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OB LT E MR R TR 8 S gt i O AME A, BRUHMER A S At A 8 5 dA At i i
V55 IEIETE L W SRR A (R 5, 357 e AR AR R i R A A R o 45 SR BB IS X 6-BAL.
2,4-D A IAA BT IERZ 00T, TRk T id 8 S (R4t S Rt K A4 6-BA 1.0 mgL™+2,4-D 0.3
mg L™t +1AA04 mg L™, ARG HRIA 88.67%. M2 oM LS R AN MIREIA, 6-BA XA A S50 iR
B3 MEIRE A KR AR R RIS B LU, AR S A RS EFHHEZ 1 T 8
SRR . ERIRIIE TR, 6-BA MR & 5 S EE L, ART ‘il 8 5T MRMRIIEA K.
BEA SRR IR B (3 R, AR ST AR08 N, (AR MR, G TR T AD 8 5 R Ak IR B A
7 6-BA 0.4 mg L'+NAA 0.6 mg L. 400 IBA 0.3 mg L +GA; 0.4 mg L+ 8% 10 g LI, <7k 8 57
PR 2 B v, A R 60K 89.17%. TEVNNIN GAs MARIKFZERE A, B BRI AR IR R o X Ad 8
TR IR IR UOR IBA> TERE > GAg. TETERBEE MU m 74T 8 BRI FAE AR, [ Ikt i
RAKE AR R & B (EHEF, 24 IBA0.1 mg L +KT 0.4 mg L &M% 1 g LM HF, <740 8 Bk BR A4
MR R e i, AR A 20K 91.67%.
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Establishment of somatic embryogenesis system of Lycium barbarum

‘Ningqi 8’

LIU Jing™?, YUAN Ting?, NI Xilu*?, ZHU Qiang™?, WANG Cuiping™?
(1. Ningxia Forestry Institute Co., Ltd, Yinchuan 750004, China; 2. State Key Laboratory of the Seedling
Bioengineering , Yinchuan 750004, China)

Abstract: In order to establish a high-frequency regeneration system for Lycium barbarum. The leaf of Lycium
barbarum ‘Ninggi 8 was selected as materials, to explore the crucial effects of hormone combinations and
additives on the induction of somatic embryogenesis, germination and regeneration. The results showed that By
orthogonal analysis of 6-BA, 2,4-D and IAA, the optimal hormone combination of ‘Ningqgi 8 somatic embryos
was 6-BA 1.0 mg-L+2,4-D 0.3 mg- L +IAA 0.4 mg-L™, the highest induction rate could get to 88.67%. Range
analysis showed that 6-BA had the most significant effect on somatic embryogenesis. Using suitable proportion of
hormone combination was possible to induce somatic embryogenesis of ‘Ninggi 8, which had a large number of
normal morphology. In the culture of somatic embryos, the high concentration of 6-BA was easy to cause
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vitrification, which was not conducive to the growth and proliferation of ‘Ningqi 8’ somatic embryos. The
proliferation rate of somatic embryos increased with the increase of hormone concentration, but the vitrification
rate increased too. Then the most efficient proliferation medium for ‘Ningqi 8’ was 6-BA 0.4 mg- L +NAA 0.6
mg- L™, and the highest germination rate of ‘Ninggi 8’ somatic embryo was obtained when IBA 0.3 mg-L™'+GA;
0.4 mg-L™+ sucrose 10g-L™* was added. The highest germination rate could get to 89.17%, and the degree of
influence on the germination of ‘Ningqi 8’ was IBA > sucrose > GAs. Under the condition of adding GA; and low
concentration sucrose could promote the mature somatic embryos germination. Activated carbon could effectively
improve the regeneration rate of ‘Ningqi 8 somatic embryo, and simultaneously promote the development of the
root of germination embryo. The IBA 0.1 mg-L™'+KT 0.4 mg-L™+ activated carbon 1g-L™ was found to be
suitable medium for regeneration in which ‘Ninggi 8 demonstrated a highest multiplying capacity, and the
regeneration rate could get to 91.67%. The research provides a new avenue for the improvement of Lycium

barbarum varieties and breeding of new varieties.

Key words: ‘Ningqi 8’, somatic embryogenesis , induction and proliferation, somatic embryo germination, plant
regeneration

TEHMIAC (Lycium barbarum) J& TAiRHURCIE, ZHEAESEHER, HARGRZHNMERAESNE.
Wt e B AT 24 R ORAER 5 TR RIVR N R, PR TR A 1 0, PR e B — PR A i e AR 3 2 om A P 7%
R, BREEFRZ MM A, DRI TR (4%, 2006). 24586 Rl i Hox
NEROEMFR, BEHF R EMERK. MAEMBEARSEREMALSE, AT E s ik G 324t
THRBATE. Ml AEMEREARIGT 20 22 80 FARH0], HBFFT WA O & SR Y40 M TR 7 1H
AR R A POE BB . BB AREFREOR, AR FREOR, A, ZREEME (RS,
2007). THYIRANMIE A AN MO R IR . BT AR R B — B QAR e S, 2
TFEREDAN M TAR B R P s b PBRAT . N TR0 50 AR SRR, th2 BRIP4 R 7.
M TR T 5ifE . R A TR IR SRl A 55 2 AR BRI Bt . MRS g B R IG K AR R I
SUE T BT AR R BRI T RAFIT A, RIS BT P R A T B MAT e R T G
Ho
WA A (1997) LLepid 1 S RS0 Rl, il B R MR R AR . AISFAE (2005)
STt 2 54 RAR BT R AR AG 5 5 BRI T B L O IR SR R AR S A B R R AR PR R
TR (2014) VLAl 150, it 25 <70 4 5 ROpsm Mo R O AME R, AR T RN IR e A
RAEFAEMRR . X EARE MR R AR R HE T % R th TREREBMZES, R4tk
A RS R A AEAAC A [F) AR RIAEE R S < TAC 8 5 il [ SRI A 1 77 23R4S 1 K R 5
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SEHYEAIE 4.3cm, & T 15 5 P AE, SR, HETA 2 TAC 8 ‘5 M R AR I AE SCHFF T A LARIE
AT 8 S ARAHIRIRAG K AR RIS, MR S S R AR SR B AR ALRIR A, AN S TR AN 2 A] 1 R
i, T, JEETTAOR R, ROt R SRR, WS R A
BRSSP B T EEAEH, 2,4-D 2 HFAMEMB T, T EE S b
R PEARE 4 2,4-D J5, IREGEMA BEIEH K E (Merkle, 2000). IBA. KT SSEEMIEG FEM T
TR IR GAS TEVF 2 R AR IR 15 5 07 TS A W 52, (OO A4 IR RO B A (it o ik ok
AW B A s R I R e A A SRR R I T RE, TR A RUR & o A FIEERTE IR R i
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1.1 At

AARIESME ARy T B AR AR T AE 8 5 TSI A, SR B 7 AR 72 e Mo AT i 5 25 5 o
Zah R 2012 BN E SAE YR R RMRYT, 2015 B T B XK R AN E
1.2 5k
1.2.1¢7°42 8 S 1A4H iU it i3

SRHUE T U AT 8 5 B B, ESR/KIPEE 30 min, 7EMS TAEG L, JaH 75% R Ak
H30s, LHEAKMYE3~4iE. FH 0.1%01 HoCl, i AL 3~4 min, TEEE/KMUE 3~4 k)G, Kt F8Yak
0.5 cm>0.5 cm [I/hE, 4R T S G IR IE .

SFH Lo (3%) IEX#I, % 6-BA (0.5, 1.0, 1.5mgL ™). 2,4-D (0.3, 0.6. 0.9 mgL ™). IAA (0.2,
0.4.0.6 mg L%t FHE 8 S VRAIMARAE T IR0, L O AL, AT FREL: MS S5 IR +7ERE 30 g L7+
IR 6 gL ARALEE 10 M, RIS AMMES, RAAFER 3R, H9E40d A, SIHEIRE SR RARRK
KB, BRI 23~25°C, JGiE 16 hd®, JGlERE 2000 Ix, KT T,

1.2.2 A 8 S AR IR MG B B 57

FH ZHERLFEIRI ¥, 597 6-BA (0.4, 0.8mgL™h) AINAA (0.2, 04, 0.6mgL™h) X «F
o 8 B VIR FE AR, JEBE 6 b, FEARGIRAE: MS IR+ 30 g L +ERiE 6 gLt BT 8
TR IER AL, Y1k 0.2 cmX 0.3 em /NS RD T A AR IR GG B IR R Y . AL EE 10 U,
B 5 MAEIRER, BT 37K, B3 40 d J5 Got A 1A R A B
1.2.3 “7*IC 8 S IRAH M HT K

WA IBA. GAs. BERENFT4T 8 5 IRIREA R AU, KA Lo (3%)IEAZ ¥it: AIBA (0.1, 0.2, 0.3
mg ™). B.GA;WE(0.2. 0.4, 0.6 mgL™). C.JEHE (10, 20. 30 gL™), MS AFREAREFIL, KPR
S ERD FIRRIG AL, EACEE 10 R, B 4 AN SGVRIR, B 3R, #5397 30d 5, GuitAIREE K%,
IRENN NIV e S TRV
1.2.474C 8 S AR Se B AR FE A

i 0.1, 0.3mg Lt IBA 102, 0.4mg L™t (1 KT, [N 340 OANRINEERM@EN 1 gLt 1%
PERPILL, SIS 8 MEHE (LE 4), FEAREIRIE: MS IHIRE+IER 30 g L™+5K 6 g L. HKAIR
AR Fh T ARG IRtk b3 10 i, B 4 MR, EHE 3R, K725 dJ5, IdRAEREER,
NN RIS S B
1.2.5 Fg b 54t
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PR R (%) = MRAF e BEAURE IR / SR fA I 2 £ <100%

ZF W B A =R AR 1) 2 B i A A

H1 DPS #u# Ab 2 R e AT HdE 70 M, Duncan’s 66 & 2 1k

2 ZiR50h
2.1 BEX T 8 S 4R IG EE S R

RAER 19 KRR, 85t 6-BA. KT, NAA &K KFE I ELEL, 6-BA £ 1.0 mg L™ i Al
2,4-D £ 0.3 mg L AHAL, IAA TE 0.4 mg LIS AR, Al T 8 S R4t s S Rt R4l s
6-BA1.0mgL'+24-D03mgLt + IAA0.4 mg L™, BIAbH 4, 4bF 4 KR SR B, 1A% T 88.67%,
VLA EE 4 X SRR AE ORI, X8RS KESE R85 GEU EATTER, mTLiife T
12 8 S RdIA s S RfEH S 6-BA1.0mg L+2,4-D 0.3 mg L +IAA 0.4 mg L. #2518 R Bk A, 68
G EREARO IR, WRTTTUE L, 6-BA I RIEHRA, WEARRK T 6-BA N ESHE, X
AL 8 S RANMIR AR R K, EX=AFEERT, RAE R AR, AT 8 5 R H AL I S 15
Wi FE PR VA2 6-BA> IAA>2,4-D.

R TR 8 RIS SRIEZR IR R

Tablel Results of orthogonal test on the induction rates of ‘Ninggi 8’somatic embryos

W5 4 4 4 1R IE %5 52 Rate of somatic
Text No. 6-BA (mgL1™) 2,4-D (mgL7) IAA(mgL1™) embryo (%)
1 0.5 0.3 0.2 40.00efFG
2 0.5 0.6 0.4 61.33cCD
3 0.5 0.9 0.6 36.67fG
4 1.0 0.3 0.4 88.67aA
5 1.0 0.6 0.6 72.00bBC
6 1.0 0.9 0.2 80.67abAB
7 15 0.3 0.6 55.33cdDE
8 15 0.6 0.2 33.33fG
9 15 0.9 0.4 48.67deEF
K1 46.00 80.44 45.78 —
K2 61.33 55.56 55.33 —
K3 51.33 66.22 54.67 —
R 34.67 6.00 14.89 —

HFEFIAR R NG FEEROR P=0.05 KFZER R, AFEREFRER P=0.01 /K PEREE. K NEANER T RAKF4L
A, RAREME. TFE.

Note: Different lowercase letters mean significance difference at P=0.05 level, different capital letters mean significance difference at
P=0.01 level. K is the sum of the corresponding level results of each factor, and R is the extreme value. The same below.

22710 8 S HRBE B AR BIEENE
“TiC 8 S RIRE SRR AR, 10 d R AIZEZ R, M. 15 d KR U AR AE RV 2
AN, RUGEIRTE/D A (B 1A K372 20d J5, @#AEmaiiiE, SAMNTES. #5955 25d )5,



LA BE G, R IR, EE BRI, T 2 K E RIEFREIEE (& 1 B). OE

it (&1 CO MEEE (B 1 D). BRIBRPIESECN, WIRF L. FEE A FREERANL, [F—ARIRRH

REALEE 2 4 WA IR R I A7, DAEREIRSE 22, P LT IEAUR BRI T IR, R A S skt
SO (1B R MRARIZHT Y, iR AR EAEKKEIR (& 1 F).

H: A VIOASE/NRE(FE LTER): B, BIBMK: C. LIEM(HETLIER): D. MER(E :LTER): E. KREBMRNSREOEE
(L IRR): BB IR B
Note: A. Many protrusions at the blade notch(Follow the arrow); B. Globular embryo; C. Heart-shaped embryo(Follow the arrow); D.
Torpedo-shaped embryo(Follow the arrow); E. Fast growing green or purple red cotyledon Phase(Follow the arrow); F. The somatic
embryo mass of germination.

K 1R R B A FEPBOE S WE
Fig.1 Morphological observation on different stages of somatic embryogenesis

2.3 6-BA 1 NAA Xt 7*1T 8 544 IR I 5E I FE M

H1 2 WLAEH, 2 6-BA WREAARN, s NAA IREMTES, RIS EOREE N, 16403 6
H16-BA 08 mg L™, NAA 0.6 mg L™ i, AR fEMRR, k3 13.22, (HEBEBMURBREE. ¢
RIEIEFERE TR, AR BERIRE LT, 6-BA MK & 5 SR, AFT 7/ 8 57 Iy
WK IR 6-BA ME R 0.6 mg LI, EDALEE 3, (RARIGTEFE N 12.28, 7E P=0.05 /KF T 5405 6
ERARE, RREEEH R TAR 6, #RE%E, HOM 3 AMEmAE G4 1, 2 ZRAEE.
Bk, a0 HaE, RIteTid 8 5 ARIRIE AL )7 6-BA0.4 mg L'+NAA0.6 mg L™, EJA4bEE 3,

2 AFKREE 6-BA. NAA X T*IT 8 5 44 I FE (1) 52 1
Table 2 Effects of 6-BA and NAA concentrations on proliferation of ‘Ninggi 8 somatic embryos

P B 175 5 PRI R AT B

R B S ) . o . :
6-BA (mgL1™) NAA (mgL1™) Multiplication rate of Vitrification rate of Volume of somatic

Treatment No. . . .
somatic embryos somatic embryos (%) embryogenesis

1 0.2 7.80cD 9.53cC +
0.4

2 0.4 9.93bCD 11.33cC ++



3 0.6 12.28aAB 12.80cC +++
4 0.2 8.60bcCD 20.67bB +

5 0.8 0.4 10.17bBC 24.73bB ++
6 0.6 13.22aA 34.27aA +++

RN ER BN 0.5 cm 0.5 cm~0.7 cm x0.7 cm; “++ FRRERIE A/ 0.7 cm 0.7 cm~0.9 cm % 0.9 cm; “4+++7
FORMAE FEL /N 0.9 em <0.9 cm~1.0 cm % 1.0 cm.

Note: *+’means the size of somatic embryos 0.5 cm %< 0.5 cm to 0.7 %0.7 cm; *++’means the size of somatic embryos 0.7 <0.7 cm to
0.9 cm <0.9 cm; ’+++” means the size of somatic embryos of 0.9 cm>0.9 cm to 1.0 cm>1.0 cm.

2.4 WERRBEREX 7*1ig 8 5 R IEEA K IR

“THD 8 SRR E KGR NAR 3, 8 SAMHAKRINH K, 18 89.17%, R R AR, H
2% NEh KAERIR/NATS, IBA 7E 0.3 mg LN, GA 7E 0.4 mg L7, JERELE 10 g LI B,
AL TR 85 AR R BILIEH AN IBA03 mg L +GA;0.4 mg L +iEHE 10 g L EDALTE 8, Hif
BT R—8 T A G T 8 SR KRR /7. IBA [ R EA&K, BB T 8
SRR R R IBA N E SR, TR 8 SR EA R R . AR R BRI/, XAl 8 5 ik
RIFEIAFR AR UG IBA> TEHE> GAs.

®3 T 8 SRIEET R IEAZ WA R TR

Table3 Results of orthogonal test on the percentage of germination of ‘Ningqgi 8’ Somatic embryos

Cc N
e A i BB G
Treatment No. IBA . GA3_1 Sucrose GermmaFlon percentage of
(mgL17) (mgL17) (gL somatic embryos (%)

1 0.1 0.2 10 50.00dDE

2 0.1 0.4 20 42.50deEF

3 0.1 0.6 30 39.17eF

4 0.2 0.2 20 58.33cCD

5 0.2 0.4 30 44.17deEF

6 0.2 0.6 10 65.83bcBC

7 0.3 0.2 30 59.17cCD

8 0.3 0.4 10 89.17aA

9 0.3 0.6 20 72.50bB

K1 43.89 56.11 73.61 —

K2 55.83 58.61 59.17 —

K3 68.33 57.78 47.50 —

R 29.72 3.33 20.83 —

2.5 WE RIEHERXTTIE 8 5 IR B LR
WRYEZR 4 7 Hra AL IE TR TS 8 SRR A B AOR, MR AER AR R

K 2 1Y A F BN NS MR P A B AL v T AR SIS VAR R AL R AL, Ui VR IVE PR A R T AT 8 54
AR . 7E IBA 0.1 mg L7 IR FEALEE T, KT 0.4 mg L ALFExF AT 8 5 AR IR MoK P AL F R SR AR T
KT 0.2 mg Lt 43, 4325 IBAWEE, 7 03mgLtif, KT 0.2mgL BT KT 0.4 mg L™ Ak,
PR A K R 2RI — @ M BIRCLL T, AR T 4] 8 S MMk A2, AN RT Hbk g A K A
DU . 25 EFTR, IBA0.1mg L+KT 0.4 mg L +iEVER 1 g L™ N T id 8 SRRtk A i A4l dr, B
SbFE 4, FEARTAE R R EIL 91.67%.

F 4 AREER SRS T 8 T R IR R PR A 1 5

Table 4 Effects of different hormones and activated carbon on the plant regeneration of ‘Ningqi 8’ somatic
embryos



ZFHGTE R H FERR AR P A AR AL FEPET AR

4b 3 Treatment (mg L% Shoot proliferation rate Rate of plant Average number Mean new root
of plantlets regenerate (%) of new roots length(cm)
10O 2.14eEF 52.50eE 5.25eF 4.31fF
IBA0.1+KT0.2
2@ 3.11cCD 78.33bcB 7.20bB 5.61bB
30 2.36deEF 57.50eDE 5.69eEF 5.04dD
IBA0.1+KT0.4
4@ 4.45aA 91.67aA 7.68aA 6.27aA
50 2.67dDE 75.83cBC 6.19dDe 4.69E
IBA0.3+KT0.2
6@ 3.35hdBC 85.00abAB 7.02bcBC 5.22cdCD
70 2.02eF 66.67dCD 4.56fG 4.10fF
IBA0.3+KT0.4
8®@ 3.73bB 80.83bCB 6.64cdCD 5.49bcBC

FE: ONRIEMER: @EIN1g -« L iEHER.
Note: (DNot adding activated carbon; @Adding 1 g « L™ activated carbon.

3 e SR

TEREDD AR I R A R, R A K 702 5 S AR 4H Vi R AR S BRI R, AR R R A A T
B BT AR AR R SRR AR 22 . AR AE R, = IR B I AR KR AR FE A 2 3 3
WEEIEH IO L, A RS S E RS ERHEZ M A 8 S A4Iiit. 24 6-BA 1.0 mgL'+2,4-D 0.3
mg L +IAA 0.4 mg LI, FHD 8 SRIRE PRIk, 1A 88.67%, i SRURRE, 1B 6-BAIKRE T,
S TR AR . X TAD 8 5 AR GH MRS 3 S E BN R B/IMK I 6-BA> |AA >2,4-D, Hrf
6-BA HISZMIREE . KB T4 (1996) Wit A 5AW FUM FIRI A, Mid4iitimiE s 6-BA0.5~1.0
mg L™ A1 IAA 0.5 mg L™ R ECER (8 5 56 LEAT 598, ShARIRTE S 4L R A St . B 75 % (2016)
WX MIRCAE 2 HEAT HE IR 1045 H 6-BA A NAA BLA R, I @ At i e i, S5 AW FL 45 SR AH
LR, FEMERFNSE, WREDESE B BRI TT . K2 B A0 M AE B AR I7 254 T 5 S IR A AR ) R AR
WATESH 2,4-D BT, JFN 2,4-D XA KRR AP EZAEH (k% 2007). TR
(2016) BFFCFIEH, MIFCIEZGTE 2,4-D 0.2 mg L AR S AR E . IXRIABEFL RN 2,4-D 0.3 mg L™
PRI PR B A SE R L, B H T i A SME AT SRR, 2,4-D il ek EERS A A E o MIRCARIR TS
SR EEARIL BT T R 10k &R RS, ARSg DURACH RORSME R, 5 DUERIRC AR
B IT AR IO SO 73, R Z, W LIRS RAR, EA SOOIk i) fod B = MR IC R, #)
RGNS SR m TR P T TR2. 100 T IS RMA IR S 26

R fRIE I S5, eI R BT IEH AR, ARIRET R MR I A ST S Akl . dlid 6-BA
A1 NAA B AT 8 5 PRIR B A MU AT 7T, 24 6-BA WREIA$ 0.8 mg L, NAAO.6 mg L™,
R EITE RS S, (HIRI R M E, 24 6-BA04Amg L™, NAA0.6 mgLt i, fAIRIGTEAE /ynm, W
LRI B IRC. 255047735 6-BA 0.4 mg L™+ NAA 0.6 mg L™ N 10 8 54k IR 3 3 3k . B3R
Z5 (2018) FEHUIEARFAPR IR I FE S5 A R AT 7 R I, VR INIE BLVR BE 1) NAA FlT 6-BA BE AT RUIK 4 i 1A IR
SETEERE, AU ARAR IR R B, X AT A R 3. ETID 8 S ARSI R, % b
PRSI T SIS, A 8 SRR B B A IR T — PR T . A, A S AT U B Y S E
PONRIRR G S A BT, BAR T 8 5 (AR JRIRAN & & I S A R TR RS 58 B A Fr it — B ORI 5T



PR R B R R A — o LRI DG 3R o A T ARG A R, R TR AS A B 47 ety
(1A R A BENTURI AT B J5 1 8 R AN AL . GAG TEARLH R HE— 25 R R A s IR A= (AT e 2/
Rk EZER (Ammirato, 1983). fRIREERERE, MVE@OifE AL B, HBIEED, Hil
HAEZL, FAER R, M HIEH B EFE (Abdoulaye, 2006). #5245 (2013) @I HFFT K, MR
FRHE NN GAG RT3 A4 AR 15 5 B » GAG X TR A [ A IR i 5 AR A A F X S 1 (2009)
BT R RE AR HAE VR I GA; JARBEREIR B 560 T, REARHE B R IR A A . ANBHF T8I X IBAL FEREAN
GA HHT =N &R —ACF I IEAS RS, ik Tid 8 5 Rl & B L&A 44 1BA 0.3 mg L'+GA; 0.4
mg L HEERE 10 g L, HARBRET A R EIA 89.17%, 5 3R — 8. BRI P s R A R T AR A
MRE (LW, 2016). ABFARLRMENH, £ 7K 8 S MMk AR R P RINGEBINER, fEER
VRIRHE A J5 A RERR R, T MR B R PR AR AR A 2% T 1B A P - IBA 0.1 mg L7 +KT 0.4 mg L+ ¥4
w19l N TR 8 SRR A A S . THEHFS (2004) 76K GARGMARSE 7Uh R, R
TG SRR IR AR AR B R B EH T, BRRMR R, Shmiei. vE MR AR IR A L4 A
P RERG A IR e 2 AR iR, Gl PR R R B I LU TR A IR IR K E (RIS, 2003).
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