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12, 78 Y6 s 10 LA 405 S 5 AR A RL T 3% 2 L ODgo0 2 0. 8,42 4% 10 min, 3E8E 5% 3 d, A 100 pmol/L AS £
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Genetic Transformation of the Phalaenopsis F3'5'H to OT Lily Robina

LIU Ailing, LIU Yali*, LOU Qian, ZHANG Haiqin
(State Key Laboratory of Crop Stress Biology in Arid Areas, Ministry of Agriculture Key Laboratory of Horticultural Plant Biol-

ogy and Germplasm Innovation in Northwest China, College of forestry, Yangling, Shaanxi 712100, China)

Abstract: To obtain bluish Lilium spp. in direct breeding, we screened the suitable variety-OT lily Robina
for genetic transformation. Here, both embryonic callus induced from filament and regenerated bulb scales
of OT lily Robina were used as the transformation material. Agrobacterium-mediated transformation of
Phalaenopsis F3'5"H was studied. The results showed: with the pre-culture 3 d, ODs, =0. 8, infection
time 10 min, co-cultured for 3 d, 100 umol/L acetosyringone conditions, the stable transformation rate of
regenerated bulb scales could reach to the highest 12. 78 % ; however, embryogenic callus pre-culture 2 d,
ODsoo = 0. 8, infection time 10 min, co-cultured 3 d, with 100 pmol/L acetosyringone conditions, which
the stable transformation rate was the highest 12.22%. In all the conditions, the best hygromycin-resist-
ant screening concentrations always was 20 mg/L.. PCR and reverse transcription PCR assay showed 9 pu-
tative transgenic plants were obtained. Southern hybridization analysisfurther proved 6 plants that the
transgenic lilium flowers carry blue gene F3'5"H. The results provided technical support and material basis
for the continuing development of novel bluish Lilium flowers.
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OT Z«# & & Robina (Lilium tenui folium o-
riental X trumpet) & %R 7 H & 4% 3¢ & (oriental hy-
brids) 5 MW\ H & 42 3¢ & (trumpet hybrids) ) 24
ZEFPEY LERFFRECH: AR KM I A AR R A
Ttk 4 5 VI AE SRR . H A Robina 464 £
g 3~5 A FE AR BUE S TRk LD B 120 ~ 135
em, A KA 100 d 2247 B W HEZK P 4 19 Tl i Pk -
BRI 15~28 C, H{EZTMEAFMIEE
ARETFAE, LB LA . IR A KBTS, Ro-
bina F A MAEAE AR T K 18~20 em, S H & HAELL
BRM R Z — . ek B HAE | & UEh
) bE ORI 58 HAE (0 AT B B

XFTAEIF RS AL el R — B WF IR A AL,
PLRT B9 0F5E b — ok T I S 48 G2 10 8 Fh 5 25, AR
WAIESE 1 228 B9 A €, {H 2 i T 90 o 1) 77 76 o 1)
B 25 o A 0 75 T R AR AR X T BB Ao 1A i TR ¢ 5L 174 Jmy R
P B AR K 2 T AE R Bk . A 3R B TR
AR AT e IR G & MO E R R BlE 2
B,

KR &K (delphinidin) & A 7E TAH Y a9 —Fh
WHR. B MY R L a, 1 F3'5 H (3
B 3'5 R AL ) S T N KR R I e AT R
LEF R (L R . A PR TEk= F3'5'H
FER M e = R R, A DL A AR A A ks
R AN . ARS8 A X 10 AN E A
Tl B HE 55 93 A 1) B A8, O 366 23 B B8 B A I L
O LR A2 O L R B B Th R A AR A i
A CHOR B R R WO pH B AR OT 22 fh il &
Robina 3 ‘B 5% W (0, 35 A A2 14 5 RS i 0
B B 4T T F3'5 H 3 IH 235 24 (1 157 15
BT AR 9T 3 i R AZ R R R S50 1,
o R AT H A 3 RUE 72 /b Robina [ &, Jf il i
PCR 47 Bk A, A5 K 5 1Y A & % 55 D AE Bk
TR ST 6 E A RS 55 Bl

P1300-pPZP-F3'5"H-DFR

CHS NOS E35S
pro. ter. pro.

1 MBI
1.1 # #

WIS T 2014 48 7 H ~2015 4F 9 H , 7E ARk
PG Ab b DX Fel 25 A A= 2 5 i 5 B o R S 5
RN X AR 5% AR ) 2 K S SRR R e . LA
W Tz B 46 77 11 % 19 Robina 1 & Rk 36 41k, 15 S
AEAL A6 22 77 He IR A P AR AR MR AR 2215 2 45 57
ol MS+1.0 mg/L PIC(FEZE) +30 g/L mEME+
3.0 g/L MYk

e A A AR 8 AR AT R (Agrobacterium tu-
me faciens) FIRE LBA4404 ,5 A B9 Hi R 2 p1300-
pPZP-F3'5' H-DFR, & ki) T-DNA X Bt | 4 4
CHS 4% 5 )i 8 1 9K 3l (4 W 8t 2 F3'5'H £,
E35S Pro(J3@ #1 CaMV 35S J& 2 F) 3K 8l it KU (5
T DFR H:[H (W1 22 F375 H B PR 32 5k 1 i B 2
KD DL RO 8 R R R B L N HPT 1T GE#E 4
WCEEPD Z B AL = D,
1.2 F &
1.2.1 HBHEARGHEFER W 1.O0mg: L'EH
FEBHF MR RGN 2.0 g (B F) VI #E,
FEMZE 100 mL IR A FEE AN MA 40 mL 5 5
2 W A5 2 AR ) 9 28 R RE W I A R R 3, F
PRREE AR, RIEHEIEHRE T (24£2)C,100 ¢/
min {HREE R BEREFR . BT 2 KA 3 d 4k 1K,
HIGH 7 d 968 1 Ik E B RS K . 4k RnT, E i
PSER < = S ol | R VTR K5 B W el
Je B2 BB 1/2 IHAY b b T A B R
6 d FR ek 45 R TR B 3R L 0 S BT
R, H B IR K R RIRIEREY .
1.2.2 RAEEGOHE WRHMEAENEA
FE W) 2% 35 B 0 R FF B bR 100 pL WS 0 B
50 mg « 7! kan fi1 25 mg « L' Rif A 25 mL {4
YEB #5355, 28 'C.180 r/min ¥ 30 h 2245 .

NOS
ter.

CHS pro. {£45 5 15 8l F ; PhalaenopsisF3'5 H . Wil 2= B % W 3757 B 5 AL &£ F ; NOS ter. NOS %4 |- F; E35S pro.
W5 A CaMV 35S Ja 35 Hyacinth DFR . X5 F S & BB 4- 30 5B 3L R s HPT 1L . 185 R B IR % 7% i B A
1 Jiki pl1300-pPZP-F3'5'H-DFR ¢ T-DNA /% 2 &

CHS pro. Flower specific promoter; Phalaenopsis F3'5'H. Phalaenopsis flavonoid 3’5" hydroxylase gene; NOS ter. NOS terminator;

E35S pro. Enhanced CaMV 35S promoter; Hyacinth DFR. Hyacinth dihydroflavonol 4-reductase gene; HPT[[ . Hygromycin

phosphotransferase gene

Fig. 1

T-DNA schematic diagram of plasmid p1300-pPZP-F3'5'H-DFR
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BRGHERE T 50 mL B.LOE . & 0 5FFKBE
OE®E T 4 C.5 000 r/min & .0 #HLH, 5O
15 min, 5 BV 1E R R I0HE T MA 30 mL &
W(MS+10 mmol « L' MES+1.0 mg « L' PIC
+30 g« LT EESD EHEIRSFE W 2 mL T
W ODsoo (BN 22 & 380 2o 355 1) T W H 8 o o 4 o
WL ODgoo 4 0.8, 5 #F 28 C 180 r/min
FEIR R 2~3 h, #2528 )5 DA HAE B IR 4 .
1.2.3 #UZEOTESF HEREREHIN
A E T FHE MS+1.0 mg« L7'PIC +30 g
cLOTREME 3 g LT b R/ — 2
FEAAE AR B /N 7 B T % 5R Ak MS+ 1.5 mg -
L' NAA +30 g« L "jEM+3 g~ L "HYWE K
Ty FE25E2) C WS AT R, WK SR (]
S 0.1.2.3 Fil 4d,
1.2.4 RERMIEF UG H &L 0 G 8 xT
St TR IR 2 R AL Z AR BEAT IR G L 4= Y i [R] Sy
10 min, 32 J4 J5 B 55 A 2 (R 8 T I g 0k B AR IR,
IeHEFRIFME 0.1.2.3.4 A1 5 d. IR A 00 Je 85 77
N MS+1.0 mg » L' PIC + 10 mmol « L™*
MES+(0,50,100,150,200) ymol « L' AS+ 30 g
< LOUREWE+ 3 g o L VRHYIBEES; H AR /N8R B i 3L
B MS+1.5 mg/L NAA +10 mmol « L™!
MES—( 0,50,100,150,200) ymol * L 'AS+ 30 g
< LOUHEME 3 g L VHHWIBENL
1.2.5 BRESERMEER HILERENEL
ZARE T E 500 mg » L7 cef AYJCTE 7K P T Ab PR
10 min, JER K Mk 2~3 W5 & TR0 BT,
FET U B R Ak b WRPE A 0 0 e s R A Dy - MSH-
1.0 mg « L7' PIC+30 g« L7 jEBi+3 g+ L7 4 ¥
BEE 4200 mg « L™! carb+(0.,5.,10,15.20,25) mg
« L' hpt; A4 /N8 Fr 00 05 18 55 5% Ch MS +
1.5mg+s L' NAA+30 g« L 'fEHE+3 g« L'
YIRS+ 200 mg + L' carb+(0.5.10.15.20.25)
mg + L " hpt, 5 [8 2 745 A 8572k Rk 1Rk,
x1 BATEAHAEMEIY

Table 1 Primer sequences used in this research

S5 (5" —3"

Primer sequence

518 4 Bk

Primer name

F3'5'H-F ATGTCCATCTTCCTCATCGCAACCC

F3'5"H-R AAACTCTCCTTTATC AAACAACCCC
DFR-F GGATCCATGGAGATGGAGAAGGGGC
DFR-R TCTAGACTAGCGC GAAGCAATGTGAACC

HPTI-F TACACAGCCATCGGTCCAGA

HPTI-R CGCAAGGAATCGGTCAATACAC

1.2.6 HE#HKBE LR IR 25 C.16 hOGA
PEF AT 40 d J5 e A 32 1R BV AT 7E 2% Y 0 18 1
FRIEAAC /N . ETR RS SR A /N B
PR A AR F2 5 (1/2MS +0.5 mg « L 'IBA+
0.1% AC+30 g« L 'jiERi+3 g L HEWER.
ARG BN RS R, AR R TR

DA #5A> Ab 38 5 BURG A6 32 4K 40 ~60 A4, B
AhPREE A 3 K. BN AR PRAE R E ST SR 3 AN H R #EAT
goit, eIt B R R T R RE kR
(R e A 28 = W1 85 Pk B 8/ e Ak s2 1R %00
1.2.7 #HLEKRAE PCR &M 87 Wb #1419 240
i R ok CTAB 42 B I 4H DNA, DL HR
(0 A 0 R DNA AR L MR 28 1A d A F3”
5'H .DFR M1 HPT I N5k, H
th F3'5'H 93 5 Be K o8 1 550 bp, DFR ¥4
BKE N 1110 bp, HPT Il ¥ A B K E K
554 bp, WitHI¥ (WE 1), ¥ 5k pl300-pPZP-
F3'5" "H-DFR 1y B4 X HR L 4 5% 3 R AE Bk 19 DNA
VERBAVEXT IR . B ny M R 1B HL 25 L AR &R, SOn; /2
JFR:94 CHIZEPE 3 min; 94 CA8PE 30 s, 55 CiE
k45 s, 72 CHEM 1 min, 30 MEFR; 72 C FH-IE
2 min, HEATIEARMEGE RS f UK S5 5% . 15 3] PCR 45
1.2.8 #HEFRE#k RT-PCR & (i /f] Omega ik
& PR EUA A PCROFH M AH R R0 K 5% £k 4l bR B
RNA 38 38 B b5 58 i i Uk 347 RNA () 4l B K ik
FEAGI . f#i A Preme Script RT reagent kit ik 5] &
(TaKaRa 23 m)) 47 [ % 5 G L cDNA # ., DL cD-
NA J#it st F3'5'H 3K k4T PCR 9738 4047 .
1.2.9 % EFE##k Southern ENiE 447 EHL PCR
00 Ay BH P At S5 DRI 470 1 A b R IO B DNAL i
W 3% T % [ DIG High Prime DNA Labeling and
Detection Starter Kit I i3] & ¥ 4T Southern EJJ ik
GHT . LABURL p1300-pPZP-F3'5 " H-DFR AR . fifi
M HPTII-F #1 HPT 11 -R R519, & 0y i Bl
A7l il 2 4% 4t . BB EcoR 1 B§YI 19 , SR 5 k4T
B BEEE I FL K, B R M L TR OR S AR R A O
JiE b AR S RS B e ORI I TEAT 458, TR, R .

2 ZER 55

2.1 Robina BEEEEHLERIMEWL
2.1.1 FEFsHEEMNELRENZRE MNEHEH

2 P A2 Aoy AT 0 ~ 4 d BiIKE 3R (B 2), %5
WA 22 TR I A% AT IR e 0 VR 40 A1) B
F AR o AL (R T ) B 2R 3 %
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RAK. /N T3 3 d R E b RiRmE. N
12.78% s WiKE 3% 4 d JG Ptk 2R 5 3% XTI T B%
MR s 7% 2 d RUE bR i . 12.22%.,
A DA ok 8% 52 00 S W s RN R R S
TRV 2 i 25 0 36 ) 400 L, SR T Bt 2R 1 7 A R
[ 2o 200 e 0 20 A A SRR S o A ) AR AT R AR e
2.1.2 HEFHEXMNFLIENEW WEHRET
Ja s N E A IR AN AT SR SR, A 3
A LA PR A RN R R R 3R 3 d R
AR AR 12, 23% 1 11, 94% , H iR
PEAT G AL SR ) A 3 d #EAL R 2 W T . T/
R AR T R 28 . LR FRRT i, kbt
BHEAS Ty B ER . BT LA fh et 2 BRI
2.1.3 ASIREMNFHEAMENZM 7= AILEE
FRM LR AT Z A —E ' AS, A ASH
FFREATFE Vir ZEFE G, Vir 2 H (virulence
genes) PRAE T AR AF TR 42 G il 100 N AT DL
HALRE, R 4 T LUE H, AS S 100 pmol/L
B P A R s R PR A ok 11, 67 %6, /NG
o 11.11% . AR A4 SURUNGE (ol AS W
JE AR ] A /N 7 AS<T100 pmol/L B, B 5E
AR T IR P& 5, #E AS>>100 pmol/L B £ %
B e TR A0
2.1.4 MBRREMGE 76507 bk 1
RUATIR R ICH . 25d 2 A A ik, 45 R R (&
2) MR B ZE B /N AU A 0 o AR
A3 ) J2: 88. 89 Yo Ml 91. 33 %0 , It 25 T 5 25 e JEE ) g 14
s AR AR, M R W E N 20 mg « L
B AME AR LT 45048 1k . Bt LL/IN &S F R 2 5 1)
AR ML E N 20 mg - L,
2.2 HEREKNEBE

2 PG A Z AR B3R A3 (IR T » b~1), Zad i
VedE IR AS d I . A5 A A IR 0 N 55 R A
fRAET, sy e BB 2F (R 1.5 ko
FEAE P R BE R B 3~5 cm B, B R HEAT RS
I o i P v W B R T D EE A T s ok (AT Rl
I.D o BrdE KRS g ml LA R 0 A A 3
2.3 FH{LHEMKRA PCR &M

AT 187 MR E G R R UM LB 1A K
SECHE A /N 2E 4T PCR A, 43 3 %F F3'5"H . DFR
MHPT T 5EF ST 973G, 5 2E 17 B2 I8 W5 58 i i vk
U R 15 MR E G E Y AR BB &,
9 BRIy PCR Z5 R 40T (& 5) , 136 B A0 U5k [ 3% 45 5]
HAHHE S,

W /£ YL 747 Embryonic callus

16 I /1@t Bulb scale
14

12
0 1 2 3

10
TRURT 7% N 1)
Pre-culture time/d
2 WG LA A MR @ RN B R e
He Ak 2RI 5 )

Fig. 2 Stable transformation rate of lily embryonic

Fa e b %
Stable transformation rate/ %
[+<]

(=T S )

callus and bulb scale in different pre-culture time

M /I: 1" &2 44i Embryonic callus
14+ @ /)4 Bulb scale

Stable transformation rate/ %

LB TR 1)
Co-culture time/d
R TN I RO NE R g X TR N e
e A0 FR A 52

Fig. 3 Stable transformation rate of lily embryonic

callus and bulb scale in different co-culture time

M /£ V% & i Embryonic callus
O /M - Bulb scale

e LR
Stable transformation rate/ %

0 50 100 150 200

ASIKE
Acetosyringone concentration/( hmol/L)
B4 AS Ve EE XS A MR 5 RN R AR
e A0 2R 1 5% T
Fig. 4 Stable transformation rate of lily
embryonic callus and bulb scale in different

acetosyringone concentration
2.4 FLEKRE RT-PCR &7
X PCR AN R AT H 9 4540 19 15 #% [ & B ik
17 RT-PCR K e & 9 #k i B F3'5 H P
H i 6 (B 6) BB (B 6 F3'5'H 76 6 &
PR AT TR SRRk .
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R2 BEBEMIAFTREERGHEAANSERGEEIR

Table 2 The sensitivities of regenerated bulblets and embryonic callus from lily to hygromycin
Tz /N - Regenerated bulblets JEPE #1455 Embryonic callus
B e

ANGE 2o A%
Frequency of
adventitious buds/ %

T AR
Frequency of
adventitious buds/ %

Concentration of

hygromycin/(mg « L™1) MR

No. of explants

LAY REN e

No. of explants

0 60 88.8942.48a 50 91.3342. 33a
5 60 73.8941.91b 50 75.33£5.14b
10 60 43.89x3.52¢ 50 44.67+3.09¢c
15 60 5.5612.49d 50 8.0041.98d
20 60 1.67=%1. 74de 50 0.6741.12de
25 60 0£0.00e 50 0£0. 00e

T R R 3 R AR 0 B E AR AR 5 [ B R AR AN R /NG R H RORTE P=0. 05 KF2REE.

Note:Data in the table are “average= standard error”of there repeat tests. Data in the same column with different lowercase letters have

significant differences at P=0. 05 level.

2 3 4 5 6 7 8 9

A M P WT I

2000 bp
1000 bp

st Nt M) S ) e ) = =

1 550 bp

M P WI1 2 3 45 6 7 8 9

2000 bp

1000 bp <1 110 bp

M P WT 1

2 3 4 5 6 7 8 9

750 bp
500 bp

A. F3'5'H; B. DFR; C. HPT I ;M. Marker;
P. J50AE BH X B WT. SR B AR Ak 5 1~ 9. 6 & PR A bk
B 5 BHAEWEZyMHEAN F3'5'H DFR f1 HPT [I
FEF Y PCR K U
A. F3’5’H; B. DFR; C. HPTIl ;M. Marker; P. Positive
control; WT. Non-transformed; 1-9. Transformed plantlets

Fig. 5 PCR detection of transformed plantlets for presence

of F3'5"H gene,DFR gene and HPT|| gene

2.5 #{LEHRAY Southern EN3TE 4 4

R TR AR R R A AR G
R4, %f 2853 PCR Al RT-PCR Ay 48 #k 5 17
Southern EFFE 43 #7 . 45 R KW (B 7). F 6 ki 9
FASHT 4y A A AR 1.2.3.4.5.9, Horh A #E 1.2.3,
4.5 Sy B —Fe szl U B HC R U R K W IR A 7% Tl R
PRI S48 DL AL bR 9 A 2 25438l Ul HOR M & R
BERR A M B Y 2 45 DL, A bR 6.7.8 FIXT BR
B BT 22 A5 5, U WD U0 A 2K i IR A A% Tl RE R IR
ABlEHEERG T,

3

BT TE A T 15 2 AT & 56k R 5 vh i TR

]

MPWTI1 234567 89101112131415

2000 bp

1000 bp 1550 bp

M. Marker; P. 54 BA P % B8 s WTL A A A Ak 5 1~ 15, %6 5 R A b
K6 EamMEZRIERIMRA F3'5 H 2R ) RT-PCR A&l
M. Marker; P. Positive control; WT. Non-transformed;
1-15. Transformed plantlets
Fig. 6 RT-PCR detection of transformed plantlets

for presence of F3'5'H gene

N 1 2 3 4 5 6 7 8 9

N. REE MR IR 51~9. RT- PCR BH 44 8 %5 28 4o 1 A bk
P 7 EE RBUEAE MR Southern blot BIE 43 H1
N. Non-transformed plants(comparison); 1—9. RT- PCR
positive transgenic plants

Fig. 7 Southern blot analysis of putative transgenic lines
Tkt A 1992 4 Cohen %81 9 Y i 42 FF # A
FERR RN A G LR, | AR A B B HU
TARH Kk . oAb R X e b g5 AR K
F A R TR TR AR IV = SR @ N e v
Bho BRASAEN M OR IR vk B G EE A9 3R NAA R
6-BA,XF LA &% H & Eyeliner W 1L #8 B #1715
SOAEFHAGALRAEF, RELHE LI
FRE M E B PIC R X OT £ H & Robina ££
WEHETHE S WA LGS R @A SR AR E A,
AW R 1.0 mg « L' PIC i S48 22 [A) if 4k 45
TR A AN

JVR P T 43 20 24 Ry e BE TR 32 AR R A R 2 1
I 51 G 25 R L A PR R A I R LA
B A A g AT, 2003 4RI Mercuri A A
SR TR PE B0 B e 2 K L e e T E
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Bo AW I O R R A 05 A 2Lk AT TR TR RS
FLO R HIA K #E S X Robina A& B IR R4 AR
AT T OB SE AR WE S AR AL L R AT ULk A
30 mg + L' KPR AR & A 1k R, i) 3k 15 Ro-
bina B & HEIE R HIEE A H 3L 1 2 K4 R
it FH /NG AV E A RS2 R R B 5 A
RZ B R FH/INGE e AN 2 AR i e A B R A i
R 5 it A PR . N, 2012 4F 52 5% A
2R 7 1 & BRI 7 s Ak T A6 T A B
W Roseal ; 2014 4F- 2% 2 A8 &0l H BT 40 i
A R AT LfMADS] B [H ;2014 4F 5K I

SE Wk

[1] QIYY.DUL]J, QUAN Y H, et al. Agrobacterium-mediated
transformation of embryogenic cell suspension cultures and plant
regeneration in Lilium tenui folium oriental X trumpet ‘Robina’
[J]. Acta Physiol. Plant. 2014,36(8):2 047-2 057.

(2] BUKKE. HARAMIR R P53 R BIR R BT (D). perily
% - P AL AARBHEE K%, 2013,

(3] okt A= W SC e, 6 A T A 0B R B 48 AR ) 4R
[J]. W, 2005, 21(3); 240-242.

ZHANG S J, ZHOU H G, et al. Preliminary studies on the
physiology of heat tolerance in Lilium longiflorum []J]. Chi-
nese Agricultural Science Bulletin, 2005, 21(3): 240-242.

[4] & WA, OB ROCHE LAY 4 B MK SRR Hr (D). db
AL RO R, 2006.

[5] FILIPPA BRUGLIERA, TAO G Q, URSULA TEMS, et al.
Violet/blue chrysanthemums-metabolic engineering of the an-
thocyanin biosynthetic pathway results in novel petal colors
[J1. Plant Cell Physiol. 2013,54(10):1 696-1 710.

[6] TANAK Y. BRUGLIERA F. Flower colour[ C]. //Ain-
sworth, Blackwell, Flowering and its manipulation. Oxford.
2006:201-239.

[7] AR4RIME. PR AW 05 AL AR OCIE R Y DI RE S0 TEL D], Bk
PUA% B P AL AR MR K A%, 2013,

[8] 3k XUHE  ARER G 55 ) K €8 SGHE 43 BT vk M 6 38 R W
BIREE G MFL] T ER2E R, 2010,26(20) :52-56.
ZHANG P, LIUY L, QI Y Y, etal. The Selection of lily cul-
tivars suitable for being transformed blue genes by using the
grey correlation analysis [ J]. Chinese Agricultural Science
Bulletin, 2010, 26(20) :52-56.

[9] 48 . RIFWE Vie REESE PRI PEEY T
IR ,2011,31C 7). 126-132.

ZOU Z. Advances on factors influencing induction of Agrobac-
terium tume faciens virulence genes [ J]. China Biotechnology ,
2011,31(7). 126-132.

[10] LEO S. MELCHERS, DAVE V. THOMPSON, KEN B.
IDER, et al. Molecular characterization of the virulence gene
virA of the Agrobacterium tumefaciens octopine Ti plasmid
[J]. Plant Molecular Biology . 1988,11(2) ; 227-237.

[11] LIUX H, GU]J H, JWANG J M, etal. Lily breeding by u-
sing molecular tools and transformation systems[J]. Molec-
ular Biology Reports, 2014, 41(10) :6 899-6 908.

[12] COHEN A, CAROLE A, MEREDITH P. Agrobacterium-
mediated transformation of Lilium []]. Acta Horticulturae ,
1992, 325(86): 611-618.

SRV N E A R R4 T GsZFP1 3
ARG A ) 2 P AR A AR 0 /N L B A S g e
(SO~ 2 CA 0ol e S il B N R
Robina H &1, HAHH NAA — B 2 B Al /)N
A N T RS A

FEAHIE 5T IR B T 2 R AR R R 3RS
THAYEMBE, 25 PCR,RT-PCR L)} South-
ern EI{C /T i 45 8 17 6 MRS I LN F3757
H RN TS MR R B E O E G HEEET
B SRR 0 S

[13] 3k A2 VEINZIME. LA R S AERSH P BH AR

WEFE[1]. PEACAE Y4 .2014.34(9) .1 894-1 899.
ZHANG J, L1 Y, SUN H M. Floral organs tissue culture
propagation technology of Lilium longiflorum X L. asiatic
Hybrid® Eyeliner” [J]. Acta Bot. Boreal. -Occident. Sin. .
2014,34(9) .1 894-1 899.

[14] Twiim, BEira AR, %, |5 ek Z2madtE].
SN AR, 2008,36(1) :127-133.

WANG L N, LIAO HR, YANG S L, etal. Research pro-
gress on genetic transformation system in lily [J]. Guizhou
Agricultural Sciences, 2008, 36(1):127-133.

[15] MERCURI A, DE BENEDETTI L, BRUNA S, et al.
Agrobacterium-Mediated transformation with Rol genes of
Lilium longiflorum Thunb[ C]//XXI International eucarpia
symposium on classical versus molecular breeding of orna-
mentals-Part I [S.17]:[s. n. ]. 2003:129-136.

[16] PSCHOUREY,DB ZURAWSKI. Callus formation from pro-
toplasts of a maize cell culture[ J]. Theor. Appl. Genet.
1981, 59(2) . 341-344.

[17] A TRIBULATO, P C REMOTTI, LOFFLER H J] M. Oc-
currence of embryo-like structures and plant regeneration
from a cell suspension of Lililium longiflorum [J]. Acta
Hortic. » 1997,447(1) . 205-206.

[18] kA&, sk whk, i 4, 45, & 20 U1 9% R st 4% 55 AL I B 52
BERELT]. PHACAEY 24t . 2006 .26 (4) : 858-863.

DI C X, ZHANG M X, XIE Z K, et al. Research advances
in lily tissue culture and genetic transformation [ J]. Acta
Bot. Boreal. -Occident. Sin, 2006, 26(4) . 858-863.

[19] = &8 B.HHE HHZSMIAEERN Roseal 5K
HEARBMBR] T RELF, 2012, 10(3): 10-22,
YUAN L, WEI C, JIA G X. Study on transformotion of
Lilium orential Sorbonne with an anthocyanin regulatory
gene Roseal []]. Guangdong Agricultural Sciences 2012,
10(3): 10-22.

[20] ZExME.X #H. 00K LAMADSI 5 K %5 80 & 4 ¢ Raizen
No. 17 )38t BB T ], AEWHOARE R . 2014.26(3) :86-93.
LIY H, LIU Q, LIU Q L. Study on genetic transformation
of LfMADSI gene into Lilium X formosanum ‘Raizen No.
1’ [J]. Biotechnology Bulletin, 2014, 26(3): 86-93.

[21] sk M. AR5 CRFFEA S W E S Ak R 00 dt o T
GsZFPL ZEWBT 5[], LW E AR . 2014, 26(2) . 91-96.
ZHANG H, ZHENG J, et al. Stablishment of Agrobacteri-
wm-mediated Asiatic Lily ‘ Cedeazzle’ transformation system
and transfer of GsZFPI genes [J]. Biotechnology Bulletin ,
2014, 26(2) . 91-96.



[N A N 7/ B S

Bl BEREERGMNSERNEEREZAREILE

a. TS AL B9 AMEAR s b B 227 IR s e IR ME R AL d. HA BT 5 Rse IME RGO FLIEF51 LB S I EM e
AN h KRRIE G 1L DBEE ML 35 5. IR @i A i Pt 28 s k. /B B 7 A i Bk 2 5 1L P pE s ik

Plate I Production of lily embryonic callus and bulb scales and the transformation into seedling

a. Pre-cultured explants browning; b. Filaments produce embryogenic callus; c. Embryogenic callus; d. Suspension culture system of
Lily; e. Co-culture of embryogenic callus; f. Filaments induced bud; g . Lily bud; h. Growing lily seedlings; i. Co-culture of small bulbs; j.

Resistant buds produced from embryogenic callus; k. Resistant bud produced by bulb scale; 1. Resistant plants
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