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Tissue culture and plant regeneration of Clematis ‘ Julka’
GAO Yan, MO Jianbin, FU Yanru, FENG Shucheng
(Shanghai Botanical Garden,Shanghai Engineering Research Center of Sustainable Plant Innovation, Shanghai 200231, China)

Abstract: [ Objective ] Stem segments having buds of Clematis ‘ Julka’ were used as the explants to construct a
regeneration system. [ Method] The system was established via two ways: one is initiates from induction of axillary buds,
then proliferation of adventitious buds, and rooting induction; the other is from callus induction and proliferation to
differentiation, final rooting. [ Result]The method for explants surface sterilization was incubated in 10% (mass fraction)
sodium hypochlorite for 12 min. The medium for inducing axillary buds was MS+NAA 0.1 mg/L+6-BA 1.0 mg/L and for
adventitious buds proliferation was MS+IBA 0.20 mg/L+6-BA 1.0 mg/L+GA; 0.2 mg/L. The medium for callus induction
was MS+NAA 0.05 mg/L+6-BA 2.0 mg/L, for callus proliferation was MS+NAA 0.20 mg/L +6-BA 2.0 mg/L, and for
callus differentiation was MS+ NAA 0.03 mg/L +6-BA 3.0 mg/L. The Optimal rooting induction medium was 1/2MS+IBA
0.3 mg/L. [ Conclusion] This study established a stable and high-efficient regeneration system in vitro for Clematis ‘ Julka’
by using two ways of organogenesis. The multiplication rate was 5.52 when shoot organogenesis were formed directly. In the
organogenesis of callus induction pathway, the ratio of callus differentiation was 76.7% and the average number of differen-
tiated adventitious buds was more than 3. The rates of plantlet rooting in two ways were more than 90%.

Keywords : Clematis ‘ Julka’ ; axillary buds induction; callus induction; callus differentiation; plant regeneration
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O STARERAL A ST AR 51 DR v L I T A 2
bel 252 3 )3z e, FATAR A WL B AN A
{B, BRECEFREM AP TE 2 BIE BNz 01
RO SRR IE R A 29 15 21 350 A Fh, F
SIATERGE R FREA 9 4 140 RFP (AELEE
ARRR) 2 RZIE M R ThO 2 — EN R
PEH PP AR AP B, ST Y 22500 Fhok 5
AR, SR T A% B Bt | A i b O
Wi R A v ] el A Ak v A N

W LR AP Clematis “ Julka” (“2RFK’) &
ALK IE T2 BE (early large-flowered group ) , 7F
2002 4F ) fif 2% Plantarimu 8 4 & & R4 %2
CRRTERK 6~8 em, Bt 4 cm LA, AEE TR
10~15 em, R4 GO HIRA A5k, 78 LigHIX
4—8 AJTAE, H il T Fh i i b 28 B, 3k 11 5 il
Wrak s, T 1 TR, BER D | S0 bRaCFT4 A2
FROMELLW R T 5, I, PSR < R R
HA IR EEARI LA AR 7 LUIF 30 N T
AAEEEL,

XPERERE 1 24 U BE FR A 5T, B 28 43 0 LAk
ZRTE R R A SRR Y ZEBORIM F hR LA A
BHIFSE T 88 B R LE IR AR A 235 35 07 AT
SERHAEARZR  BREGEE C WERAH A SRR AR
A1 NAA H1 6-BA 255 % I RCEF M@ A,
FZE 25 1 B B — A AR R A 2 U A — )
(AIE D Rr I 1abe £1 AR T NP QTR AP O R
PRI DL MS Ry BEAS 5 55 58 | VS InAS () v 2
2,4-DHI 6 - BA JE @ Ui H 41 B F B ED L
Clematis “ Bill MacKenzie’ P4 IBCE B R UG A1 K],
A MS SHEAKE R YR 6 -BA 1 IBA JE AL 45
HR (HEE AL IR ZRE R C. ¢ Bill MacKenzie’ )
Je B A HH R 03 Ak B A AR A e LR T, R T
%[6] BRERIE PR M (C. ‘Polish Spirit’ ) Ty
ZEBOIMEI B3 VE AR SR R, R
2L AT AT T UG R AR AR R A B AR AR R
To BN AE S DIBRETE LA (€. “ Ville de
Lyon” ) AT EHE S, AR IR R o I SB4E X 2k 2k A
LRI ST IR 2 MBS IR BORIRAT R
TR R P S IR ) ] e ) T B
Z—

ARWFFELNREE S R B2l R BOy i
GEMRE AT S — AN 258 A i 1 20
SR H AR R R AR TS, B TEE X
i A U SR B E AR R | il — e R A
R A R ) R0 B Al

1 MR5%i%

1.1 R F R R EE SR &G

PIARA R “ IR, A v A 0 el o i
e, HZE3—4 H AL HC KRR Wi 20 em LA
PR, BRI T 2 sl i 25 19 0.6 ~ 1.2 em ZEBAE
i g Ak

IR FRIRE N (2322 ) °C, LM EFEL 500~
2 500 Ix, GBI 16 h/d, FHXHRE H60% ~80% .
1.2 RE4LE

X DA i 6 HH o AT v 2K T i K TR« 2508
K IEFRHE R A BT ) DRAR, R
RT3 75% LT J5i i 53 %0 10% I E R BT WL
AT

PR R 2 R ZEB RTS8 2%
VEISAE VAR 5 T VR TR 6 20 min, 5 37K ok
30 min, BT KEMEE TEGT, BRI B
ANKE = A 75% O B2 Yk 30 s, FF
FHICTHE K EEUE 1k, #5561 10% A R Fh I W=
W E R AR 25 d I R PETS
YURNF R IE OUf A RGOS G W K, R a3
R 13 A28, R S IR,
1.3 EESRELZERR

DA I BOA AMEAR TS IR BTN E 2R 5
A I S R AR R

D) MR ZF 5, O A 85 57 3 09 i 2k . ok A
MS . 1/2 MS,WPM R 3EARE 23 Ui NAA 0.05
mg/L .6 -BA 0.5 mg/L, FEHE 30 o/L FIILAR 6.9
g/L, WMEIFFEIT 25 d JFIilE SR, A%
i 30 NZEBL, A S IR, AR AE KR 5 1 0
TE SR MS Ry HEAC S SR 5L U AR ) A= A I )
6-BA Il NAA R EMIEWRIE, 55 30d 5,5
THIR ZF175 S M2 W A OIS IR 25 B i e B fEs
SRR B FREERD 21 25 A S K,

2)ANE G, WFH ISR AL MS Oy HEAS B
FREE SR A K E T 6-BA (IBA F1 GA,JFi%
BEREE, ¥i3% 25d I, LB LR 57 55 38 8 AR
B WEEANRE 25 1 A R RN BH IR 0, AL 3l 9
AZE ER S IR, W A SR A R SR
14 BEEBELEER

VISR BON AMER TS @i AH Y, i 42
P ETE AN 22 2 HAAR 5 TE i e B A ik

D) B AES . OFEAR K57 H Mk . R
FIMS . 1/2 MS WPM R AR 25 RN 6-BA
1.0 mg/L NAA 0.05 mg/L JiEH% 30 o/L FIEfE 6.9
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o/L MA@ LURE it 25 d G il %, 1
AL EERD 16 ANZEB ER 3 KR, QYA KA
AT : LA MS Oy FEAS 35 372 35 U mAS [ vk B2
) 6-BA I NAA, Ziit 25 d 5 M S %, WE M
BidRZS . BAMEER 7 2B HE 5 IR,

2) AIGLHZEAE , LA MS S IEAR R SR 5L TR0
TERE 30 mg/L Bl 6.9 mg/L, H-US A [R] e B A9
YA AT ) 6-BA H1 NAA, Geit 25 d J5 AR
Vit gE G oL, AR A BURE . REAL B RN 7 4
WAL EE 8 IR,

3) BGGLHLVME . DL MS R IEA R R 5L TR
TEWE 30 mg/L F5 A% 6.9 mg/L, IR INAS [ e JBE 1)
T A K57 6-BA NAA, WEEH- 5811 25 d J5
RGBS E 2R 8 AN AR RGO, 27
G R AR AN E R SR AL B A P
FhATOIZHE 12 4>, 6 IR,

1.5 AEFHER

Ph1/2 MIS NEEAR B 323, 43 s InAs 4 A K
P IBA B NAA FF BB, 40 25 d K,
X H A AR BSORIAR B A BRI, 75 1R AR A AR AR B 55
S, RRACEREERR 4 2 EE S IR,

1.6 HIESIT

BV FEAR T EA T

5 Y = 5 YU/ AME R S B < 100% ;

WS % =55 30 d J5 B985 28 50 A i 14
BEx100% ;

R ZE G T R = WA KT 3% 25 d JE IS E Y
IR PP IR 24 100% ;

AR = 30 d ¥ A @ L 4080 4
R B EX100% ;

T LG T AR A = AR 77 5 s o it 4k
ARIE IR S 43 BT i < 100%

HIFEAT R =25 d LI AN ZRE (RN E 2F
EPMAE 1IN,

A MR = A AR B P < 100%

SRR = BAR KBRS

SEIRRE = ARSI SRR R

T EE K Excel £ SPSS #4481t , R A
225 MR PN REAAESBUG 30 5 8- 14040

2 RS
2.1 KEKEX SR EH SR

K 109% YR G841 WO S G A1 R KB, K
WK 1 iR, RAZ SR ES EG 56
ST . R RIEK | 75 G AR, Xoh v i) H 25 R

=

AR 2 LG TREMESE, KK 12
min ( A2) AT LK B 307 1Y KT AR 15 Y RN
14. 6% , XTI H 2R A AR 4 A 2 41. 8% il
56.4% ., HIL, LA 10% AR 813 WK T 12 min
(A2) R KR 5%

F£1 TEKEENGEENENROEN

Table 1 Effects of sterilization time on bud induction

KB AT AE e e &
L KEMRY s s O
i min rate of
e rate of rate of
No. sterilizing . o callus
. contamination germination . .
time induction
Al 6 65.5+£6.8 a 7.3£3.6 a 16.4+3.6 a
A2 12 14.6£4.5ab 41.8+4.5b 56.4+5.7 b
A3 18 3.6x4.5b 9.1+£5.7 ac  23.6+4.4 ab

T R RUE D IR 22 . P R)/NE 550 Fom Ak B
la] 2% 5 I 3 (P<0.05), F [d, Values represent as mean * SD.
Different lowercase letters in the same column indicate significant differ-
ences among treatments at a 0. 05 level. The same below.

22 FHESEXRFFEMNTL
PAMS (172 MS \WPM S IR17 S HA S I 2k |

BN NAA 0.05 mg/L F1 6-BA 0.5 mg/L, >R Z
APSTREAAES B I0T7 12: , U ) BEA B 77 4k
MRS AR DL, 45 R N3 2 IR, 4 MS A K:
FRHEIT 25 A dR v, RCZF AR IR, i R T
o, UL M POEAEAER IR, AR
BRI, LL1/2 MS O FEARBEFRIE | A AR , i
RN ER R, DL WPM AR 7 3L, 2
AR, HAAK 30 d LUR WS HERREE /)N, 1 i
Wik ST A 22 TR, MIS S il 5 R R T < R
R BEA SR AL

R2 AREREBEFENKZEFSHRM

Table 2 Effects of different basic medium

on bud induction

A R
T TR N TN
BE R % ZERAERARIL
. state of
No. basic rate of
shoots growth

medium  germination

Bl MS  353+1.6a AK{HEE JCEL BIMLIASE
B2 1/2MS  6.0:2.1b A RHEA(EERE RN A K
B3 WPM  2.0£1.6 b HZFEAKRENE, HZEE #G ZE

2.3 FiFSEWEKBTFAME

DA MS ARG IR BN K R NAA A4
M4y R 6-BA, ME ZF A K AF L, R £ 41k ar
FEARAESHORG 56 77 1%, LA R A KT )R
(1 H 250 A RN 3 P

HEARTHERE(C4.CT) ATHHE(C2.03)
WH AN THY AR R (C) BRI 1%
SR ZRRAL, R R SRR, Y 6-
BA 41K 1.0 mg/L, I 2F15 SR 17, Hidh NAA
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0.1 mg/L B, 55 RiKF] 72.4% ;NAA 0.3 mg/L B,
HH 2GR 38.1% X PR IR 0 T IR 2 A Ak, it
R TCHIE | S s A5 AR A A R Rk
FCLE, (Hid w7 23R & s A e A, H
M2, A R, BRI i A 2
£3 AREHERFTFINREERFF SN
Table 3 Effects of different hormones on bud induction

%5 ¢(NAA)/ ¢(6-BA)/ 2% % AR
No. (mg'L") (mg'L'l) rat‘e Of state of
germination shoots growth
Cl 0 0 0.0:0.0 a TILAET
2 0.1 0 8.6+1.9 abe MK M
C3 0.3 0 12.4£2.3 abe MEFK N, MR #
c4 0 1.0 10.5+1.9 abe JRZEA KNS JEFHAL R E
JRZER TR A
s 0.1 1.0 A6 d
: R TR AR A
C6 0.3 1.0 B30 e g
C7 0 2.0 57£1.9 ab FRIMZEDS
8 0.1 2.0 11.422.3 abe HFHFED
€9 0.3 2.0 15.2+1.9 be P O mE ik

Hoe HERKMWHFELKE, THE, ¢ indicate hormones content. The

same below.

24 FHEBEERKFETHNGE

PR 2R e A B B 3R 3k . LA MS D AR
iRk USSR EE IBA (6-BA F1 GA,, FHIT5
2253 B 7k OO TR A A AR TR 5 ) 26 4 A
SE 2 I B A JE W EF AR KR DL, ARk 4
Ji7R o

PRI A R 70 U B R T L B A [ 5 5 A
FARRI YA 2 55, WS R PR 3 HEK 3
AP Ly(3%) IEAZ IR, B 6-BA Wk EE 35 hm,
ZERIE A A ISR NS B GCT BERE O . AR R
JERARI , 22 B, B s R A B BT
U 6-BA 1.0 mg/L IBA 0.20 mg/L.GA,0.2
mg/ L I SR EGR B ok ZEBoiH: i iR 2,
ARG, i Rk, R, JUA AR B DS Dy i
PG B O 58, 6 5 R Bk 5,52, ke pRAg R, B
MS+6-BA 1.0 mg/L+IBA 0.20 mg/L+GA,0.2 mg/L
NI R

R4 REEYEARE T I Sk & E I I A R0

Table 4 Effects of different hormones on bud proliferation

SEEH R

G c(TBA)/ c(6-BA)/ c(GA3)/ e of L SN
No. (mg-[fl ) (mg-]fl ) (mg'L_l ) mu]tip]li(:ation state of shoots growth
D1 0.05 0.5 0 1.16+0.15 a ZRBCH, BT P MR ZE D A RS
D2 0.05 1.0 0.1 2.32+0.30 be ZRBC AR BRI M AT R
D3 0.05 2.0 0.2 2.08+0.32 b AR BRI AT R
D4 0.20 0.5 0.1 3.28+0.20 d ZLBOHL, B A 2R
D5 0.20 1.0 0.2 5.52+0.30 e ZZBOHL, TR T i 2 B 2 AR
D6 0.20 2.0 0 2.3620.15 be EFINERSUY - IN
D7 0.40 0.5 0.2 2.04+0.15 b LR R SR R 57 7 VI e Y )
D8 0.40 1.0 0 2.48+0.20 ¢ B, TR E
D9 0.40 2.0 0.1 2.32+0.24 be SRR , R BN, A K R
2.5 RAGAERFSEREFENIFIL WiFR B MS R kE

MS 172 MS \WPM 1E 2y i £ 20 248 R 15 3 5k
ARREFE L N NAA 0.05 mg/L Fl 6-BA 1.0
mg/ L, FIHZ NS FEASE S HUG 560 75 15, LA
[FIEAS BE TR N 1Y 27 38 B R AR RKOIR L, 45 2R ke
5 Fm.

3P RE R R BRI A AL, YL
1/2 MS R HEA B FE L mE 16 d Ze A7 M ZE B 4]
FE TR 16 i i, T Ok B @ 41 28, i i ol
33.3%, LA MS AEARREFE 12 d 24 IRIE
R ARMAHL, AR R 56.3%, DL WPM Kk
ARYEFRIE RAF @A LR D, H 2860 350% 7
Je RE SR R R R A A LR, PR, e R ) S AR

x5 AAEFEFENGEEAGANFSHNZM
Table 5 Effects of different basic mediums on
callus induction

B N e A
Y5 IRk rate of R
No. basic callus state of

medium  induction callus growth

16 d 764 wisin bl 1 b IF iR K 2
B RN R A

12 d Ze AP Ol 0 AR IF IR Tk, B

E1 172 MS 33.3x29a

E2 MS 56.3+5.1 b Cn
* R 0 FA R AT 5 41 4
E3  WPM 10.4£2.9a Mgl @ 5%
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2.6 AHFSEWAEKETFANRFIE
DL MS SHEAK: SR 5L TSN 6-BA A1 NAA W
AR JE R 9 FCR R B LE . FILHZ A Sr
FEAAESEAG U0 775 , LERAS [ A 4 A ]
BREGER AL ZUE TR, 25 51 N3k 6 s,
®6 AEEMEKFETHANGEERGHR

FEMNZN
Table 6 Effects of different hormones on callus induction
&5 eowny aeny SRR T
No. (mg-L7)  (mg-L™) induction callus growth
Fl 0 1.0 17.1£5.7 a2 ®/D IREM H
F2 0.05 1.0 22.9+7.0 ab REE FHER
F3 0.10 1.0 143:0.0 a  MHAHLUCH Hith
F4 0 2.0 45.7+5.7 abe IRHE M i
F5 0.05 2.0 71.4:9.0 be R Hilh
F6 0.10 2.0 40.0+5.7 abe TRE L BHE
RN LRSS LN
F7 0 4.0 TLIET0 ¢ e
F8 0.05 4.0 54.3+5.7 abe E{n F
F9 0.10 4.0 22.9+7.0 ab W@ TR

WOHZN 11 d TR, ROk UL, Wk
BARAIE LT, B W i) 45 20 21 2 1R B 1 68 HLsi
W, BRI TR L, R
L H B, J5 I 4 2R A TE 2 4 A
2, Ho F5OF7 PORRBE 55 5L A D R, Ot
70% ., AW A RORDL, Foh F5 ks @, Bi
B F7 S €, A2 SO A R T i T 808 7
JE e A, L FS(6-BA 2.0 mg/L,
NAA 0.05 mg/L) A ALY AR RIECLE
2.7 Rufh 4R LR B 5 AR W Ak KT T F B0 0

AN Tl AR A A 70 0 ik £ 5 A 4 4H U B
(RE L3R 7, Ml g s o A v (VR B A

HAVRE O, W5 GG, KN a) 54 5 s A
HAUEAL, S E TN A HSUn a1, 2 6-
BA 4.0 mg/L B}, @4 41 23N TR B (5% 2 0 €, fif
e, e a0k 7 ZE . G4 Al G5 1557
SRR e 4, IR R TC W E 22 R W
PR VR ROIRTS I R 6, 5155 5 i A 2 41
ARSARRL, 25 ISR AR 9 700 TR 270 e | Dt
NI, L NAA 0.2 mg/L .6-BA 2.0 mg/L 1Y G4 K%
BN A A B A R
R7 AREEHERKBATHNGKEERHER
5 HY 2 M
Table 7 Effects of different hormones on callus

multiplication

AT

rate of callus

ER SNV

state of

2 ¢(NAA)/ ¢(6-BA)/
No.  (mg-L™) (mg-L™)

proliferation callus growth

Gl 0.2 1.0 1.25+0.13 a H4FHAR 22

G2 0.5 1.0 2.19+0.11 b IR FiM

G3 1.0 1.0 2.03x0.10 b IR B

G4 0.2 2.0 4.09+0.14 f IRIE Fiks

G5 0.5 2.0 3.89+0.11 ef HRHTE B

G6 1.0 2.0 2.63+0.23 ¢ MR&EE B

G7 0.2 4.0 3.35£0.16 d #fh B

G8 0.5 4.0 3.68+0.07 e B i FEEUE Mlifk
G9 1.0 4.0 3.19+0.17 d #E#f fffk

2.8 AHALHLEYE AT FINTEE

W RSB LR Bk dE I
9 For b REFRIL NG 8 Fiow , #it IR Al ST AR AR R
SR T, RS R R A A R 7Rk s
WAL, 24 6-BA A 1.0 mg/L B JC
BN ;24 6-BA 4 3.0 mg/L I}, Arfj5 4141
KRB LA, 24 NAA 0.03 mg/L i}, @i 2H 4

&8 AREEWEKFTHX KL ERHARS LR

Table 8 Effects of different hormones on callus differentiation

AR

7wy eomny R b o ot
No. (mg-L7) (mg-L70) differentiation adventitious differentiation
H1 0.01 1.0 0.0£0.0 a 0.0£0.0 a  AHHLARIME

H2 0.03 1.0 0.0+0.0 a 0.0£0.0 a WALk

H3 0.05 1.0 0.0+0.0 a 0.0£0.0 a WALk

H4 0.01 3.0 19.4+3.9 be 1.6+0.3 b AOHL DRI

H5 0.03 3.0 76.7+4.8 d 31203 b AHHALEEE SHE 1~ 3 TR ZEEL, i T RE /N
H6 0.05 3.0 29.2+4.1 ¢ 1.9503 b AL GE W] k2R B

H7 0.01 5.0 15.3+3.1 b 1.3+0.4 b BT RAE S, B4 RS
H8 0.03 5.0 0.0£0.0 a 0.0:0.0 a  AHALUHEILHAME

H9 0.05 5.0 0.0+0.0 a 0.0£0.0 a AL HE AL
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WAk, A 5ER, iR, RSt 15 d A4
AR ZE 1.5~3.5 em W, HATA0EH 1~3 A5
] P25 B, M oS AR AT IR 76.7% , E AR E
ZE A 3. 1500 NAA B4 % 0.05 mg/L i, 0L R AIA
EZFRY T, F, b 5538 6-BA
3.0 mg/L NAA 0.03 mg/L,
2.9 AEFEREWERKFLFAME

PL1/2 MS R ARG 32 5 43 5 A N IBA i
NAA FFP AR AT, AR R 4 A 8 45 7

SRR AR MR R, W3R 9 IR, ARHEAR A A K
TEOL AEARE R KR L & 25 18 T i A
KA 70 B2 B e, BN NAA JC 8 s ; 48
IBA i, WAM R T1 Al 12 Ab PR AT I 3 25 5%
AAEREH B EZS, Y IBA 0.3 mg/L B, F1
HEARECN 4.10, B &5 T IBA 0.1 mg/L &4 F Y
AR, FL 1L A 12 PR D0 R AR 1 A KORS A
KK 285, MR R MU, A K e, B, % i IBA
0.3 mg/L U PLAYAMRIT %

R9 AEEWERKETIFHIX SR LEE R

Table 9 Effects of different hormones on plantlet root development

HEAREL AR/ %

%5 c(IBA)/  c(NAA)/ N o of A AR

No. (mg-L7") (mg-L7") orfuiomntfr:g I:j\':l:l)g state of rooting
11 0.1 0 1.35£0.28 b 90.0x6.9 ¢ IRFREE, LKW, 15 d EAFHEKR
2 0.3 0 4.10+0.42 d  91.7+8.3 ¢  MMGAL EAM 15 d EA IR KM ARRLES B R KIS, AR K
13 0.5 0 2.65+0.29 ¢ 60.0+6.9 b AERHIHIH: A A H BRI
14 0 0.1 0.0+£0.0 a 0.0+0.0 a  JC/EMR
15 0 0.3 0.0+£0.0 a 0.0+0.0 a  Jo/EM
16 0 0.5 0.0+0.0 a 0.0£0.0 a  JoAEMR

3 W FECKE A, FME A5 Y ™ 85 B[R] K 2

ARG SRR N b B, P A
ST, B EMYE S Haberlandt T 1902 4E42 H
TN 4= e (cell totipotency ) FEiE, R AR 9 14
ARSI K B e MR TR e 41!
BRI PR AT B % R
Bige AR RE A Bk RS R
MR BRI A A B R R BTRS  B) BE T
TR AL LA BV T2 S 2E A
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