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ERERERABRAEERIRIBS LrCCoAOMT
SIEEPN

TEE AER, KTLF ROUE' FXE wAT Y

CHRITIE 22 B BARAO 5 A ) TR B, BK 408100 * HER T 249 Rl A 70T, FEER 408435)

 =E: LUES} (Lilium lancifolium Thunb.) JoE/NSEF NIRM, @) F AR DLAb R AT B R Geik
JE 55 i0f 1] LA S o BRI B 97 B Ry, W ARAF I A T IR ROl AL B ik R SRR, MS + 1.5 mg - L
6-BA+0.5mg - L'NAA+30¢g - L' MR U ZE LIRS 9258, TR0 100 mg - L PR ILER BEA 2L
AL AR EAR E ZE IS . MS +2.0mg - L' NAA+30g - L BEMER ARG SR ARE IR, it R
FEPEIR R B, B 9R3E RN Kan 100 mg © L' 8% Hyg 75 mg - L' 454 Cef 400 mg - L& E i .
GUS Bt p i, UIEBRAEBITEMEE MS + 100 pmol - L AS FIERRKETENNRE MS + 1.0
mg - L' 6-BA+ 1.0 mg - L' NAA + 100 pmol - L' AS e B AN LR 3L, U0 20 AR AT 3 B OK E
ODgoo 9 0.4, 124 15 min, K73 81.72% BRI FEILZER 25.2% Faog BifE b2 . G IRIL & LrCCoAOMT
HAEFE, o TRIRT GUS et iR B DR H L B MEvR &R
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Construction of Transformation System and Integration of LrCCoAOMT
Gene into Lilium lancifolium

FU Yongyao', Liu Jianling', ZHU Yiyong', XU Wenji', Lei Meiyan®, and YANG Liping"”

('School of Advanced Agriculture and Bioengineering, Yangtze Normal University, Chongqing 408100, China; *Chongging
Institute of Medicinal Plant Cultivation, Chongging 408435, China)

Abstract: [n vitro aseptic bulb scales of Lilium lancifolium Thunb. were used as the explants to
establish a highly efficient Agrobacterium-mediated genetic transformation system by slicing scales,
optimizing the concentration and infection time of Agrobacterium solution, adjusting the composition of
the suspension solution and co-culture medium. The results showed that MS + 1.5 mg - L™ 6-BA + 0.5
mg - L NAA + 30 g - L™ sucrose was the optimized medium for the bud differentiation of scale slices,
and adding 100 mg - L' vitamin C in this medium can effectively inhibit the browning of scale slices and

promote the proliferation of adventitious buds. For root induction, MS + 2.0 mg - L' NAA+30 g - L™
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sucrose was the best medium choice. Antibiotic susceptibility testing revealed that the addition of 100
mg - L' Kan or 75 mg - L' Hyg in combination with 400 mg - L' Cef in the medium was suitable for
resistance screening. Taking the modified MS + 100 pmol - L AS as the suspension solution and the
modified MS + 1.0 mg - L 6-BA + 1.0 mg - L NAA + 100 pmol - L™ AS as co-culture medium, the final
GUS histochemical staining indicated that the transient transformation efficiency and stable transformation
efficiency can reach 81.72% and 25.2%, respectively, after inoculating scale slices in the Agrobacterium
infection solution with ODgy9 = 0.4 for 15 min. Moreover, LrCCoAOMT gene cloned from L. regale
Wilson was transformed into L. lancifolium Thunb. using this genetic transformation system, and
transgenic positive plants were successfully obtained based on the molecular analysis and GUS staining.

Keywords: Lilium lancifolium; genetic transformation; LrCCoAOMT gene; resistance improvement

Lt (Lilium lancifolium Thunb.) 75 B HIX A 404, 2 dEH D IR =R F R (B
M &, 1997 EENI &, 2014). EHSFEIX, FERABEZE. 2 RRE TR A 77 50,
B R B SR AR T BUM MR AL AN 0 5T R B (AR IR S, 2013 BAXAE S MIESCR, 2017). B,
BEHHREAIURRINGREEELENRIEE L. UAAAMEEANR FERBETARE M, RiE
PR, HAE N REAR T RIS ANGERT o e 3 IRIEOR A AT BLIRE % Gt 7 Ao il 25 sl 88
RNE LSRRG (Bakhshaie et al., 2016), i Fi@ @ m& W H IR, #4656 5 F#iE
B, N T RIS TR E SRR IS e R, x5 HR4E (2003)
DLHE A ol B A 2L A IR % i R A2 A, B R AT B A SR LT R AR AR B-1,3 T SR B
REEFARS AE: EHEESE (2005 FHESEETUREEARER PAP W TEFREREA G, 3K
FHEEIEAI AR RR: Azadi 55 (2011) 438 JRAE M- B 52 1 B Rl k 2k Bt (CMV2-GDD) Jliid 4k
HENNFEFAAEG ‘Acapulco’, R1G T HEIEEFPiIEtk &; Nufiez de Céaceres 5 (2015) FHKAE
JUTJRBEESEN RCHIO AL AR T B & f “Star Gazer’, 3R1GHIKEEH (Botrytis cinerea) 153K
Tk SR, A RGP R R T 0 FU R WARGE .

AW FAIE I LrCCoAOMT 2R NIRITH & (L. regale Wilson) WIHEBEHEE 4-0 - H I
i (caffeoyl-CoA O-methyltransferase) FE[K, H15 NCBI ##EFEH AAGIRIL A A caffeoyl-CoA
O-methyltransferase-like ( CCoAOMT-like , KX842497.1) F: K4 73.86% (K #H L1 . H i A %
LrCCoAOMT FIZHREWT FAR WARIE, (HILFEIEFER S 5ATUR AR & HORTE . FUEAT 2 B
KB EEAEFERF (Yang et al,, 2017; £596 &%, 2018; ArF7K %, 2019). WKILH&NR
MIPURET A FR, FFEMESE (20190 KIL LrCCoAOMT HLA SR M) 3973 I B B P S48 A vk It
BERE A7 T RE «

AP P2, UGN O A2k, EE TR (D b, RATE R
IR LRI [0 LS A 55 TR R o 45, W RAT B S B PR LR R, IR LrCCodOMT
SALFE, DISRGHIEE AR R, S EEE BFHRIPUR L R & 55 e H il

1Rk

1.1 EABERR
B P 2R 1 ST 2R 9T T B S A R . WIS FEIE Y MS + 6-BA 2.0 mg - L7 +
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NAAO02mg - L'+ JFERE30g- L' 4RUH5ERE 7R3N MS + 6-BA2.0mg - L' +NAA 03 mg - L' +
FERE 50 g - L (AP RIRIR S, 2013). AT AR ZESEAMAMRTE S iR 775, L MS AR,
FRIE, VA FIRE RO E KR AR LEBEAT L (6-BA M0 ~ 1.5 mg - L' NAA 4 0.2 ~ 2.0
mg - Lo BT IETEBE /NG V)P R AL, DUREE S IR NI, ISR (Ac, 0.1%
5 0.2%) FIPAMEE (Vitamin C, 50, 75 8 100 mg - L) 79k, B RHEKER, &
g 6g- L', HEME30g- L', pHS5.5~6.0.

PLASFHE 2L, ik R, HBERMIRIEEEERK Nt 3h A4, BT G TES,
H 75% CBEHEE 30 s, JRZKMYE 2 I, 0.2%FFRIEH 4k 8200 12 min, JERIZKM¥E 5 k. Hf#
FIJIVI 1.0 em x 1.0 om 8k, [MHEH FEF TR R . IR 3 ~ 4 ], WA EF~KRH%
ARIGTE BT 72 P AT HE A 75 . 559 20 ~ 30 d SRIG T W /NS, FE NAEARB R L R 215 . B
FRREEN (23 +£1) C. JeEFEEE N 6 000 ~ 8 000 Ix Y& A 16 h/8 h

1.2 HFHNEEEN

121 Bk, BAtfadddiik

AL BURL pLGNe (5 GUS i 25D e ob B OB 7 Be M AR B 70 2 s i - B, AT 1 1
T8 EHAL05 . AT B T B AL TR B3R 1 s o Al -1 (Rifampicin, Rif) R % 38 (Kanamycin,
Kan). 3kfiZ 2 (Cefotaxime, Cef). W& % (Hygromycin, Hyg) F1Z ;T &l (Acetosyringone,
AS) A Sigma A FE R, 5 -4 - & -3 - WA R LT (5-bromo-4-chloro-3-indolyl-
glucronide, X-Glue) M H LIS R R A RA R, HoAthH R 7035 8 B 7 40 Hr 4 i)

®1 RIFERUESRMEFERE

Table 1 Suspension solution and co-culture medium for Agrobacterium-mediated transformation

}i 772 Medium 357754 B Medium component

# E3 Al Suspension solution Al MS + AS 100 pmol - L™

=7} A2 Suspension solution A2 MS - (KH,PO,;, NH4NO;s;, KNO;, CaCly) + AS 100 pumol - L'

B IR B1 Co-culture medium Bl MS +6-BA 1.0 mg - L' + NAA 1.0 mg - L™ + AS 100 pmol - L

LR 975 B2 Co-culture medium B2 MS - (KH,PO,, NH4NO;, KNO;, CaCl,) + 6-BA 1.0 mg - L'+ NAA 1.0 mg - L'+ AS 100
pmol - L

1.2.2 4 & SO

W SME AR E & R FRE Cef (100, 200 400 #1800 mg - L), Kan (0. 50, 75. 100 #1125
mg - L") Ml Hyg (0. 12.5. 25, 50, 75 #1100 mg - L") M2 tb 3k, 45 d mHRYE 2.
ARG UL 2 A5 Cef. Kan X Hyg 0 %6 5% A A PR R S5@ R B
123 RAFAHRGES

B - 80 ‘CEFEMI EHAL05 (& pLGNe Jfiki) TR E K, FRILFEM T Kan 100 mg - L
A Rif 40 mg - L OB R H BB [ (A 9238 (YEBD; 28 ‘CHi9% 36 ~48 h &, JH 10 uL Bkt sk
PRk AR bR, PR TS MNP R0 YEB WARE R, F 28 C. HiE 180~ 250 - min’,
PRAHGTE 24 h 3RS 128 1 UOEAL BTG FRIGARAALE 1: 100 INN YEB kR 72 8051k, IR 74
12 h, ff ODgoo= 0.6 ~ 0.8, FEilEF T1F G K BRI 50 mL 2508, A3 CEEHE, 5000 r - min
B90 10 min 5 R AR, FHE SR A1 FIE R A2 7300 HEFMEEZE ODgo= 0.2 8¢ 0.4,
1.2.4  RAFH 1% F oMK

BAEKIRES REFIIEFH R /AN 2L, KBNS, S8 )5 ARSI IRV R 2 ~ 3 mm 3 )ZY) e
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BEALZAR (ER /M B Z V)R 43R4 5+ 10 115 min, FIRVEIFE oh 2208 (158 526 B
SR AR TS e, DURIZ YR AME R T R . B A AR N P B, T IR AR T2 &
FR, FEph I aRdt B IR 3 d.
1.2.5 #HARMA6IF ik

W FEAL S2 AR RAR T JC B KB T 1 4R T /K 5 #5642 8% Kan 100 mg - L. Cef 400 mg - L
A FR st BETIESR, & 15 d B 1 QOE IR YN R OO BN I, R NEIY
Kan 100 mg - L AR 7R3 i S AR
12.6 GUS gLz e

CAARFAL RS AR ORI, BUkEE IR 2 ML E/NMER S, 23RETE 1 mg - mL!
X-Gluc FIZEMR Y, BT 37 CRM6h, Ml GUS JEEITEAE P IR I R A il . B0 BRIP4
RSN T FiR GUS Yetaiiirh, #4737 CEEIRIN 3 ~4 h, RIKFH 50%. 70%H1 95% 2.1 i
th, MEHILFK GUS fEEFHFaERILG R,

1.3 RIEHFRIDE K EEE E PRI AR THIE

1.3.1 ATk K BARGG M

FHAHJFTRL pBI121-35S:: LrCCoAOMT-NOS H S5 % R 17 . ik pCAMBIA1301 H AL ALK
PR B AR A R G . R BRI N VIR Hind TITA1 BamH 1 (TaKaRa) XX 1) 5 i
pBI121-35S:: LrCCoAOMT-NOS F1 pCAMBIA1301, #RJ5 7 HEUL 35S:: LrCCoAOMT FikHEA!
pCAMBIA1301 # k& 48, FIH T4 EHH (NEB) &AL KB E, KB EHF K
pCAMBIA1301-35S:: LrCCoAOMT, #:4bA<FF 1 EHA105 % .
1.3.2 4 LrCCoAOMT # I e b A5k i &

G AR AR ) CIRE I 7 1%, B 38 R AR 7 %R ) 400 mg - L' Cef /1 75 mg - L' Hyg #E47 .
K AR PCR J7 V20 0 0 0 1 3 S AR MR @A T A . AR¥E CaM V35S Al LrCCoAOMT K751,
Wit 514 358-F: AGAAGACGTTCCAACCACGTCT Ml LrCCoAOMT-R: GCAACATATCACT
TGATGCGG. K H CTAB %75 7l B A2 Rk ORI A R R i SR B R ZH DNA 98t , PCR ¥
R FE N 20 0L, SNAEFN 95 C 5min; 95 C 30s, 58 'C 30s, 72 C 1 min, 38 NMEI; 72 C
7 min. FHBERR HLIK AT PCR 34724 . R GUS 402 e st B AW AR HEA T 0T UL 4
MR T X-Glue 1 GUS JiiF, 37 CHERMN 3 ~ 4 h, LEEREFEMREHLREFEN. #—P%K
%t E & PCR (qQRT-PCR) XFHEAL4N T o LrCCoAOMT FERIFEATRG I o 2 S AL 4 7 R0 6 FE 4
RNA, 35 ¢cDNA, LA LrCCoAOMT-QF : ACAATTACCTTAACTATCACCGCC 1 LrCCoAOMT-QR:
TATCGCACATACTTCCGCAG A5I%¥), 185 rRNA AWNS (185-QF: CGCAAGGCTGAAACTTAA
AGG, 185-QR: CAGACAAATCGCTCCACCAAC), Z® Wang %5 (2014) [)J5153#4T qRT-PCR,
THE H R R AR RIS & .

1.4 BIEGHh

¥ F Excel A1 SPSS 17.0 X F#E 347401 50 Hr. KA Duncan’s %2 8 LLEGEA ¢ K650 T 2%
LT L
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2 RS0

2.1 AEFMERIFSIEFENTFIL
2,11 REFIEFIEAR ARG 5N

B U0 R T 6 FASE R AE KR FIRC EL AN 8 2R S R 3 b, BER 13~ 15d JR, 4k
FEARR T H LN, 20 ~ 25 d JG AR E SF L, 45 d )G MR I, Redk: (MS +6-BA 1.5
mg - L' +NAAO0.5mg - L) MIAREFFEFUERL, HIFENT5%, PN ERGE A E 2R
i 4.88. % UI A TES AR R IR P R A B BAR AL, PR 31.25% (K 2).

®2 AFE MS BHENHTEFHSHHM

Table 2 The effect of different media on the regeneration of shoots

MS/ VI

(mg- LD Number of FRUSH FFHFH Y% ﬁw{'ﬁ. M Y% FRFRBH BTN R

T inoculated Number of Shoot inductivity Browning Browning rate Total number of Number of shoots
6-BA NAA slices slice induction number shoots per slice on average
0.5 0.2 40 30.00+2.08 a 75.00+520a 10.00+2.08b  25.00+5.20b 137.00+21.94b 3.43+£0.55b

0.5 0.5 40 26.00+£1.00ab 65.00+2.50ab 14.00£1.00ab 35.00+2.50ab 127.00+17.90b 3.18+£0.45Db

1.0 0.2 40 2200+1.15b  55.00+2.89b 18.00+1.15a 45.00+2.89a 97.00+£4.04b  243+0.10b

1.0 0.5 40 28.00+0.58ab 70.00+1.44ab 12.00+£0.58ab 30.00+1.44ab 138.00=1.73b 3.45+£0.04b

1.5 0.2 40 2890+4.61ab 7223+ 11.32ab 11.10+4.61ab 27.77+11.32ab 141.00+21.94b 3.53+£0.55b

1.5 0.5 40 30.00+0.58a  75.00+144a 10.00+0.58b 25.00+1.44b 195.00+0.58a  4.88+0.01 a

e RPHEETEME £ bRER FABUE)E T RERORERRE (P<0.05). T,
Note: The data in the table represent mean + standard deviation. Different letters behind each column mean significant difference (P <0.05) .

The same below.

N BARABAR I, AE_F IR SE 25 S IR (R 5 97 JE (R S A I N AN [ 3 e o B R I
2. 30 dJagitds R (£ 3) RW, EMMPUIRMREFEE L, WEBREERK, MACEES
Botm. & 100 mg - L™ Lo MR (1 1% 95 40 A8 =AY Ny 3.33%.

&3 MS EFER TR B

Table 3 Effects of different inhibitors on browning of the slices in MS medium

TN R
ILE S T . HE5E R
KL, A . ) B . ) S
PRI et sero, Number of 100t WL % FEURH gy, —ERRA Number of
(mg- L) . Browning . Number of slice . . .. Total number
Lo Ac inoculated Browning rate . . Shoot inductivity shoots per
Vitamin C . number induction of shoots .
slices slice on
average
0 0 60 20.00+4.62a 3333+7.70a  4033+4.62b 66.67+7.70b  253.00+12.50b 4.22+0.36b
50 0 60 400£058b 6.67+096b  5567+0.58a 93.33+096a  278.00+22.52ab 4.63+0.65ab
75 0 60 6.00+1.73b 10.00+2.89b  54.00+1.73a  90.00+2.89a  314.00+24.83a 523+0.72a
100 0 60 2.00+£0.58b 3.33+£0.96b  5833+0.58a 96.67+096a  328.00+£20.78a 547+0.60a
0 0.1 60 24.00+2.31a 40.00+385a 3633+231b  60.00+£3.85b 94.00 £ 6.25 ¢ 1.57+0.18 ¢
0 0.2 60 20.00+231a 3333+385a 39.67+231b 66.67+3.85b 102.00+1.15¢ 1.73+£0.03 ¢

W BAREFENMS+6-BA15mg - LT+ NAAOSmg - L. .
Note: Base medium is MS + 6-BA 1.5 mg - L'+ NAA 0.5mg - L.

2,12 RREEFEITFFARG IR
Rt A0 TV 6-BA M NAA 6 AR FIFCEL R MS -3 8gr kb, MRS 40 d a4t (&
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4), fE RV 2.0 A1 1.0 mg - L NAA (85373 g KRR FAE R A4, MRS, 15 SR8 90%
PLE, fHMS+NAA2.0mg - L FSHMRKEIRAL, Bk, BHAENERE SRR,

F4 TR MS BEFEMNERFESHRMA

Table 4 Effects of the MS medium on the root induction

-1 . 8
MS/ (e LD et BELRA % AR
6-BA NAA Number of explants . . Induction rate Root and root primordium
induction
0.5 2.0 60 45.00+2.31b 7525+3.86b K, 7% H Alot, white
1.0 2.0 60 8.00+0.00 d 13.33£0.00d R/, 7% F1, Kt Few roots, white and strong
0 2.0 60 55.00+2.31a 91.66+3.85a K&, WA, HUIL Alot, white and strong
0.5 1.0 60 32.00+1.15¢ 53.44+193¢ b, 5 H Less, white
1.0 1.0 60 30.00+1.73 ¢ 49.76 £2.90 ¢ /b, WA Less, white
0 1.0 60 56.00+1.15a 9333+193a K, A Alot, white

22 RIFENSFHIBREFLEFLIFIE
22,1 FUAEF AR R T

V4 TC TR /N P 3 il o ) B oy R T 3 MO [FERRFEBTAE 2 (Cefy Kan #ll Hyg) 1) MS #5773
t, 40 d JEMEERANE ZF AR IREN (3R 5), KINBEE BUERIKE RGN, A HuRD, A
FARIBU K. PrERIRBERBARN, 854 K2 1IE%, 4 Kan M1 Hyg ¥ E 2> %124 100 175 mg - L
i, REFEREEFRFEEFESE, MRESHNE 125 f100 mg - LI, FEEARELE. AT,
100 mg - L™ Kan i1 75 mg - L™ Hyg 7] LA M1 R AL Z AR KA E 204k o 4T Cef 1 5 , 78I 400
mg - LI, @5 IEH HZE; 10 600 mg - LI RHR/ 8% B IEH & 2F; 800 mg - L™ i, 5 H 5 435E
To. BRI, %% 100 mg - L' Kan 5 75 mg - L' Hyg 454 400 ~ 600 mg - L™ Cef i AL M bk o

®5 RERRENFESFSHHRM

Table 5 The effect of the antibiotic concentration on the shoot induction

PR 4 A 2R A AR %

b W/ (mg-L™" SRk K
% catment é{:)rient:;ion Number of Numberof explants Regeneration rate ;OEO?: rov{;h
explants which formed buds of shoots £
ORi = s :',—"éj
Rt 0 30 4933 0.67a 98.67+133a RA, RRE
A lot, dark green
iy A é‘
Cef 200 50 49.67+0.33 a 99.33+0.67 a L, RAE
Normal, dark green
L C'/_\'Q‘
400 30 47.67£033a 9534+ 0.67 2 IE¥, Rad
Normal, dark green
oy IEE, 4t
600 50 42.00+0.58 b 84.00+ 1.15 b AEBAEN, HE
Most normal, green
f‘s/ A"“', o[ 74
800 50 37.00+0.58 ¢ 74.00+1.76 ¢ HOIER, HASET
Some normal, some dead
VR4
Kan 30 30 4267033 b 85.34+0.67b Ao, RIRE
Budding, dark green
75 50 28.67+0.88 ¢ 5734+ 1.15¢ /b, 4k Less, more green
100 50 15.00+0.58 d 30.00+1.15d Wb &, WEktn Little, light green
125 50 0.33£0.33 ¢ 0.67+0.67 ¢ JC None
Hyg 12.5 50 29.67+033a 59.33+0.67a HZE, R4 Budding, dark green
25 50 2533+033b 50.67+0.67b wm/b, $4E Less, more green
50 50 6.33+0.88 ¢ 12.67+1.76 ¢ Wb i, 34k Little, light green
75 50 3.00+0.58 cd 6.00 = 1.15 ¢d /b & Little

100 50 0d 0d J& None
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222 RE AL AR E AL R FE 6 o
B ILEE R TN i R D) R (B 1D TEZE b RE IR R 3R 7d, DAREALA R XTI,
AT GUS §eth,

1 cm 1 cm

%4}, Transformation F#4k Control %4}, Transformation F#4k Control

ToTE /N F Bulb scale HEYIH slices

B 1 EE/MERFEEY RN GUS RS
Fig.1 Analysis of GUS staining on the bulb scales and slices

g (R 6) KW, GUS RFWEESNESF, VLW /N NZIRT GUS BRI #& AL CR i
AT 21.67%, 10 LSS 7 D) SRR GUS B B A0 8505 B Ry T ik 81.72%; I HLHIT 5 9l A AT 181 1= G
Ja R o MGGy, SRR EN 24.44%, T)a# JUFRA . Bk, CASE U1 R RS MERA B
FITRATEARGAISNERF BTN, AR S HHRITEER S L6, ik, £E8A5%
e B LLE F UL e A 2 AR B G P R OB AR &R

&6 RITHENFHIBRATRL

Table 6 The results of the Agrobacterium-mediated transient transformation

) ‘ ODago @t )/ i i 24 Scales ‘ VI %44 Slices _ A
TR HEIRE e . o BREREALA% BRI AL /%
Suspension Co-culture - '~ - e TTYR /Y% Transient ! TTYR /Y% Transient
solution medium SU.SpCIlSlOl:l I.l’lfCCtlol’l Scales Pollution rate transformation Slices Pollution rate  transformation
concentration  time number number
rate rate
Al Bl 0.2 5 60 19.44 +3.09 ab 1.11+0.56h 62 0b 31.78+2.68 g
10 60 555+147¢ 10.55+1.47cd 62 0.56+0.56b 35.86+0.64 fg
15 60 10.55+1.47bc  21.67+096a 62 0.54+0.54b 38.51+3.90 ef
0.4 5 60 22.78+2.42a 1.66+096h 62 0b 18.81+0.30h
10 60 19.44+£2.00ab 1833+0.96b 60 278+ 1.47a 43.33+£1.93de
15 60 24.44+£3.09a 6.67+0.96ef 60 0b 53.33+£2.89¢
A2 B2 0.2 5 60 6.67+1.93 ¢ 3.88+£0.56 fgh 62 1.04+1.04a 44.10+0.45d
10 60 11.67+096bc  556+0.56fg 62 0b 50.02+0.95¢
15 60 16.11+£3.38ab 945+ 147de 60 0.67+0.67b 68.30+0.17b
0.4 5 60 1333 +2.55bc 278+ 1.11gh 60 0b 50.00 +0.00 ¢
10 60 16.67+333ab 944+ 1.11de 60 0.56+0.56b 70.00 +0.00 b
15 60 23.89+455a 13.33+096¢c 62 0b 81.72+0.05a

VE: Al. Bl. A2, B2 @ 1. F[H.
Note: Al, Bl, A2, B2 isthe same as Table 1. The same below.

223 KATH KRB AAZ Je b0 18] 3 S ALK E M9 Fvh

LSS U P AL AR BRI AL SE R (3R 6) BoR, TER—HEIKE &M T, B2 Y E 1
o, BERHAEARARTI S . RFTHE IR ODgoo N 0.4 5 0.2 I 5, B AL B e R . Bl E
ODgoo A 0.4, 124+ 15 min, LAZFRKEILHEMLR MS NEERAILRE 5L (A2 f1 B2), HBEm i
R i (81.72%)-

UL Fr D) o N FEAL S2 AR R e B b g5 S (3R 7 A1 2) RB, MRHFFHEIRE ODgoo N 0.4,
244 15 min, FHERAMILREFRIE T A2 R REITTRINIR MS B AR, FoE F A mik 25%.



Fu Yongyao, Liu Jianling, Zhu Yiyong, Xu Wenji, Lei Meiyan, Yang Liping.
Construction of transformation system and integration of LrCCoAOMT gene into Lilium lancifolium.

1352 Acta Horticulturae Sinica, 2020, 47 (7): 1345 - 1358.
L4
2 mm 1
E—— -
%4}, Transformation Fe#4k Control
2 HELLEM GUS RE S
Fig. 2 Analysis of GUS staining on transformed seedlings
®7 YIARRFEIRERL
Table 7 The results of Agrobacterium-mediated transformation for slices
= ODgq0 A 4 . HEREASE R
R ) SRR 1By {2 Y4 [E]/min - Number of 1%%1:]?}##( BEEEY% Number of
Suspension  Co-culture . L . Tuduction of .
solution medium Suspen5101-1 Infection time trelmsformatlon slices Tuduction rate shoots for
concentration slices culture
Al B1 0.2 5 61 41 67.21 97.67+0.88 a
10 57 31 54.39 47.67+2.02¢g
15 64 37 57.81 87.67+1.45b
0.4 5 61 19 31.15 44.00+1.00 g
10 62 39 62.90 68.67 +1.76 de
15 63 36 57.14 65.00+£1.15¢
A2 B2 0.2 5 56 38 67.86 34.00+£2.08 h
10 63 53 84.13 82.00+1.53 ¢
15 66 46 69.70 54.67+145f
0.4 5 68 56 82.35 46.67+1.20g
10 56 37 66.07 73.00+1.76 d
15 60 30 50.00 87.67+0.33b
R JerrIRIE ODjq0 PUPE A7 175 4 e 4 GUS 4155 GUS AL %1%
Suspension Co-culture 12 el Number of surviving Number of GUS Transformation rate
solution medium Suspension concentration seedlings stained seedlings of GUS
Al Bl 0.2 87.67+145a 9.00 £ 1.00 be 10.24+£0.99 ¢
33.67+1.45f 3.00+0.58 ¢ 884+1.55¢
67.67+£1.20b 8.00 £ 1.00 bed 11.78 £ 1.25 de
0.4 34.67+0.88 f 3.00+0.58 ¢ 8.61+1.56¢
62.33+£0.88 ¢ 9.67 £ 0.88 ab 16.54 £ 1.17 bed
55.00+£1.15d 7.00+1.15 cd 12.65 + 1.84 cde
A2 B2 0.2 2133+1.52¢g 3.00+1.15¢ 13.65 £ 4.67 cde
48.67+1.20¢ 9.00 £ 0.58 be 18.21+£0.76 be
31.67+1.76 f 6.00+ 1.15d 18.67 £ 2.64 be
0.4 32.67+£145fF 6.00+£0.58d 18.28 +£0.96 be
45.67+233 ¢ 10.00 + 1.15 ab 21.76 £ 1.45 ab
47.67+0.88 ¢ 12.00 £0.58 a 2515+0.76 a
224 EFigALIERE A HKF R0

AWRRY, KBRRKEILENS R MS 1F N E SRR 723 8% 5 v] LR Z 5 m R AT A S 1)
M E S (Lilium formolongi Hort.) BY ‘Acapulco’ FH &M EHEIE (Azadi et al., 2010).
ARIGH, TEUAEE V) 2 R B R AT B A A, R AR KBRS R MS NE W
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AILHEIRIE, 1R [F) — T RR BE MR G [ 25 10, FLIR I e A B0 A R A S8 1A% B (e R B BOR 5 Bk
KEITCRK MS BirER 2R S (GR6), ST ARG RMETG. 5oh, ERIFRAIEE IR )
HEBR BT B AS A5 U] FERBRIN FAL R, RYIOBET A0 AS XA A S H06 ST L7
WHA EEAE,

2.3 pCAMBIA1301-35S:: LrCCoAOMT FRikH krHaiE

%} pBI121-35S: LrCCoAOMT-NOS H1 pCAMBIA1301 #AN H4H FoRidkATHEY) . 458 Hind TIIAN
EcoR 1 XMV J5, pBI121-35S: LrCCoAOMT-NOS Jiikin] L3 %] 2 000 bp 724545747 (35S::
LrCCoAOMT-NOS) F1KF 10 000 bp K Bt; pCAMBIA1301 ki n] LA 2] 11 800 bp A2 A2k MK
FrBEe 23 B4k el 2 000 bp 7247 2645 (35S:: LrCCoAOMT-NOS) Al 11 800 bp £kth K F By, i&EH:
JE ALK IR, B VR PCR St (B 3, A). dt—Plid Bkl 41, Hind 1A
EcoR 1 WEgYISAIE (B 3, B), RAFHMAFRKILFMA pCAMBIA1301-35S:: LrCCoAOMT.

FHEFERE Positive clones JF i Plasmid

2000 bp — R 2000 bp 1R

122855: T - 0 D - - 1000 bp — 55

750 bp — =4

3(5)8 Ep* -~ 500 bp —— =
P — ‘ a 250 bp —
lOObpi - -—--“--‘- IOObE—

3 Pt PAR PR SEEER PCR M (A) FRKL Hind IIA EcoR I WEYISTH (B)
Fig.3 Detection of positive clones on resistant plates by PCR (A) and plasmid digestion by Hind IIl and EcoRI1 (B)

2.4 IUMHEERRRRE R

& FHE AU R R R G5 358597 3 d, # A E Kan JUEERIZFE ML RES (H4, 2, &
i 20 d ZEAEBERE IR, BB (K4, b), 435d FREAKEFIEAED (K4, o, R
JEREEIEFRZ) 30 d, WAESFESRAERRERUNE R (Bl 4, &, BHEANEREFRERER, BE
i 40d AATHRAEM, WAt (B4, o, BEFBILEKIIIEHSSE. AREKSH 7~ 8 cm I
B EEIGTE.

AR 55 3 e B R 4L 1, SR EUE R ZH DNA 33547 PCR A . 22 AN 075 128 0 6 3k (R 4
HHA S AN bR, TR R A AN & (B 5.

GUS Yt HiEsE, 48 o B ARG IR ZE R G i b K32 (4/5) B s (B 6).

R BHNINEZER F N, 4T qRT-PCR 04 (B 7D, ¥4tk R T LrCCoAOMT £
AT R B AL I 3 8.3 HIfERIE.

22 FRTIR, LrCCoAOMT 3 C LB TT
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B4 BAFECEKRNBEDE
a: BERDIA: b BUMEZE: oo REMAAZE: d: 4MQUHE9R: e RIS
Fig. 4 The regeneration process of transgenic Lilium lancifolium plants

a: Scale slices; b: Resistant buds: c: Cluster resistant buds; d: Subculture; e: Rooting.

MWT P 1 22

B 5 iEmEESLE N PCR &R
M: Marker 2000; WT: EFARL, P. FHPERRL; 1~22: #EILFEZ.

Fig. 5 Detection of Lilium lancifolium seedlings based on resistance screening by PCR

M. Marker 2000; WT. Wild-type; P. Positive control plasmid; 1 - 22. Transgenic Lilium lancifolium seedlings.

8
/
‘ {
i ‘ \
PLGNe-35S:: LrCCoAOMT B A= %I Wild type

6 EFLEH GUS RN

Fig. 6 GUS staining analysis of transgenic Lilium lancifolium seedlings
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FXFFRIE R
Relative expression
SN WE LA KO O

r o #x
r | ok |
I Az 30 OX-L1 OX-L2 OX-L3
Wild type HEFEAIME R Transgenic lines

7 HR4E LrCCoAOMT EE ¥R qRT-PCR #2
o, AERFRENE, P<0.01.
Fig. 7 Analysis of transcript levels of LrCCoAOMT in transgenic lines by qRT-PCR

** means significant difference, P <0.01.

3 Wi

F Cohen 1 Meredith (1992) 1 Langeveld Z5 (1995) KEUAAFH Al LUR R EH & LK, RTFR
FFRE A T BB AR AL BRI (R O A S i e Ja s T B A e BRI 7T . AT A T 10
FEALTR B OGRS INEIE RS > R AE AT s AR AR S HS AR IS R B S50 A (Travella et
al., 2005; Zhangetal., 2005; Lietal, 2018), CAELME LTS, WEBHE. BFAE. =
MEEMEME S, W PERE 56 e E s, BB TR, 2HR
R IANEIER S 7L (Bakhshaie et al., 2016). & ERFRE=KEHEEZ—, WELH, [H
W2 N RS GRREERFIESCR, 2017; By 25, 2018). {HA, ENING REFTHE
N FE P AL F A TR WARIE o 4B T LA P IC B /N V) o AMEAR, e AR,
ST A RO, B ARAT IR AR YR B S TR BRI IR R, A RAT IR A 3 1
B R R

TEMYHERR T, 02 SRV R A E A e, EieIlg, Y
W AMEAR A, W RN, ERFRIERRIN PVP (RS bl ). HUdA R s o % vl LA
HIBPHEA I R A CRBNE 25,2017 AEARIG H, ULEE U1 9k M, 359735 43 100 mg - L
PUR MR AT A B s R A, FEIREA e 205 .. 245 RICRHEMSE (2017) FIFH PR 1%
PG ARAR PR TR, FER PR AT R it AME AR R 2

P AR F OB I X A B A A R ) B AD B, R IR I B AR 2K R S B R T e i
FEDR P PR R AR LI . AORIS R W], Hyg A1 Kan SR8 M0 H] T /Mg H1 2842 K, (5 Hyg $H4h
TEARR MR R, 5 AE RN S0%MIKE N 25 mg - L, 1 Kan FIFEFIBGRA, T HAERY
N 50%IME S 75 mg - L. #%4% 75 mg - L ) Hyg 8% 100 mg - L™ i) Kan /&1 & & PHER L i
EEIKE. X SHPEEAM R H AN Hyg 8 Kan BUERTEARRE, A& % Hyg i T8UK,
RiEA T HESGE: MpiE e Kan MUK S T35, S HEARLN 50%H0WE N 25 mg - L
(ZhfAE 25, 20085 XIF6K 55, 2010) .

TERAF R T RBAE A, SMERADRL . RT3 R B2 5 1 BRIt TR0 e A A - A
M (Hoshietal., 2004; Dongetal., 2007; Liuetal., 2011). HEl, A&HMUZEEFEHAHL.
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i Bk o RERL (BEVE 4%, 2012; Bakhshaie etal., 2016), A FH 28] N2 4K (Liu
etal., 2011; Nufez de Céaceres et al., 2011), {HLPLITCEE /NG U] NAMER PR WHRIE . A
g, JE I LU R /N e S ) R R SMEAR R R B, T B RS R 0 R AR B LA,
BV ASE SR FH it T A FR AN iy B TR Ak rh Cef WRBE, 15 JeBe AT ARy o 1X W] BB R DR TG A /Nl Py P 1 A 3
TERIAE, LATHER GG i MY ERE GG, HIsREMK. R, YR AN ZE
B FIERAE F I R, K299 18 d, 1M LAJC B /NS v e 2 R W TR 22 25 d /e A o 55 AT
o CHRIFRARBES:, 2013) M, HAEZFFSFRMAERGE. — MBI, 385 Rk &R g
B EA B PR R, R R, MEMR YT R4 T, RATFHEIKE ODgoo A 0.4 R4k
R 5 T ODgoo N 0.2, (HETE DL /NS R NFEALSZAR IR T rp, o5 G AR N FE iy o 7EAH
[ R B SRR T ARG TR, JCRGR IR A A RN I AH R H2 15y o

AR, (2GR IR AN LR IR 58 B 2 5 R AT iR SR AL GBI 3K (Azadi et al.,
2010; Wang et al., 2012; Nobakht et al., 2018). Azadi %5 (2010) HiL AR G BB AILRE 7%
FERAY, BRI E A MARTTH A ‘Acapuleo’ IRIBAEHEAL AR Al $2 B 25.4%F1 23.3%. AR5
B SE R MS B R KHoPO,. NHyNOs. KNOs. CaCl, fIH B MS BV R 3 855 55 7 il
WBF, GRKI, LU NAMERRT, GRS MR MS (B R 55 37 5L T 43 5 ) 2 A 3005 B
BE TR, SaTABEARMA. SR, VLGNS N AMEARRS, B IR AR R B X
Slo BRFATRER D) AbE LU, HRMGTE, RS2 2R PRI = B A s, SR
KR A 1L (Azadi et al., 2010, 2016) MM AL, Foh, 7T AWFF KL
R MS B RN BRI IR AR, — 58 EH 54 ‘CasaBlanca’ 1 ‘Red Ruby’ [ RLAH 4 2% 4K
FREAE K T HUR, ALK HERRMEL (Azadietal., 2010, 2016, [MAHF 7T A & ILZIL
K FERA 6% U0 e AT T A G R T A 2E R A AR AT T BRI T 5 LS ) A .l i A
T AS X PFR AL AL i R B, 78 B IR 3 IR 5L AR RN 100 pmol - L AS 1] LA 35 47 = LA
R R A SE ARG BRI R AL R, ST AROE (BEE 4 %%, 20115 Liuetal, 20115 H%E %%,
2012) HFF.

DRAZH T BT 2K 85 B AL BRUR YT 5 A i () L S Y 487K, LrCCoAOMT B: 1R Wi . K 85 B
FHREHE FARE, R R LR IR RIA R i, BRI R LR S K B 1)
REI B . AREE R E N S ISR IR R, K LrCCoAOMT B:H k6
I, &y FRIA GUS Gt b, LrCCoAOMT 3N B2 R S ANEST . W R4 RS
FHER DR F e RO REE, 9 3R1F0 R BUik B PHE A 5T 5358 BE Al
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