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Abstract Protoplasts are important receptors for genetic transformation and gene function verification. Lily is
an important ornamental, edible, and medicinal plant worldwide. The isolation and cultivation system for lily
protoplasts is still incomplete. In this study, taking Lilium pumilum and Lilium formosanum*Lilium longiflorum
var. scabrum as materials, the isolation, cultivation, and transient transformation of lily protoplasts were studied.
The results revealed that lily leaves and embryogenic callus tissues were both excellent materials for isolating
protoplasts. The optimal solution for isolating protoplasts from sterile plantlet leaves was cell protoplast wash
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medium (CPW) +1.0%-2.0% cellulase RS+0.5% macerozyme R-10+0.10% pectinase Y-23+12-14 g/L
D-mannitol. The optimal solution for isolating protoplasts from embryogenic callus tissues was CPW+2.0%

cellulase RS+0.60% pectinase Y-23+12—-14 g/l D-mannitol. Protoplasts isolated from leaves were excellent

receptors for transient transformation, with a transformation efficiency of 34.0%-36.7%. Protoplasts isolated from

embryogenic callus tissues of Lilium formosanumxLilium longiflorum var. scabrum had strong division ability. In
a solid—liquid double-layer culture medium with MS (Murashige—Skoog, containing 206.25 mg/L NH,NO,) +
60 g/L glucose and a cultivation density of 2x10° cells/mL, callus tissues were formed after 70 days of cultivation.

This study lays the foundation for lily cell engineering and molecular breeding.

Keywords Lilium pumilum; Lilium formosanumxLilium longiflorum var. scabrum; protoplast culture; transient

transformation
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Table 1 Different enzymatic hydrolysate combinations for Lilium pumilum and Lilium formosanumxLilium longiflorum var. scabrum
7 WAL A 7 AL
No. Enzymatic hydrolysate combination for leaf No. Enzymatic hydrolysate combination for callus
Tl 0.5% B BT +0.10% il L1 0.60% L
T2 1.0%(1.0% ) £F4E 3R i -+0.5% BIATE +0.10% LBl L2 1.0% £F4E 2 il +0.60% L
T3 1.5%(1.5% ) £F4E 3R i -+0.5% BINTE +0.10% SRl L3 2.0% LT 4R i +0.60% Kt
T4 2.0%(2.0%) £F 4 K +0.5% 5 M 4-0.10% FL Ll L4 3.0% £F 4R +0.60% St
TS 2.0%(1.0%) £F4E K +0.10% HL Al LS 2.0% £F4i: K i
T6 2.0%(1.0%) £F4E K +0.1% B HTE4-0.10% F Ll L6 2.0% LT 4R +0.40% Kt
T7 2.0%(1.0% ) £F AR Wi 4-1.0% BHTEE+0.10% FLH A L7 2.0% £F4E K i +0.80% AL
T8 2.0%(1.0%) £F4E 3K +0.5% EHT il
T9 2.0%(1.0% ) £F 4 K i +0.5% S HT I +0.050% HLIE
T10 2.0%(1.0%) £F4E K +0.5% 5 M +-0.15% F il

3FPEERR S B LT AR BERS BTG R-10 GRIKCEE Y-23. 55 BB A BT BRI 1T 5 0 B T 2T R i T 6

Three enzyme reagents used are cellulase RS, macerozyme R—10, and pectinase Y-23. The data in parentheses represent the amount of

cellulase used in the enzymatic hydrolysate combinations of the leaves of Lilium formosanumxLilium longiflorum var. scabrum.
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JERE N 2~3 mm, BERES h R 1. B-RW
J2 B 59 Ad T MS (7 1/8 NH,NO WA 1% 97 3 1
HJEE AR UR R 9% 5% B & 2x10°ANM/mL, 2R 5 K
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Je B IR B 1 em KA @4 40 2L RS ZE I MS 1)
BRI R R IR . R BRIl SR A AR L B
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RN 0~1.0% 1 B AT , 71 & Ji 28 5 4 7= B A
T 77 B AT B B B PR S e T S R BRI . Y
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2.1.3 Epfgat R 2 E SR ARG B

Tt e Ak I [) B2 2 i iR A O AR ) R R
1. TEBGAREALEE 0~8 h N, B A& Ak BR B [A] 1 12K
B SR B B ANE ) RIS N BRI
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Different lowercase letters above bars indicate significant differences at the 0.05 probability level, and the same as below.
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Fig. 1 Effects of enzymatic hydrolysate on the isolation of protoplasts from lily leaves
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Fig. 2 Effects of enzymatic hydrolysate on the isolation of protoplasts from lily callus tissue
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Fig. 3 Effects of enzymatic hydrolysis time on the isolation of lily protoplasts
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Fig. 4 Effects of D-mannitol concentration on the isolation of lily protoplasts
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A. Isolated protoplasts; B. First cell division; C. Second cell division; D. Cell mass formation; E. Microcallus formation; F. Regenerative callus

transferred to medium; G. Browning callus.
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Fig. 5 Isolation and cultivation of protoplasts from callus tissue of Lilium formosanum>Lilium longiflorum var. scabrum
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A, D. Isolated protoplasts; B, E. Protoplast cell division; C, F. Cell mass formation.
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Fig. 6 Isolation and cultivation of protoplasts from lily leaves
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Table 2  Effects of cultivation density on protoplasts isolated from lily calli %
WA R JEAE AR S405°R Protoplast division frequency A ATIE BSR Cell colony-forming frequency
(“4~/mL)
o )| WA P y AN
Culdvation  gnpEs BOMRE mEs g
density/ Lilium pumilum Lilium formosanum xLilium longiflorum Lilium pumilum Lilium formosanum x Lilium longiflorum
(cells/mL) var. scabrum var. scabrum
5x10* 0.00+0.00c 5.00+1.00c 0.00+0.00c 0.00+0.00c
2x10° 20.014+2.14a 25.04+4.63a 7.60+0.02a 14.21£2.37a
4x10° 13.57+2.40b 14.23£1.32b 2.50+0.00b 6.01+1.04b

Fie 77 AR [ —ROUZ iR , AR B W 90 g/L. ISR IR AR/ NG FREORTE P<<0.05 K-V 2253 A GEit =2 3, T Tl

The cultivation mode is solid-liquid double-layer cultivation, with a glucose concentration of 90 g/L. Data within the same column

followed by different lowercase letters indicate significant differences at the 0.05 probability level, and the same as below.

®3 BEFAAMBEERGARRERERII

Table 3  Effects of cultivation modes on protoplasts isolated from lily calli %
AR N T TS Gl OEpIAT S
N Protoplast division frequency Cell colony-forming frequency
T IR - r—
Cultivation mode AN A S AR AN E A B A

Lilium pumilum

Lilium formosanum > Lilium
longiflorum var. scabrum

Lilium formosanum * Lilium

Lilium pumibum longiflorum var. scabrum

WARKEFE Liquid cultivation 13.61+1.36a 12.50+0.95b 5.50+0.24b 5.94+0.77b
- AUZ E 7
Solid—liquid double-layer cultivation 20.04£2.22a 23.77£1.73a 8.33+0.10a 10.00£1.24a
FRFR O 2x 103N /mL , A AGHlE RV 90 /L
The cultivation density is 2x10° cells/mL, with a glucose concentration of 90 g/L.
x4 HEREREREWASRGARAREREEFROZIN
Table 4 Effects of glucose concentration on the cultivation of protoplasts isolated from lily calli %

JEA AR Z405 2R Protoplast division frequency

ANHLEIE B2 Cell colony-forming frequency

Glucose co;‘lcentratlon/ A4 - ;}%ﬁ%ﬁg@ﬁ% - A - HITE S -
(g/L) o . Lilium formosanum> Lilium . . Lilium formosanumX Lilium
Lilium pumilum Iy Lilium pumilum )y
longiflorum var. scabrum longiflorum var. scabrum
30 6.70+0.14¢ 12.53+0.19¢ 2.40+0.10c 2.51+0.11c
60 11.23+0.88b 18.75+0.60b 5.91+0.75b 6.30+0.32b
90 20.34+1.90a 26.74+0.97a 8.31£0.71a 10.08+0.87a

B IR E D 2x10° AL, Fi 3705 XN B —ROUZ 57

The cultivation density is 2x10° cells/mL, and the cultivation mode is solid—liquid double-layer cultivation.
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I PRI 2R B D A o A = R IA 1.0 107 /g 43
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Fig. 7 Effects of cultivation density on the transient transformation efficiency of lily protoplasts
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Fig. 8 Effects of D—mannitol concentration on the transient transformation efficiency of lily protoplasts
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Fig. 9 Effects of transformation time on the transient transformation efficiency of lily protoplasts
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