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Research Progress on the Synthesis and Regulation Mechanism of

Lilium Fragrance Substances'

YANG Yunyao, ZHANG Yongchun, CHEN Minmin, HAN Xin, YANG Liuyan
(Forest & Fruit Tree Institute, Shanghai Academy of Agricultural Sciences, Shanghai 201403)

Abstract: Lilium spp. originates in China and holds an important and special position in China's flower industry. Floral fragrance
is a significant label of its ornamental traits. However, due to the lack of comprehensive and in-depth analysis of synthesis and
regulatory mechanisms in floral fragrance, it is difficult to support precise modification of floral fragrance, ultimately resulting in a
slow process of floral fragrance breeding. Previous studies have shown that the main floral components of different fragrance types
vary greatly. The differences between strongly scented lilies and lightly scented lilies are mainly concentrated in terpenoids, while the
sampling period, location, environment, hormones and so on might lead to changes in floral components. The key genes involved in

terpenoid synthesis pathway and their upstream regulators have been investigated to date, while there are still many unanswered
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questions about the functional analysis of the genes of the metabolic pathway of other floral components and the molecular regulatory
mechanism. In-depth exploration and utilization of lily floral fragrance genes and improvement of related metabolic pathways and
regulatory networks may be the following focus of lily floral fragrance. In this paper, we review and summarize the previous research
on lily floral fragrance, and prospect the future research direction, in order to provide a reference for the subsequent research on the
molecular regulatory mechanism of lily floral fragrance, and provide a reference for the directional cultivation of new lily varieties
with pleasant fragrance.

Key words: Lilium; floral fragrance; environmental factors and hormones; biosynthesis; transcriptional regulation

B4 (Lilium spp.), HEFH (Liliaccae) H &8 (Lilium) FiA RIS, NEZEARTHEAREY.
RO R (3, CRRME, A HEEE . HHRER SR ERMIRZREN &N EZ. E2ERIE
PR Gy, JUHAZAFERAEFMEEYILR 5, BEH G EEMAL, WAy R 2 £ H AR T
HE, HafattRuENAE 1SFEERMEY, EEMTREY. 2LZFENEMN, BHicHine
PR R I, 2945 10,000 4> o {H 2R S KA TSI LR E E & R W E SRR
THGRALE. R EMESHETE, HEATEFIRE. WEA SR AU, TRk,
PLE AT, EERIKAS, A ERSRAE. FEEEEEN T SES REKREFNETEES BEX
HRiEY, FREANEAERAEHEEMN—EEHR.

YA SV AR A RB= 2, BRI 20 T8, K0S B SR E WA R
B, BAWS] R AR SREL By b dUS DL S R 4 ) AR BAE S T RS, TEEMAERKRE
J 3 RIR ke A AR U ARA AR N BT P EME K — A B AR, UM T S ik e, R
TEAG M S AN K AR P2, RGOV D5 AR L B A GE I E . H Al & & LLE AR B R B 45
NEMERCEE T RERIMR RS, EEEEMEDERM, HREE. B TXEE S s R
HARATROR R, ARG AR T WINIE S I B, HELASEIU A E ) 20 T B Al BIEA SO T H S A6
R SR 2, A R R 5 75T, DI E SR E iRt S % .

1 BEERERSSRBAE

L1 BEREXEMS

T AE 5 15 R AR 30 A A R TR B = K26 WS Cterpenoids ), K IR/ K P & 2K
(phenylpropanoids/benzenoids) FIEIHRIATAY) (fatty acid derivatives) 1, EHWFFAARY, HAEANFEF
Bt PRI E B E K. MM E S LA A A5 A S MEE S AERYATIERI, ARF
HEHGHER IR EZREE, KERAS (KTHaMEEE S iR ERY T, FH
NB G JTREE. B-H B RRER, RERE S (IR LA H6) Uik E, EEYRA



2-2.FE-1-0F . 4R, AR TR, BRI AEENIAN R R (LA R BHEES. EMAESH OT &
HE) SAMMIERYRIL, WIRRERDBEBON RS HARE -8, BEAEYS OT RE SR
LT HAMPE, FRERENEE G A CFARE (‘White heaven’) TEEERY), T EIGHN OT I BE/RE
Hig’ (‘Saltarello’) EEIERY), WMEH FHR ™ CTresort’) FERVIBMERAL, FENGITERATAE
Y, i LA EA CEM (Freya’) Ml MR’ (‘Aladdin’) 1, fFEBEMFNE. X2 20003 &
H’ (‘Sorbonne’) 1 EIIERYINT Wik, HHEEEIE Y 32.65%-65.71%, HIKE K FER G A1 K R &
M, “4LA:fm’ (‘Red Life’) HORHXS & & e 2 AT (29.16%): Hoe 2-HE T IR IR (22.17%).
HABRZYONHA T G4 CRPEAi2% R (‘CasaBlanca’) EEHELRYNFEHEE, 51 &, F5EEEMTH)
FE0a, o b R AR E KRB, WRITH A (L regale) UM H & (L. sulphureum) KBITH &
(L. sargentiae) FEFERYN 18-kt mAKHIRHNE, WEGIEEE S (L. bakerianum var. delavayi) )|
HEA (L primulinum var. ochraceum) T EFE R W) N 77 # 1 Jo /b & () 8 R R US-19, 25 | &6
(Lilium brownii) 16 & & £ @ MERIFLER, CUTMER . nERmiEg. -1, 3-ZHERIE A 1, 2-=
HIERR g o 0T
K 1AFEEEEREHERY

Table 1 Main floral volatiles of different lilies

Y]] Y4 FEERY SR
Species Name Main volatiles Reference
AITHE PEOLHR b2 [11]
Oriental R B 1]
‘F i Ji AR [11]
FH L2 [13]
SRR =R 7 F i [14]
PEAHAE TR, B [18]
BEEE CERE B 5 R [11-12]
Longiflorum
M £ R R 22,6- SRS EE, 2,610- ST TR 1]
Asiatie LT R 233-SHIEEL . 224,66 B (1]
IR’ H R [12]
RARG URREH [13]
LA . B 22,4.6,6-TLHRHEBHE . 22- " HE+F % [11]
Longiflorumx Asiatic .
T PENUp [12]
SRR FETEAUE [12]
8Eental x Trumpet TERIEF B2 [12]
SR A NERES 18- 3 [15]
lily aE A 1,8-H -5 [15]
WBITHA 1,8-FiM 3% [15]
B IANERL g 1 [16]
JNEEE oA [16]
&5t RIRTHLG [17]




W AT ERAER W EEF R AN, 50 TR (faint-scented), VKA (cool),
RBERA (fruity), BEM (musky), KEEEEFA (fruity-honey) MEEER Uily), HMNEMERIER
V2SR Tof AR E A B FT R B D SR, HHB O A R LA AT AT 2, vk A
LRI i B PR R, SR AR TR R R I, BT AR e R I A W T O R R R, KR
BEFN SR LIRS, B A RSB RYRSE N, M EEE N RS
I H i Ay 081,

1.2 BEERHAE

EAEAE PG LA, SRR YIRS, WHAIEWHAL ey, L. LED h
FER) LB VUG ERAT DI N, WIS R AT R B bl A 02 Bl A e Iy (T0
HB P RERIBES) IR, ARV EG AL BN A 0. AR E A R R
TR A, PEARE AEERRRENEE B SRR E ARG, TR R RS, S
RMIBEAR . IR E 68 H RO RO R s, 15— R R LA RSO BUME, TAE T
15: 00-16: 00 SVEETACE AR, M 4 A WDRE TRCBE 19 Ao [R) G R T S I — B 35200, il s 2K AL &
LAAN, 2 R R R R R R R I MR v, FEAE T LTRSS, B P IE R i 2 e T, 1E
WIFIE R iR, BEJS PR E A 8 A I H 2K TR B 1) B B 2 R A IR s 8 i A i AN T,
FEYPIZR PR ERLE 15: 00 2 21: 00 BER m, £ 21: 0053 m, HRBREN L THAUKT. 18
I )2 2 R R R 1Y) SR R G A, 3L T LA L 21,

BB BOZ AT b A AL RLHR NS, 2B 2R H R, eIy EE WG S, Bk
S 5EWEKRE SUARGIEE . H B0 O K R 6 55 0 48 28 R P (4 R AL 12229, (HAE
E A A RIE 6 AT R A AR AR, SR AR R R RS, R R I M AT TR IE . A
EEOG 506 A6 TR DA R D52 MR, DGR B 0Kk 2 R i AE AR AR PR A 20281, AN A aR AL B < R AR A
W BRI, BEEOGIRAN, PRI BRSO R IR W, 7E 600 pmol-m2-s BRI I 3 B
T, PRGN O I B R DU og il A SRR TS AR AR A S RIS SR 5 B Lim-TPS2 1K H Ca? iU 152 Bl i
(F1i5 G090, PHAERIE FEF R R BT S A HAE, RS ST 7 2% R R R T b, TR R
BT E AR, FRR O AL T B AR R 58 A 9T WM I DS 0 I R T I T e, (R RSN T B RORE i = 2
S, [ E IR R R B SRACEE 4h oA A B RS I S RS TR R 1 ol

TR A — N FHENY, PR E SRR R T A5 5 I BB IR AR 7 P
(BRI . R CA BT 7R R T B S A M R YA R . SRFTER (Jasmonates, JAs) JE—2
WY, WA IZAAE, BET ZMEREER. A 200 pmol/L A1 600 umol/L ) MeJA ¥4k



HOCTHARINE BHAWME, HACH R YRR AR B R SO0 [ A 0 SRR A1 FH B TRDAS U0 43 B 1 0)
0.5-4 h YR AL RIS 0], 24 h J5H W TFE, 48 h KR B IEF /KPR, SEARR P EEmHE R aaAFE
KA, BRR B m R R, Horh P A B AR i A 3509, ABA 1B —Fh B B i
=, ZHPD &R REEEIE . EARE . MRS, 300 mg/L ABA AH W B R m R H AL
SRR SRR, (RIERTTI . SO B S , JE2HE R SR TR R AIC,  AEX % 5 BN %
(341, ZRIFE W (2,1,3-Benzothiadiazole, BTH) /& —FhECAH WINMEYIBGE R, NRHTIZ 1 SA Tifiek
A BTH Ab 3 AT 25 4] 5 Bl A S RO, X L B R 05 R RS R BON IR, A
B3R T RS S B R 1 R IAPY, 2-(F A IE) £ (aminooxy acetic acid, AOA) 2K 1A S FRfif 2 i
(phenylalanine ammonia-lyase, PAL) B3I, 7E4E 35 W% SR w1t v] 5 35 PEARIE R W Ak BAS s 18
ZEFFIBAT . R FE AR 3R VA 5 R R TS % LR AR N 4% CUAE 2 P P i T IR TS, (HE BT E SRS
18, V22 AT — P IRANIR R .
2 AEELXDEDEREENMRIER

HEEERY G Bug e X E K@, HF KR (Mevalonate pathway, MVA) 4% A1 KL 5 &
PEEZ R (Methylerythritol 4-phosphate pathway, MEP) & 1% LAY Ahal 28 B 45 5E (1 5 s0AE sk ik 2 24E W0 & Bl
BOl, BATTRIE T P R0 DL B AL Tl (C5) RifR: 50tk %R (Isopentenyl pyrophosphate, IPP)
o HA7 TR JE SR AR — LA P —WERR  (Dimethylallyl pyrophosphate, DMAPP) B71, MEP i i 78 Jiii 4
AL FHOS, 32 B ST M S AT 001, T MVA RAR AT T MRV S P Jo 9 R e 4 Ak 4 il
PRI, 7 AR R I A 2 P A A
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Thide NI A, 5 SUH SRR R B35 T ). LiGPPS, LiMCT R LIMCS e AN FEAARIE" A 3
e, JERIHRIL S BRI EAOG, (H MRS BN IEL 451, R, E SRR, ) AR
AR B SEESIIN PUAE AL 2353 5E B 1 MEP 3@ 121 LiHDS, LiCMK Ml LiGGPPS %X, F#H| Fl i % 175 =
1) % [K T K (Virus Induced Gene Silencing, VIGS) i RTEEH & 4 3 e Th vl Bk LiHDS, LiCMK
LiGGPPS JE[Hl, S5 R FEH G BB BCR D . Wil S M (TPS) 1ENGRJE — P RERHEAR 12k
T BRYFEWILL PEATRIE bRL, s bE — AN B S gL Lim-TPS2, RILFVTRe 5Bk &
Ko BEUIEIRAEME A TIOR SREMNES ‘PN R 0 E R R AR = A0S
WHEEE, AT G AEE (LiOcS), J5AlEAns (LiLiS) FfH G AR (LiMyS). BL ‘PEAFIE” H
BB, CURI TSR] S NEMG AR, 4N LoTPS1-5 5052, Hoin LoTPS1 &AL T f&, W {1k GPP £
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IS AL ALY, LoTPS2 SEAL T4HARAR, T4k FPP Ak (E, E)-0-i% /M, LoTPS4 i T Fifk, HNE ™
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WA TR RN e D 73 45 3 — AN LiTPS2, ki & 8 A7 Th 444, IR AL GPP Al FPP 43 Jl A il B
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TPS (K 1), BRI T AT B S AEA S B KRR . IR R — 20 & Al 0 & B S e IR AW 06 7 1
HAEWE LR FUR IR 20 E 2
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Fig 1. Current status of research on biosynthetic structural genes of terpene volatile compounds in lilies
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BEAR . BRI o I 2 T R R 2L RS JE ) Lo-PAL HI 2 ¥ 26 W B JE 5% R M 2E B ( benzoyl-CoA :ethanol
benzoyltransferase, BEBT) Lo-BEBT, Lo-BEBT 14N E A 4ahld = M) b £ 1 5 2K H Bt CoA J B AE B 2K HE
W2 BRI RS P, Ak P T 2 B 5 2 R LT A R TS

Ha A D B R MR TR BAT A, Ext A& BUd A% 4 JC A
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