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Effects of Different Culture Conditions on Vitrification of Lycium barbarum

L. Plantiets in Tissue Culture
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Abstract The tender stems from new Lycium barbarum L. cultivar “Ninggi 3” released by Ningxia Academy of Agricultural and Foresiry Sciences were
regarded as explants to investigate the vitrification of Lycium barbarum plantlets in tissue culture under different concentrations of 6-BA, sucrose, agrose,
culture temperature, and illumination duration with MS as basic medium. The results show that the conditions for maximal proliferation coefficient and min-
imal vitrification are as following: the basic medium with 0.2 mg/L 6-BA, 3% sucrose and 0. 65% agarose; culture at 25 “C; 12 h/d( daylight lamp,

2 000 Ix) illumination.
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Chinese wolfberry ( Lycium barbarum L. ), a rare Chi-
nese medicinal material and tonic healthy food, has been
widely concerned. In proliferation process of virus-free cul-
ture or breeding new cultivars through tissue culture, vitrifi-
cation is often a hindrance that influences subsequent differ-
entiation potential, proliferation, rooting and survival in
transplanting. To provide reference for preventing the occur-
rence of vitrification plantlet and enhancing the quality of tis-
sue culture plantlet, we investigated the factors influencing

vitrification in tissue culture.

Materials and Methods
Material _ ,
The experimental material is a new Lycium barbarum L.
cultivar “Ningqi 3” released by Ningxia Academy of Agricul-
tural and Forestry Sciences.
Methods
The tender stem fragments were sampled from field and
washed with running water for 5 min after the big leaves were
discarded, then disinfected with 75% ethanol for 10 s fol-
lowed by 0. 1% HgCl, for 6 — 8 min, finally washed with
sterilized water for 3 times. The disinfected stems were cut
info 1.5 = 2.0 cm fragments, inoculated onto MS medium
( supplemented with 0.2 mg/L 6-BA, 0.01 mg/L NAA, 3%
sucrose and 0. 65% agarose) and incubated at 25 °C with 12
h/d(daylight lamp, 2 000 1x) illumination for 4 weeks. The
healthy and sterile clustered shoots were then selected for
subculture.
. The tissue culture plantlets subcultured for 4 weeks
{ with plant height of 1.5 —2.0 e¢m) were inoculated onto MS
medium for test. Different concentrations of 6-BA, sucrose,

agarose, culture temperature and illumination duration were
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designed to optimize the conditions for tissue culture of Chi-
nese wolfberry. Each treatment contained 20 plantlets and
was replicated for 3 times. The vitrification situation of tissue

culture plantlets were observed after 45 d.

Results and Analysis
Effect of different 6-BA concentrations on proliferation
and vitrification in tissue culture of Chinese wolfberry
The media with 0. 01 mg/L NAA, 3% sucrose and
0.65% agarose and different concentrations of 6-BA (0. 2,
0.5 and 1.0 mg/L) were designed to inoculate subcultured
plantlets. It can be seen from Table 1 that maximal prolifera-
tion coefficient and lower vitrification occurred under 0. 2
mg/L 6-BA; higher proliferation coefficient but meanwhile
higher vitrification appeared under 0. 5 mg/L 6-BA; lower
proliferation coefficient and highest vitrification appeared
when 6-BA concentration reached 0.5 mg/L, suggesting the
poor proliferation potential and high vitrification under this

condition.

Table 1 Effect of different 6-BA concentrations on proliferation and
vitrification in tissue culture of Chinese wolfberry

Ratio of
6-BA Total Bud e . -
. Inoculated . , . Vitrification vitrification
concentration proliferated proliferation
plantlets R plantlets plantlets
mg/L plantlets  coefficient %
o
0.2 20 720 36 11 1.5
0.5 20 620 31 48 7.7
1.0 20 100 5 73 73.0

Effect of different sucrose concentrations on vitrification
in tissue culture of Chinese wolfberry

" The media with 0. 2 mg/L 6-BA, 0. 01 mg/L NAA,
0.65% agarose and different concentrations of sucrose (2% ,
3% and 4% ) were designed 1o inoculate subcultured plant-
lets. It can be seen from Table 2 that most severe vitrification
of tissue culture plantlets occurred under 2% sucrose ; strong
plantlets and more cluster buds meanwhile lower vitrification
appeared under 3% sucrose; bud differentiation was inhibi-
ted when sucrose concentration reached 3% .
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Table 2 Effect of different sucrose concentrations on vitrification in
tissue culture of Chinese wolfberry

Ratio of
Sucrose Total Bud NP . 'a'lo (?
. Inoculated R . _ Vitrification vitrification
concentration proliferated proliferation
plantlets . plantlets plantlets
% plantlets  coefficient
%
2 20 140 7 32 22.9
3 20 720 36 11 1.5
4 20 100 5 0 0

Effect of different sucrose concentrations on vitrification
in tissue culture of Chinese wolfberry

The media with 0.2 mg/L 6-BA,| 0.01 mg/L NAA, 3%
sucrose and different concentrations of agarose (0.50% ,0.
65% and 0. 80% ) were designed to inoculate subcultured
plantlets. It can be seen from Table 3 that ratio of vitrifica-
tion plantlets, as well as proliferation coefficient, reduced
remarkably with the increase of agarose concentration. Most
severe vitrification of tissue culture plantlets occurred under
0.50% agarose; strong plantlets and more cluster buds
meanwhile slighter vitrification appeared under 0.65% agar-
ose; no vitrification plantlet but wilting plantlets appeared
when agarose concentration reached 0.80 % .

Table 3 Effect of different agarose concentrations on vitrification in
tissue culture of Chinese wolfberry

Ratio of
Agarose Total Bud . TP
. Inoculated . . . Vitrification vitrification
concentration proliferated proliferation
plantlets .. plantlets plantlets
% plantlets  coefficient . %
(4
0.50 20 80 7 25 31.2
0.65 20 720 36 11 1.5
0. 80 20 100 5 0 0

Effect of different temperatures on vitrification in tissue
culture of Chinese wolfberry

Three different temperatures (20, 25 and 30 C) were
designed to inoculate subcultured plantlets. It can be seen
from Table 4 that slightest vitrification and higher prolifera-
tion coefficient appeared under the temperature of 25 °C ; vit-
rification increased with the temperature exceeding 30 °C;
lower growth as well as lower proliferation coefficient with the
temperature lower than 20 “C, meanwhile a higher vitrifica-

tion than that of 25 C.

Table 4 Effect of different temperatures on vitrification in tissue cul-
ture of Chinese wolfberry

Ratio of
Total Bud g T
Vitrification vitrification

Temperature Inoculated
P proliferated proliferation

T plantlets plantlets  coefficient plantlets plantlets
%

20 20 100 5 25 4.0

25 20 720 36 11 1.5

30 20 140 7 27 19.3

Effect of illumination durations on vitrification in tissue
culture of Chinese wolfberry

Three different illumination durations (10, 12 and 14
h/d) were designed to inoculate subcultured plantlets. Tt
can be seen from Table 5 that more severe vitrification and
lower growth appeared under the illumination time of 10

h/d; slightest vitrification and highest proliferation coeffi-
cient obtained under the illumination time of 12 h/d; highest
vitrification appeared when illumination time reached 14 h/d.

Table 5 Effect of different durations on vitrification in tissue.culture
of Chinese wolfberry

Ratio of
[liumination Total Bud . ) . é 0 (?
K Inoculated R . . Vitrification vitrification

duration Jantlets proliferated proliferation Jantlet lantlet
antle antlets antlets

h/d P plantlets  coefficient b P %

o

10 20 120 6 4 3.3

12 20 720 36 11 1.5

14 20 340 17 17 5.0

Conclusion and Discussion

Vitrification in tissue culture of Chinese wolfberry re-
sults from many influencing factors. In the present study, the
optimized conditions for tissue culture of Chinese wolfberry
are as following: MS basic medium supplemented with 0. 2
mg/L 6-BA, 0.01 mg/L NAA, 3% sucrose, 0.65% agar-
ose, pH 5.8 —6.0; incubation at 25 °C, illumination dura-
tion 12 h/d (daylight lamp, 2 000 Ix). Under the condi-
tions, higher proliferation coefficient and lower vitrification
were synchronously achieved.

6-BA influences vitrification of plantlets in tissue cul-
ture. The higher of 6-BA concentration, the more vitrifica-
tion plantlets are, which is consistent with our previous re-
ports''. 0.2 mg/L 6-BA is suitable for tissue culture of Chi-
nese wolfberry. Sucrose is decisive for osmotic pressure of
medium'®’. The vitrification phenomenon often occurs due to
the unadaptable of plantlet to medium and culture environ-
ment. Proper increase of sucrose concentration could de-
crease the osmotic pressure of medium, causing water stress
of medium and further reducing the vitrification. Chinese
wolfberry plantlets could grow well with addition of 3% su-
crose. Agarose influences the available water in medium.
Under lower agarose concentration, high moisture in medium
promotes vitrification and lodging of tissue culture plantlets.
Medium with high concentration of agarose is too hard for the
plantlet to absorb the nutriment™> , resulting in the decrease
of bud differentiation rate. In the present study, the suitable
concentration was proved to be 6.5 g/1.. The temperature re-
quired for plant tissue culture is commonly (25 +3)%C, vit-
rification often appeared beyond the temperature range. In
the present study, lowest vitrification existed under the tem-
perature of 22 =25 “C, which is consistent with the view of
WANG Xiao-min'/.
materials are often illuminated 10 — 14 h/d with 2 or 3 day-
light lamps (40 w) for each shelf"”’. Illumination duration
lower than 10 h/d or higher than 14 h/d may lead to vitrifi-
cation of tissue culture plantlets. Additionally, vitrification

In the process of plant tissue culture,

may disappear gradually when transferred to natural condi-
tion. Hlumination duration of 12 h/d is the optimal condition
for tissue culture of Chinese wolfberry. In short, comprehen-
sive regulation of tissue culture condition could effectively
prevent and decrease the occurrence of vitrification.
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EHR T F KRR ERE  (mahnemint TRERBR T, 5B 750002)

S ESTHR R L IR RO R AT T B 5, DA S TR
MRS BB A7 A FR B MIAT A 35 8 O R AR A e
1 ME5AEx
1.1 ## R TEAR ST H &M T3 B,
1.2 FE MKEABBMATHBEE, ZHERXHHT, A
B3Rk Hise 5 min, B 75% XSS EIHE 10 s, RAEHO0.1%
HeCl, ST 6 ~8 min, BJE FHIH AT 3 8. WTKMEY
A 1.5 ~2.0 em BZEBE, BRPZE MS +0.2 mg/L 6-BA +0.01 mg/L
NAA +30 g/L 45 +0. 65 g/L BUAS AU S 5t |, pH 5 5.8 ~
6.0,F 25 C JRERAETEICY 12 h/d( B 64T, JEHRSRRE 2 000 1x) Y
FE TSR 4 B, SBUER L E AR T T 3%

Bk st 4 RBERARE (BREA 1.5 ~2.0 cm) T
MS HAREFER [ 6-BA HeF FERRRE BUIEWE SEFRIREM
SeRgatE AR F R EA A E TR, § 3R 20
RE,EE 3 K, B3R 45 dJE, DR HE B H PAg s Ak A 1L o
2 RS54
2.1 6-BAREXWICAREHBEMFEBEELORE EHRM
0.01 mg/L NAA 30 g/L 45 6.5 g/L B5ils,6-BA IR EESY 5l K
0.2,0.5.1.0 mg/L By 3 FF MS $555% b EMUREHRENE
HH, 6-BAMRE N 0.2 mg/L B, S AEH, WL RE
fi6;6-BA HREN 0.5 mg/L B, ZEWFH R, (HakBEfb 3
H 6-BA ¥REH 0.2 mg/L BHE R ;6-BA ¥E X 1.0 mg/L i, ZE5
FRFORAR, LB ZFY AL i B BIbRR (F .

R1  6-BA REXHICALEENENBIBLOTN

6-BAVEE BRI FEROEN M AN soskR
mg/L e R FH Bk %
0.2 20 720 36 11 1.5
0.5 20 620 31 48 7.7
1.0 20 100 5 73 73.0

2.2 PEREREHCAEEHEBAGRE EFMO.2 mg/L
6-BA 0.01 mg/L NAA.0.65 g/L Brifig, REREHRE 43 %1 24 20,30,
40 /L B9 3 Fh MS 3ERE I AR SRR O IE A . e
YRR 20 o/ L B, AT 55 v BB AL R RWE IR BE O 30 o/L
i, M LR ARG, AAE 25 &5 , BB AL SRS B 5 FREE VAR E
K40 g/L A, ZFRISMEZ EIMHI (R 2) o

#2 RERENQCEESERMERLHENR
BEERE HANER BESER FEE B miiE

gL 3 73 351 73 %

20 20 140 7 32 22.9
30 20 720 36 11 1.5
40 20 100 5 0 0.0

2.3 HEERENMCHEHHEBAHRE 7EHN0.2 mg/L
6-BA .0.01 mg/L NAA 30 ¢/L B8, AR E 43519 5.0.6. 5,
8.0 g/L (¥ 3 Fh MS H55RE b MR F A H ., ME
TRBEHR BE A3 0, MR 2 B A B AL R U B T e (EBRAA R AL
TR, HBEAEWREN 5.0 /L b, I B S E ; YR
FER 6.5 g/ L B MU SMEARRRIE , AR 27 5, BB AL ZRAR R B2
16 SRR R 8. 0 g/ L B, BE SR E b B AL , (HER 1
EHBAERIL(E3),

®3 mRERENMCEESNEMERLORRE

TURWEE  EMEE BHESES FHE SRS geR
gL S Bk R Bk %
5.0 20 80 4 25 31.2
6.5 20 720 36 11 L5
8.0 20 100 5 0 0.0

2.4 EFEREMNORAKERBAORE FHREE RS C
B, HIEE PR R B AR, B AR ; H R iR B 30 C
B, PR BT in; 35 SRR R T 20 “CRt, MG BRA KR
18, ELSFIOH R BCEUIR, B LR HL B SRR 25 TR (3R 4)

x4 EFEREMNCEERRENRRLOZE
HREE MR EEAER PN JORLEN ZeEik
€ s ki Edd B %
20 20 100 5 25 4.0
25 20 720 36 11 L5
30 20 140 7 27 19.3
2.5 AEMEXACAESERALHRm SoMEE Y 10

b/ AR SHIFR BRI AR RS, A KRR IR AT R D 12 hvd B,
PR RAR, ZF T R RO s JL IR ) 0 14 h/d B, ZH 3
PR RRR (R S) .

%5  kRHEMNIEAEEEENRRLNERE

JeEERTE]  EEREIE FRAEH ZRME BORAES EomaE
h/d s B AH B %
10 20 120 6 4 3.3
12 20 720 36 1 1.5
14 20 340 17 17 5.0

3 Fig5itie
MRS P AN BB R E T EREEANS
B, EAAMT L BRELL MS +0.2 mg/L 6-BA +0.01 mg/L NAA +
30 g/L fEME +6.5 ¢/L IR (pH (5.8 ~6.0) (g SR & B IF T
25 C JeERETER 12 b/ d( B 64T, JRERE 3 2 000 Ix) (&4 T
PATHLIE SR MR B B AR RO BB LR R
(T#% 115 1)
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sl o* ¥ 2
TR T VEENT (1 Rk AR T R DI G 62101052, PR ACE A R P 400715)

TEASAR N, 08 MBS AR B ( Alkaline Phosphate, i FR ALP) B
S 5, RR N E TSR A, Flet 2 S50 E B0 5
W] DNA RNA QS , B —Fpde 5 2 QA REs, &
X 7K AR B BN L B TR A B AR AT DT AR e 2 AR A
R B/, ALP 1) 73 T 85 M e R I TS I R BT L &R
BT TFREE & T LA M5 7 % ALP (Y320, % F#8 1
ALP (PR FIDLEL (R B K P Fe i S B N, L, &
TERTABFR B EERD |, N3l 112 IR AR & B B+ G HLE
FIEERON R B EE I ALP 1EPERI R .

1 #REAEE®

L1 #RFRF B8 (Monopterus albus) Wi B 8 KALEE K ™
T 3%, DU N BE D R BXALP Y JF B}, DEAE-Sephrose Fast
Flow Sephacryl S-200 & ¥ #t Amersham Pharmacia = 5 ; B B8 %
AR LR ARG B T PR A AL R R R
RGNS R TR, BT A IR A ddB, O BEH

L2 Ak #hE ALP 05 5 slidk B o v OB 9T 4 SCRR[ 3 ]
AT AR B E S R 3 021.39 U/mg B,

1.2.1 FEAGEMEMECE . K 0.05 mol/L kLS M (pH H
10.2) .0.01 mol/L W§EEHE — 41 3% M) 4-2{ 3% bk & ddH, 0
F10:5:1:4 ML EITR & (e Mg®* (Ca™ BN B H bR B AR
S2rRT 0.05 mol/L pHAE 9. 6 1 H B —E A AL S il
e, AR LB o

1.2.2 SR BRI Sy il g . TERGTS 1 R IRE MR
W AT, 43316 2 ol R BT 28 M i A [k B ) 2 Fop
SREFH IR, HmA 0.1 ml 2i BE& & IE R, I H
ddH,0 M2 5 ml, 5 15 min, [ 5% =& ZB220E W, 7 510
nm ZbI 2 SGIRICE , I ATE & 08 B8 T IR FR e S i BR L RS
Fhd BB FAEAE T AT B 1o

1.2.3 8 X 7= 9 6 0L Wy 5 B 08 0 9 52 e s . A ) LA
Na, HPO, .Na, WO, HEAN Yy, BF 5 s iR S 4k SO S LW A e
SRS AR . #E 2 ml SERRZE MR R (F 2 mmol/L Mg®* ) il
AR BE 74 (HPO,” ™ ) MP=426{uidy (WO,™ ) , il Mg 412
BT 3R, 4340 S50 4 X B 6 ) 2 0, L Lineweaver-
Burle XU SIWE LR,

L.2.4 LTINS 7 B9 i . TEEE 48 sl m A
ANEHEE (10% 20% ,30% 40% ,50% 60% ) B F B2 . LB . 2
B SN 4 MR B R, BT O RS 52

2 #ERE5iF

X TER TIE ERER SR SHIR ST BT TR RET SINE S TP SENE SR TRED INTRDICEER SRR SR SAME THAE AT Y

(B35 32 7))

WEoC N, 6-BA M B8, BB (L ROBR) i 5 o A TS5 N
WA R B KRR 6-BA MRIELL 0.2 mg/L AT, HEME
XHEIREE B B AL BE VAR o BURL IR (Y & A 2 21 8
P ANE R AR AR AR IR A5 5 o O R S R R VR A R
KGR AL 5 B, T X K 57 0 3 K 23 M LA R I 3 2
feo MIKIRIREE R R, SRR N 30 o/ L I, MAC L B i
AR AL BURULR WS SR E b R K A i B VS
I, 3 3R Sk ArS &, B AR T R B K SRR 5 A
i, L5k, Blevk s, i Fn s R0, & 3y ik LA #k
R OB AT, 2R e T AR, TR B IR R L 6.
5 ¢/LINH . MY BRI R — BT (25 = 3) °C L % af
FEEERRI Y ERIR A R 22 ~ 25 CHf, BB R ik, 5 1

e

2.1 EEBETFWHEBEANEW A M MEET A
AR Y 2 SR B, Tl pH AR T RS 15 min, Wi
BTG A0, SESRFRAH (B LA 103 UL Fig. 1 ~5) ,Na* K* %t
B RS K, T BB AR R T I S B TN R P9 AR LB T
ALP FE AL B 2 RE P 38 v Mk B9 1k, Lit YRGS
FOAI I VE R EL B BH B S5 kit PR X 727 A D0 6 BE A T 3 45 AN 52
S—BXA] fe SRR RIA . Mg Cat X ALP 5 8T% 1
F L Zn® " X Bt ALP A5 — E R RIPE R, 3 5 skt IR s e 3y
53 T0 AR SRR RCOE 578 P SR B3R 86 o 0T 15 B B 25 SR AR IR, 3R
B ALP HRGEHIIEAEIE] . Cu’* RS ST HI fE I R E 4R
Xt B E 0, DR IK ™ S5 R S K R R

2.2 FYRHEXCEE MM HPO, T & WO, XfHE
WIS (I DLSE 113 BT Fig. 6) KW, T B 1398 —=2
PMBIPER, 2 9.5 mmol/L HPO,*™ (WO, 43 51| Tl fili i1 1
AR 13% 34% . WFSCE IR BEIE PR A0 Im AL A (R 14 TR
Fig. 7:HPO,” " XBEIH J1 60307 , Fig. 8: WO,” ™ X BEE J1 (3% , 2
FIRERZ: 1 ~3 /19 HPO,” 5 WO, * iR/ 54 9.5.5.7 f1 1.9
mmol/L) FH,HPO,* ™ WO, Xt ALP &M A 264145 4 35
SrEgl, YRS GRS AR D R —, HE
CATGTE B0 0 S 5, B 2 RPN X R Ay K A A Y
ALP B MR RGVER AT BEFAe IR AU SDHIFLIE, 1 HPO,” 2
BHEAL R =8, T WO, ™ 2K, 2 B A0 52 S M R 570,
B FTHERT HPO,? ™ (WO, §E5 ALP AOTHHE TR0 45 & AT FELIE JiE
YA T L,

2.3 HUBEFIEEEERARNR 4 PRI E AT RS
PESIATBESR P IN HIVE F (E BLES 114 T Fig. 9. R B 7 %5 ALP
B 10952 ) o 7E 0 ~40% Y HE A, B & A HLIE IR R A
HOR L EHA R HER TR 25, B TR, e, L8,
LB R EE MR FRE B (C) 1k 60% B, B 15 7 4 ) e i
78% 87% [15% F1 90% , & 11 % B ) VE F 8 /NI F R 5 A
B> 8% > WEE > 2 " FE, A0 AR A B IR, XoF B & 300 1)
K, UL RH B A F s K R M RRR A AR SR AR
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