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LW 2 AR 2 4 BARARIA SR B (31, 87%0) . (2) Fe AR Y X DA BT 4 1 & - A 3% Ak 4 4 T (100
mg/L AS)—#27E 28 °C 180 r/min B 4 T AR 8~ 15 min, (3)4 Fh & MR K EHE SRR B AR
PR H A4 ATCC15834 R 1 FLSUR AE 1 K /INFUF AR Y ATCC15834>> A4>1.BA9402>R1601. (4)PCR
A FUE R, KR AATE Ri Bk T-DNA B0 4 5015 F 40 M 5L w4,
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Four Kinds of Agrobacterium rhizogenes on Sterile Leaves
Induction of Ardisia crenata Sims

HU Ju,MAO Meigin, YANG Jun,DAN Fang,MA Mingdong”

(College of Landscape Architecture,Sichuan Agricultural University,Chengdu 611130, China)

Abstract: With sterile leaves of Ardisia crenata Sims by tissue culture as explants, we performed hairy root
induction by using four kinds of Agrobacterium rhizogenes strains, named A4, ATCC15834, LBA9402,
R1601, respectively. The investigation selected optimal media types, pre-culture time,infection ways,co-cul-
ture time,and the ability of A. rhizogenes on hairy root induction. The study showed that 1/2 MS was the
better medium for sterile leaves on hairy root induction, and hairy root induction rate was the highest
(31.87%) under pre-cultured 2 d and co-cultured 2 d. It was the best way for infection that put sterile leav-
es and bacteria which was supplied with AS (100 mg/L) co-shake under dark,28 “C and 180 r/min for 8 to
15 min. All of the four strains could induce hairy root on A. crenata Sims,but ATCC15834 was the most ef-
fective strain,and A4 followed it. For ATCC15834,A4,1.LBA9402 and R1601, the ability of hairy root induc-
tion on A. crenata Sims was declining in turn. It demonstrated that T-DNA on Ri plasmid of A. rhizogenes
had been integrated into the genome of the host cell successfully through molecular identification by PCR.
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KRR A4, ATCC15834, R1601 1 LBA9402
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2 R B AR A B 43 - S5 00 3 E AT IS AL R ARIR AR A
DL R Az G e Ak

1.2 XWHE

1.2.1 EREEREL HRAET 80 CTHRIUE
UKARH Y 4 B R ARARAT B8 43 50 34T YMB [ {4 Hiz
W2k, 28 CHEHE SR 1~2 d 5 PR HUR R 7% 7% A 3 mL
YMB #8535 3w, 28 °C 180 r/min I 1% 3716 1k
24 h J5 . B 0. 5~1.0 mL F K A 50 mL. YMB
WA 3R 3, T 28 °C 180 r/min MW 4R % 15 7%
il s AT 3 UG A I E B ODg {H 35 0.5
~0. 8 I, Wit B TR T 4 G, X B A ] G T K
BRI

1.2.2 RWRMHAEERROIFS  EBORD R &
Mgl R @ R, B A4 ATCC15834, R1601 Al
LBA9402 5 BIFEAT A2 Y 15 5 B RAR 19 7= A, 0 ik
BARATE T 09 B 15 77 FE R0 26 | I Bk 5% A0 Sk 8 55
] A= T A I X BIRAR #EAT R S M PCR 43 1
iRl

A TGRSO B &l it g i DE T ) L O s TS R
R A 25ED) C, R, L FRIRERN
(281D C, RIS . WS AR TR
(25+1) °C,y68 8 h/d, 5k 1 500~2 000 Ix, 17
e B B A R AL B FR B VS i 100 mg/L AS, &
ML [R] AR G 19 24 RIF IR . g A )7
503 W A5 RO B E . CK O A e e ok AR &
[

BRRIE TR0 = P2 BARAR W MR %/
SMEAEL X100 %

(DAEFZRE WG ODy fH R 0.5~
0.8 1 4 Tl & AR AT 18 - 73 5l 4 Je A b AR TG o i
GEfL 1 em X1 cm), b4 MS.1/2MS 85 37 35 5%F &
M A7 5 ) 52 ) s L5 Lb 558 R AR IoF i) B2 B bR AR A

() F3Fenr | PG IR 0 H A2 8 Bl g 1y
HME A AL T8 A2 RS R T R AR T 1R 18 IR
HMMAMEES . DUEFREMEC 0.1.2 F1 3 d,

O Fkx X RH3MRG IR
B W BT A B 1 TR L BY S i e B AT R )
A CID ¥ BT I At IR AR IS G i b5 CHID
A4 57 4 1Y R RIS AR G R RO — R 28 °CL 180
r/minB 1 IR 7% 8~15 min,

(D k3 ent i KARAATH A& . T-DNA
1) 5 % IR 5 0 2 A S 05 % I [A) B N 58 LR BT I
FEAN R G e b i R v L B 7R )R] 04 6 8 R e Y
Wiz —. LiEgRnichy 1.2 f1 3 d,

(5) BAkAR GG AW BRI 3 AR
T+ B TR 25 48 AE 46 00 F PCR 4% F- K . T 28 5 4iF 4%
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T, 0 SR R W56 AR ) B IR S AR B 28 i 65,
b Pk KSR IF S A AL B AR L BOR AT
B8 FIWT o 17 53— A 00 0] A 3R B RAR L B L 328 B
/b F T PCR 43 4 10 ,

AR 2> FA I L 2k F] SanPrep #: FkE DNA
JIN g B R B il AR T 3R IR AR AT 1R 1) kL
DNA, ik 8t B CTAB 37 2 BUR 0 1R B R AR
FTC A B 4L 3G AR ) 3L R 41 5 DNA, B F PCR 1y
rolA 2 B IE 7 5] % K FrolA (5'-CGTTGTCG-
GAATGGCCCAGACC-3"), 6] 51 ¥ N RrolA(5'-
CGTAGGTCTGAATATTCCGGTCC-3"), ¥ &
K DNA, EARAE DNA L JC I 1 41 85 DNA i 47
PCR #1%. %M PCR #"#{K & 25 pL.Buffer 2.5
pL dNTPs 2.0 L, RS9 45 1.0 pl, Taq
0.35 pL.ddH,0 16. 2 pL.#ifk DNA 2.0 L, PCR
PR .95 CHiAS M 5 min; 95 “CASP 30 ;55 C
B K 30 s,72 CHEAH 30 s334 DNPEFR. 72 C {5 IE
5 min,4 CFRAF,

7 PCR ¥ #7= 9 H m A 5 L. Loading Buffer,
FRARAAT B ok DNA 47 38 7= 4 Sy BH M X B8 R 70
R TG TR 1 2 55 AR DNA 1 7= o B B 1%

BIR R BE B VK AT LYK . HLUK R EB e 10
min J5 FEER LR R 58 (UV260 nm) T 55T 45 4
WAL HT o

2 AR5

RIRFSHIEFEML®E

ML AT AR 1/2 MS B 3R 2R R AR i A
BARMRIF T 1 e HE B IR 5 AS L AR ] R AR 5% A
B2 HAERWL R WA RSP EZ
MS 15 3% H 0 BARMR AT A ORI T MS
B IR B X BRI B BOR B8 X AT RE S T & T
PR e B 3o e A 5% I 2R 0 AR B IR AR B A A 3 7
RIEHERE BE /Y 1/2 MS B34k RAEK ., Bk, )G
Sl 1/2 MS Ry R IEHAT IR L.
2.2 TRigge At EF i

MR 2 AT AR PGSR 2 d e g L IR I ]
AR T 2 e w35 3200, T HL AR B ] R L
2 HARARD R AF . 18 24 0 WU SR I (] ) LR
Ak AR 3T BE S TR g AR IR 22 3 — 5 I ) f) AL
AT LAk A A MR AR AT T A R e ok A g 3 )
18053 - I HRE R 5 Ak i SRR 40 I ok — 2 9 o

2.1

*1 FAEAERFEMNERRESHEM
Table 1 The effect of different media on hairy root induction
B IR Ak [R5 AR i ] KR AL He
Medium Strain Rooting time/d Character of hairy root Other
Ad 9~12 MR /) Fasciculate, microsoma ‘jf }Llﬁ@m%ﬁ D E R Light cream yellow root. less and grew
) i slowly
15834 7~10 AR 4140 Cluster, slender HAEERR S &P, 48 4E K Milk white root, less and grew slowly
MS R1601 14~16 B— R R N B> (— 28,1 G 1E &% F Few in number (one or two) , to
A single root,very microsoma stop developing after one week
9402 13~15 Fi A B A single roots thick B, 1 )5 JLF % 1k & F Few in number, to stop developing nearly
’ sing ’ after one week
Ad 5~10 MR L EF 40 Fasciculate, slender ?Lﬂ@ﬁ(ﬁﬂéﬂf@ﬁi%ﬁa HIEL4E Bt K White or light cream yellow
; - ’ root,grew continually
Yk 25 . M /L . e ;
15834 5~7 R EF 40 Cluster. slender WL @R % AL R K JF 2 S Light cream yellow root, grew and
branched
1/2MS
R1601 10~14 B — AR, HUH: K WREMLZ B8 ERKRFRIAM A little more root, but continued
A single root, thick and microsoma growth ability was not strong
- YOI o WELZ HAENTHIR T gks: 4K & F A little more root,and only one
9402 §~13 oM BUAE A single root, or two root could be grown continued
*2 HEFHEMERRESHIE
Table 2 The effect of pre-culture time on hairy root induction
SR e Wi Wi e
Pre-culture time/d  Induction rate/ % Browning rate/ % Mortality rate/ % Other

0 5 11 17
1 13 30 29
2 32 36 20
3 16 44 28

AR AR B R AR A K %18 45 1k Appeared late or not ap-

peared, grew slowly or even stopped
RS R I B D AR K48 Appeared late, fewer and grew slowly
HARES )R B ECE 2 AR K B D B 30 Appeared earlier, quantity .

tufted, grew faster and well

HH AR IR (] B, B D L R K 2B 8 Appeared late, fewer and grew slowly
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FEH ARG A BR S ERZ RS . TR RS
(0 200 L X MR AR AT T TR BURR, TE AR ) G A IR
DNA, )T A T Ri Fiki T-DNA B #% . 857
YL Re s HE MR S AR
2.3 BEARLE

M3 AT IR, 3 Bl iR e 7y 23 e R o =
7 A BRAR AR 25 26 (36, 67 D0 B 2 Fif
N TEE A ST E A T2 Y W T B¢ P S R
BT S A AME AR TS S R AR SE T s B AR AT
DA -5 8 bk 0 2 kst 1] (H 2P AR RS/ E L
14 R R E A AL 5 SR 4R 35 AN 03 I 1 4% > S 1A
55 TR BRI 2 il 1 AR T EL [R) ARG T B SRR
FARARAT B A 12 o bsF ] 5 DTG 30 T 2 9 S A
RIV3 T b ML 2 B UL R AL R AR B TR
2.4 HiEsRatiEffiE

MR 4 AT DL 2R 3R 2 d R g S B R
6], BRAR S T b » AT LK #] 31,87 %633 d Wi
SRR Z A 12.36% 00 1 d IS HRL N 8. 13%.
FH O AT 7 AR G e o 3 20 Y 3 % R I e AR T
& e SN A Ak e AR AL BE SR L G R AR AR AT T
A 2 6 LA A ™ T 453 45 5 DA T R A1 B AR AR
ifs %,

S

SN

2.5 AEBE#HRIFHFLHER

MR 5 FIE 1 AT LA H 4 Bl s ik R b A it
A2 G B ) 2 AN TR 1) LR /NI 7 /2 : ATCC 15834 >
A4>>1BA9402>R1601, ATCC15834,Ad B Bk 1 5
HEE 71 B @ L R1601, LBA9402 38 15 £, 4 % K
35.5620.29. 35%0 M A 454 7 . R1601 . LBA9402 X} i
FERRAR, 4 B R R AR i 5 AN A 0 % 4L
e 1. 3k ol fE 5 AT & RiOJORL AR A &, B
ATCC15834 A4 HFEM Ri Bk I 4iiE S AR M
T-DNA F B [t R1601, LBAY402 1k %4 5 &
A BIRO AR A% B R 2 rh ks iR A AT R R R
ARADHE S AE R X K AR R AT B A — E 19 3% Pk 5
2.6 FERREW
2.6.1 FRWBESEN MK 6 ATLUE D KRR
RARBOARIR » 22 0 L 7L B @ L0 R AR R
BT S o DAIR SRR ARAR 58 5077 A= 1 45 4 2 S RE A% 4k
ZERE A A 3R R T BOHL B IR AR — i
1 em KB IEAK,
2.6.2 FRWHSFHEM M PCR EEREH K 7 H7 K
(2.3 4341 AR R AR AR AT Ri Bikz T-DNA |
1) rol A JEP G F T ilE PCR 514, LB ARAR JE A

x3 TRAREAFAXMNERRESHFID

Table 3 The effect of different infection methods on hairy root induction
Rl R S IR B BB HeR He
Way of infection No. of explants No. of infection Induction rate/ % Other
I 94 6 6,38 AR D HOAME A B FE T Minimum number of root,and explants eas-
’ ily to death
Il 93 6 6.45 WAk ™ H R B A B 2 BE Seriously brown and with plaque significantly
I 90 33 36.67 AR B Z R Few of root and tufted

F4 FRLEFHENZRESH MW

Table 4

The effect of different co-culture times on hairy root induction

I FRR T

Co-culture time/d

M AR

No. of explants

B4

No. of infection

RS

Induction rate/ %

HE
Other

1 86 7
2 91 29
3 89 11

8.13 R D E Z R AR Less roots or even not appeared
31.87 AR AR 5 £ More roots
12. 36 HARBE D Less roots

RS5 TREERIMFELE LR

Table 5 Comparison of different A. rhizogenes transformed leaves on induction
R M K% v RS e
Strain No. of explants No. of infection Induction rate/ % Other
A4 92 27 29.35 WRERZ RF A More of root, light cream yellow
15834 90 32 35.56 AU 5 4 4> % Morphology obviously with branches
R1601 89 4 4. 49 AR B EL AR 28 5 %% /0 Short and thick
9402 93 8 8. 60 HHHLH: Appeared late and fewer
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Fig. 1 Hairy root induced by different A. rhizogenes
6 ERRESERE
Table 6 Record of hairy roots shape

R i ikl [P i3 16 4 He
Strain Color Thickness ~ Branch or not ~ Geotropism Other

Ad L35 Cream yellow 41/ Slender Yes No Ef‘: @ﬂ s Lf\%m%ﬁ %2, 0 4k AL 15 F¢ Grew well, more fasciculate root

points. successive culture

15834 R A 4i/) Slender Yes No R RO AR % 5 75 4 2 % Grown well, and the clusters of root

Light cream yellow

9402 L H & Milk white R Thick — —

R1601 FLA o Milk white i Thick — —

points could produce branches
KZ 1 em £AHE 4K Stop growing until 1 em

MR D R B B IS I 3 45 1F 42 | Less root points, not aseptic thor-
oughly when they stop growing

1000 bp

700 bp

500 bp
400 bp
300 bp
200 bp
100 bp

M. DL1000;1. A4 fif rol A § 34 /= 4y CBHE XF HRD 5 2. 4185 B AR rol A
P14 7= ) (R BRD 53 ~6. BRAR rol A § 34 7= 4 (A4)

K2 B rol A JEH Y PCR 41 5™ Hy Bk K it Uk 73 Bt (A4)
M. DL1000;1. The rolA amplification products of A4
(positive control) ;2. The rolA amplification products of
A. crenata roots (negative control) ;3—6. The rolA
amplification products of hairy roots (A4)

Fig. 2 Gel electrophoresis analysis of PCR
amplification products of hairy root rolA (A4)

41 DNA Nt (3~6 5y 4 DD Fbk Ri Bk
&L DNA g BH A B8 R DR 2H 35 B AR S DNA B
PEXT IR L B ARAR (9 8 DNA B 338 7 5 B x
MR PR Ri BORLEL DNA 734 /9 R = 1 T-DNA J Bt
R/N—E# 258 bp 724 W94 50k DNA FrBr. RI
A4 ATCC 15834 FF & 19 rolA JER B & 0 4

IR AR TR 7 BRI IEH A b
TR ARG S X 1= Je g R AR 36 . Al o
AT R AR ARAT B AR BE (R Qe R AR T M |, B S

M 1 2 3 4 5 6

1000 bp

700 bp

500 bp
400 bp
300 bp
200 bp
100 bp

M. DL1000;1. ATCC15834 ff) rol A 4" 3 = 4y (PR 1 % B
2. AL rol A 78477 ) CBR A X BED 5 3~6. BARAR
rol A §" 34 7= 4 (ATCC15834)

B3 BARIR rol A JEF Y PCR 4314 7 4
B WL K 43 BT CATCC15834)

M. DL1000; 1. The rolA amplification products of ATCC15834
(positive control) ;2. The rol A amplification products of A. crenata
roots (negative control) ;3—6. The rolA amplification
products of hairy roots (ATCC15834)

Fig. 3 Gel electrophoresis analysis of PCR
amplification products of hairy root rolA (ATCC15834)

A TR AR T X A4 ATCC 15834 132 YL 4l i
PR B BAR AR HE 1T 9 PCR 4 T, R REIESE T &
MRAATE Ri Fok i T-DNA © 84 A 15 L4010

3 1 %

FAR G M BN O K By Z Rl LY i
Ph B UAE A 1 AR W R A s T (R 52
REAEAR VAT 23 B PR IO XA Y B AR R BT RS R
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KB . TR e AR K T A 1 15 B RAR 85
IR AR Y AN 55 b — A5 AT H AR R AL
AT 3kE B RS B T T % B8R B U AR ) 22 R T
IR 38 AT LAAS A6 T 2 715 1 0 el 2 2% S M. AR F
IR TR B F .20 R EIRR , X
45 51 A I R TR D AR B RAR AT Tk A A= 7= e
TR AE A ) = BT AT Re MR R SR
7. BARWAFE 2 B 2 0 B R 0520, 645 S
RN B IR P2 0BE AR M AL B 3R i ) R e
2L AR BN BT 1 45
3.1 BEFEME FUIEFREEFHEXNERRE
SHF

BoIRAR A X AN [ B 3 B il R — E Y
ZESENY S BRI RS R A 1/2 MS.MS,
B5 4 [ {4l i R s 77 5L v, MS TR 85 57 25 dc A F)
FHrmE R BRRIE T, PEREDHRERY
PR H B AE 1/2 MS.MS.B5,1/2 B5 K ## 3 iy
1/2 MS Bi 383 b A K By AR @ o 79. 2%,
AW 1/2 MS B 37 B A R TR AR BR AR 75
T [ A o AN ) 8 3 e il 2050 0 118 3 7 ) 495 2R

KEAFFRY], B FRE X BRAR G 2 EE
—ERR I, Y T e 25 B AR AR T 0 B
REVAHATHE: S R B, B R 2 difR
i, M3 dod d MR EEAK . ABFTE UG 97 2
d AR R AR BRAR S S 3 0k 3200 . JLEEFRAT]
W0 B AR FR A — A TE . T
XF/IN G R AF R R I A (1 D B ABRTA R 55 B
AT A O ) 20 T 3 A R B R BRI TS SR L (4
) o 20 B BE R A L T B TR ROE HLAS R KR T
R 538 24 ) LR FR A [R] (2 ) I AT 3k e AR RO . A
HAERGHER -3 L85 2 d RORBARR T
SRR N 31,87 % . AR B AL T AT R 4
LURE IR AN TR F 2l i L SUB% 57 . 5 B8 28 0o A A AR i
B BT AR AL 5 Bk 0 5 L PR R R 0 Y Y T
Fr M LSRG B T S ARG S %
3.2 AEEHENERRIFESHI M

ANTA) KR AR AR B A R B9 O BE g L w)
B A [F) T PR X A [R) 7 35 40 B B SRR R TRl
%, Moumita S5 3k T 3 Fh & AR AR AT B B AR
(ATCC15834 A4, LBA9402) DL S 2 Ffr A At {4 i 2k
(M FIZEBO XS A8 AT BAR IR 5 &, 45 SR 3R W
ATCC15834 {2 4L M 35 T 19 6 IR ML H B i 1] 4

W AR e . R ARARFF I Ri BURL T-DNA K
B b Vir KYahh i 7= Y18 O U5 5 o e T-
DNA B8 S 4 ST ag Bt A R Ri J5T A 268 7Y
PE R MRAAT BAS IR 1 B RE 1. 1 BR AR S50 3k
i A4.R1601 ,ATCC15834 ,R1000 X )I] & A1 1 B IR
HRAFFT B ATCC15834 FAR AR e . Wu™ 75
Xof At TG B EL B ARAR I 2 0 F ST R B T R Y
5 BBk LBA9402 i 5 K f = Ry 1006, ATCC 15834
W2k 80%  Hivk & ATCC39207 . ATCC31798, T
ATCC11325 f AKXl 0, ABFFE B 4 Fh & MR AR
FFHE A4.ATCC15834 . LBA 9402 .R1601 ¥ & & #
i 5 A A L SO R ) ot L R T R AR B SRR R
T B R 2 SRl 3 WX TR A0 AR T B 4 L 4
Tl o7 R 34 RE A2 G  (H AR BB T AN [R)  d5c A 0 1Y) 2 T ik
ATCC15834,
3.3 ERBOESHIEABERR

AW b T AT B BARAR B AR B L AR A
EARAR L 3x 5 20 S IR 1 R B ARAE S A
— 3, KRIRRIHIZIHDE S B RRAAFER K
4 55 Jo 1 9 LR ] e Rl fiB 2 Ri ORL B i) T-DNA
B A R G B AE W) A B A% DR A T R R ALY T
DNA F B 4 3 [f] — 46 Y R 09 AS [ o7 3 B sl %
ANF G AR 7 R I AR B PEARER S AN TR AT RE X
A H i — Rl LR R 5 J7 sURR 08 3R B £ & AT
BERPEIR

ST T AR O B RERE A B SRR SRR 2
M BARARIE T . A0 I T B 2 AT R R
AT 25 T 0 2 — . ds it Ak A7 iR, & AT 42
o AR TR A AT BT X 5L A A A 0 e AR RS
TR LT A B X R AR A A T e Al R
AREHAEN . R RS R AE &N BT &
TR A7 B T e R AR 75 R

A58 8 YO e MOUL B 25 FAE 0 R AR 54T B
AR T 0 A0 855 % 36 L WG 97 S L 8 R it ) L (R
o7 3R ARALAT W R bR S5 RIS A AR P AR M R B AR
HAFEFH . ARXE BRI T B, (02 A5
HME FAEA TR, BR 2 A5 E % 5 n
5635 JUIJE R AR AR AR G B B AR . AR R AR
9388 12 5 A F 98 A 4 2 K g L 38 38 B AL 1) e K
-y i — 2 WA G R T4 A i L 0 AL B R AR
BIRRE IR o DT 2548 38 1 A= Wy L
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