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Agrobacterium-Mediated Transformation of  Lombardy

L. vall  itatica Koehne) Using Stem Segments
Poplar (Poputus nigizi

rlhkeshi

 Mohri,i Naoki Yamamoto,2 and  Kenji Shinohara

Forestry and  Forest Preducts Research lnstitute, Inashiki, Ibaraki 305, Japan.

Genetically transformed ]onibardy poplar (Populus nigra  L. var, italica Koehne) plants were  rcgenerated  by co-cultivation  
ef

stem  segrnents  with  Agrobacterium tumefticiens strain  LBA4404  that harbored a binary vector  (pBI121) which  includcd genes
for [l-glucuronidase (GUS) and  ncomycin  phosphotransferase, Successi'ul transformatien was  confirmcd  by the ability of slem

segments  te preduce ca]li in the presence of  kanamycin, histechemical and  fiuerometric assays  of  GUS  activity  in plant tissues,
and  Southern blot analysis.
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  Genetic engineering  has the potential to allow  the selec-

tivc impTovement of  a single  trait in forest trecs without  the

loss of any  ef the desired traits of the parental line, Using

such  techniqucs,  we  can  overcomc  thc difficulties associated

with  the breeding of  }ong-lived perennials. Poplar has been
successfully  cxploited  as a model  plant in attempts  to intro-

duce foreign genes into woody  plants as a conscquence  of

its rapid  grewth, the small  size  of  its genome and  ease  of  tis-

sue  culturc. Transformcd poplar plants have been regener-

ated  both by Agrobacteriam tumelliciens-mediated transfor-

mation  (Fillatti et aL, 1987; De Block, 1990; Klopfenstcin
et  al,, 1991; Confalonieri et  al,, 1994) and  by electric dis-

charge  particle delivery (McCown et al., 1991),

  The lombardy poplar (Populus nigra  L, var. itatica

Koehne) is one  of  the most  common  species  in Populus and

it has been  pLanted worldwide  for landscaping and  wind-

breaks, However, no  studies  ofA.  tumefLiciens-mediated

transformation of  lombardy poplar have  been documented.

In this study,  we  established  a simple  and  Tcliable procedure
for the Tegeneration  of  transgenic poplar plants. Stem seg-

ments  were  thc most  effective  recipients  forA, tumojinciens-

mediated  transformation of  lombardy poplar,

Materials and  Methods
1 Plantmaterial

  Shoot cultures  derived from peeled twigs of mature  lom-

bardy poplar (Mohri and  Miuru 1992; Azurna et aL, 1993)

were  maintained  on  a medium  that contained  Murashige and

Skoog:s basal salts (Murashige and  Skoog, 1962), Gam-

borg]s Bi, vitamins  (Gamborg et  at.,  1968) and  3%  (wfv)
sucrose  (MSB5S medium)  supplemented  with  0,8% (wlv)
agar  and  O,5 mg/l  3-indolebutyric acid  (IBA). Shoot cul-
tures were  incubated at 250C under  cool  white  fluorescent

light (80 uE･m'!  s-L, 16 h photoperiod) and  subcultured

every  two months.
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2 Bacterial strain

  The disarmedA. tumefLiciens  strain LBA4404  (Hoekema
et at,, 1983) harboring a binary vector  (pBI121, Clontech

Laboratories, Inc., Palo Alto. CA)  with  genes for P-glu-
curonidase  (GUS) and  neornycin  phosphotransferase was

used  in the transformation experiments,  A. tumojbciens  was

grown overnight  at 280C in liquid Luria-Bertani medium

(Sambrook et al., 1989) in the presence of  25 mg!l

kanamycin  and  300 mgft  streptomycin.  The  overnight  cul-

ture was  diluted with  liquid MSB5S  medium  to 5× 10S

ccllsfml  fOr transformation of poplar tissue.

3 Transformation

  Leaf, stem,  petiole and  root  segments  from poplar shoot
cultures  were  incubated for 30 min  in the diluted culture  ef

A, tuniofbuciens (Horsch et  al., 1985), Tissues were  then

blotted with  sterile filter paper and  incubated for two  days
on  MSB5S  medium  (pH 5.8) supplemented  with  O.3% (wfv)
Gelrite (Scott Laboratories, Inc., Carson, CA) and  200 mM

acetosyringene  (Aldrich Chem. Co,, Milw., WI). Each seg-
ment  was  washed  three times with  liquid MSB5S  medium

and  then once  with  liquid MSB5S  medium  plus SOO mg!l

cefotaxime  (Sigma, SL Louis, MO). The tissues were  blot-
ted with  sterile filter paper and  planted on  selective  callus-

induction medium  [MSB5S mediurn  containing  150 mg/l

kanamycin, 500 mgft  cefotaxime,  500 mgfl  carbenieillin, O.5

mglt  2,4-dichlorophenoxyacetic acid  and  O,25% (wfv) Gel-
ritc],  After calli have been allowed  to develop for four

weeks,  they were  excised  from tissue segments  and  trans-

ferred to selective  shoot-regeneration  medium  [MSB5S
medium  supplemcnLed  with  150 mg/t  kanamycin, 500 mgfl

carbenicilLin, 2 mgil  trans-zeatin, O,2 mg/l  6-benzyladenine

and  O,3% (w/v) Gelrite]. Rooting  of  shoots  was  achieved  in

selective  rooting  medium  [MSB5S rnedium  that contained

150 mg!l  kanamycin, 500 mg!l  carbenicillin, O.5 mgfl  IBA,

O.02 mglla-naphthaleneacetic  acid  and  O.8% (wfv) agar],

4 Histochemical and  fluorometric assays  of  GUS  activity

  Histochemical and  fluorometric assays  of  GUS  activity  in

transfoTmed poplar were  performed as described by Jeffer-

son  et at.  (1987), For the histochemical assay,  leaves of
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transformed popiar were  incubated overnight  at 370C in a
solution  of  O.1 mg/ml  )'-bromo-4-chloro-3-indoly]  glu-
curonide  (x-gluc) and  50 mM  sodium  phosphate bufi:er (pH
7,O). The distribution of  GUS  activity was  examined  after

the cxtraction  ot chlorophyll  with  cthanol,  For the fiuoro-
metric  assay,  lcaf discs of  transformecl poplar plantg wcre

homogenized in a microtube  with  a motor-driven,  hand-
made  glass rod  in the presence ofa  small  quantity of  sea

sand  (Yamamoto et  al,, 1994). After centrifugation,  aliquots

of  the supernatant  were  used  for the assay  with  4 mM  4-
methyl  umbeliferyl-6-D-glucuronidc  (MUG) as the sub-

strate, The concentration  of  protein was  determined by the
methed  of  Bradford (1976) with  v-globulin as the standard.

5 Iso]ation and  ana]ysis  ofDNA

  Genomic DNA  was  extracted  from transformed popEar
plants as described by Murray and  Thompson  (1980). DNA

was  digested with  Eco RI and  Bam  HI and  subjected  to

electrophoTesis  in a O.89S (wlv) agarose  gel, DNA  frag-
ments  were  transferred to a Biodyne B nyLon  membrane

(Pall, East Hills, NY)  by the alkaline  transfer  method  (Reed
and  Mann, 1985). The membrane  was  prehybridized at
420C overnjght  in 50 mM  Tris-HCI (pH 7.S), 6x SSC, 50%
(vlv) formamide, 1%  (wlv) SDS, 1O% (w/v) dextran sulfate

and  100 mglml  denaturcd salmon  tcstis DNA,  The iabeled
DNA  probe was  added  diTectly to the membrane  in the pre-
hybridization mixture,  After hybridization at 420C for 16 h,
thc membrane  was  washed  twice for 15 min  with  2x SSC
and  O.1%･ (w/v) SDS  at Toom  temperature and  then three
tirnes at  600C for 15 min  each  with  O.lx SSC  and  O.1%

(wlv) SDS, Then  it was  exposed  to x-ray  film (Kodak
XOMiofI'-AR5) at  

L80eC
 for 24 h. The Eco RI-Bam HI

fragmeiit (the GUS  gene t'used to the nos  terminator) of

pBII21 was  used  as the DNA  probe after labeling with  [a-
i2P]-dCTP

 (110 TBqfmniol, Amershum, Buckinghamshire,

England) in the Mu"iprime DNA  labeling system  from
Amersham.

Results and  Discussion
1 A suitabie  tissue for transformation eflombardy  pop-
  lar

  VkiTious tissucs of  lombardy poplar were  examined  for
their suitability  ferA. tumqfaciens-mediated transformation

(1lable 1), Stems were  the bcst tissue for such  transforma-

tion, Leaf, pctiole and  root segments  produced few or no

cal]i  on  the selectien  medium.  Kanamycin-resistant calli

derived from stcm  segments  were  obtaincd  on  the selection

medium  within  two  weeks  ufter  transformation. The pres-
ence  of  acetosyringonc  and  the pH  of  the transformation
medium  had no  effects on  the eraciency  of  the tranforma-

tion of  lombardy poplar (data not  shown).  By contrast,  the
cfficiency  ofA,  tumefticiens-mediated transformation ef

Paulownia fortunei has been shown  to be increased remark-
ably  by the presence of  acetosyringone  and  to depend on  the

pH  (4,5 to 5.0) of the transformation medium  (Mohri, T.,
unpublished  results).  These results are  consistent  with  pre-
vious  findings by Godwin et aL  (1991), who  reportcd  that

the effects of acetosyringone  and  pH  on  A. tumqfbciens-
mediated  transt'ormatien of herbaceous plants vary  among

plant species.

Table 1 Selection of suitable  tissuc for effective  transt'oTmation

of  lombardy poplar,
'1'issue  Number  of  Number  of

tissue segmcnts  kunamycin-resistant culli

IrcafStemPetioleReet700655100

 40

  e1048

  2
  o

(o):(1.6)(O.02)(o)

i

 Values in parentheses indicate average  nL]mbcrs  of  calli induccd
per tlssue segment.

Fig, 1Regeneration  of  plantlcts, (A), the contrel  peplar used  in this study;  (B), a transformed poplar plantict, Baf=]  cm.
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 poplarplants.
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Fig, 3 Detection of  an  integralcd GUS  gene(s) [n the genome of

transformcd  ]ombardy popiaT. A  2-kb  I)NA  fragment of  pBI121,
which  was  used  as  the DNA  probe (3 pg, Lane 1), and  DNA  from a

contro]  peplav (2 Fg; Lane  2) and  from a  trunsformed poplar (2 ug;
Lane 3), after  digestion with  Eco RI and  Bain HI, weTe  sub]ected  to

eiectrophoresis  in a O.8% (w/v) agarose  gel and  tru"sferred to a nylon

membrane.  The GUS  gene fused to lhe  nos  terminator from pBI121
was  used  as  thc DNA  probe in Southern  blot analysis

2 Regeneration oftransgenic  lombardy pop]ar
  Wb  have established  a systcrn  for regeneration  of  plantlets
from Ieaf protoplasts of  lombardy poplar CMohri and  Miura,

1992), Using this system,  we  were  able  to regenerate  the

transgenic poplar from the kanamycin-resistant calli (Fig.
IB). Thc shoots  and  roots  were  illduccd in individual selec-

tion media  within  four and  two  weeks,  respectively.  The
frequency of  regenerution  of shoots  and  roots  were  approxi-

rr)ateiy 100 and  609b, respectively,  in the presence of

kanamycin, The morphological  features of  the transformed

poplar plants did not  differ from  these of  nontransformants.

The leaves of the transformants were  strongly  stained  after

histochemical staining  for GUS  activity (Fig. 2B), suggest-

ing that an  integrated GUS  gene was  expressed  at high lev-

els under  control  of  the caulifiower  mosaic  virus  35S pro-
moter.  Our success  in transformation was  confirmed  by flu-

orometric  GUS  assays  alld Southern blot analysis,
3 Detection of  the GUS  gene in the genome  of  lombardy

  poplar
  The  expression  of  the GUS  gene in transformants  was

analyzed  by a fluoromctric assay  fbr GUS  activity (Table 2).

Three transformants derivcd from different callus 1lnes were
randomly  selected.  The level of  GUS  activity in transfor-

mants  was  30- to 200-fotd higher than that in controls. The
control  leaves had very  low background activity,  These

transformants retained  the high GUS  activity after the sub-

cultures  were  repeated  five times (data not  shown).  Further-
more,  Southern blot analysis  showed  directly that the GUS

gene has been introduced into the poplar genome by A.

tumojlaciens-mediated  transformation (Fig, 3), Since the

size  of  the genome of  lombardy poplar is unknown,  we

could  not  determine the exact  number  of  copies  of  the

inserted GUS  gene, A  stoichiometry  of  one  copy  per trans-
formant was  estimated  using  the 2.1-kb DNA  fragment of

the GUS-nos terminator as the standard,  and  assuming  a

haploid genome  size of  O,7 pg. No  variation  in the copy
number  of the GUS  gene was  observed  among  three trans-

formants (data not  shown),  Thc variations  in GUS  activity

of  the transformants were  probably caused  by the presum-
ably  random  integration of  [ILDNA into thc poplar genome
and  probably reflected  the influence of  the surrounding

genome on  the expression  of  the GUS  gene.
  Tb our  knowledge, this is the first report  of  A. tumojLi-

ciens-mediated  transEormation of  lombardy poplar. We

found that stem  segments  were  the most  suitable  tissue fOr

transfbrmation, This result seems  to be somewhat  inconsis-

tent with  previous reports  of the use  of  leaf discs for A,

tumojbciens-mediated  transformation of  the other  poplars
(Fil}atti et aL,  1987; De Block 199e; Klopfenstein et  aL,

1991; Confalonieri et al., 1994). In fact, leaves of  lombardy

poplar produced no  calli in the presence of  kanamycin

(Table 1), The best tissue for transformtttion obviously
varies  among  species  of woody  plants. The present efficient

and  reproducible  transformation system  will  allow  the selec-

tive improvement of single traits in the poplar by introduc-

tion of  cconomically  relevant  gcnes that regulate  morphol-

ogical  traits and  resistance  to insects and  diseasc.
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