC-MSEBFHRE

3R FH BT GC-MS 23 W1 43 31 i B 1
K. dE AW, 3R BRI GC-MS /M it FEfE
40 min 4= 5E K. R FIVALL HORE S M
AT ARAR, T < G I B I R E L 5 R
HHER K. SBLMERDSNROEE. FFEE
F B RAR F 5D, L R N LR
MElE . ROWE . B BEAEMEE, Sl B £
AR OEE . LIRIK BRI N ARZE IR 2.1
2.2 Il mEL MRS

WIF2FT7R, 30 FHEBCRAE AR i 3 45 52 Hi38
A AR . FRNFRZSTR CBRAL, VHAL .
I B AN SR I 3 (R4 B o LA R R
WO G T FHA 20 CBs4Fh, JEa55) 5
o7 213 Fh B ACIRARE i 45 R W o S B 120,883 %
43.062%- 14.557%. BLAb, G BB f S840k

HEEG1-CEMTMB, 1 H 5 B 3L H
L5 KT RN CANE IRE SPANE g .7/l iBS A
93.232%. 56.864%, H X & B AE T BE
AL, SR40 MIVHL R R YR B
B — B, T A B 5 W E A ROR .

3R E R ER A, VR MRRE YR A S
= B o G BR RS AE e . A -B- KD =
LIRS MIAEE. A, Z&-p-E% A,
e BN CIRPEAEIR(2.138%), AN —&-B-5%
2EPR(0.115%) . GBI (A V) TR X 2
RN CRAECEE.. OB, LB, &
i, AR B, CBR-2-2K 488, AN O
K 6(4.231%), 5% A CIR-2-7K Z1E(0.108%)
SRAL (PR YDA 2 i R B A BN AR A
MIED. T &8y Ffaki. HETHm. BN
M. K ZWE . DMT. Tk, SEMEE, &
B RAR A D (10.266%), A% 5 25 i
(0.368%). HULA I, “BLEH YRR %, HiY
P MW IR S L e e

W23 N, 378 FH BRI K M) i 2
BIAFAEZE S VRLD I EZEY O EZE, o5 F A
FERVIFI—FLA b, LEFRE . AR Bk
3Ff, 3 RIERYIF20.400%, FE YR L. B
H. BRRGAFN. GBI DARER. BRI EEY)
i, S0 BIERYIRI—, ok, RO
BeAH XS & B i, A 2RISR, B HHERE
FARh, B M EY. SR EEY)
JNmEE R, KBS R 1)51.628%, FEHN
B lE. A, KIREFHED; KIETH, B,

®1 51175
Table 1 Primer sequences

GIRVEZR S FP3(5— 37)
GAPDH-F ATCCATTCATCACCACCGACTACA
GAPDH-R GCATCCTTACTTGGGGCAGAGA
RhNUDXI-F TGTTGAGAGGCCAAAACGTG
RhNUDXI-R GTACTGCGATGGTTTGGCTT
RhPAR-F ACAGACCCAAAGGCAGAAC
RhPAR-R TCATCAACCACTACATCAGGAG
RhOOMTI-F ATGGAAAGGCTAAACAGCTTTAGACACCTTAAC

RhOOMTI-R

TCAAGGATAAACCTCAATGAGAGACCTTAAACC
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A 3200000 20.72
3000000 31,54
2800000
2600000 bl |c
2400000
2200000
2000000 d
1800000 27.86
1600000 a
1400000 16.62
1200000
1000000 24.52
800000
600000 5.55
400000 13,30

200000 | L ll l 1J IJL“L“ mL iy h

500 1000 1500 2000 2500  30.00 35.00  40.00

FR BE I []/min

20.77

B 50000 21.60
600000 bl e
550000
500000
450000
400000
350000
300000

250000 .
200000 12.21 25.26
150000 2LL3
100000 .
3.7
50000 13.34 zﬁo 28.48
0 N Nl llMl.x L.

FHE

e

b

5.00 10.00 15.00 20.00 25.00 30.00 35.00
LR EF B [E]/min

C 25.58
16.67
3500000

3000000
2500000

2000000

e

1500000

1000000 &
21.57

500000

23]7626.26
o ' I IILI " L

500 1000 1500 2000 2500  30.00 3500  40.00
LR EF B [E]/min

K1 = FBORAE R GC-MS B 1t K
Fig.1 Total ion chromatogram of volatile compounds of three kinds of edible roses
A: SSRZD; B HAD; C il . an KT b FIPET; of A d KREMED; e LR ERRE; £ B4 g LK LS.
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Table 2 Analysis of volatile compounds in three kinds of edible roses

P= N
g famAH (REBFmin R 4T U
I-EAN G Ha

1 [{EES 4.152 3-CUR - 0.302

2 4259 2- Vi - 0.172 -

3 fi 4376 3-CUiE - 0.246 -

4 4531 2-CViE - 0.697 -

5 6.577 1-CE - 0.298 0.838

6 13.308 P 1.451 0.112 2.565

7 16.717 W 18.746 41.786 8.362

8 29.533 Mol 0.203 - -

9 [ES 16.183 J5 R 0.819 - 1.637
10 20.750 HEw 33.642 - 17.157
11 20.857 S 7 I - - 0.368
12 21.092 TR 1.677 - 2.583
13 21.605 75 21.839 - 19.099
14 24.730 LIRTEAETR 2.138 - -

15 25259 LR TG 4214 - 0.518
16 26.744 TEB-RD I 0.115 - -
17 26.915 CEB-RY = 0.370 - -
18 27.861 KR A D - - 10.266
19 % 11.471 iE:R 0.151 - -
20 24.356 BEVE - - 0.846
21 24.410 THEE2 6 H 4.121 - 0.826
22 26.258 ST 0.250 0.954 1.783
23 28.219 + ik - - 0.466
24 28315 2% o - - 0.745
25 28.480 PR 1.083 - 0311
26 28.673 FERA - - 1.664
27 [IEES 12.192 R TG 4.954 - 0.176
28 12.491 2R Ol 0.436 0.210 1.847
29 18.538 LR TR 0.237 - -
30 21.642 LIRH T - 4231 -
31 23.576 L& i - 0.508 -
32 25.553 4W% g 0.757 45.449 2.750
33 26.760 CUR-2- 4 2T - 0.108 -
34 30.500 HH:ER 4T - 0.198 -
35 R 21.877 3,5- - HI4E L H 2K(DMT) - - 0.605
36 25.922 1,3,5-= A SE 5 (TMB) - 0.301 1.208
37 e 24.522 T&Em - - 4373
38 25.831 LT Ay - - 1.371

BRI 3F, HHEBI, MRS 2Mh. HAR S ISP RMER, BT AR E 2T

A WAL A Y, H L RIS RN WNERAFT/R, TERT ISP R YR, A1)
[iELY/)ii R SR R B, IR #1 644.598 pgg'h's
2.3 TEYRNIREE N HUR B, BREURIAFI350.67 pgg'-h, 41N

IR HEEE T, 2aliER A st EEREG  ELERRENLYZ . SUBERTR
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Table 3 The relative contents of volatile components in three kinds of edible roses
g YR RNE R MK B /%
HH
[{EES [[EES [IFES (SES FES JiIR [HES Bt
Ear - 20.400 64.814 5.605 6.384 - - 97.203
EINFEIR 0.474 43.139 - 0.954 50.704 0.301 - 95.271
AN - 11.765 51.628 6.641 4.773 1.813 5.744 82.364

K4 =R B S T 1250 A b g B2

Table 4 Quantitative analysis of 15 main substances in three kinds of edible roses by internal standard method

Y& R ng-g b

15 & g

aer /eS| &y /ES

SHELD LB R SHA CEIhEE -t
T 576.474 - 80.936 TA-B-RY R 6.343 - -
T 374214 - 90.095 AT 4.277 0.272 8.412
AR - A - - 45.872 KA - - 7.850
R 321215 11.929 39.449 HIEET A i - - 6.469
TEmR - - 20.628 1,3,5-= & 7K (TMB) - 0.086 5.700
Z RS 84.891 - - - - 0.085 3.954
LA TR 72.205 - - VN oo - 1.208 -
THE-2,6-9 T 70.607 - 3.895 2-ELfE - 0.199 -
LIRPETENG 36.628 - - ZEIR F G - 0.145 -
FriEE 28.746 - 8.874 3-Cfiid - 0.086 -
2 24.871 0.032 12.101 3-CE - 0.070 -
A K 18.563 - - HHE:R OB - 0.056 -
I3 A 14.032 - 7.721 2-Cfi - 0.049 -
LR O 7.464 0.060 8.714 Y5 YA 4.068 - -

BRAK, BB N14.277 pg-g'-h', RAG L BB
BREDZ

VHEL A EE R N374.214 pgrgth,
GBI A AR I B B RE R, SR4 R
H- (KRR TSR 990.095 pg-g'-h'e K ZEEAE3 R
FHECER R 3 B, VEA P R N 321.215
ng-g ', SN EEL R IR N 11.929 pggh
R R R 39.449 pgegh. E L REAETE
IR R A A TSR . R EY I TMBLE
YELL R IR, TR AT ER R SR 0.086
ngg'h, ERLT R R NS.700 pggh . FE 4
B A AT T AR A I B A A ) B DMT I R
T, AR SR LRI R, A B LA ATMBR ) — .
24 HEXREMERNKREERSH

K2-A, RAINUDXIF:RAEVEL F R IE S
BEET RO, ME U PRELL. X5

GC-MSH I A A i B2 B B s AR A — 3. B
2-BE7R, RhPARFERIME il B 3Rk B A, 1E
GHLD B RRIA R A L. GC-MSEL
HHOR A I B H R T R R A, (B
VHA R RR R E B TR, E2-CH
RhOOMTIH:FI Rk & i 1 2R AR IR Oy 52 41>V
LIS . (HGC-MSE I A V2T I 3B ke
227 F TMB K DMT .
3 iTie

A a0 I T [ AR A L s A B -
WAEDT T mr FARE B SR, L4
R WIAEE B, M43 B 20 i %24
Bl 1ORPFNLSFH, 2051 b5 S35 R P00 11182.364%
97.203%F1195.271%. 255 FH, JHL 5 B 1E
A N B BA A, 3580 15 s i 254k
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T A B 4R

>

RANUDXI13:F A Xt R ik &

RhOOMTIF:F M Rk E

ke ‘B

B

RhPARIE R MM FRiE &

B2 =F e HBER A OB B RS N (1R IE 2 57

Fig.2 Differential expression of key floral aromatase genes in three kinds of edible roses

AN FREFRORAN R i 2 [ 22 7 3 (P<0.05) .

G, #EA R ERANE A USRS
DA B A 1, SR A e 8 R ) 2R B (2R 4E2017),
LT e A F RS . HEA P HEAR
B ORI AEEE . CRREM TSI R, HEBGEN
ERNER R T B, HES R E IR
GBS BV R, NEWHTEES. A
SN TAE N R AR, R E 4
HEI T I A BER Sy o I B i
BT, HSA WL, MEER AL
AL, RANUDXIREH [ 55 2 itk — 5 i
WE T 3 B A R R RE TR 2 7 . Karami
Z5(2015) 4565 RhPARFBE IR I 208 72 57, %) 568 555 7 b
B BIRAE R B i R PR LR R AT T
W . 45 E W, RhPARFERI Rk BB K &L
FEAWIIG N, 18305 — w5 s TR, H35& 4
FE DRI I8 v e H L ) B e T e A A R R

CIETEAN AR SS H B R B I — B B, B scE
BAFTERRZ S, (R BRI /K P A AR .
21 GC-MSHL I FF K H DMT 5 TMB, iy & [A]
RhOOMTIHVATHRIL, HFKE S T &I .
0 5 AL T B A VELAT TR R R 1) AR R T
REE, ARG E SR, RDMT S5 TMB
PRI AR, 7EGC-MSHL 2 H RIEAE K /N 4% H 3
Zbk. T S BOR BARR R AR, DMTHTMB
2 PRI B AR O 8 R T A DR B

TEAT AT R FHECR M A& S R 2 T 358
HEREM, AFFRRREL 5 B M FEE
S ARCEE SRR HFEMER, %
T — e o R T SRR I T B A R TR
ALl R R LT, £ FH BB X 1) T A 3 AR
BB, T UL SR IR B B A Y R 2 Ak, HRE
BB IR, @ — PR, XHH
T2 40 T P EC L A
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Analysis of volatile components and scent-related gene expressions of
edible roses in Yunnan

WANG Zhen-Zhen'”, WANG Qi-Gang’, TANG Kai-Xue’, ZHANG Hao’, YANG Jin-Hong’,
QIU Xian-Qin®, JIAN Hong-Ying’, DU Guang-Hui"", YAN Hui-Jun>"

'School of Agriculture, Yunnan University, Kunming 650500, China
’Flower Research Institute of Yunnan Academy of Agricultural Sciences, Kunming 650200, China

Abstract: The volatile components of Rosa ‘Crimson Glory’, R. gallica ‘Dianhong’ and R. ‘Jinbian’ were ana-
lyzed by Headspace Solid-Phase Microextraction and gas chromatography-mass spectrometry (GC-MS). The
results showed that there were 13 common components in rose ‘Dianhong’ and ‘Crimson Glory’, they account
for 93.323% and 56.864% of the total components, respectively. The common dominant volatile compounds of
rose ‘Dianhong’ and ‘Crimson Glory’ were citronellol, geraniol, phenylethanol, citral, linalool and so on. How-
ever, a small amount of eugenol and germacrene-D were specific in rose ‘Crimson Glory’. Phenethyl alcohol
was the most dominant compounds in rose ‘Jinbian’, but the total emission amount of rose ‘Jinbian’ was lower
than those of other two roses. Furthermore, the expression difference of three key scent-related genes RA-
NUDXI, RhOOMTI and RhPAR were analyzed by RT-qPCR. RANUDXI had the highest expression level in
‘Dianhong’ and ‘Crimson Glory’, and there was no detected RANUDX1 expression in ‘Jinbian’. These findings
were consistent with the results of quantitative analysis of geraniol. The expression levels of RROOMTI were
higher in ‘Crimson Glory’ and gallica ‘Dianhong’ than that in ‘Jinbian’. The expression level of RAPAR in ‘Di-
anhong’ was basically the same with ‘Crimson Glory’, and the lowest expression level in ‘Jinbian’. The gene
expression of RhOOMT1 and RhPAR were different from that of corresponding aromatic substances detected by
GC-MS.
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