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EAM, EEE, WPR KoURS, ThFY

Hemsol k2 R S AR 2R, L5 100083; 26 5T 4 K X 8 — B %4, dbE 102100

WE #H#(Populus euphratica) M — AT /£ T R VP L X (R KIRA, MRBERE 100, (HERKM Pl LLER, 116
BB PR A o %S0T TE R AR AT B T MRATCC 113251 G M MR, WK )9 ODe00=0.4, ¥RIN100 mg-L™ .M T &M, A
PIB R T 52 S5 R Y1050 8h, $53720K, 78 B GG #8415 S Ak A2 To Mk B 4aet B0 AR, 92 e U SRR AR A, Z00AR & 2B A
TR BTG 28 209038 F 2160%, Hih FifaatiZ, LK. %R MAR i 3 bk 53 (2 i o M i A AR

XA AMARHFTE, BIRIR, rolBIR, R, 5

FERME, BEE, WK, XK, EHEF (2017). HuA

#A#(Populus euphratica) Jy b ¥ 1 [X 1 — ) =
RIEAEBEWF, BAPR. Dbl Pk
TR TR AR SR, SR VD I X St A 2 DL R i gt
MR AL R R BR BB AE (R R,
2009). EAMIBHE 2 A TIRAFLE )8, B S A
MEFEAEKZES K, FiREATRE, HRKE TR
BERE 75RO WL T U /N P alipk, (R BE i AR
B ZRAR N AT 4 AR AR PR HME B AR AR (0% 5,
2013), GBI R, AR E (KA
4F, 2005), M RG] TR N AR K RE

B AN € MRS 3 O R 0 1 ST 1) O 1 R R
BT . T KON AR 55 1% (2015) LA AT 47 A K3 15 741
IBA. NAA. ABT X NAA+IBAKLH #1 #7fdfs, Hrh,
150 mg-L™" IBAKLHE AT R B, 1486%, Lk -
TIF5I25 mg-L™, AT R A 5 40%-60%; 1A
IFi] A 24 1) AR A K TR T R B I Ak R RS R R
33.3% (XI%F5%%, 2015). i NMBFFTLE R, HE
WA KA AE — e R AT (R B TR AR AR, H
R, R, KE T SRS R R % 2 A8 H
DLEAR, PRE TSIV AR BB A #7720 2o
2 B A B A FS R SE & .

RARAAT B 175 5K 2 OO A 4 0 K
AL AR R AR (R RS 22, 2007), E#H T
FE M 2 7 (Cho and Widholm, 2002; Chaudhuri et al.,
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2006). RAAR I 7 (Fujimoto et al., 2000; Oks-
man-Caldentey and Sévon, 2002; Moyano et al.,
2003) SR AH K 3 3l 1 D e % 7€ (Xiao et al., 2005)
o AN, KRMRALATE O H TR (Malus xiaojinen-
sis). Jm Bk (Amygdalus mongolica). ##k(Juglans
regia) . 2L M (Ziziphus jujuba) 1 75 2K #i (Hamelia
Pateue) 5 A TR A MR (A ETE 55, 1996; FFAE,
2001), %4t S} (Paeonia suffruticosa)ifs &4t E
BEAT T HIHR (M 185, 2007).

AHE T LLEI R 9wk, R I AR AT T T PR
ATCC11325% i J A A JF AR i 175 5 B AR AR R AR 1
VERI S AL BT 3%, D9 e 1) T a0 e 2 AR A A
A oV EE SR A R IR 5 HOR Rl

1 MRS AE

1.1 EHPHE

#H#(Populus euphratica Oliv.) 3T MM H M5
HTRGT YN, PR TG T R R XA — IR AR S
B, FFIEFESFAEEE, RETOH HFH g
R A N AME R BT TR R TR AR R

K ARAAT i (Agrobacterium  rhizogenes) it [
L ol A 0 A b R P 3 A 2 T AR ) 0, B
%5 N1.2556, 85 HATCC11325 (LA R RN BBk
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ATCC11325).

12 HHRERE

PR AR A FF R 1 MR ATCC11325 /7 R, R 4% Gen-
BankH [fJrolA. rolB. rolCFIMASZEIE A 741 ¥ 115
Y, I DS A UK AT PCRY ™ 1, #7347
Wy ek S DI IS 7 - DANCBIFI BlastX 2 7 4T
IR Fr 91 Je Fogd i B 7 Z1 I Lexs 73 #r(Yang et al.,
2014).

1.3 ARRITFEATCCLISFESALAIZAFMHH
KR

R R IR AR EATCCL13251 K AR E SAE A . At
HeRHAEY T, LT E &M T . Mg
PRAR B 2550 B R L () 5, SEIG AR N M o

1.3.1 ALIERMHRHRE

1.3.1.1 ZEMRBRE

FE 1R R 42 140 i iR FH B VS v Fa, B B SRkt
2557, 70% L BE R #2508, TR /KIE PR3,
FFIR35r8; o A S EH0.5%. 1%F11.5%
) — S FURBR NI 710, 154020481, Jo1R 7K
M3V AT A IR FE A 55 8] A 15 58 R R s
B Lo(3%), ILOMHRYLA, FFL A AL B304 HME 1,
WIRE AT AU 8] A 1A (K 1-1.5 cm) )
B, MR s L, AK 20K )5 Siit AME ik
VG YRR R o F375 YL (1 FME A 5 7 2 HC 1l 1)
Bk LW R 9% . 8 BB 3R 5 UL K A MS+0.75
mg-L™* 6-BA+0.1 mg-L™" NAA+6.0 g-L "B fIg .

1.3.1.2 REHHRESR

Tk AR T A, R Bl A R IR, R
B 97 10 1) B B TR O 7 RI21 R o A 97 3 N
MS, 4r5I¥510.25.0.5.0.75.1.0 mg-L ™" 6-BA, 0.1,
0.2 mg-L™" NAA+6.0 g-L ' Biiflg, #EAT IEA2 HI & sei
Lo(3%), SLOMLFILA A, FHH AR FRIOMAE L, #3
WEH . BFRAM 636 mol-m™2.s™, SLEETN
16/ G RE/8 /NI A, T (25+1)°C o S TR IR &4k
HLVSF Y bk AN R B, i S R IR A
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1.3.1.3 REWER

WA KA 1.5 cmbl B RRE N AR IR
B, HAREFRENL2MS, 45 0. 0.25410.5
mg-L™" IBA; OF10.1 mg-L™" NAA+6.0 g-L'Biflg, ¥
pH1E 73l 1 25.8F16.5, F10MHA . 75 Rk
PERREFR30K, Giil /MRS R (B AR A 4185 9%
FEAR) SRR 2R, B AR AR AR B R

1.3.1.4 #HIYIL

M NERAE R KA1 emif, M4L4UE R =5
B R PR, BT IR O, RETR, Bk
FME RS N2:1 (VWIS R E TR

132 ZIBRIFEATCCIIZSESHEMAERHHA
FEERR
TELW &AM, Fi R P)#1°90.5-1.0 cm, fEHN
VX0 (B 4 4 o 2H ZR) RN AN R A% O FE) P Fb b 382, 1
FUTEE AR, BERPE TR R0 LIRS R = T
B2 K # RARAAT B ATCC11325 4 i ODgoo fE N
0.4, WRANAIKZEINL00 mg-L™ 2.5 T 7 B (AS),
ARG AR A5, 10120408, 76 K I 4% K
FINHE T, FERRIILR R b, fE28°C M &1
TR FR2K; HEBFS500 mg-L LG R KR
Fedk F (ORI FR20K, MEH AR
0L, Gt BIRIRE 2%

BRI T R =(77 A BRAR 1 S e K B2 o b
T A4 %)< 100%

1.4 RRRITBEATCCLISFSHEML IR

RARAH B ATCCL13251# i ODeoofl N 0.41F, TN
100 mg-L™ AS, 32 H1 ¥4 B (24F 25 A AR H R,
HAEZ5 mm, JoAR) 10538k, X HER i B s 7R 5
W, FHE TR, 308k, WINER. 7F
I (28°C) 3, A I I BRI B S Be K AR 5
8. 30K Ja ML e A A AR AR A 0 o

AR R = (AR MR BT 4K £0) x 100%

1.5 #EGI R
KBB4 SPSS Statistics 17.03E47 $03E S 113047
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2 @RS

2.1 RIRRITEATCCLII2E R RIBXEFE HILEE

T 1 L A A 4 T P O O ) R AR AR A B 2 PCR
e G, BB R AEYE B
Hr& W], HWIRATCC11325% A H & bl & Jl i 3 [A]
MAS, JBiK/hy915 bp (#11A); rolA. rolBFrolCH:
KA BOK /N 5 274, 64371582 bp (KI1B-D), 5
NCBIAH I HE PR K& 8 E 7 B AR .

22 HRRFBEATCCLISFSELAERMR
£R
221 HABFHAPRE
1 7R 2R T K T 1609 AR PS8 AR 2T 1 (147 Lo (3%)
RS2, N[ A B 2 1) AME A 235 e SR Al 2F 5
Z . A RGEIRE L% 5 SURRR B %
WOHBE15 70 %h, 2505 4L 1Kk80%, W 2 Fik76.7%,
P ISR G 275 Yol 2F 8 K (961.36%) -

TR TP BT 7%, EMSEE 775 R R N )
A KR 71 6-BAFINAAK Bl 2 S Lo(3%) 19447,
NEFUHEMEKECIFORE) EREE. R
FA B IMS+0.75 mg-L™ 6-BA+0.1 mg-L™' NAA+
6.0 g-LBligH, “FHIbk ik B OK(E 4.2 om), A
EHHE L, LB %, rHaffst; K ik
A (E2A, B), AR 75

R E AR, W1.3.1.3 Yk, EREK
WA FNBARINAA K pHZL 4 (1) L0Fh 1/2MS K7 77 5 -
BIR30K, EMRNZREE. HFREHARA
1/2MS+0.25 mg-L™* IBA+0.1 mg-L™ NAA (pH6.5)
I, 55 IR AR AR IR 5 (14 76.64%), AR #ik
9.96; JEA&: T~ E B H LD, J& mE AR B,
774 (K 2C, D).

222 ZRKFBEATCCLI325FSHAIEHMFH
FREERR

RIS W R TR ol iR IR (KI3A), i
1T RARARAT B B RRATCC1132512 44 . fEMSHEA R I%
B FREFRISR, MR ERKYI O 2R
RIS AT L R R, 20K 5 RAR KA 1-2
cm, A M, HoR AR5 (EI3B-F).

RARAKAT HATCCL132513 e 44 Mk A &
IR SRR LR, EEFEETAHMNL00 mg-L™
ASHIBIRIR i G %1£40.21%, W E & T ARBEIMAS
(555 % H5.86%), % 7MW E (X1, P<0.01), HA
REFEER, ALK, 2R 2 Y a5 5
N5\ 10FH207 B (1 Ab 3, 42 L1053 Bl (1 1 2 41
BIRWE SR = (£76.87%) . i8] 5 ol K 15
SHIF S REM, HAR G205 50 1w F A4 6 H B
S (EIBE) . X it v BARMR 5 5 % 46.7%,
mTAUGH20% (K3F), ZRWEEGRL Ps
0.01).

2.3 ERKIFBEATCCLII2GIFESIERA~4 ERIR

SRR KT 1 ATCC11325 1 W 1 e 1 PR AR 74,
TG 29730 K J5 HO AT IR AR %034 60%, 1235 1 F 0t
2 119 200%; ZAR 3B 2 % % T 5t B (B 4A-C, Ps
0.05), LAt H A, K10-30 cm; it A iR T
4 H 2 mE# e, £3-5 cm.
KRR E Ay AR, AR 2R, A
%, KIHERE, 5 A 02 5 9] 5 (B 4D-F).

24 1ligEER

HARAAT T B AS [ BRI R X 25 i AR 20 ) AR IR
RL RV B RATCC11325(3 Jeib 71 H 2t Bk M &
AR T HI5E

Table 1 Effect of Agrobacterium rhizogenes ATCC11325
infecting factors on the hairy root induction of Populus eu-

phratica
Factors Treatment Leaf discs Rooting rate (%)
AS (100 mg-L™) Add 30 40.21aA

No add 30 5.86 bB
Infection time 5 30 38.54 bB
(min) 10 30 76.87 aA

20 30 40.21 bB
Scratch Scratch 30 46.7 aA

Unscratch 30 20 bB

[F) 51 045 5 AN TR) /D 5 - RER R 22 57 8 35 (P<0.05), AFRIKE
BEORZE RN E 4 (P<0.01) CRAIAE REMEFET B4 1T
7).

Different lowercase letters in the same column indicated
significant differences (P<0.05), and capital letters indicated
extremely significant differences (P<0.01) (Duncan’s multiple
range test).
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Bl RIRIFHATCCL1325 K iRFEFPCR ™7 515> T %58

(A) MASER, JKIELRI2NHEFEATCC11325/7 KiDNA; 3-5: FATE:X} [ (ddH,0); 6: Marker 3000; (B) rolA%[H, #ki&1A Marker
3000; 2: BA1:X) [ (ddH,0); 3: HFRATCC11325/5 KiDNA; (C) rolBFE[H, VKB 1 N H FRATCC113255 KiDNA; 2—4: [ 4% I
(ddH,0); 5: Marker 3000; (D) rolCE[H, JkiBE1FI2ANHHKRATCCL1325F%iDNA; 3-5: B %t (ddH.0); 6: Marker 3000, £ &:
PCR™“4/3 5| 5 NCBIAH 5 [K K B 7 FIAH U

Figure 1 PCR and sequencing analyses of Agrobacterium rhizogenes strain ATCC11325

(A) MAS gene, lane 1-2: ATCC11325 plasmid DNA; 3-5: Negative control (ddH,0); 6: Marker 3000; (B) rolA gene, lane 1:
Marker 3000; 2: Negative control (ddH,0); 3: ATCC11325 plasmid DNA; (C) rolB gene, lane 1: ATCC11325 plasmid DNA; 2—4:
Negative control (ddH,0); 5: Marker 3000; (D) rolC gene, lane 1-2: ATCC11325 plasmid DNA; 3-5: Negative control (ddH;0); 6:
Marker 3000. Right figures: Similarity of PCR material sequences compared with NCBI accessed gene sequences and their
coding amino acid sequences.

B2 HHASUERIER
(A) VMUK, (B) 4KACUHETR; (C), (D) AR/

Figure 2 Establishment of in vitro culture systems in Populus euphratica
(A) Initiation; (B) subculture; (C), (D) Plantlets from shoots
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B3 KRS SAMA LR AP A B RIR
(A) TiEsFRHFr; (B) RP58H M A (C), (D) REL10438h M A (E) 2 4e2040 4 M s (F) RIJRAZ Gertm Fr

Figure 3 Hairy roots induced from leaf discs of Populus euphratica by Agrobacterium rhizogenes
(A) The pre-cultured leaves; (B) Leaves infected 5 min; (C), (D) Leaves infected 10 min; (E) leaves infected 20 min; (F)
Scratched and infected leaves

B4 RIAKTE BARATCCL1325R Y MHm i A AR A b 3 70 A KA
(A) FTHEATHIIERE (B) FHEXTIE; (C) FTHAEALEL, (D) FTHRATHIM LR, (B) MM L, (F) AL b

Figure 4 Stock roots and aboveground part from fleshy root cuttings in Populus euphratica infected with Agrobacterium rhi-
zogenes ATCC11325

(A) Before cutting; (B) Roots from control; (C) Roots from the cuttings infected with Agrobacterium rhizogenes ATCC11325; (D)
Aboveground parts before cutting; (E) Aboveground parts of controls; (F) Aboveground parts of infected cuttings with Agrobac-
terium rhizogenes ATCC11325
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ORI . W #ER1205. R1000. R1601. ACCC10060
JZALF 757 F 195 % 17 H 2% (Helianthus  annuus)
(P54, 2006). 75%)K(Cucumis sativus) (it Fll-F2%,
1998; MgiyMnZ¥4, 2005). ZF#f(Morus alba) (FLF
#H45, 2010). 1L %E F(Malus baccata) (5%, 2008)
Je =5 KFE A #((Populus tomentosaxP. alba var.
pyramidalis)xP. tomentosa) (XI|3%%j%, 2006) %4
BRI rolAFR P FEUEMREL . W 9i4s. {27
gk ST ARIEIR S . rolBR] 5 FAE AR 72 A K B AR,
MRAE KPR B B2y X, M A S B RS KA
5o rolCHE R AT (2 gE A MRAR I A= KA A0 B, BG i |
e, TR g, T AR #0855 55 (Schmdlling et
al., 1988). #ifiti&, rolBXE K% T EIRAR A bk
PRl (k48 4%, 1993), #£7414((P. albax(P. davidi-
ana+P. simonni))xP. tomentosa, poplar741) (Fi%
84, 2010). JH ¥ (Nicotiana tabacum)f1i#f & K
(Daucus carota) (Michael and Spena, 1995)+i% 5
AT BRI, H¥ErolBIE K 7414 1k R A AR 26 K AR
RAEK =YW E S T #rolCH K ik & (1 & %4,
2010). EF#grolBEE K £ # Dk &AM F i FrolC
L[N £ 38 DL kk R (58, 2009) . A 745 R, KR
A& KT T B Bk ATCCL1325 & A H e B & f il 5% A
MAS, RIRIEHrolA. rolBFIrolCHE T T 04 B i
mE R R AR BARAR, 5 R AR 4 A A R AR (B
ATEM)o

A TR HE LA AR, DU AR B8 T @ AH S i
JL, BN ERE R FRR R, (T EJCHE AR 1A
PROCAE N R FL 5 5 40 B o A AT A AL . S
UL IR G Ak, 5K-F 455 (2003) 4 2 FhIGFE 145
87 HEF, iRz R A TR . ASHIE ST A T-21
T 5 JE B 529k, fEMS+0.75 mg-L™" 6-BA+0.1
mg-L™ NAA+6.0 g-L™' i fl§ #11/2MS+0.25 mg-L™*
IBA+0.1 mg-L™" NAA+6.0 g-L "B fi5 (pH6.5)%5 77 &
IR T A B D AL R MR . ATCCL11325T
TR 6 % 5 ODgoo H N0.4 (& FSLIGH E), A
100 mg-L " AS, M F R, Wik 3512 410705, 4
UL FR20 R MG BRI, HERREFEZEFT TS
R KT Ak . 31X 5 XK B (Glycine max) (5
A%, 2012). HiEE (Rehmannia glutinosa) (X1 HE
4, 2015). F}2(Salvia miltiorrhiza) (JH 5%, 2007)
K Zp(Camellia sinensis) (7k) #%:, 2006)%5 (4T
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FAERLAML, EAMIT R AR AR G 5% A IO 58 T TR
MRS R (I Th R 2952 1 2k Atk

45 55 (2010) F A iR ¥y ABT1 5 MTABT2 5 i
W A% B B AT 4 A AR R 5 42.1% . F KN R X 3 %
(2015) 4150 mg-L™" IBAKLEE it 1 il B o 0 3k
86%. AHFFLRH KM AR EATCCL113251%5 F A4
FEAERS, AR R MK HE 1200642 T+ $1160%, & 218 5
TH B A K K A (B4F), FrérolA. rolBATrolC
HE LRI BT BB T AT 1 A 1 LA b BRI R XL
RN, HHKRAF EHATCC11325%5 5 K AR
PR T, X B VRO B B SR, AR R, X
WA EAR A = B A N A

S50

T (2009). £ ¥ Dlrol B FI1E M sh A 2 7 A0, WLk
. fRsE: LR K. pp. 1-48.

LRE, Bé&E, FIE (2010). BRAFTEES FZMBIR
AR R AL, P #R 30, 2317-2320.

=, WXE, TRE, XIE (2001). &R AR5 X6 5 F
2 AN TE MR R A R R . A R U S K 2 2 R (SRR i)
(3), 23-25.

RER, RAE, BB, A%, KW (2009). 57
BT RS, P& Aol B 35(3), 32-35.

XIEHE, AT, WBRE, I, BBH, BANFE FER
(2015). L EIRRME T L&A, LRRI B 47,
47-50.

XN, BEM, EHHE (2015). H A 5704 54
BRI R s B3P R (3), 9-11.

XU, FEF (2007). KAAN B HWFFTRE R IR, (vl
KL 35(7), 13-16.

XNEE, XEE, FigK, L, RAKRE (2006). KL
WA EE AT, PIbRFR R 21, 76-79.

BEAIFE, 3, BHEIR (1998). K MLAAT B X BT A% %
. YR 40, 470-473.

Wa3, ZEF, (2005). KRR AR I I 47 A % 8 JE T H AL
WHH AR E 34(2), 11-14.

My, AT, 2 (2006). RARARFEF AT 0 A H 5k
Ak, fEY¥AR 32, 743-748.

TXA, XTER (2015). PUAN A= K R 5 7505 5 4% WL 9 i
TRz, HRAHS: 31(6). pp. 142-145.
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Rooting Induced on in vitro Leaves and Fresh Cuttings of
Populus euphratica

Dapeng Wang', Jiaze Tang', Mingcheng Shao', Wenbiao Zhang?, Huafang Wang"’

!College of Biological Sciences and Biotechnology, Beijing Forestry University, Beijing 100083, China; *Beijing Yanging
District First Vocational School, Beijing 102100, China

Abstract Populus euphratica is the unique natural distribution arbor tree growing in the dry desert environment, with root
suckering, but cuttings of roots are difficult to grow. This study explored the new ways of rooting induced by Agrobacte-
rium rhizogenes. The strain ATCC11325 can induce hairy roots with no-tropism on in vitro leaf sections. The leaves were
cut, scarred, co-cultivated, soaked for 10 min in the microbial agent at ODgoo=0.4 with AS 100 mg-L’1 added and cultured
on tissue culture media for 20 days. Hairy rooting occurred on fresh cuttings soaked with the A. rhizogenes strain solution.
The rooting and survival rate reached 60%, and aboveground parts developed more branches and showed vigorous
growth. The A. rhizogenes strain promoted rooting of poplar tree fresh cuttings.

Key words Agrobacterium rhizogenes, hairy root, rolB gene, rooting, Populus euphratica

Wang DP, Tang JZ, Shao MC, Zhang WB, Wang HF (2017). Rooting induced on in vitro leaves and fresh cuttings of
Populus euphratica. Chin Bull Bot 52, 210-217.

* Author for correspondence. E-mail: hfwang@bjfu.edu.cn
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