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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 important label of its ornamental traits. 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 the differences of terpenoids, while the sampling period,
location, environment, hormones and so on might lead to changes in floral components. At present, the research
on the synthetic pathway of lily fragrance substances focuses on the terpene synthesis pathway, mostly on the
functional study of terpene synthase and the analysis of the upstream regulatory network, while the functional
analysis of the genes of the metabolic pathway of other floral fragrance components and the research on the
molecular regulatory mechanism are still a lot of unanswered questions. 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. 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
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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

A & (Lilium spp.) /& H & F (Liliaccae) A &5 )&
(Lilium) FTA R SFR , 244 M BAKEY) .
RIHAE R o, FEROUAE TR A4S A

BRE R E MR R EE AW E . 78
RERIESF 5 5, L HE R ERAE = FE UIAE 52 5
A AR PR A, B CERARAE S =
BHAEE”TRE, Hitet AmEN A 115 ME
HIEAMY), T TR . S EME N2
B, BLE AR ZPEROL R B, {H 3 2
H s K i A 5 AR B A & I
HAERMATEHAGRNE. e &k6aF
& ABEATHFEIRE . B A AR B A
WA LTRSS LAk B IRURAR , 75 5 i
RERANE . FIIEIESRIR A AL A, Il e
HEAHERGEFRREY FREANEAEA
G —ELEHR,

TP AEAT A A PR P A6 2 Bl i R A= AR
Y, BBV RS BS HR eA
YIRS BAT W 5| B HAR A AR R B ks R
TSI S A SRR LAY
AR R T MGE IR RE T EFER
M5 F AL T BN B — TGS, S T
FIRERE, RIS AR At b AV K A 7 B 2
RUET A EENLETF N, BT, 542
ARt PN FRERCET T REMILR
an AP AR R TR AL, R . T AR
B W L SR AL AT B R S, AR OG T4
b TR WL A5 B B, DR EwfE DL SR XS AL A o 1] 43 F
B, ASCHIE T E A A B A S R 2
AR IR i SRR A5 THI I U e SR, DA
W E GRS,

1 BERERSSEMNE

1.1 BEREEEMS

T ) A 45 AR A A= ) 6 ORI 24
FE 3 K& Ll M 25 (Terpenoids) | 48 FR/R TN & 28
(Phenylpropanoids/benzenoids) Fl i JIfi i 25 117 4
(Fatty acid derivatives)'""'. CAMREEMN, BEA
[Fi) A R i Ao ()RR A 1) A B 45 R W) 25 S R . XTI
WAaE LAB G Kl A aMEEa e YT

W &I, AN AR E A A6 o R 28 SRl it
2R RE ENA SR AGMEERS) LA
IR R T, T8 R B s 5 B- 1
FRRRY IRERA G (A SGMLARE)
DIGEREZE N 3, FEY R 2- L HE-1-C R 2
THORAEN ERE N4 LR (LAR
WEAAR A GRMOTRZRESR)S A FE
BRI, WIS R RO A A AR — 2L,
BEHEEAERSOT RAGHEAYMEZ T HMMZE,
5 REIE R B B A K 4 (“White heaven’ ) i 32242
FERW), B 8k OT & /R B5 411 (“ Saltarello” )
(1) LR, W A G 2R (“ Tresort” ) AU A W)
R, ELNRRNTTRIG A YY), TAE LA A G 2% pf
(“Freya’ ) FIHENR (¢ Aladdin’ ) v, f52FaE ¥ B 3 .
X222 I 3] 2 FR (“ Sorbonne” ) 1Y EELE A W) N
B SRR ) 32.659%~65.71% , HU &R H
1% F IR AR FH R 18R 5 2144 (“Red Life” ) FRAXT
T R AR (29.16% ) , HLUC 2-F L T IR Y
B5(22.17%) . HARSZVGR AT B AR R
(‘Casa Blanca’ ) F 244 LY R TEE S5 T & 7
FEBEFNZ At o b [ ™ B A R Y &
LRV A A (L. regale) AN A G (L. sulphureum)
WYL H A (L. sargentiae) FEAE R A 1, 8K Fl
oK H iR HMis , 5 4k A6 VE [ & (L. bakerianum var.
delavayi) IV & (L. primulinum var. ochraceum)
FEER YN SRR D R R g, 2)
HE &S (Lilium brownii ) 164 & T £ & BITRISH
Bekede, LU n-FEfRmR -1, 3- — F LR i de
K1, 2-Z ARG EER D

A A A AL I ERAE R YT A A8
6 25, 43 5 O~ JC A Y (Faint-scented) | oK 3t %Y
(Cool) A& AU (Fruity) \BF 77 % (Musky ) , 7K S5
7 4 (Fruity-honey ) FIIH & 7 1 (Lily ) , B4~ AU 3=
RARERY TR TTHERE G BT AR
W) B ) (A ORI RN 2 AR AT e
B, PR S BOR H y LAG  A R T, SR A R 32
SRR TR TR , B3 BRI e TR B P A2 R i A
TR TR K R e A BT 5 4 R ) A D A e
B M A RIS B B A S A
BB s PR R Y R R 20
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Table 1 Main floral volatiles of different lilies
S]] Wrkh 4 TEELY) 2530k
Species Species name Main volatiles References
AKIAGRME FOGIR & il [11]
Oriental hybrids W P (1]
AL e 7 i [11]
I 5 e [13]
R il [14]
PEAAFISE. DT B e (18]
BT A 2R & R By [11-12]
Longiflorum hybrids
NIAJINEREFSUES FERTR 2,2,6-=HHIEEE 2,6,10-=HRE+ ke [11]
Asiatic hybrids LR R 2,3,3-=FHELE 2,2,4,6,6- 1 LB (1]
R HER [12]
£1 4 A PP [13]
LA GRS 2,2,4,6,6-TLHIIEBEE 2, 2- " HUE ke [11]
LongiflorumxAsiatic o LS [12]
TR R AL A [12]
OT Orientalx Trumpet BRGS0 I% v [12]
PR IRVLTT & 1, 8- 3R [15]
Wwild AN E B 18Nt [15]
B RANERES 1, 8-t [15]
WEAEE T & 7 i [16]
JEHE F5 i [16]
ooy iR [17]

12 BEHEEMNE

A A AT RO LM, = KRB RY)
By nr R E] i A AE TR (FE2h AE2Z O ) R
R VIR RRAT A9 R | WM R AL
AR B A s AT B E A RS S DU
A3 CTOUER H R JRS R LR ) A6 4% 4 ) , &8 TR e B
AL FEE AL AR E & EE
PR B0 B S R PR R A A1 R PR
WS B A AER R T A B, 7E BT 1A # i
W, BEE WO AR . R SRR Y H B A
EEIE AL, fE— KPR R R R A
%, TAE R4 15:00-16: 00 ja B ok, W7 4%
R R T A ) S R R B B e R
BRI 2L AW A1, AS TR 59T %) 28 H R FY G 7 R T
[ R0 AL, FE AR B LT A A 21, B
FEACHE AR 2 BT 7R BT ik B i , B S R
RE BT M, A2RH R ER

WA RGP A BT AN, F 58 2R B 2R
% F PR AE 15: 00 21 21: 00 BRI L 57 , 7 21: 00 34 2]
T e, LAt B[R] 0 R i A A F AR o AR
R R FY g 1) R B R A, FERR i i 5
HAthZH 212

TEB RO A DX A0 PS5 48 A 1 0L SR s
ZRNZMEZ W, CRENEENREGES S
H5iAK R E SWARERYE . BRic A #RiE
W) BH ' J5 5 ) 5 s S ke P P R 22 (R A
AP AREYE AT R A A AR DA
R RN DY R 3 2, X AR R CRE ) AT el 412
16 o A LGB A6 R 5 R ) s ) S ) B
FRREZFEPAAALSAE > FIFAFED R PE
PUART RIS B & B0, Bt 2 S5 185, D 1 ST i s
HBEICEB W IN , 7E 600 pmol/(m?« s ) I B ik
FI IR 5, PRI 0 s B DT il s S R A A A
Y, T sk BATHE 25 2L R Lim-TPS2 3635 Ca® i 1%
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57 FDER A5 T o PR AL B i R S
A OGJRIIE , Re 2l SR mE TR 1 2% 2 FH g v 1 e
P, [F]BF AEA S R i i 2 PR AR, Fp et A P A
SRR 58 T T M 28 00 BRI 15 A e (B ROR 4
INT SRR 22 5, [ B 2 S g A 4 I
HEAE 3 4 h PN B A i B s 28 W o R Tt T
B e

YRR =N AN, ZAEY R A
SR R FHCE SN A0 3 Sy B R AR A i
A BRI BRI . KA R (JAs, jasmonates ) J&—
KR REY PR AR A, AT 2
B9 FEVEFH . 1 200 pmol/L 1 600 pmol/L 1) 3 #i
2 H i (MeJ A, methyl jasmonate ) %5 ¥ Ab B 75 1A 1)
WA A ARG, HACAR 5 R Y R 15 3 2 4
FHEV o SREFTERAE FH B IR 23 BT 22 BH 0.5~4 h A iR
HEAL PRI A], 24 h 5 A W T B, 48 hif 5 B 1E# 7K
SR R IR A AN]SR it S A R H
e i P HARE R YRR, Forh BT I A AL
Wl b B PSR (ABA, abscisic acid ) 7Eh—
FhEE LAY R , S5 045 Fh A Py R E A 4
o FEAETEE I WITFI, 300 me/L AR AL B AT i 2
PR R A G ALY SR BRI
WIMOHAL IS |, A6 =45 K ) SR S I T R
B4 IG5 — Mk (BTH, 2, 1, 3-benzothiadiazole ) /&
— PR DL ARSI KA R
(SA, salicylic acid) DI REZS 14 o 7% Jf g e b B
AL I A A B AL S W R R X S
R 5 e B I RCR 5 B (R E s 2 2 A T
BRI R Y R R 2- (R AL E L) 4R
(AOA , aminooxy acetic acid) 1 b 7K N 24 IR i % i
(PAL, phenylalanine ammonia-lyase ) 4l il 5] , ZE4E
5 10 3% S it P S = AV A A HE T ELAS B
AEATF R o FI A 5 2 R 4 5 % W R i e
PEE W 2% O AE Z A iR T TIR AR 0 H
W E AR AV 228 O E— L RA
R,
2 BEEAMEYMERERNHAR

Ei

H AT Mg F IR E, i
H W iR #4542 (MVA , mevalonate pathway ) 1 F 2 7
HEREBE IR 1412 (MEP, methylerythritol 4-phosphate

pathway ) {2 JEis A& % o e ATk U5 P A
UL H AL AR TR (CS) B A - 5 0 Bk T R

(IPP, isopentenyl pyrophosphate ) fz Ho4a P4 5k S ke 44
W& N B % R (DMAPP, dimethylallyl
pyrophosphate ) ** . F J 715 S Ml T ol 1 i 1% 76 o 1K
HR AR R, 3B 10 BT B 1 4 o B R —
O TR RGP A AR A1 T LS A L A ) R
FALYIBAR Y IF 7 R R A s AT AR

A A gt F L IR i P IR TR A P T
(3% K LiDXS Fl LIDXR B9 BL 2 e b , & B H AR
PUARDE 52 5 rh Rk i 22 5 B 2, [l i H R
IR KO [F) B R A — e e A&
LiDXS 55 LiDXR 73 5| B e A MR RE rpr 0 5 AL
W R E T E ™ . LiGPPS  LIMCT #l LIMCS 41 22
TEAA RN sl B v B, I e IR SR8 5 Bl B il
T E ARG (H N AR B R g R
=] SRR AT SEAE A 5 0] P S5 AP A7 )
Mo S s T R G RERE IR IR FE (Y) LiHDS |
LiCMK 1 LIGGPPS F [N, 3 1| FH i 75175 5 (1 2 1A
ULER (VIGS, virus induced gene silencing) 7 AR 76
& W0 B R TR LiHDS . LiCMK 1 LiGGPPS 3
VAR FHOAE G RO R R WS
(TPS, terpene synthase) 1F b £ Ji — 2 O i g .15
BTz O AR RIFESY LA R A R,
I E R 1A B A BERE N Lim-TPS2, %% BT g
5 REA UA OG . FE I E R WA R A A A A
WHIRFR A G X B 5% s 4 53 M 22 7 15
B 3 B MG A 5 1 L 4000 & 4 G Tl (LiOcS,
ocimene synthase) . 75 fii it & fif# (LiLiS, linalool
synthase ) Fil F #4455 il (LiMyS , myrcene synthase) .
PAPGAR R R it , B2 s BEAS- 3] 5 N4 5 i
144 4 LoTPS1~LoTPS5 *%*', Hirfi LoTPS1 (i T
J AR, BT AR 4 L 3k £ B R (GPP, geranyl
pyrophosphate ) £ % s 15 55 i it e /b oA B
i s LoTPS3 & i TZekifd, nl 2 il Ak fe - )L Ak
e IR AE B D5 A I A AR Je ik W R (FPP,
farnesyl diphosphate) £ A& il =0 £ 16 B BESY
LoTPS2 7& i T4l 5, rIfi#Efk FPP 4= i (E, E)-a-
B Je M s LoTPS4 A T ik, 22 77 Wy it , R mT 4t
1t GPP th, i {k. FPP'**'; LoTPS5 & v F i {& , { AT
AL FPP A= i Al s o TRl ek I Ath (41 At AP 4
FY A R D43 B A5 2 14 LiTPS2,, 12l M 45 1 22 7
F g A, I+ T4k GPP 1 FPP 43551 A= BBl 5 4%
B B LITPS2 % A o IR MR B, 00 5 v 5 A e
PRI i 25 e, BRI N LA B A b
g3 B 15 ) W R 3% 42 19 LiaMVD | LlaFPPS 5
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HHUEE BRI S (1 1), BRI T ff b i 5 e
B ML A BERE o DRI Al 0 S D RE AR A
WFSEX T 7 0 G AL A AL A BE A R T 2200
HE,

MEP path
MVA pathway S
b-kestgiiCod Pyruvate+GA-3P PLASTID
CYTOSOL DXS
AACT
DXP
Acetoacetyl-CoA .
HMGS
MEP
HmG-CoA ¥ ie
HMGR CDP-ME
MVA MK
MK CDP-ME2P
MVAP Mes
ME-2,4cPP
PMK DS
MYAPP HMBPP
MVD
/ HDR\
DMAPP «——>>* PP <« » DMAPP
| IDI I IDI 1306 = Ocimene
FPPS l - GPP// 1S A Linalool
’ GGPPS /ﬂ K\ Livys 3 Myrcene
_ A— Litps2 —_ FPP_
Trans-nerolidol // ["72)@5 GGPP @f‘? ) 5 %% Ocimene
Others & & v g 8 i
S & 5 3 Linalool
' v N 2 Squalene o { \ Others
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Di-epi-a-cedrene
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Red indicates that the gene has been successfully cloned in lilies, while blue indicates that there have been no reports yet, arrows indicate

unidirectional synthesis, double arrows indicate reversible reactions
E1 BAWGERERVMENSHEMERRTIR

Fig. 1 Current status of research on biosynthetic structural genes of terpene volatile compounds in lilies

KNREUEGYE R ERLAENAR
(Phenylalanine) >y B2 ify , 28 % TN 22 IR 4 itk kA AL J=
AR RRERR SRS Gl i — b B R AR R — &R
SIRUAEAB Y. B SRR R Y P RS A
e iR TR W R, LS R LA R IR
Y, UL S- - B B ARy FR LR TEFR R TR
BB RS I O MEAL T 2 . DL A G XU
SRR, ) R T LiBSMT SER  H Rk ] 2R
HAV R Y IR RS TR — 25, IR i B TEAR SMEE AL R )
77 A R R TR ALK A 1R TR A S Y B
DU AT SV S A Al TS B o G 24 T 2 T 23 ik g B [A]
Lo-PAL 1 & T 7R W1 Tt 5 5% 7% il (BEBT, benzoyl-
CoA : ethanol benzoyltransferase) & [ Lo-BEBT, Lo-
BEBTASM BA AL W5 78 H It CoA S I A AR

2 R 02 DS DA I R A L 2
EHUREHLE .

FA (LA A R R AT,
BEXTHUA 0 2 MR i JEATIE

3 BAERMEFEENFTR

B SRR R T2 N B R S A PR AR
(e AL B ) T L A A E A
ER AL R 2™ PR ] T LML, K24
LR Si DR 5 MR AR S | T 2 SRR 97 I 245 1)
M e T HAMEY . S A SR FEESER
Wik s 28 A o 2 4 T 7 G B AR A 45 ol PR s
HEALREE , HA SR RN L . FL07 PSR
FIE Fh 43 B A5 3 LoMYC2, TTER 83 F 3% LoMYC2,
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HAFEH R AR EZ . A A
F R L2 35 I 2% 43 BT (WGCNA , weighted gene co-
expression network analysis) 731715 £ -5 P57 F) L i
W ZSHE R AR I i St 1 48 e s TRl BES:
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GRS W PG B, AE T D R [
AN WA BRI I 2R R W R 241, Yoshida
2 AR A A Casa Blanca” H g 153 LhODO1
FE4g LR R TN FRIR AR I L I Rk . X BEHF Y
FIEHE ST M Rt TR . A
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W AV 2T IR AR 55T

4 BE5RZE

A B A A e R 75 i — 2P e . IR
ke, NTHE B S AL W Y B FIRE A A 4
TGS T BRI ALY 06 BRI
— RIS 2 p R, A RN R X AE A S R
JRCEAIAFAE S, 1 U0 o2 i) 4 R AE A4 R W
BRI A A LRI R i AL 7 44 R W
T THAE T W1 X L 42 000 286 i A [5]
FRFZ I i TCHE .

AEF A W [ FN o SR R 5 A R iE— 2 4R
. AT A GATEY SRR 2 RETE
SEF LD 0 4 1 5 TR, FLK 22 [ S8 i A 300 4% e
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T % ) DT P AR T A S B o T SR I
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PR IEITE A A AR 2 AT SRR, A
5% & L, microRNAs (miRNAs) Fil long noncoding
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