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BEMNERXROBESRAMSRE 6-BAXNHEKIMEENI N
Induction of Cucumber Hairy Roots and Effect of
Cytokinin 6-BA on its Growth and Morphology
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B E £R#A#%Y R A4 pRisdb & K AR R A § (Agrobacterium rhizogenes )ATCC15834 B E# A Fr4rH & Sd B 245K
ROEKBRTABART R bkt iR 2. BR 105 B0 R ToIoM kL RR., LRV EEADELKATH
WMS HhfabRdfA g4 K. PCRY S RER ABRRHE R AEY olB ool AACEFFERBEARM P
HOFRHAR. BA-AANALEREZETAAHRACBAOMS B RALATAFIERAAN TR S E X 6-BATSEL
LHMARAEBES T A, REART ERSELOCBARRARALKIRG A KAATA L KBS, AR RAT
6-BAREMAD FALKAEAM LML A 2V S H, S5HBEHL BHEEAPHEMN0O1-3.0mgL6-BAERELEMRZ
KE RS HA BEATERESS T SODFPODBEER , A AR LRBOLH SR HH L L& X £ K% 5 50D 4 POD
BRERBHFRTSA Z6BALBESRKERRYARLHERT, HAERAV AR S AL 6BA ThESTLHEL A8
HYAFTABAFALBBN A KB AFEELURO RS,

XA AARHE,ESA, LRI 6-BA, TH it f Lt ,S0D
fEGES Q813 X EIRIDE A 3 B %S 1000-3061[2006)03-0514-07

Abstract Hairy roots of Cucumis sativus L. could be incited directly from the cut edges of 10-day-old cotyledon explants after
infection with the strain Agrobacterium rhizogenes ATCC15834 harboring agropine-type plasmid, pRiA4b for 5 days. It was
ohserved that the percentage of rooting cotyledon explants was more than 90 % 10 days after infection. Hairy roots could grow
rapidly and highly branched on solid plant growth regulator-free'MS medium. The PCR amplification of rol B gf:'nes and wir C
gene showed that T-DNA of Ri plasmid of A. rhizogenes was integrated and expressed into the genome of transformed cucumber
hairy roots. A bacterium-free transformed cucumber hairy root line was selected to culture on solid MS medium to examine
influence of exogenous cytokinin 6-BA on growth and morphology alteration of cucumber hairy roots. The results showed that
cytokinin 6-BA can influence the growth and altered the morphology of hairy mots. With increasing of 6-BA concentrations,
Cucumber hairy roots become shorter and thicker and less branched. 6-BA at the concentration of 0.1 ~ 3.0 mg/L could delay
the appearance of maximum growth peak by 5 days and decreased the content of soluble protein, enhanced the activities of SOD
and POD and decreased the levels of endogenous ethylene evolution in cucumber hairy roots. Qur results also indicated that
cytokinin 6-BA in the medium could influence growth and morphology alternation of cucumber hairy roots and delay its

senescence of hairy roots by acting through ethylene.
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inducing) iR B T-DNA A B AR HA RS
HEEGHERBHEE" . IFEEMERRA
WA ELFEEGERATRAGERE LB ES
R AHKELOHEERZNMBENHEEPERERFTE R
BEEAMK, MAEALFAEYHEREZEESN
WABRNF RS, AW, —E 5 EH, 5
BN A& B R0 TAA  NAA 3E GA, FHAEEXT
EREHE K EEMRERSUNERETEE
mtt L AR M EROA R P R TR
G LN BRENEETAEENEKES.
B AM AR HEAEHEEFASEREN
ERALERMERNEHTFESERR T LER
BESG RS oM, WM IRARD s R
HWMNE (KINEEYH B0 Lobelia inflata EAKR
ERBRAEE LG RERGT T, BEE4SH
b M ERE A b B E TR ERBAER.
AR AR AR R R a At B E R
H. RN ETERMNAASRFEE RRREAER
BHATE ATCC15834 398 N Fub gyt L 5k, R 15 Ak
GEAXHMFEMERALE A A KA ERE, B
FMRTHZBAMBMERBERXHIESH
kBN NSER VRN ERREKRE
R KN RAR AT M 3% et R H 8
i B BT HE R LK B A4 R ZE R -

1 HEfF &

MEEEREERF
BT BT B & AR K HF 18 ( Agrobacterium rhizogenes)
ATCCI5834 % 4 BTk pRidh. R & L Tz
BT MR BT YEB ik REP B
CHE IR H 154 30h 5 . F¥ A
1.2 TEEHENRST
BENLEHMNS"HFA 0.1% HeCl,iHF
22min, TEKTGEG . ERFE MM ERN Z A
hEEEE & 48h JE B EHEBAREREF £ X
12h JCHE LR 2000 1x.25 CTHERETE H
1.3 ERXRRMNFESHIEE
HH % 10d 8 LA I F Pt 0.5 ~ lem 89
AR E DAMEREY MS S RE DR
AR MS B R ERE 2 BRI R AHH
AR TR 20min, IR 8 W T & &R FR T ICENR

1.1

M cefotaxime) WIEEFEHR b, fEJER 2 000 Ix. B X
14h XHE 28CTFHRIFERR. WTERRETE
SLAIRE RSN MS B SR R PR . AT
FELRBREL/NBRENMS ERELRANE
i
1.4 EHRRK PCREH

BERA 4 KO XHE BARE Y 500mg. &
Edwards %7 (1991) 8 W B R EKRERA A
DNA, @ifk /5 F{F PCR ¥ Ao b LSRR ES% 4L
BrEEA S DNA fE X 8. BB Fumer 57
(1986) 0 Choi F-"* (2004) K £ MFF, BT H T
1 rolB . rolC i virC B PCR 5|4, HFE S FE 1 BT
BT ERER LB A T S -

1 PCRyEFANSIHRAFT
Table 1 Primer sequences used for the PCR amplification

Primer sequence
Pl: 3-GCTCTTGCAGTGUTAGATTT-3
P2: 3-GAAGGTGUAAGCTALCTCTC -3
Pl:5"- CTCCTG ACATCA AACTCGTC-3
P25 TCCTTCGAGTTATGGLTACA-Y
P1;5'-GGCTTCGCCAACCAATTTGU A AT-3
P25 -TTTTGUTCCTTCAAGGGALGTGUC-37

Target gene
rol8

rolt

Vir

7 0.2mL ML E OB T AE R DNA 50 ng,
Tag DNA 585 2 DAL, PCR RLIL D& B A
50pL. rolB FlrolC BB BT B R N S8R 94CHE
HHATM 3min, 35 T EH, 5 EH O 94 CETHE
1min,33.5CHE & Imin #l 2°CHEB R ¥ 1min, &G
T2CE M 10min; T wirC BEMT 8T H.94CE
HHHEHE Smin, 30 B, B AL 94°C
455,55CiE & 45 s 1 T2 C {1 2min. B2 J5 72°C
FEAH Tmin. T R4 R AL 0.8 o BUIE 97 5 00 o K AU
78 25 (EiBr) ¥: (5 #4750 47 -

1.5 6-BAXNEMEKMERKERAETSHEZ R

%ﬂéﬂ??—lﬂ AL TR B BRI A 2 ~ 3em
M ZNER L 43 B3 A AR 6-BA 1 MS [ (A b
FH P (0OmL/I50ml. = FfR), BIGEFE R 0.2
g M(FW), F25C « 2CHEH #. HEFED 6-BA W
fHAEE SN 0.0 ImgL.0.5mz/L.1.0mg/L. 3.0
mg/LF1 5.0mg/L,pH & 5.8 ~ 6.0 £ X HA 25d 59
FET. B Sd EILHRRSEIIARL S ERRE
FWE IM.OAA KK EZHE BKKR KB
HTERBEHEENE, FHHBECTRBRERYNEE
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MR AR R, B OIR H E E AR — R FEED T oy
BIHERA BN E,  BoRET -0CHHKE
AR B POD M SOD G M EM AT BEHED
FRMER.
1.6 BEMERBRERIEPTEIHEEAZE.SOD
MPODFHRZHEFEM RN N E
ERBUIHHEA T ENEE S HE Bradford
(1976 )T, HE DL R E G250 # T
BB, FE TR UV-1206 B S50 66 B 1, 595am &b #
T £, SOD % # H: Beauchamp H1 Fridovich
(1971) AT B 37 B9 7 B b 47 80 57, 12030 0 480 55 U e
(NBT) JeAbiE )5 50% K — B & 127, B8 15 PR LA
wmg HHFER, POD &t MoK & 2 %9 (2003)
W B KB LW E 470nm T OD {HE E AL, FH L
D OD G/ (min-mg) EARTEEEN KA, MEL
ERBHEFTRPHNE LGB N0 EEAKR
R 27 (200000 4 3, IS G IS W 2 28
B, e &5 B CCoA STHEHEN, &K
JAE TR 2%, 1mm x Im Porapak N A& A4
DIES A|A, M E 25mldmin; ;35w /min,
% S 400mL/min; HEIR T, = 80°C, Kyl 25 iR
T,=200C #HZEHERE T =200C; #FHE.0.5mL,

2 HRE5AMN

2.1 AMERBBERMES

BERKFFE ATCCIS834 B3 /) & L T 0 4h
SR I~ 4d G T MERMNTHIBESET 5
WD*%W&FE@H%E@Q%%@%@&@

A HEHFIETFEFHEFREAAREN S ER (A
1A) IS 2 ik = A AR,
Wd a4 ERBE FrESMEERE 2 FE3£ 9%, F
BIgA-SMEERT A 10 FB. BIRBAESBEHESE,
Wam bEE, MAEBRRAOE N TH FE & (o
HE) 7 FCAM IR IR B9 MS + 500mg/L Sk 101198 fi5 4 9 3%
FELEF2045.URIEEEDNHELER,
BARE, ARBR(ENES MM EER=E 1 %
By, BT  WMREAREL  HRETAK, BiES
ERVMTRALNFEEMSEREFESRS . ]
AT SZE RBRBER A REREL, #A
MRAEESRE.

PR R o A R E AR
ERVT ETEMEHENRINLAESFHMN MS
ERELHITERBEEES. S 10 d KA HR—
W HHBREKEBEETHAER, AS5-6 KE

BEMTHRBLENERR. THANERBPESERE
RN L AKEEREMNMME, HHIERE
e, B i, T RAMNE#E 8 MS 33
ErtEAFAK(EIB), Fat, B WESR,
T MS B s FEAE e, M E S FREMIER,
ENERREONSCShAGESHTREREH
BEOHEF20dEFEMNEK, #FELEDT,
2.2 EMERBYPCREN

RolB #l rolC R WAH B Ri A TL-DNA{T-
DNAAE®) B2 MEREE. M wirC 2 Ri Bk
PEST-DNA BASBHEASGH AR SIHE YR
EHPHERTEBEZ—., L rolB. rolC F wir B3]
WarBINEHLHER ERBREFAY DNA BRRE
HERAHET E~YMERERmAE 2, NE 27
W, FATFIH rolB FrolC K PCR S| ¥1HE AL £ 4R
HE S DNA BRAEMRKNFE ATCCIS834 BEKE R E
$0r R B AL A 540bp A 770bp £ 4L RIS
DNA Fr &, i M TRIE R R IR /9 8 DNA T A
TR B (B 2) ;T oirC 51 9L M BB R
BEPY LY 650bp R, M AEEAEZENERR
MAEHRERL DNA F P BB E M A B, it
BRI ENS rof HHM RIT-DNA 3452 4
BANEREEFHADESHBREZE,
2.3 6-BAXEINERBRERKREHEE MW

HRERRBRESAEEE 6-BA #1 MS [# &5
FEHF dHEREANEAIB.C.D.EMF, 5
MBXABEKBE TN MSERE BRSNS
WA 0. 1mg/16-BA R ERBUHEERE
BAET, HEEHBEMMA(E 1C);MA 0.5
mg/L 6-BA B SRS BRI L EWIF R ATE,

T ORAREERS L RN 1 Omg/L 6-BA I ER

W HEHERASTEME, MORtTEEHEHR
P ER AN 3.0mg/L 6-BA S ERBA TR EH —
AMAL, HILFA B A MR, 4 H 5.0mg/l. 6-BA
EREREN ERBHMKEETESN, RE
L AEWE0.6em, O MEIERFRFHE
KW EZHOOHREMWEHAR. MAEL
WA, R R M E B R E N ERE
HENEREREOGEN A GES . TR, EERE
FEPOBANKENR EMERBEEM kM
B M ZE A A kY 6-BA HEIEF 5. 0mg/L
i EMERRRESEREBERMEHY.
B 3A K e-BAWEX HILERIBEKME .

ME AR MEBERRL T 5d WA KREYE
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B1 RLERVEFR -BAKREMHERBEKEEMNE W

Fig.1  Induction of cucumber hairy roots and effects of 6-BA concentrations of the medium on its growth and morphology

At hairy roots induced from cucumber cotyledon explants after infected with Agrobacterium rhizogenes 15834 for 5 days. B ~ H: cucumber hairy root fragments

were transferred to medium containing a range of concentrations of 6-BA and photographed after 15 days. B: hormone-free MS medium; C:MS + 6-BA 0.1
mg/mL; D:MS + 6-BA 0.5mg/mL; E: MS + 6-BA 1.0mg/mL; F: MS + 6-BA 3.0mg/mL;G and H:MS + 6-BA 5.0mg/mL,bar =1.8cm.
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W
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B2 ECEAR PCR 1 7=y i B B 9 588 B el 3k
Fig. 2 Agarose gel electrophoresis of PCR products from cucumber hairy roots
1:marker, 100bp DNA ladder;2 ~ 6: fragments amplified with virC primers; 7 ~ 11: fragments with rolB primers; 12 ~ 16:

fragments with rolC primers; 2,7,12: fragments from colony of A. rhizogenes ATCC15834; 3,8,13: fragments from control
roots; 4 ~6, 9~11;14 ~ 16: fragments from cucumber hairy roots.

TREG AR A, B HE 3R 15 d B 3 6 4% 8 A%
BOAPIBA A 14 5, 25 BRBAE KER
AW TR ZEH LW MEE, A B HE 6-BA
FEENERRM A 2B B A4 KR, i
R 20 d B H 8 EIE AT A A B RO, HEE 3%
20 d JE AR B IF G . FEHLAMY 6-BA WIE
Bk 0.1 mg/L 6-BA #b, AR ¥ E M 6-BA(0.5 ~ 3.0

mg/L) ¥ RESE 2 B AR M A4 K I H R B, Kig 21K
LA R U E ) 6-BA 1] fi TR MR 9 i K K
B IHESE Sd B, T BRMREB B A K)E,
HAREROEH G, Bt O OBHE R
BT b A K, B AL s AT AR RIS P AR
[ 9 BE A A0 i 71 2 R 6-BA A (AT i i % N BAR AR
PRI A T Ho Ak nT B S SE R MR
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24 EREEFSBERGAEHESZR.SODM
PODBEHRZBEHRRNEL

B3 B HEMERBERIBTIBRHEEOD
BETik., WE B AL, £ ERBEEFRIW(BEF
F5~15d M), FEKE 6-BA BN HMERE
TAEHEANSREO B ERBE HEEE

BROERB . ETEHEONTENERERT
Wery s f#adh (E % B K R KE 6-BA B FRM AL
ERWPUHENEFASBAT MR, M KK
B 6-BA BEFHEREM T HRHEORMBEER;
EEAERBEKNSEEHEHFG 20 ~25d), &
W BE 6-BA(O. 1mg/L 0 0.5mg/L) 3% 3% ) B AR M A9 1]

SR E] A 4G, IS R AT B E BB MA R E 6-BA BHEEANSERHEHEG.,
= 20 10 ¢
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—+—MS;, —#—6-BA 0.1mg/l; ——6-BA 0.5mg/L; —%— 6-BA 1.0mg/L; —m—6-BA 3.0mg/L

B3 6BAREMBEMERIBERA) . ABEZEASE(B).S0DBEHC) POOMER(DMIEBREENEW

Fig.3

Effects of 6-BA concentrations in the medium on the growth (A}, the content of soluble pretein{B}, activities of SOD{C)

and POD(D) and the level of ethylene evolution of cucumber hairy roots

B 3C HESFFHIE 6-BA B MS IR B F
FH L EARIR SOD BIEEMAE L, AWE 3C A
WLEERRB 0 ~25d MIEFOBR P, BEE R IR E
PR, EMERBY SODMEREAXEART
PREy bR R 3 R M BRI SOD B H
TR 204 AR A, 1k 15.88u/mg EH AN
FRBE KW SOD B vEAY 8.8 %, (A3 5+ 20d
EHSOD EHFH TR, A TBER S HAKH
AW 0 SoD BEHEREEKMEREEHES
Sd B, 3 AL, K E 6-BA(0. ImgL
0.5mg/L)IEFM BN ERIBA SOD FHHELLES
Syt B AR, {5 H SOD B 5 v 3 tho %) B R T A
WH 6-BA{1.0mg/L A 3.0mg/L) i FEMEBRBH
SOD KAt B X B &, {5 SOD B & o4 o i s B
HE T B E 6-BA BFR ERBRHER , AIRTE
W 25d A RPN BREIE. ELHEHAR 6-BA K
B ,6-BA B H LB AR B ) SOD & #E 1 ot iR
B EHEBAREARMEHFAS, KPALL 6-
BA3.0mg/L #5550 L ER B+ SOD W4 H
BE,HE®A SOD BEH &L 25 9luw/mg EH .

B 3D A F W 6-BA 353 B B L B R P
POD M5 H Mk, £REFH L AMELRR
FIEE 6-BAEFREMEBRB, E0~25 d HEF
HRh HPOD MEHTAHEREREANSG
o Ho W HEERBH POD FHEEFOHG -~

10d WOJLF B B4, B SR 10d IR R IE A AT

B2 d ) MBESEAME R BEERM 3.36
&, MAAFME 6-BA BEHFHAMERHEH POD
RS T AR SR —B, B POD % v & 8
BHMEE. HP, L 6-BA3.Omg/L HHFHMH M
ERBENHE ,HE3E 25 dTH POD IEHEH 4 HE
B2, BRARBIEHEF2dEH/MNERRPOD &
HER AL R, (B 45 & W0 B AR AR B A I il 2
SOD & ¥ H AR LA 0, o7 LUHER £ R POD &t /&
BB S i SOD MR R R AR BPT R A
25 ~30d Z[E B, XFHEE R POD RHE Y& M &
REHEGENS —MHEREAMME BRSNS, B
SOD =41 H,0, W H,0fM 0,,5 SOD EHid —
HWAER, AT AR KF L. T SOD f#
0, ¥4k HO, ATHE HLO, MYABRAK
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POD B8 7 4t 7 il 5 BT -

E3E W ARFEHRE 6-BA EEHRME N ERBEDA
REBEREN T, NBIETRL, EHEHF
ARA HIBERBOZABRREBERRELE 0K
WA B R A E, B 8 T B B 5L A% 20d A RE Bl &
B, 25 I/ F, MK E 6-BAO. 1mg/L
1 0.Smg/L) B 35 00 ERAB 1 B (b R 5 5% AL,
BHRHZERABHMHEEK, MBS IEE 6BA
(1.0mgL M 3.0mg/L) EF M BN ERBR AR
HMEEEAZS N EREEG—A TR, &4
BHANMENARR BHERBNZHERHE L
% BAEEKE 6-BA B H M ERBEME. XTRHA. 4
BANRK 6-BA BREENERBH ZHEZLEN.
METHERAR, bR BILE 6-BA EFHMNE
RREZENAEREHEREEAKHEARETBRR
SOD #1 POD MG PEME E BLZ Al 54 ¥,

3 it

FXMEASREFERBNEKARAERBH
EHEAERES Y EESRIERBRELARS R
EMERBECELSERMARABINBRTE XK
ERRE. —SHRALERLN ARSI NERER
PR EARMBERANER, NITIZZERY AR
MBEETHELABRTREIEOEA . W
BE(2003) K, S A M 7 24 E 6-BA FEEEH R
HREH R NTEEEASBENAETR.ERN
SOD B HE R F HER LB WELD . MEFST
Ry, 5MBERBHEL, ARIMEH 6-BA BEE 0
ERBAK FSEEMERRZFHMELE, MM
7 020 s AT $2 % 3B AR A1) SOD 1 POD B8 15
YK, B H soD f1 POD B85 K FREE 6-BA
KEAABRNZESAS . FEEREHNEREKRE
HaR W, XATHEERM, AR 6-BA R[REEARAE
RIBAALAT SOD 71 POD B E MK FREH BN E
RBHAKREZRAEZHR,

HPHEREAENESBUAEERTEERPY
BELTHEEY., YHEPREBEREIBY—
BHHREH, SZE ABA WERSRAR, A/
SRETUMS SRR S Z B EW &8, i IS
R RMEYBSEEEHBRY R ENER
43 %E BAP(0.5 ~ 10pmol/L) BEIR & B AL IR T 40 i
WS REE ) BEIR ZERMMKED @
S RE BRI ZHENEN SRR
BHEREREROMENELEDY; R

hEARSHIRES AR HRENEMERRT
BB S 2 ERE X REIZBHNER
FELHZH, 0 Cary F (1995 IEE , IR ST HEA
R 2K R ME BRI TR K E
£ AT Z AREABEL R FERMTBF
R M . WA, Z BT R AR A I Z
MAHBHET R S AEE, MARSRE
CBAVERZBEHANEIHNIENERTE
BRETERHANELHET, MBI RBEL
FFHE ipt 2605 BF 4K 18 0 5% PSAG12-ipt B 4 H K 5
ekl HREEELEEPEEKFRARSH
EHERETHELREREMZ B8R,
R, L MEXA EEFEREARPFENL
WA HARSPENEROBERLLAET . H
EHRHE KRREXRNFEARSHED 6-BA EWE
RR|BEVERE RO ERE., MERMNPE
B 5B, S E -BA L HEERREE
BREELERBEHZHENER, HLEEXHE
RAARIKE 6-BA BFMANERR, BEHERE
HERBHFUZHSEHZHEN MTEXZHH
BHEGH AR POD AR SOD BISHURHE
BRERKEZ AT B, A RS, S I A o
NECBAMBEMERBERESEANERER
REHABENEERVRESHLEIXN B4 E RAE
THERXERBELZEMERBRIEFTEHY
ZR, BEXRIIFHARIPENRLERRERKR
HEADTAANEEABERS G FIERRAEZE
WHZEMHEEERERE—FHR,

ENME-FEEMSEMNIHR,BRAA™
BHNEEAEARTREE AT EREE
R RSRBERAIIG YRS ARFY, @
AXELERBEARSFEEHREY , BRBHL
HMBHTREL., RINWEROISERRAEZRE
HEMNBREEAEMBELAFMURETHNER
BOBABLERGEEETHAMTRERARET
Al EEtE .

B W AFAIHRH T AS5a%8ERL2E
B (R A B 5 4 #) 4031510 F 990451); A K
BT+ B4 X % Peter Lindemann ¥ 34 ¥ & AR 4
B A ATCCIS834; 2 L R F H M b ok
HMEFERBR LG AMEEERZ, A —HK
#
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