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WRBEFAALIR R, P4k 60, 425-434.

¥} % (Pueraria lobata) &y & £ 5 J& (Pueraria) %
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7] % (Park and Facchini, 2000). H#if, & 55 & IR
ML AR R AW TR b o T04 %5 56 (2001) i 2 K
I, A A T A V) pHEL AR 3 n — 7€ & ) LI AT
PAFE mR1601 B Ak I SURTE, 378 BRI 115 5 20
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Figure 1 GFP vector information for the Ti plasmid
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FIYG-81)H7 55 2l 851 . BUEE 2-3 5 i 4hgrt, Kt
WA ZE BT K 2 20 05 mmft)/NB:, 7EMSIE ks 77 5
PR FR2K )5 BT KE99Z Yol b, MR 5 715774
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Ard)ZY R, R FR1550 b E ¥ AME AR . B
YEBYR AR 77 32 L AMEARE R ], 5 8B RAR 7
FHAEDRFN.2.275.

1.2.4 FREFBILEH F N ERRIFESHELRN
o WBOR SE 2 T I ghilont Jr, DA 1-275. 34
T RI5—6711 AL W IT B Sl o SME AR R SRSk

BRI FHRAE D BRIF1.2.275

1.2.5 AREFEFAEXERREIHRHE R
W 1-27 hr gl o Jr BT MS T AR 72 5 b, 43 il 93
Bi9R0. 1. 2. 3M4R, K5 B TKE99IR Gl h ik
B IR16008h . RS BIRIRIE AR D RIF1.2.275 .

1.2.6 ARREMIEFERIRFESHUEARME
B2 AL 4l Fr T 7R3 R, AR A B T K5991% 4L
WAy R R 9215, 20, 251304 8h B . )5
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1.2.7 FEIEREEHHEH RN ERIRFESHE
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TERAMER . RS BIRIRIE T ERAE D BRF1.2.275 .

1.2.8 AESBRRXBAEHHHHAMERRES
e e 0pA

o3 S HCARARIR B 1-254%, 1S 8K 1 B9 4 1% 1
-2 RLGOH VR A . S5 SR B ARIRE SRR
HIRIA.2.275 .

1.2.9 AEEFH I ERIRGENEFER RN
A KRERE SRR R EYG-19E K
R, F}HL(0.5+0.05) g, 43 %l 7E MSIE A& FIMS ¥ {4
B 3 Fe b AT ARAR I T . 20K S5 WL BRAR 1 AR K
REHRBEHEEE.

1.2.10 FERBWGFPEIMER K& PCREM
TEBORCIR S 6 S WL RS vl AN 3 R BOIRAR, A
SRS T R AR AR I B GTRE, 4020 4 i 2 B4
I BARAR J e BRI BRI BARAR, A RG0S
PEBRAR, THEE BB BARAR 5 TR

PR 5 A5 B B AR 10 2 [F ZH DNA, AR 48
GFP. rolBFIvirG X 7 41| 5 vt-far il 51 #3 (% 1) . PCR
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2, 60°CiE ‘k30FF, 72°CIE130F), 354MEIL; 72°C
105050
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Table 1 Primer names and sequences

Primer name Primer sequence (5'-3')

GFP F: CAGTGCTTCAGCCGCTAC

R: TTCTCGTTGGGGTCTTTG
rolB F: AAGTGCTGAGGAACAATC

R: CAAGTGAATGAACAAGGAAC
VvirG F: CCTTGGGCGTCGTCATAC

R: TCGTCCTCGGTCGTTTCC

1.3 EHFFH

Wo R ik W 4, RE IR LIV N30.0 gL RERE LA K
6.0 g-L7'BifIE Ny, pH5.8. KEFRAME IR E(2541)°C,
W 2

1.4 BUELEB RS

BARARIE T 2 (%)= (77 A= B ARAR 1 SME A Fi 5 /A
$)x100; BARMRIE T2 ==L BRI L 5% 507
A BIRAR I A A KL, 8K AR = (FRIRAR RS 97 )5 10 B
T BB % A0 10 R B ) B R AR % 11 110 R o 8
AbFEAEHISPSS 18.0%1 14, K HDuncan% = LUk
vkt AT 22 S W R b, K HExcel 20108115
PRAER I L H %

2 ZR51Te

21 FAEERBRAFARIMEFHERRIZESHE
AN [ 5 TR B R AN [R] A AR I RE ) B R AR 5 3 2 a2 2
Firse YG-18F1YG-50 1) AN [F]FH A7 SIME 1A 35 Jo v s Iy
T BARA,; BRYG-194h, 24N R 2 1) S i 4k
BAIRIE T R BUL; 3PMARIEER A (YG-19. YG-51
HIYG-81) 1 Byl v A 35 ] i 2 i 5 B IR AR (&
2A, B), Mz, ZERMZRYLIEFSFERR. K
R A AT B K5991% Y YG-19 (1 A [\ AN A S5, Bl 5 1%
FEIF I RS, i AR R A2 T — R AR, BT
TR B I G A, AN FL A S, 5
RAGHA R A . RIANAR AT, R A ORI Es
LRI A E MR o Y G-51HF 55 A (1 H- A 5 AR
AT B UK, HERRE SR A, B
YG-19RI & FF 4l 1 g AR A B B tRAR 1 175 5 28
R E(N10.2%). R, B8 BRI S 2 1 AR S Ak
PRERY G-1940 15 1 NIl I (1 St

WSCPHE: RIRAKT - SR 5 BRI e etk R 427

2 A[FIFED B AN R AME R0 B 58 B IRAR 5 5 R I 52
Table 2 Effects of different genotypes and different explants
on the induction efficiency of Pueraria lobata hairy roots

Hairy root frequency of different explants (%)

Genotype ynfolding im- Mature ) Shoot me-
Stems Petioles ~ .
mature leaves leaves ristems
YG-18 0 0 0 0
YG-19 10.2¢0.9 6.1#01 0 5.2+#1.2 0
YG-50 0 0 0 0
YG-51 1.91£0.6 0 0 0
YG-81 2.1£0.3 11204 O + 0

3 AIERIRARA S EF B BIRAR G T BRI 50
Table 3 Effects of different Agrobacterium rhizogenes strains
on the induction efficiency in Pueraria lobata hairy roots

Agrobacterium Rooting time Hairy root Hairy root
rhizogenes (d) frequency (%)  density
CK - Oc Oc
K599 14 12.1#0.6a 2.2+0.1a
R1601 16 8.31t0.5b 1.1£0.1b
ATCC15834 - Oc Oc
Ar4 - Oc Oc

[FEIFNA A /NG B OR % AR B ) 72 7 . 3% (P<0.05) (T [H)).
Different lowercase letters in the same column indicate sig-
nificant differences among different treatments (P<0.05) (the
same as below).

2.2 FEEREATENFEERRFESHROF M
AR RARRATH 175 T & BRR LA SRR A BE
Z5:(#3). ATCC15834FArdffI BRI IE T 4580,
K599 SRR i i, HHEER1601351151%45.78%. H.
K599 1 Pk 175 T A A4 7= A= BARMR A I 1| e 0, 5 %
WK, NI IE B KE991E A B 5 BRI i 5 1 B
T AT TR BRIl

2.3 AERPIYEAT A3 ERIRIFESHE R
AN [F) BB AL Bl o B R AR 35 2 RCR S BCR, R 58
S RIS 5 R R R R(IN2.3%), BEKTA
[F 0L NI R T ) ot B i 3 56 (R4 EI2A). DLER
1275 A2 W e T 1) 2l ot Fr B IR AR 5 3 A e e (O
18.1%), HHEL3—475 fir F15—6715 fir - - 5 5 4 4
N69.2%F1229.1% . H.A-27T5 7 Wil Ji& I 1) 4l i
FEA BARAR I A N 11K, 23 591 B oK 58 4 B T 1)
GBI Fr . =475 LA K 5675 AL I FEE T 1) 4l i
AR 3K . 1 RANB R, i SR A LR 54
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T4 AR LET X B 5 B ARAR S R
Table 4 Effects of immature leaves from different nodes on
the induction efficiency of Pueraria lobata hairy roots

5 ANIFTIEE IR I )0 B B BRAR T T BRI 5
Table 5 Effects of preculture time on the induction effi-
ciency of Pueraria lobata hairy roots

Different nodes Rooting Hairy root fre- Hairy root Precultivation Rooting time Hairy root Hairy root
time (d) quency (%) density time (d) (d) frequency (%) density

Unfully expanded im- 16 2.310.2 bc 1.0£0 b 0 16 24+0.1¢c 11204 b
mature leaves

1 13 8.1£1.5b 1.220.1b
Immature leaves from 13 18.1x1.2 a 1.9104 a
1% to 2" nodes 2 13 18.9+2.1a 2.0£0.0 a
Immature leaves from 14 10.7£0.3 b 1.7£0.2 a 3 10 21.3%1.7 a 1.8+0.4 a
310 4" nodes

4 14 11.1£0.9b 1.020.2 b
Immature leaves from 16 5.5+0.5¢c 1.2¢0.2 b

5" to 6™ nodes

JETF I Sh it B . 3—45 47 LL K 56715 15r Wi Ji& T 1K) 4
W R 43 51 496.03% - 14.45%F160.98% . [K1H:,
CLEF A=275 (57 Wil J& I B Bl v A e A A ME AR AL K

24 FREFIEFHEMNTEERRESHRN

AL

ANTR T TR N 8] T B A BARIR VS SRR AT B35 =
5 (3R5). YG-1941 55 1 88127 AL NI e I 1) St v
L KB AT B 10K o A B TTHIR AR, T AR & T
BRI RGO R e A A Bl 8 AR o Forh DL 97
SR BIRMRE T e (921.3%), MELTRE IR0,

1. 2FI4R B2, SR 59787 .5%. 162.9%.
12.7%H191.89%; %5 5% FEBR TAL #E 2K (P42.0)
Sh, Bim e AR, (BRI, XFH10K.

PR 1k ARG 97 3Ry fie (A % 77 R KL

2.5 AFREIRZFHE X ERIRFESHRAFI

AN F AR G b TR B RAR S 3 R I R iR 6 TR
BEE R GL I (] AR, 5 320 PRAIK. 1R 443053 b
BRI S R BAR(IN9.1%), & EFMETIHLE34 4
AR50 8, BIRRE S %5 5 (0920.9%), L
2420, 25F130 75 B HG 1% 53 1) 6.1% . 46.2% Al
129.7% . 12 41553 B 2 54205 B B PRAR HAR I ] |
FIREMFESEEYERARE. HiL, DUIR%15-
2093 By fe AR JL i IE]

26 ARIERBEHDBHFIERRZESHE
M

AN TR AR AR 7 R B B 6 2H % v Ao R AR

FHIRCREAREERCRT), MEREPZMETEE

+6 AR G D0 B 5 BARARAT 3 BRI 2 W
Table 6 Effects of infection time on the induction efficiency
of Pueraria lobata hairy roots

Infection time Rooting time Hairy root Hairy root
(min) (d) frequency (%) density
15 10 20.9+2.7 a 1.7+0.6 a
20 11 19.7¢3.3 a 1.8+0.2 a
25 13 14.312.1 a 1.0+0 b
30 16 9.1£14b 1.0+0 b

F7 AFEFEFERBOC I B BRI BRI 52
Table 7 Effects of culture days on the induction efficiency
of Pueraria lobata hairy roots

Culture days Rooting time Hairy root Hairy root
(d) (d) frequency (%) density
5 11 14.7+4.5 bc 2.0+0 a
8 10 22.4+3.7 a 1.9+05a
11 11 16.4+3.5b 1.6+0.3 ab
14 13 12.0+2.5¢ 1.0£0 b
17 14 6.1£3.1d 1.0£0 b
20 - Oe -

23 - Oe -
26 - Oe -
29 - Oe -

PR T 10 E R R — BB AR AR TR R 38
TR EIETHR G EIRES, HRREORT20R
I BER R S B H BRI, V5 3% 2%
k% . FEIRER BULLES B 4h i A (K5 2 3 B
(42.0); BEERIRRENIER, B & BN BRI
Rl IR . ARG B ARARE IR8 RIS, D
FFREE(N22.4%), HIEEBE . K, gk
IR AR WYL B Wi At Fr o9 e AR R
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BERF N

7 [F 46 AR B AL 8 v gh o L R R A S AR A
#5032 7(%8; [E2C, D), IR H 2
Wi B 56 BoRAR A S0 E R R — . B S
B, %GR EH TR R, R AR
V21N, SO TEvk R T i 5 B S B AR AR . 41
AR VAL B i, % R RIUN2.2%, 3
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Table 8 Effects of subculture time on the induction efficien-
cy of Pueraria lobata hairy roots

Subculture  Rooting time Hairy root fre-  Hairy root
times (t) (d) quency (%) density
1 9 2.2+0.8d 1.0+0 b
3 10 11.1+2.3 b 1.0+0 b
5 9 18.9+1.7 a 1.9+0.2 a
7 10 16.742.6 a 2.1#0.1 a
9 10 17.0¢1.1 a 2.0+0 a
11 11 15.6+3.7 a 1.840.2 a
13 11 14.1+21ab 1.8+04 a

15 12 11.24¢0.4 b 1.410.2 ab
17 13 6.742.2 c 1.1+0.3 b

19 13 4.3x1.9 cd 1.0¢0 b
21 - Oe -
23 - Oe -
25 - Oe -
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SABMRALE A BRI SR ERALE, B9
LA S 1E16% T A7, V5 9 U 761 8-2.1
2. Dk, DLAEACEE FE5-1 3R W Ml
FEAMEIERARE

2.8 AEEFARNERIRENEERNZ N
HFEFHIYG-19EMRM 7 i B T ok ) A= K 8 45 741
MS [F] {4 85 5 BRI AR 5 7 56 b AT ARG sl 85 7% .
TE A AAEE 772 3 bR 24K o 47 B A] 7= A 35 1 B IR AR 43
X, HAEKIER, 20K 754 AT KA = 0L, 1
BARMWAER AR R P AE K2, BEEiestr: (&
3B, C), AV EBRRKH BB, H2E
th, KEWFRER . #5920 K )5, EfAEE 7R A
K 1 B DR AR B 7 Y 1 7 B o B R AR B L ) 75 4%
(KI3A).

2.9 ERIRGFPFAIME K PCREMN
FEBUR EIR (K 480 nm) I e T W g2 40 15 1 A
LR BARAR, DA RS T AIARAE AR X R, w020 1)
BT S IR Z3 €0 5% Y 1 BRAR L S R FH M B, AR
FeHI B T BIRAR (E4A).

WHL 20 BRI R ATPCREE, 4R EIR,

7 B DR B RAR A ) o 281 A AGH I H vir G2 [T T1-T204¢
FF B4 K599 155 T 1) = D6 7 258 B R AR A 164> e Ao il
FIGFP filrolB 3 [X 4 75 (K14B), F£WIK5991% T 774
FH 1 EIR AR 2% H80%

(A) 4hit Foids S A MBI, (B) FHNE S MBI, (C), (D) 4EAAHFRIIEIRIR. Bars=1cm

Figure 2 Induction and subculture of Pueraria lobata hairy roots
(A) Hairy roots from immature leaf explants; (B) Hairy roots from petiole explants; (C), (D) Subcultured hairy roots. Bars=1 cm
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B3 HE BRIk H

(A) AR FT X THEBRRAEEE; (B) #A0 T B4R FRIL20R BRI, (C) bt T AR IR 20K EBRM. Bars=1 cm

Figure 3 Subculture proliferation of Pueraria lobata hairy roots

(A) Fresh weight of P. lobata hairy roots under different cultivation methods; (B) Morphological characterization of P. lobata
hairy roots grown on solid media 20 d after inoculation; (C) Morphological characterization of P. lobata hairy roots grown in

liquid media 20 d after inoculation. Bars=1 cm

B4 8RR TIREGFPH M % K PCREG

B MNVP12345678 91011121314151617181920 M

rolB 194 bp

virG 525 bp

GFP 437 bp

(A) BRIRGFPH M EZ(bar=1 cm); (B) PCR#:M(M: DL2000 DNA marker; N: #4i7K; V: K599; P: BHYEXIE; 1-20: AL 5

H BRI )

Figure 4 Green fluorescence assay and PCR analysis of the GFP in Pueraria lobata transgenic hairy roots
(A) GFP green fluorescence assay of hairy roots (bar=1 cm); (B) PCR detection (M: DL2000 DNA marker; N: ddH,0; V: K599;

P: Positive control; 1-20: Different transgenic hairy root lines)

2.10 iHig

5 AR 2 5 ) R AR A AT B A R I R R R 2 —,
AN TR] 25 (R B A D A4t B 1 A DR ZS AN ], PR T A 52 21 4
FERAEAKT B R, AR A ER KR40 g A B
{1 153 460 . 225 4% L A7 AF 22 57 (Crane et al., 2016; Ag-
garwal et al., 2018; #2445, 2022; 7k B BF %%,
2022). %14/ F7 (Lagenaria siceraria) [ 4 34T
e, R IRAS [F LR R 7 ) R AR TS 2. R AR EOR
AR IR K 2 57 (Wang et al., 2022), #A1f, #f

5t K BLAE 4 (Arachis hypogaea) 143 1 (Setaria ita-
lica) AN [R] st Fo BAR AR 15 S AR To e, 35 S 80%
B (Geng et al., 2012; /73184, 2023). H A,
5 AN R R (R )X B RAR 75 5 003 IR 2 1 v AR DL i
18, X% K5 (2000) (T fE A [R5 @ A BRI 75
RIHEF, SiREWEE ., LEMEEBRRFESE
51 5N16.6%. 16.2%H126.6% . AHF L5 5 [ 2
B RAN R AME AR AT R T, R IAS [ 2k O] 24 BB
BERRAEFEAAREER, RIHEMYG-19%) M



R BRI TR e, AR TT1A80%, Ak
AL AL SZ ALK

PRI R A TR 0 2 52 0] R AR T VR 6 A R 3R 1) A
2. A 50K F A N 78 BT 59 h R 3 . A 1 1R
ATCC15834 F1R1601 LA J ¥ H B bk K599 Fl1Ard, 45
RERAAFFERBRRE TR ER L, ATCC-
15834 F1Ard K B8 il D) 75 5 B & BRI 1 K 4R, T
R16011% 5211 498.3% . %% 5t 15 %1 f+ € 4(2000)
L K ShifliKintzios (2003) i 7t 45 A —F. X &
2(2000) FI| FiI A< T 5 R1601 75 & #EAT 74 R A AL 1 15
LR 3KAF T 16% 1 IR R 15 3 % Shifl Kintzios
(2003)F] FHHATCC 15834345 T 80% 1 EAIRMR 75 T %,
TO% I EAL R o T AHE TS o B T OIK599, EAR
R 33 5= N22.4%, AR N80%. HEHEY)
A RIS . AR AKE992 i 5 6 A AR
%i(Stylosanthes leiocarpa) i tk, MLILE T
Y ZEFEAEE(S. gracilis)f A BIIRMR X M HEE, 2023;
VAL, 2024) . 3K AT BB B TS 7] 25 R 56k A [R] B A
(BRI A 25 5 i B8

HME AL I R R TI% 7%, A B T3 5 & B
Y, BT YDA AT BRI R, SRR )
A sE, JERFIIERMAERKIE . kT HoR
9 1 24 it 55 R T R RS A AR T-DNA, AT 2 /=1 4k
TR R R A 80K (MR KA %, 2017). fE— 2 Vu W,
B TRE IR I A3 0, BARAR 5 5% Bot, kiR
P B TRRE RIS ), R R )3 K e 1 R e B PR AR 1Y)
TR (B, 2004; HAF4E, 2017). AR
B, B AMER I AL T IR, BRI SRR
IR(IN2.1%); s AETRE TR A3 KR, Bl A& Pilss 72 1)
4k iE K, BRIRTE T2 FEK.

A [5) ¥ 08 1R AR AR A1 5 R 115 5 OB TR,
OB A 0T T W T AL B T A D A LA AR, 6 T ST
R B AR B AR R AR R EEL (A2, 2005; KR
T2, 2011; SHEEER, 2021). 10K HR K1 E A (Phe-
llodendron chinese) i 1% % 1k 2 % & & (T BK A&,
2006); 47 5 (2022) 1T Fo AL, 52 AR ARAT 16
12 YL 55 111 Bk (Carya illinoinensis) B R M 5 %1
DRl 22 HE 7 D 1T > A B A > B VROAR BE > TR A . AR 9T
W, ANE T SMEAR MR BRI G SR BG B #
S, B IR KRBT 20K, ARG Lk hifs 55
BB R A, DLEEFR8 R M4 55 1 4t v v
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HEAMEEI KL

FE AR AR IS TR IS R LT 58 B IR AR AE MS TR A4 1 97 2
oA KR LGS, TR S A A R 5% g 1R ] A4 s 5%
B EAAEKIERE, X515 (2019) BRI 4k AR 77
Ry s e 2 RARTH], {H 5 4% 25 55 (2002) A1 it A1 -1 55
(2003) I A4 A — 5. ARG 2 T A FRZEE T E
AR AKX SCHFFFIE — € £ R, BE 2 HTAE
B DR B B PRAR O Y A 85 7R B8 FR e R B LL 7R SR A
[ o S5 B0 2k S AL A B F2 L (8 F2 4y 35— 25
I .

ARtFH, B BRI SRR M@ R A
UL FREBOR, FELEH G AT B A, BRAEXE L
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Agrobacterium rhizogenes-mediated Transformation
System of Pueraria lobata Hairy Roots

Wendan Zeng1, Huabing Yan", Zhengdan Wu?, Xiaohong Shang1, Sheng Cao’, Liuying Lu'
Liang Xiao', Pingli Shi’, Dong Cheng1, Ziyuan Long1, Jieyu Li'
'Cash Crops Research Institute, Guangxi Academy of Agricultural Sciences, Nanning 530007, China

2Guangxi University, Nanning 530004, China

INTRODUCTION: An efficient Agrobacterium rhizogenes-mediated transformation system for Pueraria lobata was estab-
lished.

RATIONALE: In this study, tissue-cultured plantlets of P. lobata were used as explants to investigate the effects of dif-
ferent genotypes, A. rhizogenes strains, explants, precultivation times, infection times, culture days, subculture times, and
culture methods on the efficiency of hairy root genetic transformation in P. lobata.

RESULTS: The results indicated that the induction rate of hairy root formation was the highest when the immature leaves
of YG-19 were used as the explant material, reaching 10.2%. A. rhizogenes K599 was identified as the most suitable
strain. The optimal explant material was immature leaves that had just unfolded from the first to second nodes of the 5" to
13" generation tissue culture plantlets subcultured for 8 days. After 3 days of pre-culture and 15 minutes of bacterial
infection, the highest induction rate of hairy roots reached 22.4%. The optimal type of culture medium for the proliferation
of hairy roots in P. lobata was solid medium culture, and the fresh weight of hairy roots grown on solid medium was 75
times greater than that of hairy roots grown in liquid medium. PCR detection and fluorescence microscopy assays re-
vealed that the expression of GFP and rolB genes in the hairy roots of P. lobata was stable, and the rate of cotransfor-
mation was 80%.

CONCLUSION: Genotype, A. rhizogenes strain, and culture duration were the most critical factors for the efficient genetic
transformation of hairy roots in P. lobata.
Key words Pueraria lobata, Agrobacterium rhizogenes, hairy roots, genetic transformation
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