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The Biosynthesis and Regulation of Floral Volatile Organic
Compounds and Pigments in Freesia hybrida
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Abstract: Floral fragrance and flower color are important ornamental traits of flower crops, which are key
factors that determine flower quality and affect flower economic values. Therefore, cultivating new flower
varieties with rich floral colors and pleasant flowers has long been the main breeding goal of horticulturists. As a
representative of bulb cut flower varieties, Freesia hybrida has bright flowers and pleasant aroma. The key
structural genes FACHS1, FhDFR, Fh3GT, Fh5GT that control the synthesis of anthocyanin in Freesia and the
key structural genes for terpene synthesis, FhTPSI to FhTPSI4, are highlighted, in addition to the fact that
small amino acid differences between the sequences of the natural variants of the TPS genes in the wild species
drive the enzyme's catalytic activity and product specificity, laying the groundwork for elucidating genetic
differences among floral scents species. The synthesis of anthocyanin is also regulated by MYB-bHLH-WD40 in
addition to structural genes, and the synthesis of floral scent is regulated by FhMYB21L2 and FhMYC2, in
addition to the co-regulation of the expression of the flavonol synthase gene, FhFLS2, by FhMYB21L2.
Finally, we look ahead to the potential application of the synthesis of anthocyanin and terpenoids.
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Fig.1 Horticultural and wild species of fragrant snow orchids of different flower colors
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Fig.2 The main floral color and floral scent detected in the flower organs of Red River®
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Fig.3 Anthocyanin anabolic pathway of Red River®



54 i RS S LA OET Y G MR 683

PIVER N AL A AR 2R XLl At 1) L
PN RIRAL T R Y G RGRE T R EE R (LBG,
late biosynthetic genes) . WAk, B il i 45 i (FLS,
flavonol synthase) . JG & f& & & & it i (LAR,
leucoanthocyanidin reductase) FI{EH R A 5 (ANR,
anthocyanidin reductase) (A H 4l FEC # R 12
PR AR AL T 2K o BR TAETT =1, B EEX AE
ORI B PR B E

A HL A B AL 2 B A ) s AR
B CHER R . 2 E 79 R BT, FhCHS1 24
FERR T A e BT ORAT 1 2 L 5 T PR A6 A 5
FEFNA B A BERRIE P40 o ARG IR RIS FhCHS
PRIE T AURETT 114 S8 ARF K T il i) €2,
FULHE R, i T ik FRCHSI W63 R 22 4R b 44
M EAS L, 45 b FhCHST FE AR S5 24 3
BRSSP AR G b R H e EEAE

AH EC T AL G0 5 BGE B 1S A4 3], T i
SRR B IR e A VR T, e — S i -4
A NADPH A 7Y 340 i e 58 i — 0
AT REYE N REECHEH . AW
P-4 i il — P OCER I S AL I i, 125 1k, 2
N 22 Tl R~ I 40 v g b S A i i
, G0 E BKAR (Lotus japonicus)™“ . Z54¢ (Camellia
sinensis)V" | H 18 (Medicago truncatula)'™' | 37
(Malus domestica)"*" ¥ (Citrus sinensis )™ . 755
(Ipomoea batatas)”" R 75 (Ginkgo biloba)™*' Fl &
B (Populus trichocarpa)'™' . MW AMNER T >~ Red
River* s 35 H 34> — A E FREEA R AL A | 1 44
>N FRDFRI . FhDFR2 M| FhDFR3. FhDFRs /)1 %
N T ST 13-1 T RSB R R AL, R
FhDFRs ] DALEAR ) Ao — i B R e fk o e
H Ko VRIMEEIL ™ 1 = AR RAH 3 2 BT R W
FhDFR 1, FhDFR2 Fl FADFR3 A DL FI i — %(Hif Bz %
M_EMRAERTCEAAT R M, FHEEE
FAAL AT A UER FhDFRs &5 0] PLEE — AL 4
W33 R oA R A 35 2R, XS R S F/ S 22y
MR AETE R —20, K R R AT AR
A RACT RATAEY i R 2L R A A H AR A
B, PRI, AT DA W — S0 s il %) SIS e 5
HREREFEELPHENETFRT X E
ISl

6T R AL LB A7 X B e b it A7 76 0
o RIILBE ST IE E R A E R EZ . (EF R
Wl 38 H 2 i UDP- 2 o i il 5% 5% #% i (UFGT,

uridine diphosphate glycosyltransferase) it 1t & A,
o TERE 2= sesr 21538 7 4ihd UDP-2 i
WL RS T 3L FR3GTI, W) F 2 5 6
R 3-O- AW AEY A L. Fh3GT1 Al LI
PR B IS , UDP-7 %5 % Fl UDP-: ZLBE S AT LA
Y2 Fh3GT1 A SLfE(A , {H /2 Fh3GT1 fi:{k UDP-
FUBE A TE AR GBI . B4, FR3GT1 BEWS LK AK
HE O 20 3-  4-T R 70 BRI KR L
Fh3GTI 3N 5| AU FT UGT78D2 KA G , R
B 3-O- ] 45 4 5L 2 B il 1) R 3 2 i S B e AR A
I AR T 2R R A G 7R AR 2R 0 SR AT DL R Sy
52, 3B Fh3GT1 ZEAR I AT Ry 25 i 3-O- ] % 4l Ik
HREMRIEER . AN, AR Ly sl Rk
B, FR3GTI Wi 363k 1 T & 22 4R S0 5 hiias
BAICIEF R, X L5 LW, Fh3GT1 2 —
Fofvfift FH UDP-8 %5 A k1 R (AL 1) 2 BTl 3-O-%
SN, 7T RES 5 E S 22 v i IS E N i e SR A
B 25

BEAN , A6 T 2R 1R 3 b AR08 i P 1 32 Ak ]
S FH AN [R] 14 3-O- 7] % 0 3 5% B g 4% 1 1 , Fh3GT1
(14 2% TR B R 27 R AT 5 8 T 1) AR RO AN R AR
LW A N 22 P s B T Fh3GT1 W55
ZI[RIJRIE Fh3GT2 . Fh3GT3 . Fh3GT4, #F— 525
WEHT A Fh3GT2 HA MG M, JF H Fh3GT2 F: %
PEA L 2% W WS AL , T FR3GT1 3= S A i e A
WERINERAL o A AR IR 55 e s 56 6 B
Fh3GT2 W] L) 8 45 8% T i 3% 38 0 7 5% IR 7
FhMYBF1 FlE ¥ 16 &R %3k 19 5% 5% [+ FhPAP1
BTG, W FR3GTI HBERY FhPAPL 300G . 25 b, & F
25 3-O- M A WETT FE RGN RE B0 T — & 2 B2 19 43
B2, BR THET 2 3-O-HiE Wi 1T, 167 R 5-O-Hi%)
WA S EXREEMMEN, WL RE
Fh5GTI Ml FRSGT2 ¥4I T HE XM E, R WY
UDP-5-O- 7] &0 11 % SE R il 78 & 25 22 0 5 R b
Fefb it & 455 EELERT,

PRTIEHER Y PREFTZNE AR
FE S DA, LT AEE FIRELT AL 2Rt J2 2 8 b
R LY, ARV 2 B2 N N E . AR
W T HREET A BRI A, v FE B ARG,
LIAE R R LT A6 2500 LA R A 48 RGP
Z R HAa B35 0 25 A AR T g, I HLid
AL DA R A s e . 5z W A
FHIR, TEEET AL AR 21 A6 28 AU AE DB o vh &
NIRRT 2 BA A UL AE I R LT L R W



684 Mo ow fE

O ¥ iR 25 4

HIFEY 2 e B2 B/ L e ERE TS ER,
35 % Red River® 0] £ 1] il 21 L FE ML ALK .
8 2 P A REAFAE L AE CCD2 W R JRSEIN . a4k
S3Hr#E W], FhCCD2 76 7.8 F1 7', 8' XU AL LI #] T &
KRBT, A R LT AL S LT A6 2 LR W) 6 T b
A, S 2 A T U B R B

3 eBEEFREE

bR T BN ZE Ry LR A8 AR A A A
FITH5 e 055 SR ALI AR 8] T 2 ffsE . 34
AN TR B 3 i - R 5006, 40 4% R2R3-MYB Btk
L JiE - FF - B2 i€ (bHLH, basic Helix-Loop-Helix) F/1
WD40 & 751 (WD40) , 21 B — A~ 18 15 S R 4L
WHEARASY, o MBW Z &4 . BIRSTH
Z/04 61~ MYB(PAP1 ,PAP2 MYB113 MYBI114,
TT2.MYBS5) .34~ bHLH(TT8.,GL3 ,EGL3) il 1 4
WD40 (TTG1) I 5 &0 e T B 3d0 J5 g 11 3R 3k £ 4%
B T ARG (R B B OS peAh 7R B OK R
AR FAE Y b, JCHE S AR b L 280
PET AU AR IR R A 1 MBW A4
VT AAE A5 22 i — 2 UE S T PR 4 A A A 4 1
7/ Rl RIS G = el s - T TR R V0
Clade-bHLH %5 3£ [l FRGL3L #1 FRTTSL , 3§ #45
TINREYE . FhGLIL FI FATTSL ik R 56T
FHEAT R BEELANFEFHCH: . 4 FAGL3L
FERURE T b o ek nsd, il DA i b PR DU RE T P R
SRR RN R IS R S DR AL T R LR T B
ARIRTE B Z 21, 5 AeGL2 f R VARG,
N, FRTTSL ¥ 3L i 2 PG R AR 2
ZAEF s . Ah, FAGL3L 5 AtPAP1 . AtTT2 #l
AtGL1 #H H /£ Jl , T FhTTSL {Y 5 AtPAP1 il
AtTT2 #1 H 1E | . AtPAP1-FhGL3L/FhTTSL #il
AtPAP1-AtGL3/AtTT8 24 Al LI 1 AtDFR 14k .
M FhGL3L 5 BE VP16 B G i, 5 AtGL1 k%
Yenl DUBOE ArGL2 13k, TR, v IAS 4518, 78
FH 5 bHLH 56 5 A T I DI RE v REAFfE 22 57, O
AR A 9 BOR B R AR B B Rl RE A AE
52 2R AR ELAE RN 457

XSS > WD40 JE K (444 8 FRTTGI) iE4y
TalE S5 I AE % % . FhTTGI A] L5 FhbHLH % A
(FhTTSL #1 FhGL3L) A EAE A, ¥4  MBW & 54

IE b, iF % BLFhTTG] [ 40 B 2% 1 iz i Ak #6 F
FhbHLH % 5 [H ¥, 4 FhTTG1 5 MYB HIbHLH #t
SRYeEt W DU TS AL R R AL T R AEY A AL
HFEIER G 307, X R B FhTTG1 1 MBW & &
PR TR RIAE S 2Pl = AT R E
ARIKEEDE R

FhPAPI JER 43 SRR 25 24 3R ST AU B st
FEIRmF, T LS ABG LA & TT8 #EALAS FRTTSL .
ATT8 F NtAN1 N #9335, IF H FhPAP1 A] L1 5
FhTT8L 1 FhTTG1 A8 B 1 FTE B O/ ~F () MBW &
G, 5ok A BRI Y B AR [RE ) AR Rl
Ko AR , FRPAPT FC ARG I R R b i [) T
FEI e 1 S G RE T X AR X ABG 2
DR SR S TS VE o eAh 38 & B FhPAPT 1 RE &
P A 5 5 24 R Ak D PR A 2o A v e PR Y
FE LA AR FI b A A K UTE . Bk MBW
B AW 0T BEAE BRI ) A O LA ) 2
(] 753 BE AR ST, (H MY B ¥4 56 R 7 1 306 RE I A e 22
5, FEAE R T 09 A6 9k Atk Ab k5 T L
EH™,

fEMBW E AR, MYB § 5% [ 38 7 i 5 45
SRR A A A B VE L MYB B s R AT L2y R
MYB i ¥ A1 MYB il il 57~ 28, — 3 il i MBW
G YIE LA VT A0 %) B ot 45 1) 245 e - Ay
&5 (F4), FaMYB27 #1 FaMYBx 43 %]
B UE & AR R A U OC 1 R2, R3 MYB il R3
MYB BHi& 2 . FaMYBx ] D)l i 5 bHLH 2
HAERBHAF MBW &2 A Y109 %, FAMYB27 - %38
SUEN O iSO K ERT iR DR SRy R 7/ b Tk 1 K-S
APk R AR A AT R A A R
TE LT R AW B 2= 0 R 5 N 2% 5 T
A ARG A EE H AR L, SE— DR T T
AT BRI P 25 R RS T 1 o

% T FhPAP1, FhMYBS ] LI HE4E 75 2 i
WHE RGBS 22 A TR s 5 Y FhMYBS
I, B HA 2 R A 1 & R A (45 40 FRDFR 1
FhLDOX) W& A L9, M 24 FAMYBS Y5 FhTTS8L 5%
FhGL3L 2 Yy | R 5 10 1 28 8 1 A= 4 6 il ik
¥ @5 . s, FRMYBS 15005 FI4DL B I vh
FR e ekt mT DL 2 IR 2 B A A A S L IR A
Tk,



54 i RS S LA OET Y G MR 685

-
Ca

@%«—
Q% -

T@@

w‘#

W :FhTTG1 #[1;B: FhTTSL 2 [1; R (17 M : FhPAP1 25 [ ; £ (M [ M: FaMYB27 2 11 ; ¥ (O 1R M : FaMYB 25 115 7 Sk S 3R Bs AR H
B R LA MBW 1 A A D), 4% (475 L) FhPAP T BV A AR s B on il
W: FhTTGI protein; B: FhTT8L protein; Green elliptical M: FhPAP1 protein; Purple elliptical M: FhMYB27 protein; Blue elliptical M: FaMYBx

protein; The arrows indicate activation, pink indicates the function of MBW complex, green indicates the function of FhPAP1 alone;

Short lines indicate inhibition
B4 FHEXRed River L BHEHERAE

Fig.4 Transcriptional regulation of anthocyanin synthesis of Red River®
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Fig.6 Anabolic pathway of terpenoids in the wild species of the Freesia genus (Slight changes)
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