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Research progress on bolting and flowering and regulating mechanism of root-
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Abstract: Early bolting and flowering (EBF) are being occurred during the long-term cultivation of root- and rhizome-derived
traditional Chinese medicines (RR-TCMs), which seriously affects the yield and quality, thus, EBF became a problem that needs
to be solved as soon as possible through modern biotechnology. Here, based on previously published research articles and
monographs, the research progress on the bolting number of RR-TCMs, the effects of EBF on yield and quality of RR-TCMs,
the methods of controlling and enhancing EBF, the mechanism of regulating EBF listed in Chinese Pharmacopoeia (Edition
2020) were summarized and analyzed. The results showed that 75 RR-TCMs were related to bolting in the 169 RR-TCMs listed
in Chinese Pharmacopoeia, and 73 RR-TCMs with the effects of EBF on yield and quality had been reported; the effects of EBF
on growth and development, medical compounds, and genes expression of 18 RR-TCMs were summarized. The methods of
controlling or enhancing the EBF as well as the mechanism of regulating the EBF were analyzed, meanwhile, the research
progress of methylation regulating on the flowering of medical plants were summarized, with view to providing scientific
references to improve the yield and quality of RR-TCMs.
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Table 1 Seventy-five kinds of root- and rhizome-derived traditional Chinese medicines associated with bolting

hidic il Zi B ST A5 RN A i o SCHER
1 k3% Pulsatillae Radix i N 35
2 4] Paeoniae Radix Alba i v 36-37
3 7%%*j Paeoniae Radix Rubra UK v 36-37
4 11 Angelicae Dahuricae Radix i N 38-39
5 Jt¥b2 Glehniae Radix i v 40
6 2419 Angelicae Sinensis Radix i v 41
7 W42 Changii Radix i v 42
8 7 ). Saposhnikoviae Radix i v 43-44
9 JhiE Angelicae Pubescentis Radix i J 45
10 ¥ Peucedani Radix s v 46
11 &% Bupleuri Radix i v 10
12 RAERT#H Peucedani Decursivi Radix i J 47
13 %2 Sophorae Flavescentis Radix Uik v 48
14 A% Inulae Radix R v 49
15 A# Aucklandiae Radix i v 50
16 JR7 Rhapontici Radix iE} V 51
17 E¥»Z Adenophorae Radix s v 52-53
18 FRLEHA Stellariae Radix i v 54-55
19 % 2 Scrophulariae Radix lics V 56
20 ‘R Achyranthis Bidentatae Radix s v 57
21 #:W Dipsaci Radix Ui v 58-59
22 % Scutellariae Radix i v 60
23 Z&7L Gentianae Macrophyllae Radix icd v 61
24 Hbjfr Sanguisorbae Radix icd v 62
25 P& [ Phytolaccae Radix lics J 63
26 MR Isatidis Radix N N 64
27 P¥ES Panacis Quinquefolii Radix icd v 65
28 R ¥%T Semiaquilegiae Radix PR J 66
29 5 JTIUEL Ranunculi Ternati Radix Huf v 67-68
30  iF% Liriopes Radix PR v 69
31  #% Ophiopogonis Radix PR v 70
32 HZ Kansui Radix Hup J 71
33 M7 Rehmanniae Radix Ho V 72
34 LT Rehmanniae Radix Praeparata PR v 72
35 H1E}: Anemarrhenae Rhizoma R v 73
36 % Paridis Rhizoma iEE3 v 74-75
37 ¥ Polygonati Rhizoma e J 76-77
38 #£# Smilacis Chinae Rhizoma = J 78
39 FtJ#k Cimicifugae Rhizoma MR N 79
40 % Coptidis Rhizoma Rz v 80
41 WA Picrorhizae Rhizoma Rz J 81
42 1 E 7 Acori Tatarinowii Rhizoma Wz X 82
43 #T Belamcandae Rhizoma R v 83
44 JIIFF Iridis Tectori Rhizoma = v 84
45 437 7% Fagopyri Dibotryis Rhizoma iEES v 85
46 ¥kT-2 Panacis Majoris Rhizoma iEE J 86
47 #1952 Panacis japonici Rhizoma Rz v 87
48 A Atractylodis Macrocephalae Rhizoma Rz v 88
49 A Atractyloodis Rhizoma MR N 89-90
50 JII% Chuanxiong Rhizoma iFES v 91-92
51 KB A Arisaematis Rhizoma = v 93-94
52 #1| K 4 & Arisaematis Rhizoma Preparatum iFES v 93-94
53 =-t Notoginseng Radix et Rhizoma FRANHR 25 v 95
54 A2 Ginseng Radix et Rhizoma FRAIRZE v 96
55 41 % Ginseng Radix et Rhizoma Rubra FRAIRZE v 96
56 k7 Valerianae Jatamansi Rhizoma et Radix AR ZE v 97
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57 K% Rhei Radix et Rhizoma AR =2 v 98
58 I3k Notopterygii Rhizoma et Radix MRANE 25 J 99
59 A Ligustici Rhizoma et Radix FRAIAR 25 v 100
60 F}2 Salviae Miltiorrhizae Radix et Rhizoma FRAR ZE J 101-102
61 7% Rubiae Radix et Rhizoma HRANAR 25 J 103
62 40 Asari Radix et Rhizoma FRAR 2 J 104
63 %% Asteris Radix et Rhizoma FRAR 2 J 105-106
64 J¢fiH Gentianae Radix et Rhizoma HRANAR 25 J 107
65 X Pinelliae Rhizoma Bk J 108
66 J&>1:E Pinelliae Rhizoma Praeparatum Cum Alumine Hez J 108
67 %X Pinelliae Rhizoma Pragparatum Pz J 108
68 Z=2F X Pinelliae Rhizoma Praeparatum Cum Zingibere et Alumine Pz J 108
69 K}k Gastrodiae Rhizoma ezt J 109
70 3E#HZ Corydalis Rhizoma Bzt WV 110
71 5 Alismatis Rhizoma e J 111
72 A Allii Macrostemonis Bulbus figh =% N, 112
73 H4 Lilii Bulbus fi =5 J 113-114
74 K Allii Sativi Bulbus fik =5 N, 115
75 1L #&%E Cremastrae Pseudobulbus Pleiones Pseudobulbus figh 25 X 116

“V7 FoR OB ER AR BT X7 FORARIRGE IR TR R A
“\ represents that bolting has been reported to affects the yield and quality of root and rhizome-derived traditional Chinese medicines (RR-TCMs); The

“x” represents that bolting has not been reported to affects the yield and quality of RR-TCMs.
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Table 2 Effect of bolting on growth and development of root- and rhizome-derived traditional Chinese medicines

i 4 EKRE ik
FAE AR AR A S, ARG, S REAREE O WAR. BT P REK 39,117
A OREREARFIB AR, KR, SEURRIME: RETREDERIC, P RREE 118-119
W55 AR LB, RE TR 42,120
B WAL GRS, R R AR, PR 121-122
Mg R, R 45
FIT AR A AT A B A R D, ANBEA R R, KRS EEHE S, ARG, & T’ 123-124
S ORI EIE I, ERALRER D, REERE, THRE, REMEGEEE, ~ETHE 10
TAE WHRRAREEANE, HHE00RER, R TR 125
PR AR, & P 126
B REERE. TRERE SRR 80
BAR /

KHE =EPR 127
T WATEAME, #RE. TRENSEEE TR 99
% WARES R L, BRERE SR TR 128
R5 RPN A REE RS, RE TR 129
FH RETWR SRR ERE 130
HE  JmREsn, SRR TR, SRR EEENE, Bk 131
Kiw FREKR ., G R A G B 132

“17 FORARA D FUIRTEANEE XA AR B

“/” represents that there are no studies reporting the effects of bolting on growth and development.
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Table 3 Effect of bolting on medical compounds of root- and rhizome-derived traditional Chinese medicines

2t 4 245 JLH v Sl o REmANZ SOk
HiE  BRETEHERASE T 0.080% WRETEHE (0.27%) ; FERBTERATHAZER (0.26%) ; FRREI#H X 4,39,117
#z (0.16%) = (0.06%)

2 ERIMABTELER 75 0 ASDT 0.4%ELRR (1.21mg gD FZEER (0.59 mgg™) X 4,119
F1 0.05%

Hies |/ NV

BFR FEREE TR 5-O- H BE4E B ok B E TR (0.85%) ; 5-O-HFREET (0.61%) ; 5-0-HHF X 4, 122,
A0 TF 0.24% BT R EEE (0.65%)  4ETFT KA (0.50%) 133

Mg AR T RS T 0.50%, AR/ / X 4,45
B AR B R A1E 0 F 0.08%

AT HA HAERTE H EAE T 0.90%, HAERHIHFE (1.27%) ; EEERTHFE (089%) s A X 4,123
LRI BT 0.24% AT 2% (0.09%) A 2% (0.13%)

e BEPHRAT a FISEEH R d B EAELEIH BT a (0.32%) ; SEHHLEHHET a (0.31%) ; YEHHE v 4,10,11
bF 0.3% 2iF b (0.33%) b (0.26%)

TAEF TAFABRMNRETEAFNERLE AT NEE (18.61%) +AENEE (17.06%) v 4,125
AELT 2.2%

WER (R, S)-HFKEAS ST 0.02% / / X 4,126

wiE MEE, DBERAS AT 45%; =ik, / v 4,80
INBEAR T 7.0%

sR BRREAFDST 0.3% / / v 4,89

Kt BMBEERDIA SR, KER. KMBEEE (243%) ; W HEMEE (2.01%) ; WERBE X 4,127
R REMARE R PR S E (1.20%) (1.12%)
i, AT 1.5%; & i B R DL
FIERER. KER. KR, K
WA R B R 2, A1E
bF 0.2%

JeE HERMAEDT 1.4%; FIFREMFHE KM (0.000mLg ™) KM (0.008mLg™ v 4,99
WRHT R H S B AT 0.4%

% S WA ST SIS | TS a (0.68%) 5 SIEYTSMH lla (0.6%) 5 FHHER B v 4,128
REANGDT 0.25%; SAHHERB KRB (5.9%) (5.0%)
AT 3.0%

i REAET 0.15% YEBEER (0.27%) 55 (0.17%) v 4,129

FE / / v 130

HE HAZHEUIKHE AT, AR TR ERE (5mgg™D AT (9mg g™ J 4,131
21.0%

Kt RKm#EAFLT 0.15% Kiizk (1086 pg g™ Kirk (1002 pgg™® J 4,132

“ FoR (PEZHY) 2020 SRR ARIRE BAR KL A RS BAR L R SR A, ¢ V7 BRI Ja PN SR E H it

JEAIAZ; “ X7 FoRiE F AR AL,

“/” represents that the specific medicinal components have not been reported in the “Pharmacopoeia of the People's Republic of China” (Edition 2020),

and there have been no studies reporting changes in the content of specific medicinal components; “\” represents that the plant can be used as medicine

after bolting or take somne measures; “x” represents that the plant can not be used as medicine after bolting.
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Table 4 Effects of bolting on gene expression levels of root- and rhizome-derived traditional Chinese medicines

Zitt H

SCHR

AIE BEAEYS R (NCED2. ABAH2 fil CKX7 £5) |

BB RE (AGL8. AGL62 fl AP1 2%) | JeJE A EALiE 134

12 (HD3A. VRN1 f1SOC1 %) . #FERIEE (GA20X1 Al GA20X6)
MIF A S&% (CO3. HD3A Al MIPlA ) . GA {554 (KO. GA200X1 1 GAIP &) . HFi&4% 135

(SUS1. INVB il BAM9 %)
N2

TERE &

&% (SOC1. MADSS8 1 AGLS %)

/

B X e % (Constans, CO. Early flowering 4, ELF4 fil PHYB %) . #F{k/H &4 (FLC. Vernalization 136
insensitive 3, VIN3 Fll Histone deacetylase 9, HDA5) . 7R# &% (KO- Gibberellin insensitive, GAI fil
GAIP %), JEF#i%12(Timing of cab expression 1, TOCL1. Circadian clock associated 1, CCAL Fll Gigantea,
Gl %) | {E#ERKE (SOCL. MADS8 fll AGAMOUS-like 12, AGL12 %)

g

/

i FEGRAEWA K (Phenylalanine ammonia lyase, PAL. 4 coumarate-CoA ligase, 4CL Al Caffeic acid 3-O- 137

methyltransferase, COMT %)

LW BiYKTR (Abscisic acid receptor PYL4, PYL4 Al Abscisic acid receptor PYL12, PYL12) . ZJ%& (Ethylene 10
responsive factor 1/2, ERF1/2) . A+ 2% (Auxin, AUX Il Auxin-responsive protein IAA27, 1AA27) . K&
(Cinnamyl-alcohol dehydrogenase, CAD. Peroxidase 10, prx10 1 Peroxidase 18, prx18 %5) #HICIERIKIX

RAEEARL
AR
Wi HESHATTERPROOF 2, SHP2 L[,
s R A B T AR R E A E
HIiE |

/

Ethylene response factors, ERF # WRKY transcription factor 34, WRKY34 138

/

GAR  EARES IR (WRKY transcription factor, WRKY. SQUAMOSA promoter binding protein-like 9, SPL9 #i1 90

Nerolidol synthase 1, NES1 £5) ik k4 BEL
K
Feig
1
E i

FR

~ O~~~ -

~ O~~~

/

H4  HEMBEA (Heat Shock Protein 70, HSP70 1 ATP adenosine triphosphate, ATP 454114 T8  AeEAH 114, 131

HREE OB WL & B R IR LN . RERRIE R e X R R P RIS &

2 3

Kii HEEKE (SEEDSTICK, STK. APETALA2, AP2 il SEPALLATAL, SEP1 %%) RERZFE LKA 139

“1” FORARA W TCARTE LR FE PR IL HI 5 .

The “/” represents that there are no studies reporting the effects of bolting on genes expression.

K E: W Agamous-like MADS-box protein AGLS
(AGL8) . Agamous-like MADS-box protein AGL62
(AGL62) H1 Agamous-like MADS-box protein AP1
(APD) 4. JeFIIIAIEL&4%: 0 Protein HEADING
DATE 3A (HD3A4)+ B3 domain-containing transcription
factor VRN1 (VRN1) H1 SOCI %5 [FHH RIE R 7E 22
AR PP AR EE R AR RO LR IL, S 5RE
RIEE MR . Gibberellin 2-beta-dioxygenase 1
( GA20X1 ) F1 Gibberellin 2-beta-dioxygenase 6
(GA20X6) "FAZIRI; Sob T HhEERI A A
s AT i I, A 1 584 M EFRILIER, H
H1, 738 /\ﬁlbﬂi%i, 846 ML T KL, ©
55675 S384%: 40 Zine finger protein CO3 (CO3)+

HD34 PFIJ B-box domain protein 30 (MIP14) %. GA
{5°51&%%: I Ent-kaurene oxidase, chloroplastlc (KO)-

Glbberellm 20 oxidase 1 (GA200X1) F1 DELLA protein

GAIP(GAIP)% . H %1% W Sucrose synthase isoform
1 (SUSI)- Probable alkaline/neutral invertase B (INVB)
F1 Inactive beta-amylase 9 (BAMY9) 5. K Gigfc:
1 SOCI. MADS-box transcription factor 8 (MADSS)
A AGLS S5EAH R RIFE L ZE R TP A EER S ZE AE AR
S EEEE, FiE 1.0~6.8 £50350; SR XA fig
?ﬁ%*ﬁﬁkﬁifﬂ{m}? ORI, 993 N RRIER:
A, Horr, 484 MNEEDR BREE, 509 MEF M RFEIE,
J-JFE_'%ﬂ: TEAHISIEK]: Histone deacetylase 9 (HDA9) .
Phytochrome B (PHYB). Apetala 2 (AP2). Transport
inhibitor response 1 ( 7IR! ) . Heat shock protein 90
(Hsp90). CaModulin (CaM) FI Indole-3-aceticacid 7
(IAA7) FEIKP ARy 45 SR — 30136,
3 HISIARER RARZLXAMMEN S A
HIZ 5 WA, A BTG 7 EIAREE 16 i
RAARZERZGM (SR ARERIN HhEEFIER
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x5 FIARERRIRZRGMIHENSG X

Table 5 Methods of controlling or enhancing bolting of root- and rhizome-derived traditional Chinese medicines

Zik 4

) A a3 4 5 T i SCHR

M1 (1) &M () HHER I,
EJE| (L) EBBEFF; (2 EBEHER;
(5) BWIF>10h KHE; (6) AHEFERES

Wiz |
B X (1) FkZEHt;
Mg PR RN
T (1) FrFIEBEAELT
St B, HTE
+RE WE
(D) PR R IR
g i
s
K3 (1) R “Rek” BFEEH:
T (D BEZEE; () HEEF
e i
5 e P
FE i
A& (D REATE;  (2) EHIKE IAA

# (1) sERIEHRISTA];  (2) HMNF GAs b #E

(2) B RS it A R AR 24 5

(2) FhAEL I [A) FNFR S

(2) & FAIFE I ] 5

(3) AEEHEAL;
(3) AR i

(3) &l RRIEH s

(3) P =

(3) ABA Wit L FEIL IS

(2) HEHERENT;

(4) BB YA KI5 140-142
(4) B 0~5 CIRIEFEIMIEN; 41

/

27-29
45
124,143
10

125

64, 126
80

/

(&) EHIFR. B ER kA

B e (5 MEEH

(3) Frfi+ 127

99

102
105
108
131
132

“1 TR ARA W FUIRIE S AR AR I TT i

The “/” represents that there are no studies reporting the methods of controlling or enhancing bolting.

TRV, FEAFENE Gidr, RIS
FAHNE EAGERFIERINGD 2 . flan, N7
b AT A IR A A, SR (D
EHFEMIA 10 A 5 HZ G (CRAERET 2%);

(2) AFBAL: B, B PERAE, —FEBNE;

FHEFATRAH; (3) UK NR: B E
(CCO). #iile (PIXD. 22 (PP333) ALKt
JE (MHD, Horhr, PIX (IS E o, FERmiRk e
(60 mg/L) B HEAHT DL 58 A e 220401421, g 7 i)
MR B ISR, SR (D) R
AR PSRRI T (TRIE<2g) BH; (2) #&#
e 90~110 d R E H MEEIERE 1D (3D
EHIEHELZ 100 g MEAL) 0.6 cm; (4) EHMRE
Gl (R): (5) BIF 0~5 CILEFWAER (i
WA IREA . RETRIEANKEEHES); (6)
FF>10h K HEE GERHEBASHRRD; (7) AHFEE
B (v yEm TR RIK gy FiE 2 A
7 2ED B Sy 7 IR AL R e e AT
RIT5%: (D) FREEEI: IEESRE R 2%; (2) &
U AR 2. R R AR IRV AN A4

A, Hr, RS RIREANEE; 3) G
B RATEEN 7 emX 30 em B, EREAK (10%
FeADs () PRI TR AkEE: #EIN 7 H 20
HZeA, fhERER 4%L0F, F= k3] 14 899.7
ke/hm?27291,

A, R T AR E G B R v e A i,
KT EAREAAE: REAHE T, FEEHR
VI WER . IV TEREAIEE B AE, WUREGR W
£ K & (indole-3-acetic acid, IAA). fii 7% IR
(abscisic acid, ABA) fll7r% % (gibberellin, GA)
SRR BT MR A B E AL, AR T 2K
PRAKER, $25-HHEEUSY; O 72 RarfhZE IF 48
FEEAG, RIEITTEA (1) KRR E
e 2 46 A R 1l 22 B AS00) BB 23 2 0T 21 d A1 24 d,
BRI G B2 BERR . s R A T It B )
TEMRAEEET, FRBEEE R T INEFRE
WA I AR B AE KR AR, dETA R TR R (2D
AMJE GAs (100 mg/L) AbEE: 2 HAFERT 30 d,
It WM E ABA. TAA FIEKE (zeatin,
ZT) W& Rk, AR %28 B Hh 22032,
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4 FIEIREIRZELRGMMET LR 5T
41 BFWERBERERZLAMMEALN S
FHLH
A B SCER, RO CRE B B AAE R
FETFIE AR AR Z R T EA LA, BUER
SRS
4.1.1  FAAE R 2 03 5 2 T 2 T L
BT S I, VA0 AE F 5 T AT 98 3 24
EHLIEA . AR REE 3 A J5H. (1D
HLILATTE: B AT, BRI o R4
VR, AR ZETRAC,  THE N5 5 P,
A RUE LRI B 28R, RN B 2246
K, ZFEWHAMMEE IR, EREREEIRE
AR TG KT, (2) AEAEN T P
FTEREFAER G, %WT@@% AR A AE
o BRI, TSRS EREE N, A
BHER (GAs NTAAD FEMRZEGIN, 1 ABA &
B EREC. B, TR, 5REMREN
TERAMELL, ERENAERE, AIE . wlva Tt
FARIVER & B 1.3 1.5 1 L1 fF, T es
ﬁ%@ﬁ%ﬁ%ﬂM1sf WIRHEER GA; AT TAA
3G 1.9 A1 1.6 £, 1M ABA &5 &3 [
2.0 fE04191, (3) FEPRFRIATTI: @RI
R BEAT RS AL 70 BRI, 151 DM ERERE
BS5HE AL, B3 FLC 40 MEKik: 4 Protein
SOSEKI2 (SOK2). VIN3-like protein 1 (VILI) F
Protein Flowering Locus D (FLD) 4. REFEACUT:
W Alpha, alpha-trehalose-phosphate synthase 1
(TPSI1)+ Sucrose synthase 3 (SUS3) AFl Probable
sucrose-phosphate synthase (SPS) 5. ¥R N: U1
Auxin-responsive protein TAA13 (I4A413). Auxin
response factor 1(4ARFI)F! Histidine kinase 3(4AHK3)
%5, A:¥%h: Protein EARLY FLOWERING 3 (ELF3)
F1 Cold-regulated protein 27 (COR27) Fif 6%
GRAE A ML R W FT-interacting protein 3
(FTIP3). SOCI #1 Squamosa promoter-binding-like
protein 1 (SPL1) %5 DL R EEM R : U Abscisic acid
receptor PYL3 ( PYL3 ) . Ethylene-responsive
transcription factor ERF110 (ERF110) #1 Mitogen-
activated protein kinase 3 (MPK3) 251401 ([ 2),
4.1.2  FAAE FH R 2 AR AR Hih B2 T AR 1) 43 T L)
BT S A, SO IRERCR S H S ] 2 1E
KER, HFAMEBK, #hERdE, FUBCREY

B, B, HFHLE 20d R, BEIFE,
BRMEE (92%), MAREEMSIEMF, K
AARHE; FHBMRERE (3 C) KK
] (25 &) BT HAB B e, A F T
T TR E AN R AR R, 2R TSR A T 0 )
TV, WRER LI 2R (4 CL 25d) HiE,
RN OTIEVERE . BRI T A M E A S E R
T, AHEEXE RS A8 I 2.2 1.9 AT 1.5 £F; MU
1 R0 4 G N 2 BRI, A B R 23 il B AIK 1.4 AT
1.6 50481, iR (4 °C) BB 10d 5, S4iiuE:
Moy MR VER A =FRRIEH (tricarboxylic acid
cycle, TCA) fa¥ R CER FEL, £K
F.OMERNEE. OMSEIE AR 5 B R i b
N T M R AE O R R AN S R R R,
KRN REFRNMAERK R E SRR R EE
TEFSSL, Fi4k, AR RS FLC B RIE
S EFNE], T AEFRXST FT F SOCT 1X 2 AN 3R
IR IR R AR 3R L R0 (] 2D,

4.1.3  FALAE I E A E TR R T AL
RTHIRECRIL, AAEWIER SRS, Ha6id
RV (ATETERERITER S5 FIN YR E (ABA
1 GA %) HERAEREL, MM,T@@%%
W B R EE R S W I T UER AR Mﬁ
PR R A B R AR A (AR AL V&ﬂGA
BN, ABA A e RS RIS Ak, fﬂﬁ
GHEFEEAHSH T, LEED 11 AN ER

FKIXMEAR Q MHEEAT. 4 M= 5reER
MEE. 1 MHEESRIEN cDNA 4. 3 4

cDNA JBoA 1 A RmEE D, H, fEhEid s
TR E AN S S E A R RAE R A
BEAMN, RWRMERRRIRAF AR A
P WES0L, e Ab, Sl R T A e BAE IR 58
BB EAT e S I PP oM, FER GAAETE
ORI T e RN, FESSHEYMRE T
$: U0 AP2-type transcription factor (4P2). Indole-
3-aceticacid 1 (I441) 1 Auxin response factor 10
(ARF10) % . DNA H 3 1b: CMT-type DNA
methyltransferase( CMT)Fl FLDFA &% : Ul FLC-
VRN F Vernalization 2 ( VRN2) %%, #t—2 )\ cDNA
MEEREER 2 MEAHIGIEER Short vegetative
phase (SVP) HI VRNI FEFFAEIT & B A B ok 5
REEER, Horh, SVP BATIEIR AL DIRE, (H VRN
APt 3R e (18 2).
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LA, RERME A

L

/ ARFE A Rk

Ul R AMTSREEE UMM, TRME | FLCASTRE. R
VL BIOR, REFMA H. el BEEE | RE. BEWN. EH
: RO, MURMCE. A B TR, WRBHX
| SREAELETI LSRR WL
: 2E5, DNAFELH
: FALHIKI 2 R Rk
: }

FETLEGR, VIPRAFRGRELSE. RERME & mEFEK 2 T

B2 HFWERBELHAE. RERMBSHEFERN S TS

Fig. 2 Molecular mechanism of vernalization regulating bolting and flowering in Angelicae Sinensis Radix, IsatidisRadix,
and Lilii Bulbus

42 EEEPBEREREZLXAGM ST LT T
ik

I A B SR, R I CARIE O S R
TRIEIAR AR 2228250 E 200 B HIAMRKGR.
4.2.1 DG RS B ERE I T AL R
WO TR, IEH MR 5 R R 2R S
R REZESR. v, EARERY 3~5H
B30 MREnEEE N, HSE AR SR T Ik
AN FEMPOLEE R B E T AR IME A,
4 Aot G R85 3 A B RIS, fERMZEM
HERMEA MG 1.5 1.3 % 3 A, Kb
TR AL B 28 i A 02 2 v T AR,
JLE] COL IR FEAEANR i RZIAFAEZ S 5 A A,
REMMPELEEE . AL FENE COy ik
BB EART IEW M, ALK, FabhZrk
RSN s Tl E X (A 1 e £ 7 8

B Ak, o IE AL R PR A 2 2 B
W, FEEAD SRS RSN ZERMUY (R
2R R IR G  FENMIRRJEURT R MR BB JEID « H-ER AR
1)z AR (SRS ) S8R E LT
IEF R IEH R P R I 27
CREAREE AR EIR )« JER R IR Y (2=
D SREENTREMK. &5, B kS
PR RA ORI, S5IEFEHEEMALL, 52
FE R OGS IR R 42 AH S EE Fl Phosphoglycerate
kinase ( PGKI) A1 Ribose 5-phosphate isomerase
(RPI2). JtaE W& im 42 A L] PSII light
reaction center W subunit (PsbW) .35 Rl Mt&

1 oL 45 356 1B 72 AH R FE X Photosystem 1 P700
chlorophyll a apoprotein A2 (Psad2) &3 Lifl. iX
SRR R RIAE A A KR E LR A E
AR (K 3).
4.2.2 OGBS IAME IR 7L Al
ISR I, AR AE AR 2 2 )3 VA PR A
IR ST RAAEREZR. Hrh, W S1~s4 i,
AR R (GAL GA4 il TAA) FEiR
Wrsgn, 5 S1EHHAREL, S4 BFEARIVATERE. GAL.
GA4 Fll TAA Aﬁﬁ%uibn 2.6+ 44, 1.5, 34 1%,
Fiah, ISR AN FIFEE T AE I 2 AT B e 4
WF5504T, KA 558 NEFREFILERIL, Ji
MY =2ThRET N 11 2K ﬁ%‘foﬁﬁ$ﬂﬁE§i HIgAR
W RPN RGBS ER. B9k,
&@é&\%il¥\%w\%LﬁEﬁW&;E
38 ML ERS SEITER 4 Mgt Ot
A& 4%: W Zinc finger protein CONSTANS-LIKEs
(COLs)~ FT-interacting protein 1 (FTIP1) Fl Protein
LHY (LHY) %; WERMES@%: W GA20X1.
Gibberellin 2-beta-dioxygenase 8 ( GA420X8 ) Hl
Gibberellin-regulated protein 1 (GASA1) %5; FEFEAR
IjEESEEE
Pullulanase 1, chloroplastic (PUI) 1 Sucrose synthase
6(SUS6) %5 ; 645 H K H : Ul AGL62 Floral homeotic
protein PMADS 1 (PMADSI1) #1 Floral homeotic
protein DEFICIENS (DEFA) %5; %%, & HRAH
AR A, AN 5 6 R R 22T 1R 7
THLHIIS2 (& 3).

U Pancreatic alpha-amylase (Amy2).
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It HEMKFR

K
§ o R ERRS \
Dl OB, SN FE. | HSEARBGNER  EABRLRE. XE ||
| ORAREASALSES | RW. TEMEEAA | ERRTAREE. W |
D R FEESRRAZN  EESRBAERAE
i AR R 2 RIS !

N | ETULERR, MPRSLAMRBEAE. HAMKGHETTENS T

E3 EEAHAEIERIE. HEAMKFHEF LS FHLE
Fig. 3 Molecular mechanism of photoperiod regulating bolting and flowering in Angelicae Dahuricae Radix, Angelicae
Sinensis Radix and Allii Sativi Bulbus

4.2.3 G I KER L o AL A
R TR I, JERARNR X R E K R B R A R
R o ) N ZE K B AR 8 IR FR I 2R L Bk
-~ EEEECR R E, S5EHE (8h) ik, KH
BO(14n) T, mER, e, BFEZEETRE S
FEEAN 1.4, 1.1, 1.1 A1 1.2 #5053 (| 3),
5 HBENEEAREIFERRER

WFFERIL, FEAEHEE Y e fE A
AHEENEM, @E RN NEMAE R ATE 7 AR A DR
RS B RIRE )], REH TEEMGRA #E
RUETFAE . FAAE T RE S0 AR LHEUR AE . Ref®
gAY (ks R Ve 55 FRy
TR (RNA FIER E D S ErsEn, CLA NI
(W GA. TAA Il ABA %) & 8 A R LUy PE Y
BEARWI A, BRI & FLC B RE
PRI AEAR A, FLC BRTERA &S HFAER T
Tty 73 A2 H R X I m FE R IE A (KT A A 8] 8
KW, A 58 G 12585 R Rk DG A
SRJETEK HIRN BBl 0 S e (55 FT 72
R IR KSR T SOCT TE T oy AL A 4R I ik
FGITEB3, MBI 7RI, FLC IEH R
MRS G th R 25 AR e MR A oG IRIRE1L
VERE & et i i i) FLC JEPR 2k £ 4 E A 1B1 )
RE, TR S G 000 AR o R 2 IR B i 11 PR A &
TRFFIE, SEFLC JERPUERISL, Kk, HEALTE
W EY L R Ry E R A . Bl AR

Y FE I, DNA  HIBEALAE P340 w740 f T
Ry GSET:. . BIRAIEASZ T KIFE
HAER], o, FIONAT(FIO 1) FEEE RS BRI FLC
KRR, VIM 2 55 MET1 &1E 17 DNA
S AR ZE B B0, 300 TT R 1 4 6 TR 4 3R 0 30k 1
LRI GUBRUSO158; FEZT R, DNA HEAL 075 (5-
BAMED BRI AE, FEREA T A
A LS i 72 M EFRIBIERF (0 ARF.
Protein phosphatase 2C, PP2C fll FLC 55) FE %45
YRGS T TEM RSP LA TR
RO FEBRRIEM R, BT F I
TEWOEE T VRN MR WBHE NS0, EA
YEF AN 2 AR FF AR IS [ #H G 2L ] (Vernalization
2, VRN2 Fl FT) [F2H 5 FE K FIe,

FRT, FE A e 45 24 - T 4607 T 7T A0
XEUD o WP AR L G e ik B p) A R A
DNA HEAKFEH TN, 75 CG 1 CHG 7~
H &AL KF T CHH {7 5, JF H7E CHH F1 CHG
AL R AR SE) A g v R AL 0O FE K HIRR, HE
T EE RS B (S-FMED SIS DNA 22 H L
FRAIAEERE, I BIFEA R R MR IEZ
DNA HEAL )i fzez],

T4, FEEAGAE RS 25 AR A AR A )
B BT THNAR LA 5 R B 0 2 ) 3 22 J5 DNA H
A ACEA BTN, FRER ST IX 80 CHH &
TYE T A m R (UscomTD) BAAXNE
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AR, RERSMEALRT BRI A BT 2K A 1A (Ratrle)
(& i ol; k58, CYP716 family cytochrome P450
monooxygenase( CYP716)H B-amyrin synthase(bAS)
B PR R R BAIG, I X P AR R A 2
BB T RSEERE A& U 2,
DNA H & Ak 3 o o 32 o5 B B 25 X 1-deoxy-D-
xylulose-5-phosphate  synthase 2 ( DXS2 ) .
Chromomethylase 2 ( CMT2 ) H Isopentenyl-
diphosphate Delta-isomerase I (IDI1) 53818 F
P ) CHH B AL /KT 32 P S E AR R D041651; K
FACH, I 2B B 5 e 2 A Bl A PR 5 Bt g ik
AT [F] I 22 S 3RO A I B4k, 3 FLAH R 35 PR A i vk
S5 FL g e R 2R e,
6 HRERE

R 20 2020 AERRUCE I 169 FHR
FARZZZRGGM il B LB . ShZE R AR =S
e ~pzip vl AU N E VS i i e 2= RPN E A i i
FERIBL G BE 73t e 55 0 b AT A B 4, R
169 M MARZEZR 20 0, 75 Fhéihs b ZETH1E
FHG, b 73 Fh O ARE 1 B 2R e AL .
HAKM S, OF 18 FZyb E4IRIE 1 iz xt 2544
PRSI, FEABEAERKEE . AN
Iy MFERERIA 3 J5 T

FHT, TR SR 2528 2534 1 7 3 7 R
K, AERFE A ET N, RENR I M
A P PR, BTN CAERE ] AR DT M 1 KRR
JU, B ORI 1 R 1% 25 AR Y0 i 22 0T TE I AT FU 8L
Ao Bk, JESERIRTEATRAELLT 4 T (1) X
AN TR AR HR 252 24 48 O Joe il 252 52 70 7 8 00 i Joi )
IRANBIETT, 3t D72 fma H 25 F e 1 SR R
AL (2) AL RE B W b AR ORI R i /N )
Az, (3) WRLFEHDGE HIAFRALAE FIR A IR
FARZERZGM T EE: (4) B TT TR N 5T
FAAE R E R FACR Y& B AR R
MABAL AL, RO FETH G 8 5 S B
WA S
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