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Abstract: Genetically transformed Lombardy poplar (Populus nigra var. italica) plants were regenerated from stem
segments after co-cultivation with Agrobacterium tumefaciens strain GV3101 (pMP90) that harbored one of a series of
binary vectors bearing repA and stad genes from pVSI replicon for stable maintenance of plasmid. Antibiotics, kanamycin
and hygromycin, and an herbicide bialaphos were used for the selection of transgenic cells. Successful transformation was
confirmed by the stem segments to produce shoots in the presence of the antibiotics or herbicide. The antibiotic or herbicide
resistance gene was controlled by the promoter of a gene for nopaline synthase. RT-PCR analysis also revealed the
transgenesis of the antibiotic- or herbicide-resistant shoots from Agrobacterium-treated stem segments. The rates of
"escapes" and chimeric transgenic plants in this transformation system were examined by the observation of the GFP
fluorescence of the roots. Morphology of the regenerated plants resembled that of the original parental strain.

Keywords: transformation, poplar, Populus nigra, pVS1 replicon, Agrobacterium

64-1(2013)

I XL

R FHE 1T, RAES OREDREH DI %%
RN ET L LB TEXDHHINTHD, ZOH
EMMT D LT, Hr BN D E TR KR
% B 5 KR OFREENRINATH 2 LM T
% %, Agrobacterium tumefaciens % W\ 72575 A
By, MR OB G T2 EAT 5 Z LN AHET
&b D, Agrobacterium JEFAF L, AAENYE Eir£ <
ORPFICERTE D ZLRRENTVD(), L
L7ehs b, FHMZ ARAR Y O in s G5 74
SHLOIIEE ORENRH D, EIRITHLIR 2 LR
RBFELEINTWDHDIE, Boh AR DEE S
Z. Populus JBORANY &2 8 LM (FE S
D DIV REED 24N (7),

N7 7OV EOEA T 73T X (Populus nigra
var. italica)ld, 247 /7 LAEIERSINEG ST
v 7 3y b7y F(Populus trichocarpa)(8) D it i3
OREMTET, Feix, TTICH 2 FEORENE T
ZHEELTHED(6), HEOHEBEFIZoNTIE, £0
HERERPREL Y — I EORT 24T > TV 5D (4),

Frid, a3 avI 0BT EANEE
T TIZRESLL(S), OB HIToTERLNB(T), &
|, iz FE G50 E ERASEH L, T,
TCIZd DA EICH IRl oM R 28 AT 5
HEEWLTHILEEEMIC, =T HITERX
RO LIV TS 2 FEEER
RO pSMA DA U —y X —E v, Hik
WMHEAT<Avrondg Favf vy, REAIET

Tomohiro IGASAKI (Department of Molecular and Cell Biology, Forestry and Forest Products Research Institute, Tsukuba
305-8687, Japan) « Hiroaki ICHIKAWA (National Institute of Agrobiological Sciences) - Kenji SHINOHARA (Forestry and

Forest Products Research Institute) Efficient Agrobacterium-mediated transformation of Populus nigra



T T & A% WS O I 2R AT,

11 EEHE

1. ¥ ATKSMEE T LAIZ X - TH
L7287 F (Populus nigra var. italica) 7%, TERE
%1 EMBETRKENN Smm OXEFFERL, BX
lem BEEDUI A 750 184 ERL L, s T-HR % 5
BRoopEE Uiz,

2. NAFV =Ry Z—OEHE  Jifs il E
BRUCAWTZ AT =R Z—ik, 757 AI FNEE
LHE %2 FF > pSMA FZO S F 1 —_y & —
pSMAK251, pSMAHG21(3)% UF pSMAB704(2) (¥ —
1), EEERERD -7 7 v =& —F(GUS)iHt
IBFEikaE Iy vy B(GFPEICEE A
7= pSMAK251EGFP, pSMAH62IEGFP J}i O
pSMAB704EGFP T# 5,

3. R7TOMGFHEBMZ  Bis M A TR,

BEfF O BB F RN » T~ 72, 72720, &4k
L7=HE2 B 5RO EME VIMBER ORET
PSMAK251 Je T pSMAK251EGFP % FHU T2 55513 50
mg/ | B F <= A >, pSMAH621 K O
pPSMAHG621EGFP % IV 23 &1E 10 mg/ | ~A 7'
<A ¥, pSMAB704 % UF pSMAB704EGFP % i1
FBAEIES mg/l €T 77+ A%, £z, 5
LM A R T T DL, FiEWECRER 2 S
ERVFEIREHNICE Z & TREFLE L,

4. BHXREE M2 FT T TOWRITEITS GFP
HYEI, GFP 7 1 /L # —1 v (460-490 nm D JihiT
T A NF RS0 nm OE N T 1 L4 )T SZX12 FHiK
$E(Olympus)iZ L 0 @Bl#2 L=,

5. RT-PCR #ifiz ;N7 7 OEFEED 5 RNA
ZRhE L, f~—d s T ORI RN 75
A ~—% T RT-PCR 217\, A G OIREE
O AR L7z,

1 FEREBE

1. 77 A FEEMBERICE D1 F ) —~7
¥ —REEROEN A tumefaciens DFEE GV3101
(PMPIOVRIZ 7T A X FEEMEEFF>/3(4F+
— X B RBEED /A F ) —2 2 #—pBI121
ZRFFSE, PUAEWHSIEAZR L oRi TR %
L, M2 AZ&izH 7Y w7 LT, ARG AF
MU 2EERICT 277 A RERFTLEE
HEPELZE—2), ZOFRNS, 7T7AIFR

AL & o pSMA B D /3 T U —S 7 F—

BHERDOHFET COREC A tumefaciens (2%
HENAZ EMHEBLE,

2. MBI AT T OENH pSMA RO/ F U —
~ s & — pSMAK251 , pSMAH621(3) % O
PSMAB704(2) ([-1)0s34 F 1) —< 7 2 —Z AT
FHHE 2 EERAITV, FR TN ORBYERAN i %2
THMZ AT 7 2B Tkh L, 220, B
TOIZ B REIER| DA F ) — 7 4 —0 GUS W5
F& GFP B FIiEE M iz 1) —~7 & —
pSMAK251EGFP, pSMAH621EGFP U} pSMAB704
EGFP Z RS L, BETEOJFIE(7) & [MERD 5k TRl
ARTTOFEEEL L, HHNTE2 AN E SR
PR = EF O TRR XY, TOREEEE
BLZ(®—3), T5&, HFAVVROETS
VA ATERELTHOLNIZFOMRT, 10 %FRE
BHEERLAEDICH L, A Fava 2Tk
LTHONZHFOMIL, 50 %Ll ERFEATEE2TRL
fo(F— 1) £/, BB ZEF 7 %, RI-PCR
FEATICHE LT & 2 A, GFP O 8 2E L RIFRED
HRIGBN, SEOFERL, ~A Fuava v
BETHE, BONDHEOAKITL RV, 20iF
EAEBMBAETHY, FORAMRERM TO®RIE
BERmnI EERL TV,

IV Bbhiz

SEIOFE RN, 77 A P EEEZ -
PSMA RO /SA F U —<7 & —|%, FiAEDHS DR
WHEAOEFETIZBNTH A T =Ry F—%
M LI < <, Agrobacterium % e X437 L & Dt
RN R E Lot ofz o m
LA THDEEZ LGNS, T, WEITRENIF
DR EROFBED 2 BPETIT > TWDAR, AT
ovof ok RHWZESE, FO 1B THLEVEE
FTHIAZERPEETEL, ZhbOFBRESK
THE, BT TOMEBEZ KOEHZRER LS
ZER, MBI ECHEICHOBEFEEAT S
LWAETH D LI TE 5,

Ve
AW E I L T F X o b B FAERICES K
E LY Al D i

VI ZE R
(1) GELVIN, S.B. (2003) Agrobacterium-mediated plant

transformation: the biology behind the “gene-jockeying”



tool. Microbiol Mol Biol Rev 67: 16-37

(2) IGASAKI, T., ISHIDA, Y., MOHRI, T., ICHIKAWA,
H., SHINOHARA, K. (2002) Transformation of Populus
alba and direct selection of transformants with the
herbicide bialaphos. Bulletin of FFPRI 1: 235-240

(3) IGASAKI, T., MOHRI, T., ICHIKAWA, H.,
SHINOHARA, K. (2000) Agrobacterium tumefaciens-
mediated transformation of Robinia pseudoacacia. Plant
Cell Rep 19: 448-453

(4) IGASAKI, T., WATANABE, Y., NISHIGUCHI, M.,
KOTODA, N. (2008) The FLOWERING LOCUS
TITERMINAL FLOWER [ family in Lombardy poplar.
Plant Cell Physiol 49: 291-300

(5) MOHRI, T., YAMAMOTO, N., SHINOHARA, K.
(1996) Agrobacterium-mediated  transformation of
Lombardy poplar (Populus nigra L. var. italica Koehne)
using stem segments. J For Res 1: 13-16

(6) NANJO, T.,SAKURAL T, TOTOKI, Y., TOYODA,
A., NISHIGUCHI, M., KADO, T. et al (2007)
Functional annotation of 19,841 Populus nigra
full-length enriched ¢cDNA clones. BMC Genomics 8:
448

(7) NISHIGUCHI, M., YOSHIDA, K., MOHRI, T,
IGASAKI, T., SHINOHARA, K. (2006) An improved
transformation system for Lombardy poplar (Populus
nigra var. italica). J For Res 11: 175-180

(8) TUSKAN, G.A., DIFAZIO, S., JANSSON, S.,
BOHLMANN, J., GRIGORIVE, 1., HELLSTEN, U., et
al. (2006) The genome of black cottonwood, Populus
trichocarpa (Torr. & Gray). Science 313: 1596-1604

P SCARMATZE  64-1(2013)

EF7S74A Camv3ss B LIO=H—F
PSMAB704 18 EitEET JOoE—4 (GUS)B{EF, RB

NFOTALy CaMv3ss B LIO=S—4
PSMAH621 s EiElEF,  TOE—4 (GUSHRAET, RB

b g CaMVv3ss B LHO=4—4
PSMAK251 8 WiEHET FaE—4 (Gus) R RB

ARRGFIIALY
AERET

TSRIFRELHS

M—1. MBRIFTZOEHICAWZASLFY
—7 Z—DOREDHRE

Fig. 1  Schematic representation of the binary
vectors for the transformation of poplar
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Fig. 2 Comparison of the binary vector retention of
Agrobacterium
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pSMA vector with a plasmid maintenance region and
usual binary vector pBIl121 were cultivated on
conditions without a selection.
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Fig. 3 Fluorescent microscopy of the GFP-expressed roots of transgenic (A-C) and nontransgenic (D)
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Table 1  Frequency of the transformation of poplar with each binary vector

<y F— 8 B R WA ] itz %
(a) (b) (c) (c/a)
pSMAK251EGFP irls s L 246 342 30 0.12
pSMAH621EGFP A T a<wAw 241 43 25 0. 10
pSMABT04EGFP Er T & 247 199 12 0. 05
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