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Establishment of Agrobacterium rhizogenes-mediated Genetic
Transformation System of Eucalyptus urophylla x E. grandis

LUO Ping'?  ZHANG Haonan'® XU Jianmin' HU Bing' WANG Xiaoping' LI Guangyou' FAN Chunjie"

(1. State Key Laboratory of Tree Genetics and Breeding, Key Laboratory of State Forestry and Grassland Administration on Tropical Forestry, Re-
search Institute of Tropical Forestry, Chinese Academy of Forestry, Guangzhou 510520; 2. Nanjing Forestry University, Nanjing 210037; 3. State
Key Laboratory of Tree Genetics and Breeding, Northeast Forestry University , Harbin ~ 150040)

Abstract Agrobacterium rhizogenes-mediated genetic transformation system plays an important role in the
identification of functional genes. To establish Agrobacterium rhizogenes-mediated genetic transformation system
in FEucalyptus, the different strains infected the leaves and stems of Eucalyptus urophylla X E. grandis were used
to select the appropriate A. rhizogenes strains and explant types, and the effects of Agrobacterium concentration
and infection time on hairy root induction were explored. The results showed that MSU440 was the optimal
A. rhizogenes strain and leaves was the preferred explants for hairy root induction. The highest hairy root
induction rate reached 81.0% with the average root length of hairy roots was 3.23 c¢m. The leaves were infected
by MSU440 which grown to a bacterial density of 0.3(0D,,) for 30 min, then they were co-cultured for 48h and
transferred the selection medium supplemented with 20 mg*I.”' Kanamycin. The exogenous genes were stably
integrated in the genome of Eucalyptus hair roots which confirmed by PCR analyses and GUS staining, and the

transformation efficiency reached 20.2%. In our study, an A. rhizogenes-mediated genetic transformation system
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of Eucalyptus was preliminarily established, which laid a foundation for gene function identification and further

transgenic breeding of Eucalyptus.

Key words Fucalyptus ; Agrobacterium rhizogenes ; hairy root ; transgene ; transformation
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Table 1 A. rhizogenes strain and antibiotics
[y

Agrobacterium
strain

SR Ptk
Crown gallin type Resistance

ArA4 RATHLTY Agropine KR 2 Kanamycin
MSU440 RATHEEL Agropine  HEFE % Streptomycin
Ar1193 RATHEEL Agropine  HEF % Streptomycin
ArQual AHTHRE Agropine  BEFEZE Streptomycin

K599 # IS Cucumopine 4% & Streptomycin
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K P LG B pBII21 Bk B A R AR A AT
MSU440 f &3z 2 4l b, A 600 pl TEhid: %
B TY 5973k, 28 “CHE I, 200 r+ min” PR 7% 15 3% 2~3
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E] B 5% 2~3 d, PREUER SO E 4T PCR %558 AR 1% FH
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Table 2 Primer sequence

EIEZER BiE7ls 21! P

Primer name Primer sequence(5—3') Product length /bp
rola-F AGCGTTCGGACAGCCACCA 519
rola-R  GGCGTGGAAATGAATCGAAGAC
rolb-F GCTCTTGCAGTGCTAGATTT 423
rolb-R GAAGGTGCAAGCTACCTCTC
GUS-F ACTCAGCAAGCGCACTTACAGG 496
GUS-R TCCATACCTGTTCACCGACGAC
NPTII-F  ATTGAACAAGATGGATTGCACGCA 742
NPTII-R GAGCGGCGATACCGTAAAGCA
2 HRE5SMH
2.1 R F B AR SR AT A A R AR 49
B

ANTRS 68 A ARAAT BT R AR ) B IR AR A 15 5
RENAFAEZE S o AWEFE P 3L IS RS R BY Y

RALRITFHALSE ArA4 Ar1193 K599 . MSU440 ., Ar-
Qual (W3R 1), 437 LAt Fr F 25 B AME AR EA Tt
5o AN 17N AN ] AR AR AT P TR AR X R Btk
WEiFEFEREHEMWES, L ArAd fI
MSU440 B #R FT LLZE S K i BARAR (DL & 1
D,E), 1M K599 JU-F- %A BARMR . S2EEAHLL, 0t
R A AN AR B R 98 2R A T 1Y BRI
PG Hr R B, LA o AME AR MSU440
I ArA4 B OIR AR 5 = 8 & 40 0l 81.0%
79.1%. SRS GROR A, LAZE B SMIEIR , ArAd
VSR =, o 59.2% , Hik & MSU440, 15 T %
25.4% (DL 2A) o 38 2 Xt B ARAR AR B9 I 5 L &
MArI193 iR BRBF YK ERK, 8523
em, FLUR 2 MSU440 Fil ArA4 43 5124 3.23.3.20 cm
(WLE2B) . ZE BTSSR BRRAR K AL
B R AT, 7805 I AR I8 SR FH R AR AR AT B
MSU440 {2 YL Bk, LA R ok 2 A ), 2R 47 2t
— AR R AL

1 FARAEZRRHEESHERR
A~F 2 B %65 B Ar1 193 ArQual - ArA4 . MSU440. K599 , Z AR B KL J it H 5 G~LAM 3 9 % 1B L Ar1 193 ArQual \ ArAd . MSU440. K599, (A k1

HEE

Fig.1 Hairy roots induced by different A. rhizogenes

A-F represent control, Ar1193, ArQual, ArA4, MSU440, K599, respectively, the leaves were used as receptor material ; G-L represent control,

Ar1193,ArQual, ArA4, MSU440,K599,respectively ; the stem segments were used as receptor material

2.2 BARARFFARNIRRGENL

AT TR ) B YRR 8 A — o T RS L BB I
MRARHFF B R YRR . 45 RN E 3A~E Fis , B
W BE S T BRAR M I SRR . B
W EETE 0D, =0.1~0.9 Yi [l PN B RAR 5 55 S BH M
AR R B S L THE TR R (UL 4A) .
24 0Dy, A 0.3 B, BARMR 5 T 33k B 0E{E , K
24.6% , .35 v T H A AL B 5 TR AR BH PR 1k %
TE 0D, M 0.3 B ik 3 T g { , HBH MR h
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Fig.2 Effectsofdifferentstrainsand explantsonhairyroots
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5 B RARTE TR AL, X BIRAR P 2 A R A ¢
TS5 H 3BT & IR S 30 min B B IR AR P Ak %
WK B T UEAE , R 20.2%, 5 HAth4b FEAH HL A7 7E

HRFENESME. FI, 256 BIRRIE R A
PEEARAE TR BT, K IR YL 30 min 7] 35
BB AL S AR ROR: 1 58 R e R R e st ]
2.3 REFZFHERRFFOYW

R T I AAT A 9 AR A T A 4 B A
K, TR B30 B 70 B4 0 AT 8 2 X B R AR 15
AR PR, o T e M P G
ARG B Kl e . ARBFFE T, R R IR I
RIS N AS [) J5 R U 38 1 Cef R A7 72 45 18 O 300 7T
IR o 25 SRR A — RS N, A
[Fi] Jo £ VA 119 Cef X B8 B AR I i B fRAR 5 5 R A
EARARRE A2 F AR E(WES), FEam
T4 200 mg+ LB, B3R358 o ) R B AE — i o) ]
T AR AZ B . 275 BARMSE SR S R
FNZE T30 45 75 JE 0 A2 e ddi 19 Cef I TR K B2 A 200
mg-L7,

FECEERL [ R i 7 R T E A A
] I8 A 25 Wk B2 1) B IR AR 5 S s 3R b, U
A I KM i i o 25 FE R BT, KM Wk B I 25 52 1)
TEBRRATFHEFRAMERRRK (WE6) ., 5Xt
HEAH LL , Bl R I8 8 28 Wk B BN, B RAR A= 4 BH (5
ZHN P, H B RAR K B B AR, v B Dy 20
mg- LB, BRARAE K S pmdl . P, 20 mg- 1L
R EE R Ay 5 2 2 i PR T RAR ) Rl v B
2.4 HEARELRBGKEREERE

P ST R B OR AR S T RN B L AR R Y LAk
B TP AR FE O S R AR R i B ARAR, Ry i —
A BUE GUS S5 SR R 15 88 G B R RARFT T 5

B3 ERREMELENENEEEBRRESENZM
A~E S35 R AT B BB OD g, 4 0.1:10.310.510.7.0.9: F~J 4331 4 {2 44} E] 10.30.50.70.90 min
Fig.3 Effects of bacterial concentration and infection time on the induction rate of transgenic hairy roots

A-E represent the Agrobacterium concentration , which OD,, reaches 0.1,0.3,0.5,0.7 and 0.9 respectively ; F=] represent the infection time of 10,

600

30,50,70 and 90 min, respectively
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Fig.4 Effects of bacterial concentration and infection

time on the induction rate of transgenic hairy roots
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DNA, Ff- Rl F e 519 PCR (L3R 2) 43 51 Al
rola .rolb NPT Il #1 GUS %K . i & 7B .C 7] %1, ro-
la M rolb FEH O 23 A B F R BARMR . i — 2P
K NPT 111 GUS F RS T 26 B AMIE Y GUS FE A
CRE G2 BB EFE A b . 4 RIE R
PESGARAG T 23.2% B BRI 25, Hh 87.1% &
AT BTN FEEE R 20.2%,

3 g

HI T RARKAT B A S s AL e A 1k 22 BA (8
FIPEA R R, B ATTE Z MAa Y b IT R U
JETE R Z i RO E AL AL I R R AR B L
FAERK B AR AR AR Y L E A A
DI E . Fln Meng %ig]T{*E(Ca]‘anus cajan) H
I R AR AR AT BT 75 5 4 e DR B IR AR Ay i A
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Fig.5 Effect of cefotaxime sodium concentration on
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Fig.6 Effect of kanamycin concentration on inducing
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E7 BHMERBRHNFSITEGSEAUEEERERRHEGUSALALZLELT(AFPCRYFEE (B~C)
AL~2 g RN 5 35 O B T lRAR 5 PRI B~C vl 1,5 A B B, 2, 6 A I 1 Xt M AP A R P M4 A3 50 B TR IR AR 5 3,7 2 ddFL O (B
RO L4, 8 HPUHEM 17 T 1 B ARAR s B. 405U rola s rolb s C. 43 BRI NPT, GUS

Fig.7 Chart of Eucalyptus hairy root and GUS histochemical staining analysis (A)and molecular analysis of hairy roots

(B~C)

A.1-2 are negative controls;3=5 are positive hairy roots;In figures B and C, 1,5 are positive controls, 2,6 are negative controlsChairy roots infected

by wild-type strains) , 3,7 are ddH,0 (negative control) ,4,8 are hairy roots induced on the resistant plate ; B detects rola and rolb genes respective-

ly;C detects NPT Il and GUS genes respectively

B, R DB - 28 6 B AR 53 #7735 4iE CBLs 5 CIPKs
HHEAER o Plasencia % 78 B A% op Al & AR A HF
B A4RS 75 5 FHe A B B RAR X A T 2 AR B A
AL CCRI AT IIRE /BT ] L, R R AR
PRAFRA F AL A0 R 50 FE I T R Y % e 4
T —RoBistE.

RAARFF AT 0L e AR R ST 3217
Z R M0, A6 AR A S AR ISR W
W BEFIRE YL I [A] 5 o R AR AR T TR AR L AL 1 32 43
BBALIE , 205 H Ri Bk (1 T-DNA X 1) DNA F B
AT 0 R SE R AL, R AN ] Ri Sk
FEH ) R RARKT B HA R BARAE T1 . A5
H G IS LARE R I R 3 2 25 B AN AR IS, B TR
A K599 WPk To 5 T H B RARIE 1L, iX 5 Meng
R BLKS99 )z IS T 2 AE Y 45 RA BT A
6], AT RESE PR Z [ 22 5 . i 4h 4 F
RAT B B R S — 2 A S BARIR A RE O, H
HMSU440 75 5 IR AR 19 BE 1 5 T HoAth 3 Fh A AT
B 26 B R, LB PRAR AR ROHDH: DR S Bty 2 T R
B AR R ARKFT R AL B T B TRk . 1 3 A A
37 BB (Citrus sinensis) 19 3% 1% 75 AL AR & 3% B

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved.

MSU440 75 1Y BARMR RO S bf , HBIRAR % Ak
R K 68.3%, Gharari 55 fdf ] MSU440 Xif # %+
(Scutellaria bornmuelleri) i) =5 Bt /MR #4713 5
i R B AL ARSI R AT 3K 100% , 5 A B 5% R FH 9 B
H—2

HME AR RE B B A B T i — K
IR ATk I 28 B R SN (A b1
BE AN FAR AT 3 AR BRI 5 3 EAETE
— R WY 28 57, AER O 0l R IR T AT 2 i R
EBCHE ORI R . 5L, X
G N R AR ARAT A Tt HE (Betula lumi-
nifera) (135 1% e AL AR & v SR T, i A SR A A A
RE 5 ARG A0 I B AR b3 36.4% , 15
TR N R S ST T AR
FARMHEN SR EHEE A R b R, 25
B iy A 4Us s AR AR 2
IFOR R B AR . E R AT RE S T AR
P 2 [E] Y 2 S, WA FT AR MR AR AT TR 5 R
AT TRRT SR B SRR B AN ) 32 A o

T3 AN TR R R J3E R A G B[] A, 2 52 i 2 A 24 %
MEZEN R, ARG RRVITERE 0Dy, 4 0.3,
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2 YL At 6] K 30 min, LA K - F Ry A AR s B R AR
(175 T 38 S A R de v, 3k 55 X ST R 5 R
A AT B A SAR A (Ginkgo biloba) TR RS 75
AR, T 5L HE S AR % (Populus
alba x P.berolinensis ) i 15t 15 75 A AR 2 vt 26 IH 1%
FEAR YL 1H] 2 30 min, HALALBCRIER] T 57.0%.
2 i PR T R R A VR R A AR B (R e e [ ot i e
AT BT B JC VA K W BT AR 4 A B, DA i
SEIMERH TR A R P o SR R
VRO 32 3 R B A G o ) A R, R AR T R
FAMEAR R, B SR B AR R R B R
U W R, 5 R LIET, T B RAR
PR M AR AR

ARAT KM 11 Fds 0 10 1R SR AR ) 1A% e At 72
W SR B Y 2D BR | & AR AT i L R B R AR A
R 2. AR DLJotE & B B A DH3229 [ it
VEAMEIR 75 KM B R 20 mg- L, BARARA:
K TE AN E . 35 5 A A e g ST AR AR AT
A S B R A AR R R o 45
AT AR AT 75 2 A 6 45 R o] 0 R TR i &R
AR T 5 R /N A R 22 51 . Mullin 5524
WESE AR s T 28 B, 9 mg - L7 A KM BB il oK
REARAME R TR AR , 10 mg L7 A9 KM AEIMHIH
AR o T AR LA A i ) KM, s 4 217
KM ¢ 75~100 mg- L™ BH3 R R AR -2

4 Hig

AT VLR B AL R oM & DH3229 Ry 4ME
TRRERE, 2 BIPEAE T Z AR KT 8 PR K ML R Ak
DL K TR v BE AR R &R, O 38 GUS e {8, 43 it AN
PCR 43R IE 5532 M4 2 0] DARR AR % SE K
IR, HEEAL R RN 20.2% ., HEE SRR
AT R — 20 4 v, T DA H At R 2R i — 25 5
BB ACR R B AN 2 T 2T A W U
TNUL R AR SRR Ve B 5E . ARWEST dE T G 5
B R 8 A 5 B B R B ot & DH3229
e K3 P 42 98 B8 e J ity o RIS, o J 201
BRI T 50 3 0 7 5 DR P A A AR B R RS UE 1Y
kL,
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