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Transformation of Populus alba x Populus glandulosa Using
Phosphinothricin Acetyltransferase Gene
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ABSTRACT This study was conducted to produce herbicide resistant plants by transferring phosphinothricin
acetyltransferase (PAT) gene into Populus alba x Populus glandulosa No. 3 using Agrobacterium tumefaciens MP
90/PAT. Leaf segments from in vitro grown shoots of hybrid poplar No. 3 were soaked in a AB medium containing
Agrobacterium tumefaciens MP 90/PAT for 10 min and cocultivated for 2 days on MS medium containing 1.0 mg/L
2,4-D and 0.2 mg/L kinetin (CIM). Putative transformed calli could be selected after cocultivation of leaf segments
on CIM supplemented with 50 mg/L kanamycin and 500 mg/L cefotaxime for 3 weeks. The selected calli were
cultured on CIM supplemented with 50 mg/L kanamycin and 500 mg/L cefotaxime for 5~8 weeks before transfer
to WPM containing 1.0 mg/L zeatin, 0.1 mg/L BAP, 50 mg/L kanamycin and 500 mg/L cefotaxime for shoot
regeneration. Shoots were regenerated from the callus after 4 week cultivation, and the regenerants were grown on
the same medium for 7~10 weeks. The plants rooted on 1/2 WPM containing 0.2 mg/L IBA and 50 mg/L
kanamycin. To confirm the gene insertion into plants, GUS activity was detected by histochemical assay in the
transformed plants. Finally, the presence of both NPT Il and PAT genes from the transgenic plants were confirned
by PCR amplification with the gene specific primers and subsequent PCR-Southern blot with DIG-labeled PAT gene
probe. After acclimatization in pots for 4 weeks, the plants were sprayed by 3 mL/L of Basta to test resistance to the
herbicide. The transgenic plants remained green, whereas all the control plants died after one week.
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AE |43t FANZFE B8 AFFY FES 7dge
Zolt} (Yang et al. 1995).

ZZeFE wE AT ¢ =2 4EY (Biomass) 2.2 Q3]
A AL A E HEAQ A o]AEQl 50| Hol g2
, =3 A E3 5ol Fo FEAESY AETT A7
g $Fo] Hol gkttt (Chun 1994). o]v] A=A M3 &
Z}- EPSP. bar (De Block 1990), &4 S-H=A} pin-2, Bt
So| 3= TZYE EYHo] B9 vt ¢t} (Klopfenstein
et al. 1991; Howe et al. 1994).

A el A 2] ZA] Basta?] FAHE-¢l phosphinothricing
glutamate FAFEZZ glutamine synthetase (GS)2] HA|A)]
2 o984 Yot (Kondo et al. 1973). o] §4= ¢tF1]o}e]
oI A gAlA Fo3 9ES &y o] &4 3
Lo] AAHH A ATol NH, 7} EH5o] 23 48 A
X7} A €t} (Tachibana et al. 1986). & A olx ARR-3H
phosphinothricin acetyltransferase (PAT) &4 phos-
phinothricinE acetylation A|Z 2.2 GSol] 248 E3}A
stk mEbA, Al2A A3 2ES §438lelE PAT 43
o] F247 FAAHE At FYHA few F2 bar
Azl2ty WHE Srreptomyces hygroscopicuso A F23E
FHAE AHESt itk (De Block 1990). H 5]
Hoechst At X 71E8) bar F37F9] GC $3F (68.6%,
White et al. 1990)& R&o] AjZ¢ <1 PAT (GC 33
49%: NCBI Accession NO-A02774) §-AAE $ASATH

2 AES ddTdAN KFH A (P alba X P.
glandulosa) 338 AEZ A ZA| < Bastad] AL 712
HAABAS FE32A PAT 5-ARE Agrobacterium
tumefaciensE ©1-&3ste] 9, Hd KE I, gt
BN MzAE AH Axste FJAHETA Y A3 /57

g stz stk

o

0 g B oo

71l A Z2]E2] |AM] (P. alba X P. glandulosa) 3%.
E FA A2 Asd. 94271 BAP 0.2 mg/L7t 3
718 MS (Murashige and Skoog 1962) 8] x|l A §5=3}93 2,
Thx MS 7] 2ufz]el] Ao} BE-S oA 3t 4~8 F7+ A%
A7) F ASZ AHEST: olaF BE A8 L 25420,
&5 oF 70%2 S AT, 40 umol m” s o] WAl HFSo
219 16417 295k Mol AAsc

KanamycinO] SIAMA| ZEHO| 0JX|= H&

AHA FE A (CIM; callus induction medium)ell

kanamycin-g 0, 1, 10, 30, 50, 70, 100 mg/L2 oAzAg 3}

HT, GHRES 1~2cm’Z o] 20 BHE O 2 X 4siAr). H)

& 4 F % kanamycin & wE FAHY AE AYx
q

[e]
A FFE DAkl gAdgE A AEe A A

A ZA A FA2= 59 Hoechst AbellA] Q13 3Hd
phosphinothricin acetyltransferase -+ & (NCBI
Accession NO-A02774) NPT::GUS A4t GAz}e} A 2
5 35S8-35S- AMV promoter$} Tnosoll & =o] A& &3
2§ binary vector2 AEZFH Aol syt AE F4
3} 24 Dr. Keller 288 Hopdtoit) PAT W A4 ¢4
28 #&F38 binary vectore disarmed Ti-plasmid
(Hoekema et al. 1986)F 7143 A+ Agrobacterium
tumefaciens MP/900)] Eo] o #FE ujckslz] 93ty
kanamycin 50 mg/L.8} gentamycin 50 mg/Lo] 7ts AB
24 HfA] (An 1987; Al ®jX], Table Dol Sdo|E3}Ach
HEL 757 A7 F7kd AB A wjA] (A2 BiA,
Table 1)ol] 24 A|7F F<QF 28CoA 150 rpm o2 2 & ouf ok
gt vk 752 50 mL 9428 §Ed 25 mLA 1}
JHE 7o 239 0.85% NaCl £94&
20 mL A7kl Weke F 247 F AN ksl

of

o

FAA (0.6~0.8 cmz)I'qL Agrobacterium 55 10~15 &
TS I wikst & HarE oA A = blotting
S sk oL Ay fE TZ A (CIM-Co; callus
induction medium-cocultivation)d| 4] 4ZACE 2 =¢t
et &, E3H 0.85% NaCl 402 HARE AlH s},
thA] blottingdt S WA A Hjx] (CIM-Km; callus
induction medium-kanamycin)9} Z7] f- A2 ulx|
(SIM-Km; shoot induction medium-kanamycin)2 %4 %
Z7islell A wfkatith A viR)o A FEH ABAE AR
3} A9 ¥jx] (REG-Km; regeneration medium-kanamycin)
2 A F44% AEAY ARTE FEIHL 685 &
AEste &7 22 A% wlA (R-Km; rooting-
kanamycin)oll Astich. dE FAASAE 4 F U4
T3 & ZERE 433

GUS it AH

GUS &4 w32 |49 (1M NaPO, buffer, pH 7.0, 62.5
pL: 0.25 M EDTA, pH 7.0, 25 uL: 0.005 M K-Ferricyanide,
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Table 1. Various media used for transformation of P. alba X P. glundulosa No. 3 in the present experiments.

Culture steps Media Medium components Culture periods Culture vessels
Plant material culture P MS medium with 0.8% Gum-agar 28~42 days 5x 11 cm vial
AB medium with 50 mg/L
Agrobacterium culture Al kanamycin and 50 mg/L 7~10 days 87 X 15 mm petri dish
gentamycin, 0.8% Gum-agar
A2 A1l liquid medium 1~2 days 100 mL flask
MS medium with 1.0 mg/L
Callus induction CIM 2,4-D, 0.2 mg/L kinetin, 7~10 days 87 X 15 mm petri dish
0.8% Gum-agar
WPM (Lloyd and McCown 198 l)
Adventitious bud induction ~ SIM with 1.0 mg/L 21~30 days 87 X 15 mm petri dish
zeatin, 0.8% Gum-agar
CIM-Co  CIM or SIM with -
-cultivati 2d 7x15 tri dish
Co-cultivation SIM-Co  acetosyringone 100 uM ays 8 mm petri dis
. CIM-Km CIM or SIM with 50 mg/L kanamycin, 45~60 days .
Selection SIM-Km 500 mg/L cefotaxime 1 week culture interval 87> 15 mm petri dish
WPM with 1.0 mg/L zeatin, 55~70 days 87 X 15 mm petri dish,
. 0.1 mg/L BAP, 1~2 weeks
Regeneration REG-Km 50 mg/L kanamycin, culture interval 5x 11 cm vial
500 mg/L cefotaxime
172 WPM with
Rooting R-Km 0.2 mg/L IBA, 7~14 days 5x 11 cm vial

50 mg/L kanamycin

62.5 uL: 0.005 M K-Ferrocyanide, 62.5 uL: 0.02 M X-Gluc,
62.5 pL: Distilled water 350 uL)& ©]&3} Jefferson 5
(1987)9] wWhHE W3l HAISHATh

ogr

TS| SAZ

B442) YAABA) PAT 3718 £4f ARE Gela)
7] 98} PCR (Perkin Elmer Cetus, Fotodyne Incorporated)
S X839tk DNAE Edwards 5 (1991)¢) wiglo 2

dtlem, PCR g Z7A& 96ColA 2% 7 pre-
denaturationdl 3, 96°Col A 30%, 60°CollA 30%, 72°ColA
202 3lod 36 cycleS WHSA)Zl ©hE- 727ColA 1587
post-extension A} Z th. Primer+= NPTII #Z2} (500bp)2] &
Z2 Y&t 5 -GTGGAGAGGCTATTCGGCTA-3 & 5 -
CCACCA-TGATATTCGGCAAG-3' & AMESI9 T, PAT
S22} (356bp)e] ZES 9= 5 -AGGACA-GAGCC-
ACAAACACC-3 & 5 -ATGCTTGTATCCAGCTGCG-3
& AT,

$H4E DNA Wit 1.2% agarose geld|A] 7|4 586k]
ANE FUsHck PCR HEY A7lgsd A&
membrane (Turboblotter, Schleicher and Schuell)ol] blotA]
7], DIG labeling (DIG-DNA labeling and detection kit,
A& 3ol

nylon

Boehringer Mannheim)® PAT probe&

hybridizationg 53} ch
HZ=H| X2
£31¥ P QA3 o Basta NA| [(F)7

A *a]xﬂi ARS8 =%¢l 3mL/LE Zxﬂ slo) A
A 79 2 10Y Fo AxA g8l AFE ZAIAG

KanamycinO| S4AMA| FEEHS| HWatof O|Xl= H&k

AAAA A FAE A kanamycino]] T3 A% FE
10 mg/L7tR)| = B 27t Ao AU, 30 mg/L5
He A8 A P4go] gl o] 242 FAHS Aelx
AdbE 9)%k kanamycin 3] HAFEE 30 mg/LWH SE3}
O AAEJL, Bep P FAHEA Y Ads ¢
kanamycin 50 mg/L TEZ Ad =2 A3t

Tsai = (1994)2 Populus tremuloides®] EZA M3 A 7
222 A Ao A= kanamycin 40 mg/LS, £7] 5 ¥
22 T o A& kanamycin 100 mg/LS AR v} 9ok

v e

i</
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Table 2. Effect of kanamycin on the inhibition of callus formation
using leaf segments.

Kanamycin Conc. No. of Callus formation
(mg/L) segments cultured (%)
0 20 100
10 20 100
30 20 0
50 20 0
70 20 0
100 20 0
HENE WA FEOf B4

Agrobacterium3} FZ wjokst & 50
Aeld A w2l wf ¥
kanamycinol} thsl] A3} A
7t gR8Hc7RE Ay EI94 SLHAT (Flgure lA).
Beise FU 4 BodA F2 FAYHUAT, I A
27} AN Ao wEA AT Ay A pEy
A JHE PAENY IR oA FFHE FLolA
E FAAEReH, Ayl mEMe A4 S ek §
AEA BHAE WF T F Fole FAEHASY Bejrrt
FAHA B2 HRASS FElsEAY HatEy AR
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Zo| A Agrobacterium?®] o8& v
1S HEARE 2YA7le Fe A
AZeol A WA Agrobacterium?]
23 75e A £28 BRE ANAT AL, Agro-
bacterium FHAN L] chvA, chvB, pscA X|¥e & Ti-
plasmid We] WA Tt A& MEL AFA F9olA A
A fE SIEY 43S ZE o T-DNA7L 43 Al
FUE HoleE 717 Fo] Agsl BRI 3, ol Ed
Z AAAA YAAHEEE =Y F A HATE James et al.
1993).

ANE Az 3% 22 £ acetosyringone (AS)2
Agrobacterium Ti-plasmidW] 2] vir (virulence) -2} 3
g Bo)3 o2 @43 A T-DNAY o]g3} T-DNA7E A&

A As o2 Holshsd 28 98E gt} (Lipp Joao
and Brown 1993). 2 A &o)A] acetosyringone 100 uyME
Agste] FAMGHAS o 27t FEAHS 58] 2
Al FoMAlE ALE et v 8 F F A2 2
2 acetosyringone M2 80% o)Akl WHH, TR T A=
40% vl oAtk (A3 mlAAD. oeh FAMS HIAE,
Nishibayashi £ (1996)2 £0]9] &S o83 FAHE

o|A] acetosyringone-& H718t 7A-$ FAATE Ao Wl
TE =8 F Ad%od, F4HS {75 GUS activityZ &
Q& Uk o] AFELS AS A7t FAAH 58

N

CIM-Km vj=z]ol| A 4~6 F= 7+ Hajs
Fe WiAR AR Al
2 ZhAstE Y TARE SO 1?—1‘/} HyE Aeie
REG-Km R 2 2717 20¢ 3HE HAolr} %E
W 4 F Fole Rt BF 2712 4359
£7] AL ALSAT (Figure 1B). MiF 6 F Foll& 79
BE AoN E717) fREH B E718 AskA, 9F
A2 XE 33 7 FAIE FAHAT FHE &7
(10-20 mm Zoh+= %313}04 TYe A wiHE Adhsi
o+ R-Km wjA|of A 1 5 % 7}
90% o]’ FLHAT (Figure 1C).
ZLEWr, %6] ?—l—r él%iﬂ & fEFo| AWsHY, Bd%
o] FojRIR] &gttt Agrobacterzum—a— o83 YHE (Kimet
al. 1995)3} A}F T (James et al. 1989)¢] A A S| A%
oj¢t lzgt dido]l HFEU=, FHEANME IF "‘Séé_‘%i
gAe 2w BZ A wTdUA o AAL
kanamycinol] ¢]g 2a] A7} o Az FAHF oM,
AR FAASA ] B2 fEol A kanamycin A7t
WAL oA SUL BTG v otk Te ALY A
3k AEA7E B AR B2eo] Witthe 2%
o} ngAAsA S} FAHATA 7] BASE B2 eS By A)

rﬁL

f \

=21
F3lg 22489 kanamycin 224 B JAE d2A
g oRet gHol §1S FE Ay & wh FAASA A

AHNA B2 27 FAARNNE NYs= AL B35

e AS AAEIEGS 23y, Tsal 5 (1994)2 P. tremu-
loides®] FAAZ A B2 GAY o 7% kanamycing]
Ml FHAHEA Ao g olgtete] FFol whEt g
Aol7h 9482 AASKAT

IRINEH| SAIZK

GUS &4 w32 #Xo] w2y §-olste] {-dxle] L&
Ao} A2 g 44 FAE 5 Ao JH A =Y 2
AL 9t Auk OAZ o]8E 4 v} (Jefferson et al.
1987). ¥ A3l REG-Km Hix|o|A} 1097+ w3 A3

22 GUS GAR171 25, FA wh3-2 yepfo] o] fax7t
BRHeE Axdel HYEISE HAFAT (Figure 24,

B). 9, REG-Km #jol4] 6 % wioks F248 2719
10~12 & wjjckd A=dt JAA3A Y FGZF e GUS 24
Az} ok w2 W] GUS §AAE EAAE 24E AL
VA HoZ g1E 4 ATt (Figure 2C, D). Tsai & (1994)
% histochemical assayE ©]-&-3le] AAAINA P. tremu-
loides®] ¥, &7), %8l 249 GUS ¥h3-2&2 =99 F4%
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Figure 1. Transformation and regeneration of hybrid poplar, P. alba
X P. glandulosa No. 3 by Agrobacterium tumefaciens MPOO/PAT.
(A) Transgenic callus (arrow) with PAT gene induced from leaf
tissue on the selective medium containing 50 mg/L. kanamycin after
3 weeks culture; (B) Regenerated shoot from the putative
transformed callus cultured on REG-KM for 4 weeks; (C)
Transgenic plants of P. alba X P. glandulosa No. 3 with root
system.

o] B S 7 FH o7 FE £ USS RIHTh
PAATE AAAZHE NPTI 12k} PAT 54

A FA 55 PCR 7|HoE ol A7, FAHIA
A= NPTII (500 bp) 2 &}F9} PAT (356 bp) F4zHe &1

f:;} F Aoy AAAEANME AE] NPTH 820
T 427 YehgA] &3tth (Figure 3A).
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Figure 2. Histochemical assay for GUS activity of transgenic hybrid
poplar, P. alba X P. glandulosa No. 3. (A) Transgenic callus
showing positive GUS activity derived from leaf explant; (B) Whole
transgenic callus grown on selective medium; (C) Regenerated
shoot from transgenic callus, D; GUS positive leaf.

MC1234C1234M

PAT

356 bp e

PAT

C

Figure 3. Analysis of NPT II and PAT genes by PCR (A), PCR
Southern blot (B) and bioassay with 3 mL/L basta (C). (A) Agarose
gel electrophoresis of PCR amplification product of control (lane C),
untransgenic plants (lane 1, 2) and transgenic plants (lane 3, 4); (B)
Southern blot analysis of PCR products from control (C) and
transgenic plants (lane 1, 2). The amplified DNAs were hybridized
with PAT probe; (C) Test of transgenic plants by spraying Basta
from control (right) and transgenic plants (T).
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02 Ho|Al7]Z DIGE AFR-3le] labeling® PAT F-3=}¢)
probe 2} membrane-& hybridizationd}ed Southern blot ¥4
& AN A FY AAA bandE AT £ AT
(Figure 3B). W2}, RABA AAAS Al 2SR PAT
FHATL HYHOR EYslol UeS FAB

speoE @AAle] E50E PAT S8 A4 0
#Hol AlzAd W& JehleAe oF+= Basta 97|
(788 3 mlL/L & dxste] XAl 4% &
Fa] g2 AER AT AxA &7 el Yol
A7 ARH7) ARYT. 5Y Fole 2T ABASE o
7 oS /}stHZLT’_ 7d Zo= sl YR 9AHE] AA T
AU, 102 Folle £71909] BE £Ho) AA AU
o (Figure 3C-C) o, AASNES A el 1A
oy By ;ﬂALz—l o2 AssAY (F igure 3C-T). o]} H)4
g A2 Choi 5 (1996)2 72t AAGA N AZAE 2
Tato] sl Yol FAVLS BARAL | F F BE
HZF7F ZAbE Wb, JAA & A0 A {ale] 2
AdH fA1 AFHE HAFA oA, AzA A A
A5 ol &3 FE EEe9 FAH3elA De Block (1990)
< bar AR 2UH @A ) Basta 20 Ltha 558
Agsle] A WS 9 8- BHHE APII ) A FA A
E2F 5 JAASA o) LW, X 24 AT T HE
A9 NH,” $2& ZAR ol 27 218419 NH,' o] §
A E’J‘/} oF 100 W] AT BT om, FAASA
o NH) 2 A2AE dxelq 42 44 48R 2
*Zﬂﬁ~W‘ L u Qlek o)A AxA EFA FEA
A el PAT &471 A2=lo] GS 24 HA4A
A ol @,

ojte] AFE PAT

l

o 2§

AN BANE BAA8 A A
2A WAL AW A2 FAABAY o] bseielon
QO ofs] APOE AZA WA BAAS) 4% SHS A

HFG o Fo|th

¥ 2

FEiviete] F8 i =&Y sl AR 388 i
S 2 Agrobacterium tumefaciens MP 90/PATS ©]&3&}o]
H =g A ZA Q) Bastao] WS e AN E HE
i B APES FYstdch 71y wike gEHE S AsE
FFol 1087 24, 297 3= v 2 3 77 AhifA|
A BFSZ kanamycind] WS zh= A FAA
AHAE FESUTE Add A 220 w4
718 FEReH, F4H F7le dAA S &
AE At FAAEA = PCR 719 2 Southern blot ¥
O F PAT #3A} A& Felsl jX]-/] w88 GUS
AAe) ) g0 R SstEn YAAAL FEZ ol

rUL‘
P
> odo 1x fg iy fo 2

7 WAL F A ZA Basta® AE A Uiz
TAEQ o, dRASAE YAl Wo] 7}
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