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Cluster bud induction of base stem and establishment of high efficiency
regeneration system of Lycium ruthenicum
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Abstract: Objective To optimize the culture methods and conditions for the rapid propagation of Lycium ruthenicum in vitro,
explore effective proliferation methods, and screen suitable plant regeneration pathways, so as to establish an artificial
high-efficiency breeding technology system. Methods Stem segments with one or two nodes of aseptic seedlings were used as
materials. MS, modified MS; and modified MS, were used as basic media. The effects of different plant hormones and their
concentrations on callus induction, axillary bud germination, basal stem adventitious cluster bud induction and plant regeneration
were studied by single factor, complete combination and Lg(3*) orthogonal experiments. Results A large number of callus were
induced in MS + NAA 1.0 mg/L + 6-BA 0.1 mg/L medium, but the ability of redifferentiation was weak, and the highest
multiplication coefficient was only 4.36 after 35 d of culture; While in MS + NAA 0.1 mg/L + 6-BA 0.05 mg/L + KT 0.5 mg/L
medium, with axillary buds starting to germinate, the node of stem segment contacted with culture medium began to swell and
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appeared adventitious bud points, which sprouted basal stem cluster budswith the incidence rate of 100%: And the highest multiplication
coefficient could up to 42.84 after 45 d of culture. The suitable medium (MS; + NAA 1.0 mg/L) for rooting of test-tube seedlings was
modified. After 40 d of culture, the rooting rate reached 98.9%; And the survival rate of transplanted tube seedlings after refining was

over 90%. Conclusion In this study, the basal stem cluster buds were used as a new way for proliferation, and an efficient propagation

system of L. barbarum in vitro was successfully established, which not only greatly improved the yield and quality of test-tube seedlings,
but also provided another idea for the rapid propagation of other Lycium plants in vitro.
Key words: Lycium ruthenicum Murr.; stem segment; basal stem cluster buds; callus; rapid propagation in vitro
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FER DA AEINE R ZE L8R (NAA), 6-"F 3L IR IEns
(6-BA). Wiahz (KT). EKZFK (ZT) ¥ Rorihal,
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21 TELHEEFRRTEFREN
BB R T B T ARUE 1 000 mL BEARH, i

AR PREE 30 min, FT4iifKPEE 5 min, K
FFKE A TEM 7R, ST iR EIRER
TSR, A 30~35 MR AER 1A
oof, WHHETHISTES b H 75%0H CRER
3s, FRKHIRET 0.1% KGR HE: 20~80's,
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a3 BIAE FE R R IS A R B A R NAA.
6-BA. KT. ZT: ', NAA JFREIKRERE N 0.1,
0.5. 1. 1.5 mg/L; 6-BA i =Kk #: 54 0.01. 0.05.
0.1. 0.5 mg/L; KT Jiis#KERE N 0.05. 0.1, 0.5,
1.0 mg/L; ZT BREWREERE N 1.0, 2.0 mg/L. R
FH IR STHR NS -3t/ B SR A AT 386 B e 2 B B A L R
(RRaE!, KRR B & B W B R AR 5.0 giL
PAK R RS 6.0 g/L 2 B, 2 Fhre L 30
o/L FIERE ; pH 59 5.4~5.6.121 °C T K 25 min.
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Ji (MSp): Jias MS #5353k b K& 0 & i IR A
(KNO3) it % (NH,NO3) L B2 — E A (KH,PO,)
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PR T 23 DL NS R AR, RS 3 IR,
uF B R . Br IR NN 6.0 g/L B
Jig DA B B3 AL I R
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Table 1 Orthogonal design of Lg(3%) for proliferation of
cluster buds of basal stems induced by stem segments of L.
ruthenicum

IKF - A% - -
NAA/(mgL™?  6-BA/(mgL™?)  KT/(mgL?)
1 0.1 0.01 0.1
2 0.5 0.05 0.5
3 1.0 0.10 1.0
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2.3 EFFHMEMNSGE

231 EHEMTFHRALAERSFERFR4ME  BioF
TR (25+2) °C, JEHREEEE 1200 Ix, JGHRET(H) 12
h/d.

2.3.2 MG FERE IR AR AR O STERS TR D
S ST A 1 AL ORI B i
% 1400 Ix, JERERTH$EF+% 14 hid.
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BWFGTREE, DL, BREE T ERE
N 0.2% R B e I s (1D
SR, FYRNERE S, fRiE (25+2) C, fRiE
(50%~70%) £53% 60 d JG 4t s .
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JEH (B 1-B); 25 d e IRAR K #aid, nf ILEH 2 in
RIEH 7 (B 1-C); 40d Jam v, ZEEAr
R, R E (B 1-D).

h#% 2 AT AW, 7F 0.1%F KRB, L AR
TH BRI [ AL EE (P AT AR K AE LA, o, YHEE 20
s LK 40 s IR, KA RSy, HIAA L
FRINE R, 1H 5 51.23%LL K 25.67%F1)75 4x
Ky JHE 60 s MTIEITY, FETT 12.64%, #R%E
85.82% )y 4 A+ s MY EF 80 s B [AIRE K, HLHA
REH) 76.42%, BN P& 7445, Mhroibr-
5% 58.62%. £ I, HIRFHFIHEENA] 60s 5 80s
TR K RE L REZR, (HiHT 60s 54
20, PIHASLL MR R E T RN 0.1%F
RIGW AT 60 s.
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A-RIBFh R ZREE R 7 B-3E9R 10 d JE A KA EIRIR  C-8537 25 d J5 nl W B RAR IR ZE  D-40 d J5 7o 1 SEAE T Kk
A-Seeds just inoculated into medium  B-After 10 d of culture, white radicle grew C-After 25 d of culture, obvious radical hypocotyl

germ could be seen  D-After 40 d, sterile seedlings grew up

1 FFHLREEIEEREBERE
Fig. 1 Seed germination and acquisition of sterile seedlings

£ 2 TREIESFERELEMHFRSRRIETER
Table 2 Pollution and death of seeds treated with different
time gradients of disinfection

RN A BRI TSR 60dJERTTIE%
20 50 23.43+0.962" 51.23+0.989°  1.33+0.571
40 50 45.67+0.741° 25.67+0.741°  5.67+0.513°
60 50 85.82+0.698° 23110.446° 12.46+0.731°
80 50 76.43+0.827° 05440.153° 58.62+1.154°

[ FA A E /R IRAE 5%/K T A RE 2R P<0.05, TH
Different letters in the table indicate significant differences, P < 0.05,
same as below
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BRI 3~4 SRNSSIR AR, MS B FREE(EEEA
SE SR VR I SEAL, R U R RAMIAC AL P
eI TR, WE TR MS, iR, EiZ 857
Herh, MARAERZENE . ORMD, ATERR,
PRSI, RO ML 78277

g5, PRIGAE J 482 S50 3o R ol AS B FH B0 R 1) S,
Brgpdss fEF AR FRE S, BT MY
W BRI TS A (R E R, AL &
6-BA Gf B i EIKEE Y 0.01~0.10 mg/L). KT
G BB IR TG 0.1~1.0 mg/L) 7S 774K
ZRGIHEE AN EHERE, RNEFREFRN 15%K
i, H 6-BA MBI A, WK% 80%, Ifi
KT 230 I TR ZMNAEZE R DR, NAATE
0.1~1.0 mg/L PIXf s KR R 15 FH RELM, &
iS5 N 40% 4, FFEMRER 75%, ZT 2%
F5 6-BA LU KT A1, DR s BN A% i DAy
FEANF o SIGE W 5% F 45 B B AR R N 6.0 g/l
(3 TRk v ek > B M AC BB AL IR 5, U S5 S
SEG VNN 6.0 g/L (B .
33 ERAGELAFESRIENEF
SLINEER O

M 3 ATH1, AT MRS SR 4
AL, HY 6-BA FTERE—Eh, FiE NAA
WEETHE, A RAEMERT G, B NAA
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#3 NAA 5 6-BA FRIREREHANZRIFISNEFNM
Table 3 Effects of different concentration combinations of NAA and 6-BA on adventitious bud induction in stem segments

WY (mg LY

2H 53 NAR Y BeRh g AR A% AEFRER % NEHET I RE
Al 0.1 0.01 50 77.860+0.208¢ 27.190+0.072° 2.19040.043°
A2 0.05 40 72.320+0.128° 33.140+0.124 1.270+0.026°
A3 0.10 45 82.140+0.156° 24.12040.163° 4.260+0.074°
Ad 05 0.01 50 82.460+0.777° 18.260+0.428¢ 3.250+0.038°
A5 0.05 50 80.100+0.466" 33.210+0.136° 2.47040.050°
A6 0.10 50 92.920+0.140° 22.220+0.133° 2.43040.073°
A7 1.0 0.01 50 90.730+0.202° 12.180+0.173° 1.210+0.044°
A8 0.05 45 99.060+0.731° 22.15040.109° 2.340+0.084¢
A9 0.10 50 92.560+0.122° 17.120+0.180¢ 2.56040.065°
A10 0.0 0.00 50 36.490+0.162" 3.21040.083f 0.520+0.042
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XRGHL R E S EAREER: 1124 NAA i &=
W —ER, BHHLESAE KM RS
6-BA IR T E 25 BTSRRI, U
B I B R) 6-BA #REBHAG AN E 2 1K A DL 2
A& SR A9 41, B NAA 1.0 mg/L-+6-BA0.1
mg/L 9 5ciE B 2L B S A S A E LI
FUA. E A LA, K97 10d 5, ZEBURE
DA K FEZEAS s RIREE 6 0 R A, SvEey, 25
B R iR B S e 2 (B 2-A); 5%
25d J5, WAASVERKIVE, iRtk hast

=

AL )

i, &
.a’ >‘ ¢
A )

A B

t, PR, BAAEFSME, ERERD (E
2-C); ¥9735d Ja, WOHLABH R HAME, 7L
AN 2 AR AT I R A4 (] 2-D). #RIEZR
3 AL, ANEZF R R R BCE AR, IE] %
TANGLRBCRAE, AEAEN BRI HE
oo DRI RI R SR8 R A AR D B S AR A rh R L 2R B
FRBMNEZFHIRIG, 127 MR A AT
WARIE, N7 B T AT LA B R
MG B i — M AR T %, T IR R, B
SRR i LB 2R AR R

c D

A-ZEELHERD 10 d JEREEFLR I R AEK, FaFia b Bai44 B-Hfh 15d J5, @dgUgWite C-afid e E KRk, hkat
BREGE, PR D-HiIE35d )5, MAMALURWAR AAEE, G AN E S AR KA R IR R AL

A-After 10 d of inoculation, axillary buds began to germinate and grow, and a few callus appeared at the lower end B-After 15 d of inoculation, callus
increased gradually  C-Callus grew rapidly from light green to white green with compact texture D-After 35 d of culture, the callus gradually became
white and hard, and the bud clusters differentiated stagnated and obviously whitened

B2 ZERFSEGHARTENAFSHILETIE
Fig. 2 Callus induced by stem segment and differentiation and proliferation of adventitious cluster buds

34 EBREEMEZFNE Ly3Y) EXRBHH

HIEACRIGEE R (R 4 nlan, HEEMEZES
SR N Re>Rs>Ra>Rp, NAA. 6-BA. KT
3 MEERIMEL R T B, R EREERN
B SR ZEMNEGA TR, X 3 MR
MNFRBUN KT>6-BA>NAA, 1EHIIEZEMAEZE

x4 ZRIFSEZENEF L) EXREER
Table 4 Orthogonal test results of L¢(3*) proliferation of
basal stem cluster buds induced by stem segments

- R el ) -
A A (NAA) B (6BA) C (KT) D () HAM
Bl 01 0.01 0.1 D) 20.42
B2 01 0.05 05 (2) 42.84
B3 01 0.10 1.0 (3) 25.23
B4 05 0.01 05 (3) 27.96
B5 05 0.05 1.0 (1) 28.68
B6 05 0.10 0.1 (2) 38.21
B7 10 0.01 1.0 ) 22.34
B8 10 0.05 0.1 (3) 18.04
B9 10 0.10 05 (1) 36.79
K, 0299 0.219 0257  0.286
K, 0278 0.267 0391  0.294
Ky 0257 0.248 0287  0.254
R 0.042 0.052 0134  0.040

S FEE KT IREA . did ik 5 2
P, REIER KT 0 95 R 506 W3 520 (P<<0.05),
NAA. 6-BA TCRFEMM . F—HHT KT 3 KF
Duncan A58 AT 5, Foidi A 22 B s 5 58 28 WA 2R T
185 R B KT 2 (0.5 mg/L),  HkKF
3 (1.0 mg/L), gZmii/NAZK 1 (0.1 mg/L). &
ot E A A M IME, I L B SR AT 8 B PR AR B
FKUAN AB.Cys B NAA 0.1 mg/L+6-BA 0.05
mg/L+KT 0.5 mg/L, FI|H i R At 7 2 22 AR
FE S L

VEBREMT LR std, B3R5 d )T
MR BRI AW R NS CRFRR “IEEFE7, 22

x5 ERBHEINER

Table 5 Analysis of variance of multiplication coefficient
WE ENEITR JlE 77 FME BEME
A (NAA) 0.267 2 0.013 0.191 P>0.05

B (6-BA) 0.705 2 1.850 1.249 P>0.05
C (KT 13.646 2 11823 16.077 P<0.05
R 0.236 2 0.118 0.167 P>0.05
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3-A. B); 10 d JEREEN B AN CF
FR“HZENAZE”, KB 3-C. D), &ML, £
ENAETERAEFN 100%; K55F 15 d 5, MZEM
B, EEHAEFENREELZ, FEIFGEMK,

KRR E (B 3-E. F); 30 dJE, BEEAE
FNREHAL, R, P d R e N IR
Zt (8 3-G. H); &5 45d #yHE IR, MR
HE R ZEN CE 3-10 1), 5 R B-F Tk F) 40
P L.

A, F-3598 5d Ja i Lt A ERIT A BT A IBCEE, BRI S IR A AR AT LT AR M BLZF A By G-10d JE2E A L 2F s L SR 2 A
# C. HI%3R15d J5, BEFHEMK, EMATFARHEEEL D, 1-30d /5, EBATFEMAKBRI E. I 45d E IR, MK

T ) 2 DA

A, F-After 5 d of culture, axillary buds began to germinate in the axillary part of the leaves on the ganglion, and bud spots appeared on the ganglion
where the base of the stem segment contacted the culture medium B, G-After 10 d, the basal node buds differentiated into basal stem cluster buds C,
H-After 15 d of culture, axillary buds elongated significantly and adventitious bud clusters at the base increased significantly D, I-After 30 d,

adventitious bud clusters grew vigorously at the base E, J-After 45 d of cultivation, the plants grew into dense bud clusters

3 EREZFMNEFHNIEETE
Fig. 3 Differentiation and proliferation of basal stem cluster buds

35 HRIBFRTEEBEBRK

M5 ] B R B 97 2 DL RO W) = R
NAA 584 20 & S 06 0] 2 5 M A 175 53 A2 AR I 1
(£ 6) ", I NAA fIsesbH AR R R E =
FTZ=A MS REANE MS X4l (P<0.05),
IEB A K NAA STIR R 54 W i AR
B B B, N NAA BRI E R, A%
W2 FH i 2 NAA FIEIREE 2R, HxT
MS 553Kk, LR MS; NIEAR R F- 5L
AR FARMFES . B Cl. C3 LLK C5. C6 SZEh4H
ATEN, IR LL MS B2 DL R MS; AR 77 5,
FEHAEIN 0.1 mg/L B¢ 0.5 mg/L NAA 75 B 5 7
7 (P>0.05), RUEMKFFIRES, BinE
JREWRERAERKEARRIEREEY M. HE 3
W1, S E R M AE R R RN R ) MS,+
NAA 1.0 mg/L, fEiZ#EFEG, K7k 10d )5,
AR R it A s, L A % 5% 3 0 Y Ak o
KHaAsEEAEMRSR (B 4-A. E); 15 d

%k 6 TREXBEFERFEREIRE NAA TLEEIN
EEERNEZM

Table 6 Effects of different basic mediums and different
concentrations of NAA complete combination on rooting of
plantlets

M FEAREFRIRA NAA/(mg-L Y

R AERE%

Cl MS 0.1 50 81.94-0.090°
c2 0.5 50 86.540.209°
C3 1.0 45 87.240.140°
o7} 0.0 50 12.3+0.157°
C5 MR MS; 557tk 0.1 40 95.940.196°
Cé 0.5 50 96.4+0.075°
c7 1.0 50 98.940.218
c8 0.0 50 17.440.151°

Ja» MR IR RAEK (K 4-B. F); K
FEIEF 40 d, JRIRIR R KRIL. HAE (B 4-D. G); &
HFEHR 60 d SRR KHERE, A (& 4-HD.
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A. B35 10d 5, fEMK iR, HIEE ABHAEH C. D-15d 5, MR IR ERAEK  E-RER 25d, AR K IRGE
F. G-i7ik3140d, AEMEEMARIE  H-60 d f5 B AR AR TR T L H RS R i
A, B-After 10 d of culture, callus and adventitious roots covered with white hairs appeared at the lower end of the plant C, D-Fifteen days later, strong

rooting growth appeared at the bottom of the plant E-Fixed roots grow rapidly after 25 d of culture F, G-After 25 d of culture, the roots grew fast and

robust  H-Rooting test-tube seedlings successfully domesticated 60 d later were taken out of transplanting media

4 HRBEFRRETEEBRILE
Fig. 4 Rooting culture and aseptic seedling transplantation

4 g
41 BRMETEHIMREDHERLESR
ARk, B B Y MAT 3 0 AT 5 R
B VE R R BT, M AT ) T
CRy— RFGTTH . A CIRIE, 76K 8
O FE A AR RIS T, SRS A R O R
3R H— M- B A - AR S R R -
AR, BRI A RO AL TR At
2B 202p) o 2P NE S LR, HESE
P A R 2T AR A MR s e — g A ME -
T2 AR, DAZEBS YDA R, B S
RAERTG R LR JE= MR MR- AN 52 -2
W, T 2B iR P B B B A
3, ANEEMOAE KRR, bl 3 R
TR, ERANERE RAERR, CH=ERE
ERy RS, ASANE: RHRERERE
AR, AT, ERFEEES, KA
B, PR SR BERS RAEER, |
B S R AR, BRI B S 7 1
VRAE, ARG R T N A, R AN 4
b, IRFHEREIRANES, AR T KB, B
FEREHERAERR, WP RBOEHA 2 Fhor g
i HT AR N AV, (R S R BB AL TR
fEARRI e, ZEBOE IR B 2 FCR A AR
s 7 3. 5 ket i O st o

RAE, AT, RAHASMEE- AN
FHRAR G AL 2 FhAMNEBER IEH T3 K
EEGAHL, EAEWIREEERE L, B ES
e JTHRIRAC TS, R D BAE 27 A, (BRI
BRSO B RARTE I R, EAR PR B AL I A3 A
W, %R P e R o TR K. B
SN — R ANES R KT, JCORtA
AR HEMTTRE S AR MAC TR AR 5 2 oK+
ek EEE . AR, TRpaSS
FHEMENFEAELR JAA) ARERIK, ik
7 S 2, S RERAMEAE KR 2D FHEW,
SR — BAE KRS EIGIN, Mg 2R/t KR
FEARL RN, 0P ANSE 2 AR P2 AR A B, P R4 i
I3 RE B EE N 2 5 MR IR, WO A I
KR FLE R CFFIX— W e fEE— B IR R
W, ZHBEEREA BT R SR TR, Rk
A KEEZNGERE, X —IRIEHADE AR L
fRiE . ASFRE T 2 WA O S A S —,
F BE3E25128158 54 %f 5.2 Codonopsis bulleyana Hook.
f. et Thoms 5T INAHIE A E B - E
2F, BIAMESS T R AR, Tk TESPIA yihT
K Halocnemum strobilaceum (Pall.) Bieb. ff3&25M
EFERFUIBCEE A, BEESEEKE. AT
HILEREZENAZES B 2 MR iR A A
Kz hbo —ekit, HRKERF ERNREA—EM
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BZEFONEZE, AR AR AR T
ARG — BN B FRNAE S . AT HIL
BN TF AR N B A AR K ok, T
5 B5 FR A 1 B A E A, U mT A
AR E . WA ISP, wm
SR ERIE D R G WS, A e 2 HR AT
WEEANR, ERIRAE S — M o A= 2H S B R
R, M2 RINRBE RN, 4005 RH B A
MY, X R HLTE R — R, ANE SR
A 2R SR R G b 2 T T e A U s, T
XS AN TE S RN A 1 4 U
MR . MOX—W ARG, A 5T I Jk
25 AR R R R L 5 7 AR A ) 2R SRR B T
MR, dRMAT IR AKTE MR, 7RI
Firh, REZBIEIM A ERG O AT
AL, B EIRRTERCEE AL HENAGER K
TR S B TR AR PR, SER U S 4L 23T
HAED ML, 25 FRTIR, AR B
BN CEIR R N E S B R AR

HEERNR SR, TR EGHLUE =5
EARENGE, PPNZEB MR R G, R
59 FBEZERER R REY) . SN R A 4
IR BA B LR A BT R R a0 AR AR K R B AR
ARKWTIRIEE ST, T TS B ) B 1 5
LA ERE TR, WERBN IR, B TEHHSN
7= A . TR AR B B LI H B2 9 Pararuellia
delavayana(Baill.) E. Hossain®!, 7 mf-fiH Swertia
mileensis T. N. Ho & W. L. Shi®!, JE¥fiH Gentiana
rigescens Franch. ex HemsI®%., 444 Psammosilene
tunicoides W. C. Wu et C. Y. WulBH&&4fif o 1 ££ 45
KPR

ARG RERY, BREMCEEZE N HRER
PRI, 5 AN S A R B L R A [ e,
BT AR A SRR, BT AR,
ARKE T RIS TA], B T IRERIRGE, HIGHE R
KRR A8 O o, mITER 2 KB A= 7=
T ERIEIN, SORFE TR R R, HHAT
PR A R 3 E 7 5
42 IEEHEPHRNIEE R

FEARMFTEH, PS5, IEiKss
5 R RS 45 T L mT &, 2 AR A R
FH 28R bl B — I o0 1 0t BE SR A AT 38 5 2 I B R
750 TESLILFRES, FIF NAA 5 6-BA &7

Bl 155 LA E 501, AT R I NAA
fERHGFEF AR 7R, HFES R
s = R Sy, T B R
2 XTI, Wi 6-BA R KRR A Ak
25 S BRI R 5.

X5 A ZE AR ZEIATE SR, KT R ZEN
AEF SN E SRR, XREHTAE NN
BEMNT FEES SR, Agd i AL it
T8, WEAIEHEMG . KA g 2 E A
Hor B geE R, T Lo(3%) whER N £ 6-BA
K KT 2 Pl r 24 &, 6-BA 5 fii ki bk = A 3 78
TEBHAS A K, 0 KT St JE 22 AR 2R 1015 S 52 o
Ko @I T7 2, AR KT S 5E R4
RS2 (P<0.05), 'B5 NAA J 6-BA [
ER, IRRFEREEHbBE S 10 0E R4, e R 50k
L) R phmear 25 Clseng hip— 5, B
2 B35t - 74 F- B Rhododendron fortune Lindl. [
PER PR SLIS PRI T RIS, SRR AR
NAA. 6-BA. KT A& KiF FIEZEMNAEZENIMIEE]
BETERE I, AU R H I /AR, 1 H SE R

S GSES LELNIER T
4.3 {RIMRES PRI IR KRR

PRI G R AR AR T i o L A
RAMFRREINR —, {EMLEFAIMUE
SRR, BEEAL R — B R T R B AR
233k R R K B R R i, A AR
HETTHHT TR, RDLE SRR E & W4 s E
ERIREL, Y EM B R EWRE ., AR
BB BRI . KRR AR LA AR O B
T it 1) 5 B3390 oy B Bk B4, AT
i i KAk, BONZEFATTIRE RS . A0 70K
MR EEHETHZR 1400 Ix, JREE 3T A 14 hid, I
BRI = A 6.0 g/L HHATITE L, DARRIKT 770
IR, RINBIEI R A gz fi; & AH 5
IOUE, MY E 6-BA MMt m B R MR eI IE
AR HUR A B RESE, R e S IR 2
(RI7K o DL ARy 242K 6-BA 238 hl B SR MAC 38
st 2 NER, DA JTVEEA BB R A
AL I NI BRI AT 9 rh A TR I
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