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TrEs R MRS HEXN ARG E R RIEIEER LA SR

R, ZFAT, B, 0, AL 0 KAE
g AR AR SR SRR, 5201403

WE: & 37 (Lycoris radiata)s 3 69 8 R KZARNZ, P ERAT LB LA F LR, s F A6 7%
IR ERF ., AAR sk m e F & K00 AU (CPPU). 7k & & (GA)A R ITH| 7 % 27 (PP333)
AR GAW 7 X, WiTGAFe e o Fxt & 3788 208 K oA B R L A SEAH . P LIS 3CPPUAR
PP333/5, MR 2R EZF(ZR)FGAEE N A I S AelEAk, 652 P BKAS MR RIGI%, LR B R ZE M
JEX. 7 9h, 2P 3GAAPP333 4L 45 ik 53 I A AR K AL B IR B —BhEL B E) 48 B AR BR L BE(AGPase) K /) T 2L
R HELrAGPLI k(A T 8. LrAGPSI1%:k Eifl, faCPPURTIZ 46 s A8 % 2 B ¢4 32V 4 A 4 1%, 122 CPPU%L
Poleik LG E P @y ZARER FCOeDRER AL, VA LR A, GAB T RAE G F5%Z FAG-
Pase#) 4% FK-F, #7#| AGPaser® Pr, Mm% 8k % b ity R R id A2, RAH 6 #8209 K, ML aGALE &
P F LB BRI I B OB ; fm o R F Ae B i b B FR8E 2 P oo R UEAR Rk 85 £ 4908 K, mstiE
o Ax B AR K AR ) 64 R 69 R4 T A R 1A 349

XHEIR: B AR S EW R AE L mien RE; AN

fia(Lycoris radiata) 2 — e 5 24 FH AU 5
YrE Rk, R R /K H g k. 2R, A
wriE 2RI H AR R AR, X E S T AR
PR AR, TR, AP 5 Gn e s A ik 25 1 g K
WA HEE R L AT 2 Y
AKKE R EET B, A5 B a2
ORI FE A AR B . AR (2013) A HLT 1
mg-L"'f{)Z5 Z. /2 (1-naphthylacetic acid, NAA)&S
mg- L' )5 5 FEPE 14 (6-benzyl aminopurine, 6-BA)
AR LD A FR (L. haywardin) FRERERIE G K, B4
JEEE(2013) EA Ny I AN A A 2> 2 2 f i 3 T
2R S1Ah, R4S (201 3) 38 i - [ il
S R [forchlorfenuron, 1-(2-chloropyridin-4-yl)-
3-phenylurea, CPPU]. S ftJHFH(choline chloride,
CC). /KWii(salicylic acid, SA) 3FHE YA K77
AR, R BT 3T A2 A A T R A R ) B 2R K
¥ — e ek e, HHr CPPURL 3 J= % 25 i K 3%
R, MCPPUsRE —F N L& A4 70 R K
(cytokinin, CK). FHFFLINN, B wa bk 25 Hh T
B8 2140% 1) L7 TER (R 512010), A8 & 1H
Wl 25 5 DR T S B8 v v P 4 K LG e O g
KEEFRMPN G R(ERE2011). Chang4s
(2013) K IAEHARTE(L. sprengeri) RhER I KL A
TENPRLRN B R, Ve RO RERE O 2R BT, s

T DAVE R T X A7 B TR, 1X0 T H e 48
FIAEK KA 2L E R . RendE(2017) X 41 it
CPPU G 12 & 7 755 % 25 1) B K Ak A 0 AR R4 £
THEF, R ILAMECPPU AL FE X s e 4 16 /) 5 25
TR ARSI R L TR E R AU A OC B v MK P
PIRARBER . 77% 3R (gibberellin, GA)#IN N
B M P2 KM EA, /£ 5% E (Solanum tu-
berosum) ¥ ZE M KB, 2 1 GA FE fig 1) 3k R 3%
15 B, GAS EIGE PR, Mg i B 2212 K
(Roumeliotis$2012). ZhengZ5(2012) KX H &
(Lilium Oriental hybrids ‘Sorbonne’)#Iiti GA & A1
i1l 351 2 2 (paclobutrazol, PP333)J5, WIHGA S &
FRA, BE255R il AR R . 2R, GAR BT A 55
fe 25 PRI RO R I AH SGHR I8, GAH CKAE TS A 757
fite =5 i sk B8 R 96 2R DA RAE O S TR i) 22 S
AR T BT e e AN [/ /N
FRiEZE T NIRGANICK & &R % 7, WD BRI M
FhER 5 0 55 25 /N B AH D s L ood i A1 it
BRI 772, B FUAN R S 2 N IR R L T

ks 2018-12-21 &  2019-06-12
#BEY Rl H AR E S YO H [ R B T(2016) 56-1-6
SRR T R O A AR R 7 T4(2018)
H1-105].
*  JETHAE# (saasflower@]163.com).
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oy B 7 S AR i DL R AR SR Sk DR R IE 1 A2 AL,
W B G AT CROG At 8 25 2 K 1 1 92 4 FH B L2
BHLA, DR R 4 T BUIM A R 5 25 1 2 K
FRAEFIS RS .

1 HPRST%

1.1 R Ie#R)

IS TE B T AR B 5 7 S 100 i
AR A B R B AT o AR BN A FR [ Ly coris
radiata (L’Her.) Herb.], T-20164F M 5 52 9 Ll ka4
el 51 3, 2 N2 EETFAERER

R —: 7E2016~20174E 1], AL 4T 1E
figk ZX VR REER, FIF B 28 7 Bk B 5H DL R DY 43 3% 1)
B GRS Em T G E —MAF A FFRA
R/ NBEZE JERAE T — EUN BB R, 3T — 5L
PIAEKE T, T20174E 12 H A ik N B 748 K HE
WG, F2BURE KN Bk 57 A K H AR 43 BRI 4 %
i =%, P B AR /AN B K N4H GR1IATE
1), BRHEISA KA —F I FERGAN IR E SR,
W3RERT), Znt, LR, Fe i 2246 €0 J I, 15k
T, BT R R E 1, —80°CVATE, AN IRk
FIE

A 201842 e E AR NS emAi Ay
KAD—FRD R A TR, BREEALLLS cm
ISR ZE F, BN TE 48k . T20184E3 A 12H
BEATARNALEE: ()M HEWEE10 mg- L' fICPPUAWL;
()M IS0 mg L IGA VA ()M THi M5t 100
mg- L™ f{IPP333 94 (R &k A 24 i /b 2

VR P S KRR ), () AR (Co), M- i it
T BRI IIE K, Wi 2 I S8 4
R I M K, K2 R RE ST . B
AEFR8 L3 24k, W3IRE R . W50, 24, 48,
72 WHURE, fHORH 2 28 PR 3Rk A A R 3 = e
AP0 3. 5. 7 dEURE, 8B TR B R
A A B E PE ARSI o 2 Ab PR R AR IR A
W3k, B i Ak 3 77 305 3000 — A R, R S,
—80°CHAF . AL 10J8 (f7 AaRHR )42 HU A5 4k 2
FrnigZE, 2 R0 S B HCS A B A R I 2R ELAR
FEl 1%, HEPREEEE

SR FH TR B €035 00 i B =25 M v P B R0 i
TR, VER B RS T e B2 AR T R
(2001)[1 77V
1.2 AEHZEEENE

A 7 B 25 HR P U T OK 25 % 1 (zeatin riboside,
ZR). 3-M5|k 2, % (indole-3-acetic acid, IAA). GA,f)
B 4% i Dobrev fllK aminek (2002) ) 75 vk 3E47 .
PRI IR (R 5 R v BORR €3 v (HPLC) kAT,
R BSOS g Agilent 1100, FBIHH 5>

Rl FHMEHRE R

Table 1 Details of the materials

A Tk B AR /em FhER B 1£/em FhEREE /g
S1 0.63+0.05 2.74£0.18 0.540.08
S2 1.23+0.04 4.61=0.18 2.1120.29
S3 1.92+0.05 6.79+0.18 5.76+0.32
S4 2.76x0.15 9.46+0.36 13.5741.86

BT ASFEIR N A bk
Fig.1 L. radiata bulbs of different sizes
SI~SAFRRHLIE i/ BIRHES A BRI A A B
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PEFR FE0.1% 1) £ B2 55 H REARAR LG R 6:4 105 13t
FEEE10 uL, J73%0.8 mL-min™, F:#30°C, A FEN H]
7940 min; #4s FH Agilent 2 7] A BEAT 04
1.3 AFEZRNANERR RER

1 i TaKaRa /A &) [)MiniBEST Plant RNA Ex-
traction Kit (Code No. 9769)$&HUAT 77 % 25 v
RNA. RNAJG &M A5, # M PrimeScript RT
Reagent Kit with gDNA Eraserii 7] & (TaKaRa, X
B UL P AT B %, A icDNA
1.4 LR EZEPCR

1% 8 TB Green Premix Ex Tag 11 (TaKaRa, Ki%)
EAEAABI 75007 ) 7€ B PCRACGHAT SEIN 2t &
EPCR (RT-PCR) [, LAActindERAE N ARFER,
SISV S22 R, FrAA RS B3I E A .
1.5 ¥IE S hF{EE

{5 FHExcel B 347 #4f /b AN G2 vt 53 #r,
SPSS 16.08fFit 4T 22 57 .35 M43 T, I Sigma Plot
12,5822 B

2 SEIREER

21 FRIBFEXNNAFHZTNRARLENER
WEE s B 2SRRI N, WIRGA & BIZHT
FEAIR, RUIGAH s 22 B K S Ji5h,
2P ZR G BRI TR R AE S, TIAA
HEABNERET LT RFAZER).
2.2 MR RN AR E AR
Sh it CPPUAIPP333 )5 104, A1 % 2 (1 HL
A A N i R R B R 35y S5 3 4 o, X e
AbFE 2 R TG 2 2 72 7 (3R 3), MG A G 1 5 25 1)
KGR L LP AL

2.3 MER RN ARSEENRERRSENFI

FRATDOT IR A3 5 A 7 5 25 P 3 b P R R
AT T (K3), KBLCPPURMIPP3334bHE
AR S T NIRZRIG S &, HCPPUAL J5ZR 7 &
B T T-PP333AbHE, GAALHE J5 N IRZR (1)
TEUIEREIC. NIEGAEZENZ M ESZRA
[, 3P AL AT IR W AR T A 3R = N RGA I & &,
HPP333 4L BEXTGA, & B 520 LLCPPUAR BT Sy
B, TGALLFENT P IHGA, & 5 R AT B8 H S 1
RS, XA EIAAS BRI 4 K0,
SRR AL FE N NIRIAA S BT H B4, £
TAATE 1 mm % 25 2 O A2 R BN o
24 MEHERMNARBEERMRIERTEHE
FRAE KB E AR 0

CPPUMIPP333 AL BRHE (5 | Avmaih =5 e kn i &
B, EACTEES dRIS 0T REAE e 22 S B, (E P AL 2R
Z AT B2 5 ANEGAMNTRT dJ5 A mrih 25 ek
TR SRR, RIPGALIE RE ) ArsRE =L R
WMEEMRR. BEEAFEN AR N, CPPUALFE T
()% 25 R ] PR S B AR AL ST A B RS,
i = TPP333 AL FRANNT L, GAALER IH A IR (F4)

108 3o S0 Bl =25 R RS R I R R
%] Bl EE T R (L (ADP-glucose pyrophosphorylase,
AGPase) L K A PEE R A Al (soluble starch syn-
thase, SS)IEPEREATRE I, K I PP333F1CPPULL
PR AR BE B 2 = % 25 T AGPase FISSHIE 1, TIGA
AbFRTE— e REFE A 11X P A R 1 (E]5)
2.5 SMERERN AT EIEM S REEXERSE
BRI

XTAEFE 572 hiN A s bk 25 o 4 A AGPase K /)y

2 RT-PCRIMHTHTHI I 15 2
Table 2 Primers used for RT-PCR analysis

B4R LS P A5 —3") S 5P AI(5—3")
LrSS1 CCCAGTCCTTCTTGGTGCAA CCCATTCGAGAGCCCCATAC
LrSS2 GGTTGCTCGCAAAACGAACT GCTCGACGCACATCATCAAC
LrAGPLI ATCACCGTCAAAGTGGTGCT GCCTCTTCTCTTGACGACCC
LrAGPS1 TTCGGACTCCAAGAACTCGC AGCTCCTAAAGGAACCGCTG
LrCycD3-1 GCCGCTGTTGCACTAGTTTC CCCGATAGGACTTTGTGGCA
LrCycD3-3 AACTGAGCTCCTCTCTTCCCT TGTGATCCACTGCACCGATT
Actin CATCCCTCAGCACCTTCCAG CTGGGATGCAAAAACCGCC
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Fig.2 Changes in endogenous hormone contents in —o0—Co
L. radiata bulbs of different sizes : 5}1353%
g ——GA
F3 AR b FE 1O JE A /N =2 K S =
Table 3 Effect of exogenous hormone application on the § 1t
development of L. radiata bulbs 10 weeks after treatments E@
W FREfem  HORMfem  MEEHR/ g
Co 1.66+0.07" 5.97+£0.20° 4.30+0.32°
CPPU 1.86+0.04" 6.41£0.16" 5.04+0.29"
PP333 1.85£0.08° 6.55+0.18" 5.44+0.45° 0 0 24 8 P
GA 1.62+0.05" 5.89+0.24° 4.27+0.27° b33 /B
A — 4R bR EH AN RN S TR IR R 2 57t i3 (P<0.05)..
0.6
—0—Co
T 53 ] A GPLIFIAGPS 1L\ % G i SS [ i A b33
\ N N N , —~ 0.5- GA
M2 KCF AT TR 6), RBAMEPP333AM 2 05p T
=~
G A RENS 73 il (i 12E M) A7 i 85 2= TP AGPLIAN ™
AGPSIHEEF K FIE, B X Py~ J ] 42 F 4 m%’ 041
S, 7EAFLR24 K AR ABSES); CPPU &
RbHE3 A1 #RAGPLIFIAGPSIFE N (f) £ ik A7 — & = 03
HIEBEAE I, (HIX R HTECPP333 AL BB Y SE IR,
FEALFRJET2 WA BE LS 2B R A8tk T3 4h, Ahit 0.2 : % " =
PP333t AEAE — E AR R AR P> SSTE R R4, Jr—

RO 3R PR S J R 3Rk B 52 i AN WA GPLIFIAGPS 1
SR, #MitiCPPU G SS3E A ) R ik i X 5
AGPLIFAGPSIFREK o —# .
2.6 SMEBENT AR E WS HEREREFCyeD
EFEFRIXHF N

B T % ZE R KA A P AR B AL, e 2K
(1% K A E 40 20 2R 1) T e BT U 4% . DZRY 4 i )]

B3 At o A ek 8 25 AL ORI
Fig.3 Effect of exogenous hormone application on endoge-
nous hormone contents in L. radiata bulbs

#® A (cyclin D, CycD)¥& il 4H i 73 Z H G111 S
WA #% 4% (Francis 2007), 1842 4H i 5 4 72 (Na-
gataflISaitou 2009). CycD % /K1 rl LA#E A 1E
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Fig.4 Effect of exogenous hormone application on starch and

soluble sugar contents in L. radiata bulbs

YU RS B AR S 1.

X PR A B A w5 25 RS Cye DR R R
FIASALREAT T AN (& 7), I AMIECPPUAL B (g i
TR FER R IL, AP i R0 R I,
FEALF f524 hat /R A 2 ; PP3334bFH48 h)5 CyeDFt
D] 1) I8 Bl A 38, {HAH EE CPPU A BE K 33 I A

iR
3 Tig

AMGA S AN FIPP333 )5, PIEGA, & &t
R RIS, 300 i 22 o B I K, X R B GARE

WA s 2L K, X SEBRZEREM T
b 1y A4 R BN — #(Roumeliotis%5:2012;

70
- —e— Co
£ 60 o CPPU
g —v— PP333
o 50 2 GA
)
T 40+
)
£
2 30f
3
% 20)
<
5
< 10r
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Fig.5 Effect of exogenous hormone application on activities

of starch synthesis—related enzymes in L. radiata bulbs

Cheng%2017), CKREW(EFEATmRiE LK, St
CKEUPICPPU 5, £1imnlih 25 NIRZRFIGA, & &
I3 TS IR BRI, A 2 R YA P 251 K

H R B, SMECPPUMIPP333 4R g % i it
A2 AR B8 25 PP B K AL B P I AR SR SR 4 2K 1)
[ K (Ren%5:2017; Zheng®52012), B B AL I7
AT, HMtPP333HRREAEE A i 25 n] VPR R
AyE by & R 0, 1X ] RE A& T PP333REAS KR il
Hy R E FRA K, IR R T FE(Wu s
2019). FEATRIG A7 HH ORE 78 25 S5 AR R, 4t
CPPURIPP333 it 0 Rt (12 i3k 1 7 5 25 rh ml A
BRI JE M HO R 2R, T G A% 25 Fh Bk Ak & 7 i AR
SAIHINE R, 1X L/ AT e e i s 25 g
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Fig.6 Effect of exogenous hormone application on the expression of starch synthesis—related genes in L. radiata bulbs
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Fig.7 Effect of exogenous hormone application on the expression of CycD genes in L. radiata bulbs
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W B S B AGPase FSS R iE 1 SR S B

SR, GAFIPP333 % AGPaseliff i M 1) 2 /E
FHE 38 T-SS, GAFIPP333 403 T 45 AGPase K /)N
P FEFNS S 1) 5 PR 1) R IE AR A AR B T R R
AGPase & Ve ¥ & I S BERG, & AL TER & B
25— 8k [ N (Nakkanong®$2012) . ZEAREAEY)
EK(Zea mays) (Li%52011). /NZ (Triticum aes-
tivum) (Kang%5:2013)H, i F£iA AGPase K/ P FEHE
IRl RE 6% 34 5 AGPase [ 75 14, JF e 4 318 ikl B FUFF
Kb yekn & &, RIMERIREEY SR ET A
AR 8 (Lytovehenko®52002) . GA ] GEH i #141]
TERY A % B S AGPase % 3 R (1) ik, 4
AGPase)iE 1, m&TIIEM AR, HINGAHS
FANHF G N IRGA & B, B8 S MAEGAX TEM
A AN . E FARAE ) A — LE R TE E
B 3R WA, ChengZ5(2017) % A1 it GA L RE % 4111
il S R TE R, HAX A 8508 B E GAL IR
FERIIG NG 5% . 53 4h, Cheng?%(2017)%f GALLBE
(1) 85 E R 2R R AL L2 9T, RILAMEGARERS
2 AHIAGPase s H M FRIA . LingF(2015)%f A7)
AEVRAEYN I (Landoltia punctata)#4THNEGA S
S A0 1) 551 0 Ak e b 3, R B A S S R HE TR
PR AR 2R, LI R b S A T [R] Y AG-
Pase A 5 35k JR] 1 2 18 RIS 14 #5235 v, IX AT
HI A2 PR R s 25 A ] T AR AR I GATR B B, 32 K
WIRGA & = [EAK, fRFR T GAXT AGPasef &3 4]
kP IIHIE R, X5 IRATE AR A 55 R
FOAH— 2L

HMIRCPPU e % B A 1 A1 57 9% 22 H AG-
PaseFSSIRITE P, (X 1 6 o g 7% 14 11 T 428 1 FH 9
ANUNPP3334b i = R R, 54k, CPPUXT AGPaseif
P PR 336 R0 N 3T A PP333 A HE B i . XFCPPU
bR 5 AGPase FI1SSAH ICJE [ 1 338 AR AL E A7 A
&, RILCPPUFEAEPP3I33FIGA KL e it i1l 75
S AGPase K/ BL [ (1) 3Rk A8 Ak, TEAL B 572
h7 BB W %% 03X 4 /N 5k DR 3Rk RO B R T,
X R BICPPUR A AT §E FF A 2l ik b3 & ik
fifg 25 DR ) R AA SR K HEAE FH M) . fE4LE (Ipomoea
batatas)* A L 25 5, NagataFSaitou (2009)
XL AT AR 6-BARIEHE AL EE, 75 AL P f5 24 his

M AGPaset ¢ 5: P (1 K584k, K I AME6-BAXS
21 E P ZE i AGPasetH IS A [ 3R I8 TC 8 3 52 T,
17 6% 1 Ah 3L B % 0 3 B 7R AGPase il G R IR 1) 36
Ko HHEFINHA, CPPUR — &3 MEAR 55 (1) 40 /)
W, AR EER Indgn i 24 m A48
YEF (R4 11%52006). H H#§%(2000)iA NCPPU
e #3357 I\ (Momordica charantia) % 52 K2 140
% H 48 2 AR RN K . FRATTNE B AL B R A o
2L 2 4 ZbR B R Cye DEEH () 6 15 A8 A3k AT
THARI, R IANECPPUM S AR #E Cye DFE A 1 %
ik, HAXFRE R 3 R IRGHE, 1X 5 Nagata il Saitou
(2009) FIHIF 70 45 F 2L FRATTHEMICPPU ] fE A& i
TR PR A T i 25 v 2 PR A SRR, IR m A M B
G TR I i ZE K L R SRR B R 2R R, JR
232 25 PR N B P 1 1 4 8 T R AN PR 4y
HREBEER T,

25 E TR, GAFICPPUR 2 A o 25 8 K 1) %
BANTH], GARERS I R 12 4w 5 25 e B & R
KA il AGPase () £ 5% /K ~F-, i AGPasellig )i 1,
AT 9k 2% B 25 mp o B B R, A A ) e
ZHINE R, MAMtEGA S B I PP333 58 9% fift br
GAFJIX Rl R B ; CPPURE % 38 I A7 75 8 25
HH 200 G 3 R SR T T 4 2K ) K, T T R
FS A DS PR (1 20K (1) 42 4 FH PT R 2 (211
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The effect and the physiological mechanism of gibberellin and
cytokinin on the regulation of Lycoris radiata bulb development

XU Jun-Xu, LI Qing-Zhu, YANG Liu-Yan, LI Xin, WANG Zhen, YANG Zhen, ZHANG Yong—Chun*
Forestry and Pomology Research Institute, Shanghai Academy of Agriculture Sciences, Shanghai 201403, China

Abstract: The slow growth of Lycoris radiata bulbs under natural conditions seriously restricts the develop-
ment of the L. radiata industry, and the application of exogenous hormones is an efficient way to accelerate the
bulb enlargement. In our study, a cytokinin analogue 1-(2-chloropyridin-4-yl)-3-phenylurea (CPPU), gibberellin
acid (GA), and a GA synthesis inhibitor PP333 were used to regulate the development of L. radiata bulbs. After
the application of exogenous CPPU and PP333, endogenous ZR and GA, contents were increased and de-
creased, respectively, and the accumulation rate of carbohydrates in the bulbs was increased, which accelerated
the enlargement of L. radiata bulbs. In addition, GA and PP333 application could induce a quick reduction and
increase of the expression levels of LrAGPLI and LrAGPS1 genes which encode AGPase subunits, respective-
ly, while CPPU had a relatively slow regulatory effect on the expression of starch synthesis—related genes, how-
ever, CPPU could quickly increase the expression of CycD genes which were indicators of the cell division ac-
tivity. In conclusion, GA could inhibit the activity of AGPase by negatively regulating the transcription level of
AGPase in L. radiata bulbs, resulting in a slow starch accumulation and growth in bulbs, and the application of
GA synthetic inhibitor can relieve this inhibitory effect. Cytokinin can accelerate the enlargement of bulbs by
promoting the cell division process, and the regulatory effect of cytokinin on the expression of starch synthase—
related genes may be indirect.

Key words: Lycoris radiata; bulb development; gibberellin; cytokinin; physiological mechanism
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