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Transformation of Populus nigra X P. maximowiczii Using
Agrobacterium tumefaciens vectors'*
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01 0.5, 1.0mg/ ¢ NAA, 0.2, 0.5, 1.0, 2.0mg/ ¢ BAPE &% z|sted wokat @}, (.1mg/
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7t A Al BlE UM% (AL.4DEA 7P Eghvh, wlebd Rl SEss A2 A2 o o] =
A& 73375 sl=](SIM ; shoot-inducing medium)® A}-4-3td v},

AR AL o3k HAmel RIKBES 47 98 pBII21E Ry As)S & F3, cocultivation
gk F 100mg/ ¢ Km(kanamycin) =& SOmg/P G418(geneticin)e] 71 SIM 3 wiA| el 257} 7
It Seto R BREHRT FYold: AFY £ s, o] ¥HolE: SIM 3R &7 17‘] 65 Fol=
0.5-lcm 2718 FAE7I2 Agtcl, ey $E EEBKS SXolg Aol A9l =7 oo}, A&
4] PR BIRBES o] 27e] HAYE & 5 Aot =3 HEEREe] Xﬂv‘i'—ihf*“ Fol7] 4
& S-azacytidined 23+ Zs}, HAER Aol stolA AEIES 5.7%N4 26.7%7H2] A 5
et

Fluorometric ¥ histochemical assay W 2.2 GUS #x1zke] Eike 718 A7} vector system
Zrell HEHC] MZ ohES geld = glev). LBA4404/pBII21S vectoriz AM43F aksbde] 5K
PEESR AP @2 BRBHREG.7%)S 29k, 2y 2ol @] &2 super virulence &
A5 g3tz pEHALOLS helper plasmid2 ste} 43 A3 BEMHEE) 35.9% 2 pALMME
o} X m2F e epdrl, el promoter’t §lE S FAAE o] 835} promoter tagging
< slzxk # o B U EHoE helper plasmid®4 pEHAL(1S o] &3l 7le] =gst 7oz
s 5] 9l v},

ABSTRACT

This study was conducted to find the optimum transformation condition using Agrobacterium harboring
promoterless GUS gene.
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The optimal medium for shoot induction from leaves of Populus nigraxP. maximowiczii was MS
medium supplemented with 0.1lmg/ ¢ NAA, 0.5mg/¢ BAP(94% regeneration frequency and 11.5

average number of shoot)
According to the test using pBI121,

the concentration of antibiotics for selection marker gene was

100mg/ ¢ kanamycin or 60mg/ ¢ geneticin in the SIM(shoot inducing medium) 3. Two weeks later,
callus was induced in the SIM 3 and this callus grew up to (.5~1cm shoots after 6 weeks in the new
SIM 3. And the treatment with methylation inhibitor(5-azacytidine) led to a dramatic increase in

foreign gene expression rate from 5.7% to 26.7%.

The vectar systems showed different transformation efficiencies based on the fluorometric and

histochemical GUS assay.

In this study the vector systems used for transformation seemed to affect

transformation frequency, in which pEHA101 yielded more transformants(35.9%) than LBA4404/pBI121

did(5.7%).

into a poplar genome.

This result indicated that pEHA10l was effective to insert the promoterless foreign gene

Key words : Populus, transformation, GUS gene. GUS assay.
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o] Fo{Hr}, 1Elvh ﬁ/ﬁi@?’%“” = A
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H A FiE

1. #K HH X AP Bo1Esks wiEA

B AYe FAMRE Y dESFTITFL
A &A= A (Populus nigraxX P. maxim-
owiczii) 62-9 clones] MRS A Hstod AL8-3}
Hrh. EH#S dH4L5L 8 20% (viv)
WA HEr ) 58, 0% olwtgdl 1#, oA
FEARAA 20% (viv) EYAGEE2)N 5
B AAY 5 dFFE 343 Azt 23]
4 NRZ A3l

FRE®RE AEAS 97 i3 E714 %3
A}(SIM : shoot inducing medium)$} callus Hx
]} (CIM : callus inducing medium)& %3}

7] 93} NAA(naphthaleneacetic acid)®} BAP
(6-benzyladenine) & FE=xFHEE MS 7] Eu=|
o] A7t AHA T2 Fe& ZARETHD.01,
0.1, 0.5, 1.0mg/¢ NAA, 0.2, 0.5, 1.0,
2.0mg/ ¢ BAP),(Table 1).

2. £/ W

ok HA KWKk 2UE& 93
S8t B AH ALL& Agrobacterium tume-
faciens host straine LBA4404¢} EHA10101H,
binary vector+ pBI121(Hood %, 1986; 1987)-&
o] &-3}¢1 7(Table 2, Fig. 1(a)), promoter tag-
ging$ & binary vectors= pOST2002(Park
=, 1993)8 Akg-3lddck(Fig. 1(b).

Table 1. The composition of plant tissue culture media used in this study.

Medium Composition CIM* SIM**1 SIM 2 SIM 3
Salts and vitamins MS MS MS MS
MES g/t 0.5 0.5 0.5 0.5
Sucrose g/t 20 20 20 20
2,4-D mg/ ¢ 0.5 — - -
NAA mg/ ¢ - 0.1 0.1 0.1
BAP mg/ ¢ - 0.5 0.5 0.5
Vancomycin mg/ ¢ - - 500 500
G418 mg/ ¢ - - — 60
All the media were solidified with 0.8% Phytoagar' "
* CIM : callus-inducing medium, ** SIM : shoot-inducing medium
(@
Dra 1 Hind III Sst I Eco RI
A_D7 Pnos| NPT II Tno§—~ P35s GUS Tnos '—D7_
R e el e e ., L
®)
Hind II Sst ] EcoRI Clal Kpn I
i l ]
i{H GUS Tnos——Pnos| NPT I |Tnos HZL—
‘ i
R e =1 Ve werererrem .| L
B =1.2kb B

Fig. 1. Schematic representation of the T-DNA region of the Agrobacterium binary vectors
(Hood, et al. 1986, 1987; Park, ef al. 1993)

(a) : pBI121 (15 kb)

(b) : pOST2002 (28 kb)

RB ; right border LB ; left border Pnos ; nos Promoter Tnos ; nos Terminator
NPT II ; neomycin phosphotransferase II

P35S ; Cauliflower Mosaic Virus 35S promoter

GUS ; 8 -glucuronidase
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Table 2. Agrobacterium tumefaciens strains used
for the transformation of Populus nigra
X P. maximowiczii.

Agrobacterium Oncogenic Helper Selection

tumefaciens  parent plasmid  marker

host strain

LBA 4404 Achs pAL 4404 streptomycin
C58C1 Bob42 pEHA 101 kanamycin
3. &M mHeNE

FEHAET WA FHEREE 241 9
3}e] binary vectord! pBI121-& »+3l Agrobac-
terium tumefaciens Wtkol B% TG %
M FERRS S callus-freml = (CIM, callus inducing
medium)ell ZHzh wioksle] callus AAAE S
Zstdct, vl Hria Ao FEE 0-200
mg/ { ¢ Km(kanamycin) % 0-100mg/ ¢ 2 G418
(geneticin)ol gict.

. YRR AW TSR
““Vi HAER(S ¥ 5mm leaf strip)€ 324 CIM
“ﬂxl of 4] 397} preculturestdch, HAEBIL H
% LB(Luria Broth) wj=]ellA] 24-48*]7F gt
Z}ﬂ B SmlE A4 CIM#A| 100miel
4ol @3 preculturedt M-S 1087 B3l
of BHE EMsich. B EEME o4
SIM 1 wiA|3L & 48417 F3b HBhsE#E(cocul-
tivation)s}ith. Cocultivationdt ZEMEE-S 4 4
SIM 2 wix]2 2-33] 43 vancomycin 500mge]
Hrbg A SIM 3 wixlell 2-33] &4 Aoy

ol Agrobacteriume AEA7IRA UL Ktk
e GEalgon 257 B WRERS A
Astede},

5. ERWS e #x

ERBE o3E 714 sl fENE A
7t A Ao A wiedd BRBHR AEAES
Ao s GUS BAuReS Bolt AlZAE 83
B4 v (Fluorometric assay, Scott S, 1988)3}
ZA18}sb uh(Histochemical assay, Jefferson,
19879 F 7}x] Wb & Agste] FHFAwsigcl.

1) #3k %#i% (Fluorometric assay)

Aok B BElHE Y st Qo
A A8 MEAE GUS extraction buffers
whalgl F 12,000xgel 4 5870 fdAdEelslte A
TS #Hdth, o7l GUS X747 buffer
E A7 obg 37°Ceoll A 15412 wh-g-A 7o,
S99 0.2M NaCOzE #7}sle] vh-3& £4 "]
71 ¥, fluorometer(TKO-100 mini fluorometer,
Hoefer Scientific Co.}& o|£-3te] GUS 43}
o] BEE AAA LR FA ).

emtrel AbEEl A g 499 =AML Ta-
ble 3% #t},

2) MR8 447 (Histochemical assay)
H #psarel osle] dzTel vls F2 GUS
B4 Hol= AEIAEAHE dubsta 2 27
£ Iml #2899 (15mM 5-bromo-4-chloro-3-
indolyl-p-D-glucuronide (X-Gluc), 0.5mM po-

Table 3. The buffer composition used in Fluorometric GUS assay.

Fluorometric GUS assay solution

Composition of solution

* 200mM sodium phosphate

* GUS extraction buffer

* 1mM 4-methyl umbelliferon (4-MU)
* GUS Fluorometric buffer

« 0.2M Na;CO;3

mixture of 0.2M NaH:PO; (39ml) and

0.2M NaHPOQ, (61ml), pH 7.0
200 mM NaPOQ;, H 7.0 25.0 ml
0.5 M EDTA, H 7.0 2.0 ml
Triton X-100 0.1 ml
Sarcosyl 0.1g
8 -mercaptoethanol 69.75u8

GUS extraction buffer containing 1mM
4-methyl umbelliferyl glucuronide (4-MUG)
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tassium ferricyanide, 0.5mM potassium ferocy-
anide, 0.1M NaPO; (pH 7.0), 10mM dithioth-
reitool] He] 37TCTolA <F 12417 Et uwte
AlZeh, dbgo] %sx xAg 4 B (pH
7.002.2 AA{ oS 5% glutaraldehydes A
LollA 242 Fo A F o rgelAer @
E e

3) PCRu o 2% #al

3 F7kx] WY GUS assays E3lo 7A
g AEFA LA HEME %5 PCR w3
o2 #ZE37) ¢3)o] Jefferson 5(1986)) 23
A Hu#E GUS ¥ NPT II DNA sequence®l
<A 3] PCR primerE Alztsle] PCRE 43
slsisr, PCR wF&2 Williams(1989)¢] w4l
HEste] AL2stgcl(Table 4). 215-#2] genomic
DNA+= Edwards (19912 wH& 243}
etk WA =l EEMSS 1.5ml Ep-
pendorf tubeol W Y7 DNA #%% buffer
5008 WolA Fa3§F 42F 5mM9 potassium
acetate 500p0% ol EEX ol & 65TAA 15
£7} incubationdtgicl. ©iAl 1087 coolingdt
F A, 13,000xgell A 1587 WAl Eeisle] A
e FE34rt. 57 AEYL 19 vol. 2
chloroform : isoamyl alcohol(24 : 1) 600ul&
7H ohg 47T, 13,000xgelA 1587 9AE
3l Al AEdg FE3Y. F2T AE5Y
2] 1/5 vol.2] 10M ammonium acetate®} 1
vol. 9 z7hE isopropanol& W% tlAl 4T,
13,000xg=N 4 15487t A4 Relsld DNAYA&
frested ot

R A ER

1. Y AEER 3 R R
FEAVT EEMES FT A, MSHA

o 0.1(mg/ ¢)NAA<} 0.5(mg/ ¢) BAPE 37}
& 23X 71 2 27184 8(4%)E A

2. BAAM| HiEm HHEME

Fig. 2¢} 3& FE#H A A=z
o]4-5)= NPT II f4zke] #Hol o3 33
9] Km(kanamycin)®} (G418(geneticin) W4 A4 &
9] zAbAstelr), Kanamycin® 2% 100mg/ ¢
FE ool iAo HE AEAE WSS B
o] & 7o Mo} of#AHe] kanamycin it
Az eR s 100mg/ ¢ Tt Hyd
Aoz AnHw ol v Populusé +%9 7
2} d=x3ck(De Block, 1990; Confalonieri
, 1994; Yingchuan %, 1993). ®Aj7x ®x
=l Populus® 742 kanamycino] tH& HHiEi
EE 29 40-100mg/ ¢ 2 +F 9 F&870 A
ol7} Ag oz o= e (Chun %5, 1988;
Riemenschneider, 1990).

G418 (geneticin)S- #}st72A4 Kmat w3}
v Kmirh 783 7oz oda)x ¢l+d hybrid
poplar(Populus albax P. grandidentata)®) &%
o AFEE BEBHRY o azdelzt o
HAAErE 40mg/ ety sl glckHowe
=, 1994).

B A4 oA MBS PR G418
9 fiftE =AY A3 60mg/ ¢ FEr) A
=2 g Aoz vepgoFig. 3).

old

3. pBl 1218 fIAS JHEA MRANE

JEAEVIRE BN BHEHRAZ o g o
2 27& 27| 98t pBII21E A4-3te] BH
iR AYE slooh, FHGY BRE HBEE
g F 2571 AzsbdA G418°1 H7EE SIM 3
Ao A BAelE: Sqten A 4 glgle
o, o]& SIM 3 A2 Aldujekste] 63 F
+ 0.5-1em 2719 A E7 & 2g},

Table 4. Thermocycle used for the amplification of GUS and NPT II gene

Step ?ienrlztté;aétcls)n * 'annea})i:’llén (tE;me(sec) ""extenfs)ﬂ;r?etrime(sec) No. of cycles
1 60 40 120 2
2 40 40 100 18
3 30 30 120 18
4 30 30 150 12
5 0 0 300 1

* Denaturation temp. : 92°C,

** Annealing temp. : 527,

*** Extension temp. : 72C
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LBA 4404/pBl 1212 <33 S HR@HRT 2
3 Aubul R o] XA 87N o Z7Hleaf seg-
ments)oll A 5H(5.7%)¢] leaf segmentsito] A
2718 ygAsged, pEHALLS o] &319E o
= 39719 d=zH(leaf segments)ollA 147H(35.9
%)2] leaf segments’t ¥-HE7|E& A ).
o] AF}EHE vector systemd FAHAFEE
AdAo 2 vag 4 st F 2 BEER
#(5.7%)e 22 Azt E helper plasmids]
pALA4049] & &84 7]lste AHolw, super
virulenceE #*Y+= pEHAILO1S helper plasmid
2 A3l S S, 6ullo]Al @& leaf segments
7b AdbeiRislala HAEC)E AR gl
helper plasmidell 213 Atell#| o2 R MR
gdeldiche A2 F9sta k. ol#d Ade
Populusi® =35 ASE 3 HE#EE 494
#e} dxst= 7 2(Chun ¥, 1988; Hood %,
1993; Confalonieri %, 1994) %33 promoter
tagginge /% helper plasmid®+ pEHAIL(L
o] A §gte] #vd = 9rH(Table 5).

ANesE AEA HEME 5§ i)
st BAEANE YAk JEAFH 2 F
e YdR4E % ¥EEAYE HAS
fluorometer’toll viebubs AR GUS #
Hape] AHE-E FA s, Table 39 #t54
buffer® Ab8-8e] &43 4-MUS F=ZFE
B% B-glucuronidase®) <& Fxlo] upzh 7
Hog 2Hsly, PAZVNE HAA B
leaf segments Bls] 3JujolAtel A E Mol
leaf segmentsE wAtog F3siehd HAAYE
a5 Az g A Awke-g viehe] BREE
Hol-2e #eld 4 gladel, ¥, fluorometer
2 2% o pBREE =A 32 dEtddE

Table 5. Effects of different regeneration ratio
according to the A. fumefaciens host

strains
EHAI101/ LBA4404/
pBI121 pBI121
No. of leaf segments 39 87
inoculated (A)
No. of leaf segments 14 5

producing shoots (B)

No. of regenerations
under the selection 35.9 5.
medium (B/A %)

-~

% 100) romme e . -~ Transformants
8l T — conrol
[ RS
callus 5()} \ \\\
formation \:\ S
rate 40 N T
| A
2|
i \\,
0L JU— —
[V} 40 60 8O 100 120 140 160 180 200

kanamycin conc.  (mg/ ¢}

Fig. 2. Callus formation rate in various kanamycin
concentrations.

l \ . = ww Transformants
50‘ \ N . control
callus 60| S~ T
. | N\, ~a
formation | .
rate 40 \
201 \\
; \\
ol
0 10 2 30 40 3 60 T B W 100

G418 conc.  (mg/ ¢)

Fig. 3. Callus formation rate in various geneticine
concentrations.

GUSSt #akgt &A4de] o7t veided ol RE
24 e A5t oJe] 71 AiFe] abEH
H A ‘/PE}LW 3 o] fluorometerell &3 = %17]
el Ao AR ci(Scott F, 1988).

4. HEm HiXI0Mel BoqbE

Avabidopsis thalianad 4422 C-methylation
inhibitorq! 5-azacytidine®} azathymine-g selec-
tion wWiRl¢l] Zr|uiefiiAlod M e B3}
azathymine® A #3-&eol A <d&& +3 &
S| ubsl S-azacytidinex| 2l Al ] Fo
AEslgS ZA E7HA7 HoE Bas ot gl
thMandal %5, 1995). webd B A& el meth-
ylation inhibitore! 5-azacytidine-2 A=%F 7§
zgol Bl FAA Ml Aol 5l
A FolA = 2§19 W47 < Agck(Table

6). whebxd ol#idt 2 #F 382 S-azacytidine
o] 2}%} transgene inactivation® blocking¥®2
23 9]—’%;‘%1 AEANE 208 FAAe A

AR Q) BBl
%, 19948 AwAsn

v 2-& Furhe 74 (Confalonieri

ik,

5. PCRY®0I 23 mmé: HA
PCRE o]-43 BE#mps HAL 7]&9
Wil 99 4E o]4% Southern blotting®
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Table 6. Effects of 5-Azacytidine on leaf regen-
eration of P. nigra X P. maximowiczii
transformed with A. tumefaciens LBA

4404/pBI121.
5-Azacytidine® Control
No. of leaf segments 45 87
inoculated (A)
No. of leaf segments 18 21
producing calli
No. of leaf segments 12 5

producing shoots (B)

No. of regenerations
under the selection 26.7 5.7
medium (B/A %)

* After 1 week incubation on SIM3 medium, leaf
segments were transferred onto fresh SIM3 me-
dium supplemented with 3.0mg/L of 5-azacytidine.
The leaf segments were incubated for 3 days
on the SIM and then transferred back to the
same medium for shoot regeneration

i+ £474 DNA levelolx 9] #A o] r1adt
o]o] glo] Al @l o]4=H: = Welr},
PCR& ol-g3tod AT ZAsf, ME#MHke] =
32 ¥ A Edeles e BRI XA
o] #AS$E o 1.2kb =79 GUS 34
fragment®} ¢F 0.7kb Z7]¢l NPT II %4z}
fragment”} &= b gle] REMR
o 82 geld 4 g,

6. pOST 2002# # A% A& HEWHR
% GUS assay

oFEhA Lo R ¥ REREN (tissue- and
organ-specific) promoter—_‘i taggingsh”] $18F #
oA ez {FA A} fusion vectordl pOST2002
£ o) g3l MEEMMS A=sdvl. ¥4 pBIl2]
2 AAg A¥4s1E 2012 EHAL01/pOST2002
Z x}4-8te] S-azacytidine® A #lgt A # cocul-
tivation 653 SIM 3 uiA]ollA A Fzhat #E
Y8 545N A B Aot o1l W& rmivd
A A% Az}, 3| A rte] Bl Bls] 2F 3uf o]
Ao} & A% nged, Aol A A
AFE ol AR A gL o]
Aefoll olvkz AzhEc}, o] 34

7}
-1
PCREMOZ ¥4%

g o *JE.EE A
Fig. 49 22w, M#Bny s HAskd
= ouh, HA EF HE RS Rol: 2AE

Fig. 4. PCR analysis for the GUS and NPT II
gene from Populus. nigrax P. maximowiczii
leaf segment cocultivated with EHA101/
pOST2002.

M : pGEM DNA size marker

Lanes 1,2,5 and 6 : transformants

Ianes 3,4,7 and 8 : nontransformants

Lanes 1,2,3 and 4 : detection of GUS
gene (1.2 kb)

Lanes 5,6,7 and 8 : detection of NPT 1I
gene ((.7 kh)

Fig. 5. The photograph of histochemical assay of

GUS gene expression in Populus. nigra
~ P. maximowiczit leaf transformed with
pOST2002.

23 9l ek (Fig. 5).
® W

B A genome size?b i, A} @
PRl folale] Mok FEME HolollA
model system & zZFguby 9l of3A S whAlb
o8 AQRIFE sl g3, promotert gl
Sjef A AtE o) &lo] HEMMA I LA & o
o) Bhfifem ¥ A& BHESRE Haluy
S BN HHESERS S wsux AAst
A,

1. BAAA G5

ANk Felle wf A 2 2t
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32E x99 o] /A %S o] V1A
& 890ogl}, o8 gz HMG < Smm
leaf strip)& A 822 3le MS 7] ZuA]] 0,
0.01, 0.1, 0.5, 1.0mg/ ¢ NAA, 0.2, 0.5,
1.0, 2.0mg/ ¢ BAPE &% AH&ldo] uiek
& 43, 0.lmg/ ¢ NAA, 0.5mg/t¢ BAP
Z ey 32E gy F7) g H
explant® 3% shoots7t AHL v &
94%(11.470)2A~ 7F3 =sich, webs BH
Wi EHEBS AL AF o o] AL
Z7] 8318 % 9§ 2| (SIM ; shoot-inducing me-
dium)& A}-&3tsicl.

. pBII21E FEEk & 3 A7 cocultiva-
tion&t ¥ 100mg/ ¢ Km F+ 60mg/ ¢ G418
o] 71§ SIM 3 wiAlel A 257} A FspHA
Hto® MEMHE HAYols: ARY 5 o
Qa, o] BAelE SIM 3 &2A 653 Fol+=
0.5-lcm zZ719 #AE7|E A, a2y
B WM FAole] Aol A W
o} promoter’t §l+ GUS % NPT II 4~
o] BREMSEM) BIR FiFAAE o] Ao
#HAelg o 4 glsde}, =4 5-azacytidined
Azlgh Ash, FAA AldelA st AR5
£ 5.7%04 26.7%7t4 % 4 At

. Skartss 2 SRR w2 GUS
MAre] EES $A% A3 vector system?t
o EMHE] A2 rhEg HUY 4 4
v}, LBA4404/pBI121& vector® A8 %4
33 mEEHR dYdMde & HRlgE
(5.7%)& Bk, ey Brh @] 2
super virulence 3 AHE E¥3l= pEHALOL
£ helper plasmid® sted M¥3 A3 BE
MimEso] 35.9% 2 pAL4404Ech "4 £}
ol e viehd, k34 promoter tagging
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