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SUMMARY

1. Title of Project

Studies on the Development of Biotechnology Techniques applied to Forest Tree Breeding
using Selection of Somaclone and Ti-plasmid Vector System, and on Vector Consturction

for Transformauon ot Poplar.

II. Objectives of Research and its Importance

[t is generally prospected that the international wood demands will gradually increase
at the rate of 0.5~3.0% until the end of the 21th century. At the same time, due to the
national policy of natural forest conservation in timber exporting countries, the wood supply

will not be sufficient for the future demands. In our country, the 85% of domestic wood

demands has depended upon imports from those countries. Therefore, it 1s very important
to consider a proper countermeasure for the domestic wood self-supply.

For the increase of domestic timber stocks, various silvicultural methods such as tending
and fertilization have been generallv applied. But these methods have limits because they
can merely enhance productivity within the limit of the given genetic potential. Thus we
must consider breeding program that can improve genetic potential of trees for useful

characteristics.

However, there are also several problems in enhancement of forest productivity by conve-
ntional tree improvement. The first problem is that trees have long generation intervals,
therefore, 1t takes more time and much cost to improve them. The second 1s that we
have lost almost all of the good genetic quality stands of major economic tree species.
Namely, for building houses and fire wood, trees of excellent form and size have been
harvested for several centuries, and so only those trees of poor form and quality left behind.
Besides this, heavy exploitation took place during the Japanese colonization and the Korean

war. Results of that, our forest land was totally destroyed, and nowadays we have only
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relatively small genetic variation to use In tree improvement. These poor conditions prevent
us from improving useful trees by conventional tree hreeding, today.

Recently, as well-defined biotechnology became available, those techniques combined
with conventional plant breeding are considered as the hest method to introduce transformed
plants with useful characteristics n wvitro. Actually, many scientists have tried to create
anti-viral and anti-insect crop plants by DNA recombination techniques and plant transfor-
mation. Hence, we expect that crop productivity will he increased through these ways In
the future. For tree species, however, it is still premature and hasty to expect increase
of productivity by applying these techniques into tree breeding. Because only & few studies
of transformation and gene recombination have been conducted. Thus, it 1s necessary to
conduct various studies on the pattern of special gene expression, detection and purification
of usetul gene, tissue culture system, construction of plant vector system, and transformation
system of woody plants.

With this reason, we have conducted studies on the selection of somatic cellular variants
of poplars with acidic and drought tolerance by in vifro cell and tissue culture, and the

development of transformation techniques byv electroporation. We also studied the construc-
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tion of some vector system applied to forest trees. We confirm that these stuc:
useful informations for the improvement of forest trees bv applyving biotechnoiogy i comizi-

L L

nation with conventional tree breeding technique.

IlI. The Content of Research and Scope

1. The selection of somaclone and transformation of root system for poplar improve-
ment
1) Infection of Agrobactcrium rhizogenes into poplar
2) Regeneration of poplar from hairy root

3) Opine analysis

2. Transformation of poplar by electroporation technique



1) Protoplast isolation

2) Test of protoplast culture conditions

3) Purification of pBI121 plasmid

4) Test of electroporation conditions and introduction of GUS gene into protoplast

5) Verify the expression of GUS gene and transformed cell culture

3. Vector construction of Ti-plasmid vector system containing luciferase as a reporter
gene

1) Purification and isolation of HindIll-digested DNA fragmentfrom pBIN 19 and pD0432

plasmid

2) Detection of intermediated vector with special reporter gene which was constructed

by DNA ligation

V. Results of the studies and some proposals

1. The selection of somaclone and transformation of root system for poplar improve-

ment

We selected and cultured cell lines with tolerance to PEG and AI-EDTA by mn wvitro
culture in order to improve acid and drought resistant poplars. We also infected several
Agrobacterium rhizogenes strains into leaf and stem tissues of above selected poplars. Finally
we induced hairy root from those tissues and regenerated transformed whole plants.

1) We infected A. rhizogenes A, 11325, and 15834 strains into leaf and stem tissues
of poplar which were considered as drought and acid resistant poplars. And then we could
induce hairy root from those transformed stem tissues. The induction of hairy root was
easier in transformed stem tissues than in leaf tissues, and was better in A, strain than
in any other strains.

2) We could regenerate transformed whole plant from hairy roots that induced by A.

rhizogenes. The MS medium with BAP 0.5 mg/£ was suitable for culturing and regenerating

those transformed plants.
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3) Finally, we could detect newly synthesized opine in hairy root tissues which were
transformed and induced by agropine type A,, 15834 strain and nopaline type 11325 strain.
Therefore, the induced whole plants were considered as successfully transformed plants

by A. rhizogenes.

2. Transformation of poplar by electroporation technique

We studied the transformation of Populus alba X glandulosa by electroporation technique.

1) The combined treatment of 1.0% cellulase, 0.1% Macerozyme R-10, 0.1% pectolyase
Y-23, 0.5% hemicellulase, and 0.1% BSA was the optimal condition for protoplast isolation
from young leaves and calli of Populus alba X glandulosa. The protoplast yield was 5.8 X 10°
protoplast/g F.W. at this condition.

2) The highest GUS gene activity was detected at the combination of 500~667 V/cm
(Field strength), 4904F (Capacitance), and 10ms{(Pulse duration). It was shown that this
condition was the optimal condition of transformation of poplar by electroporation technique.

3) We examined the GUS gene expression level of electroporated protoplasts according
to the time course. The GUS gene expression level was decreased after 7-day, which was
the typical transient gene expression pattern.

4) Electroporated protoplasts were cultured on MS media containing 75mg/1 kanamyecin,
0.omg/l BAP, 2mg/1 24—D, and 1% agarose. We tried to select the transformant, but
the cell colonies did not grow more than 5mm in diameter. Thus, we are trying to induce

the whole plant from cell colonies.

3. Vector construction of Ti-plasmid vector system containing luciferase as a reporter
gene
1) The 17.3kb intermediate vector was constructed which was composed with pBIN19

and pDO432 Hind III fragment. The pDO0432 Hind III fragment contains luciferase

gene

2) The 12.6kb intermediate vector was constructed which was composed with pBINAR



and pD0432 BamH I fragment. This vector has small size and it i1s available for many
kind of experiments. It will be useful for transformation of forest trees and many other

plants.
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7}. Agrobacterium rhizogenes® R EZH

Agropine typeXR#<Q A. rhizogenes A4, 158342} nopaline type®] 11325
EZ Yeast extract manitol agarv] =] ( yeast extract 14, manitol 102, K,

HpO, 0.5 ¢, MgS0O,.7TH,O 0.2 g, NaClO 0.1 g, FeCl, 0.004 ¢, agar

154/ ¢ :pH 6.8 )oll 28°C MEHEETAAN 28MHE HES ® @HIAL, &

fre Be Ewold 24 BEY AL ABEY HFas & 20 ARG
bl ok

mUEES

. A. rhizogenesiif

1L

olela] TZ o] MRS Al-EDTA 1.0mMsa} PEG 15 %A HEikdled B

A 2 EEES MSHue] BHET & HAHY L3 E718H5  ESARE

isii

A BERE Ui 2HHE ASE HES EfEste MSIEAFm 24°C BEHEGT

oA 24 FEH BEI B OBEKE 268 kst WA filter paper®

Ka&e BRES #® HABe R@EA doldes HS KRESZ 935H

1/2 MS+ cefotaxime 500mg/ 435#o] 3~4E A 719 Q Fm@Eol 9=




Hwel 5e&s] BEE K MSEREME S

t}, A. rhizogenes IZEEHER EHE H@E dolkle BEWE BES 93 &

EPiAR BEIH
ol glg] &)l A. rhizogenes strain A4, 11325, 158345 EfEslg MS
Sl 24 [ BES B A delde B#E BEsH] #Askd 1/2MS

fEihol] cefotaxime 100,200,300,400,500,600mg /¢4 & K4 Omskd 1 [EHA

petridisho] RFal1 EHEY EKS 5 BHE EiRsld BYEES] KBS A
2 315 o
2. Hairy rootZ 5 ¥ #HHE BFoik

A. rhizogenes strain A4, 11325, 158342 #EfEsled ZE4E hairy root®

2E] e BFoE fsted MSEmE HAEo=®E o, BAPE 0,0.2,0.5,

0.8, 1.0mg/¢& £% KM HFiwel hairy rootd& HFHEste 6#HE FHoit

=] shootElE 3

EF

7 513 T
vk Opine4#ry

A. rhizogenesZS EfEslel W43t hairy root:= MSEKEW=E 74 BE

% H Phytohormone%’ic'] E {-Eﬁ% %Eﬁ]— = i E&%*ﬁﬂ]*ﬂ Z:E*E% ﬁﬁ:‘.@]‘

= HEe ERE PENKRS ®RY & oz g {tBmoz @M

&7] 9l8le] opine2 Z¥ratdk
S HES Petitf (1983) ¢ Hekg HT BLES HikeZ hairy root

200 mg] 0.1N Hcl 200 g2 & #Hmsld FelEez 2 Zol, g Bl

A 12,000 rpmo 2 104 st EEES FAASC olFA  #fEd

AFES Whatmann paper 3MM$]ol] spotdk] 300 Vol 2 BRXE) A

At AMH L formic acid : acetic acid : water( 5:15:80) 2. & 3} pH

111!

2.0 02 3AEksle] (FAHSIYCE olul agropine standarde= mannopine 104



100 ¢ dimethyl-sulfoxideo] 91% water bathollA] 30 4] in#hsh

o

R

A0 mé2 E-& gindked 10mé Dowex 50w X8 resin ( HY form) o AE

L KMEAKE e % 5%2 ammoniakzE AW ©YS BES #XKEAZ

® HstEY BREEC 93 vYe 2% misty Rew AC0.25 ¢

AgNO;+20m¢ aceton )] ¥l WERET e %Es] whkst] REE B

( 10mé2] 20% NaOH-+90#f me thanol ) o] @St & st o). wa

¥l paper= 2 % sodium thiosulphate+ 500mé H,0¢ [EEKd EHEAZ

e 2 o 1EHLUOL G#sE .

Nopalinefpih& A. rhizogenes strain 11325 Z EFEsle] F43l hairy

N,

root 200mgo]] O0.1N Hcl 200 p¢ #Hmstd HlEoz ol &O4 ]

12,000 rpmol] 54 &Oo#ste] LEERS #FHASPE Y. Whatmann paper

=

SMMS9]o] &% spotdle] 400Vl 2 B|EKESIGC EHEEKS

agropineZr gl W®I FE—stAIL, EREKIl G oS 7EE0] kst

etk ( 2mg phenanthenequinone + 10 mf absolute ethanol+1 ¢ NaOH

+ 10mé 60 % ethanol)d] AF=Z I B HRsled T2 Eof 1

Rl gk sled UV light (366nm) oA #EiZLsl o}



(1) Agrobacterium rhizogenesigf

HIE MR H EE

A.rhizogenes strain A4, 15834, 113252 YEM ol 2H Sof £

s

E{_‘l__

il

& S SV EES BRe ¥ 1, 29 deElgd wpel g A, rh-

Sk Afle @ Ee flol, Hidw (cefotaxime 500mg/ ¢ )

1zogenes = I

axmgt 1/2MS FHiolA]  7~8 HOl #&i#astHA  hairy rootr} FEs}7]

Al Zbetdth, Al-EDTA 1.0mMoejlA  Biksl {Hpaol @ZfEsle] Z4=®  hairy

root=

1

| -

Pt

i

A 49A 7 =L &

Arh E7lelA  FAde]l EEES] wokow strain FIE M R

1 23-8 K9 o (photo.1), 15834 ¢} 11325 = ¥

20H 7HAl= 15834 914 oFF Ehortk 30 HEEE 1132594 OI®

(%)
100 1 — B
i i ~—— Stem

% : ~ ~n-- IAeaf
= O A4
. I A A 11325
E 50 7 %’_____ - _.+ 15834
O j P . e -
% A .-'#_,"'# fﬁr
-.C'c L~ -
hond -~

30

Days after inoculation

Fig.1l. Induction rates of hairy root on the leaf

and stem of Populus euramericana selected

in Al-EDTA medium.



2 hairy root 7} E4x 9t} David 2 Tempe (1988) 9 #i4ko] ol&ly =

Gl o] MHAKIEE A A. rhizogenes strainy #ZfEolA] manopine type

g

strain o]]A] K Ul+= agropine type strainoA] hairy root IfiEo] S9ulm

st vl glom, o] #HHEol Ll K™ agropine type A4, 15834 strain

2 =7]8 #&EMolA nopaline type 1132594 xth L@y hairy root

2ol EFHSIHTE ole g2 QoA el hairy root FEAZEL A40x4 AFH
ARl Skx 15834 9F 1132594 wt A EIQ e (Fig.1)., s PEG 15

%ol X K cell linedA]® Yrcl= S7)oA] hairy rootel  Fg4: zo]

=orw, strain BE HY 11325904 71 o}, Al-EDTAA E#st A
e MRE B#E O BRE OEAT. delixe 15834¢14igt  hairy root b
R A49f 1132594 = #ASX ok ( Fig. 2),
(%, |
100
| — Stem
-~—-- Leat

O A4
i A 11325

J <+ 15834

Induction rates
by
D

30

Days after inoculation.

Fig.2. Induction rates of hairy root on the leaf and

stem of Populus euramericana selected in PEG

medium.



(2) A. rhizogenes Bt W EEo ol A= BEE K=

Bals BAEAI|E HEA EETE 5o 9= A, rhizogenes ( A4, 15834,

11325) #E# =719 Ao Emol wol As Haol WHo D kst

7l ®lste] gUAEH EHRQA cefotaxime & RBEHEZ KBS HE Table 19

eI nle} Zrh 1/2 MS o] cefotaxime 100, 200, 300, 400, 500,

600mz / ¢ 5 &% @mste] #fEe €7 % 9L HE#sl 5H# Hol g

lAE HREES AET BE 279t 9 2T cefotaxime 5003 600 my/ £

oA HE|Eelrt 23] HREHAUT HRES HAME BRES Ffde

W WWEESd MEVE onz mEEd Be EEE fFste Aol ut

el

25t} o]l# 3t HFRE A FBBIAMNTS HAH BEZS  cefotaxime 500mg/

(= gk REHbolA vHEE]olE FRESIA U

Table 1. Concentration of cefotaxime for sterlization of explant

inoculated with Agrobacterium

| Growth of A. rhizogenes
Cefotaxime conc. | — , .
(mg/ € ) A 4 15834 11325
100 4 - -+
200 -+ -4 +
300 +—- -+ ~+
400 -+ - +
500 — — —
I
600 — — —
L : | 1
¥ +-+-++4 : excellent, ++4++4 :good, ++ :fair, + :slight,
— ! negative



(3) hairy rootzZ XRE] WHE Boik

A. rhizogenes strain A4, 11325, 15834 & EfEsted ZE4AE  hairy root

Lh

oA tEYE FHiks strain FIEE A4, 1132594 10 ~ 152 RiED

g BAESkd HEm Jgaotst #Z olFoixl oy Photo.2), 15834 strain 9]

Table 2. Regeneration from hairy roots of Populus euramericana
selected in AI-EDTA and PEG medium.

I_Ez’—'Lgrobac... ] Strain BAP conc. | Number of shoot
| Strain types (mg/ £) | Al EDTA PEG
A 4 agropine 0.0 3 1

0.2 7 12

0.5 10 10

0.3 6 6

1.0 ] 2

11325 nopaline 0.0 2 3

0.2 4 10

0.5 7 15

0.8 5 8

1.0 1 1

15834 agropine 0.0 0 0

0.2 0 0

0.5 3 2

0.8 1 1

‘i 1.0 0 0




hairy rooto|r &= 2~ 3MFe] A2 FEHFyr BAEHUG BAP BEHNZ I

ot B MS EAEHMOl 0.2mp/ 49 0.5mg/ & @Hgt Eiield  of

S Bell sl BiSSH B& shootE HWAANA EFSHA JEH oW, &

s 0.5mg/ 62 EuiolA A. rhizogenes straini} HRESLel A £,

I BAEel BEEVE #BmEsE ReHFE ofte BAstch(Table 2).

Brillanceau & (1989) = A4, 15834 %29] straing F|MHs}] hairy rootz®

REH @S st EBRE EWEES ERAdANE dAMeh AUl A4

strain-g EfEIIY FHEEHKID EwEE @#ES v Aor(6, 15). FHI
AT (17) &1 73§ AL thizogenes ZiEel °lgt HEEHROZ Mol B

o

EATHE WwEVE Yornz, MEEKRE olH X Eest Mgkl #BEEd Ao

= Hifrd
(4) Opine Z43#r

XIt.

A. rhizogenesol 23] FE/EE hairy rootE 1XMOE JHH

B A E
feRsl7] flsled MS  HEA Hiol hairy root & EHEI #R WEE#HKI

hairy root:= /:FE hormonegol: I WHEHY L A4S hairy root &

electroporesis ;0.2 opineS #ES #EHE, agropine type strain A4<}

15834 & #£fEste] 34 ¥ hairy rootE spotdt 42 agroplne standard

2 spotd ZHI L ffiFol agropineo] e}y, nopaline type strain

o] 113252 hairy rootoA= nopaline standard & spot3dl FH5H UX]

st fzgel UERgTH(AR 3, 4 ). olAL Petit% (1983) o M 2ok

o, A. rhizogenes strain A4, 15834, 113252 olgizg]EZT EE3Z=

=] #4#% agropine ¥} nopalineZ &RK3A HYSS & F UAUTH

Hooykaas (1984) ¢l 43} opine &ERIEHS Agrobacterium FZEH 29

~ 36 Eflo] NI MEEHRY E5d 4Ry wHL sxEe gHolgx



WmEST vk Aok K pfgee B2 Hooykaaseol #i49) nH|Ld #REE o
of EMKRSES BREY + AATH

Photo.1l. Hairy roots induced by A. rhizogenes A4

on the stem of Populus euramerica.

Photo.2. Shoot regeneration from transformed hairy
root on MS medium with BAP (.5mg/ ¢



Photo.3. Detection of opine ( agropine type )

contained in hairy root.

Photo.4. Detection of opine ( nopaline type)

contained in hairy root.



HAE M E

olejE]l Xovle]  ERE R OWMEAEES BEATZ] sl MilEES RS

il

oA Al-EDTA 92 PEGo] [itEel celle Bi#halsd EHEAA (1&KE)

olE FliHsl] HBRY KPHEHRES Asld Agrobacterium rhizogenes strain

KEhpgo. 7 A9l or, oplne

oy T

A4, 15834, 113258 #fEske] hairy root &

< gthst] BHEHEHR HA IS HERE T AT olE fHFasl HY ofd

— LA

o T},

1. Al-EDTA ¢} PEGeo] #Ei=® olgalzEzZe] dx &7]o Agrobacterium
aifs FEs! K

1111l

rhizogenes A4, 11325, 15834 & a3l Hajel HHE

g o &2  hairy root& 99, Y HrUE £7]olA] hairy root eo| U

£oromr, %3] A4 strainoli] hairy rootr}F ZF I gl E T

2. A. rhizogenes & Zffol <93} E4E  hairy rootZ  HE L B

Wiy s  Fuelglow, strainflzes A4 1132594 10 ~1574¢l shoot

2 maAAT, BAP mm Sl s ZE strainoli  0.5mg/ 47F 7+

75 st ot
3. Agropine type A4, 158342} Nopaline type<l 113258 (EfESHS

28k 3t hairy root& 4r#isle] opine HES HNTS MRS EEEHR =

aa MRS .
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The Transformation of Populus alba X P
gl_andulosa by Electroporation
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aff[

B 1E &

N2 EAd 2 FAAE E=QAlF]E= vHolx= T -DNA mediated Gene

Transfer System 3 Direct gene Transfer System 27 Z =ZA Uy ¢

Ax1el DNA A H-E 7|5

=d Az A= A 2 Eol  Infection H o]

| -

2l =4 2] GenomeUlol] AtUA]F7]= Agrobacteria s ©o]8st= Zo| (Zambry-

ski%s, 1989) ZExo] ZASE tiAl (O) PEG S F=2 AEAo Axy Fi

He wENZ % dE 54 Chemical & ol g, 224 gFANA AHF

= " (Lorz%, 1985) 3 @AEAET A7z FAHE

Ao = = (Electropora-

=4 Q1 AE coatingsh

tion ) (Fromm %, 1986). 28111 @) DNAE wjA3l
Ml EQ] & olo T Aol Particle

% Particle Gun& o] &3l FZF 1!

T

Bombardment ¥} ( Klein%, 1988 )o& yio] E 4 9t 1 Hholw

Microinjection ¥} ( Neuhaus%, 1987) 3% 27152 DNAF 338 3 4

¢ gheksh oleld W E

Al#H DNAE w3t wH (Ohta, 1986) =

A EH ] AL £ Y= HAHAAAYLET System-&

NgAe] FAAZ BEY ATARE EY
ol® e fARst A AN Genome o] Yol WEEE =W g

|33 & u, T-DNA mediated Gene Transfer System o]

w] Foll ol o] 8=

tte ouwl HAAZ AARgRE ad&Aolw  zHH sl
# o]t} Agrobacteriag] 7]FHLIE AR 2B FgEo Aue @3l
Electroporation



Electroporation®} z2 & zxgiyel Sgol w9 Hgsttn 3o

Q7K AES Aoz Electroporation H &

f
o
P

B3+ Guptazs (1988 )0 2j3t Douglas fir( Pseudoisuga menziestz ) &}

Loblolly Pine ( Pinus taeda) & 3 AA3 AT Wildes (1989) 2] Yellow

poplar ( Liriodendron tulipifera) A A3 oFu, IF 2 7]} o]y Ed

Aot ol Eis] dorEIl A= e ARl aEd F4a ol

TolntE dEel HAMEH A FRokl <olx Agrobacteria® o]

Q
=
A& FAAF AAle oo UYEHERY Fadd ouE Adui s

olof] H. Ao A= Direct gene transfer system QI Electroporation oj

ojgt AR FAHME wwel EyE fal, O FAA YR AEA Y &
]

AJdet=dl Fd HAHE Fi FYPEHAT 5 dFol UoA



Zo] Yol A 1RPA xS “ Agrobacteriad] <8t <lHo] HHARAZ A"
of di¥dg 4 Q= “Direct gene transfer system ” -2 X dxe] -4

2 ol FAPormz YAl ATARE Fx vagd & Aol Al 3




H28E MBE H HE

1. &% #

7}. Plant material

EoARe guld ArE dA 2 dB83d Tadel AmsHo]l e

Populus alba x P. glandulosa F; 2] sprout & %, olE L22oAx FAH

AAZIZ olZ2HE IHZFRAL AqHSS 0.2% HgCl, 9 5% commercial
bleach® ITWAEL 3t3, z=Aneks X3 d& explant$ callusE&
protoplast W}Zo] o] &3l%ich

1}. Plasmid 2 Agrobacterium strain

2 Agel 8% pBI 121 plasmide Fig.lolA wiEstel 7ol Repor-

ter FAAEMR B -glucuronidaseE codingsta Q= GUS gene & Zr11

UTH o] F AR WEHS Y& Promoterel Terminator 24 CaMV 35S
Promoter ¢ Nos terminatorES A}838l7 o1 selection markerz A=

NPTI geneol Nos Promoter$} Nos terminator A}o]e] Ao} g} 3hH,

H

Plasmide] =218 2]3] Agrobacterium LBA 4404& A}83} o)

A P,

n8l 121
-
x
‘v S =
= o o P
‘BE{":‘L‘JE'E
EU} WY XIN
< Y ' @
L Y '
i1l
\,.'
1 ATG TGA
"
EE _ o p81 101 E e
Q. Q — — — -— — — _— 2 vy O
U - - <
s ¢ ¢ % x £ &
I @



coding sequence

B- glucuronidase coding sequence

[ﬂ]ﬂmﬂmﬂﬂ nos promoter
ppzzzza  rbeS promoter

L nos poly (A) signal
[ 1 CaMV-355 promoter

T 25 bp repeat sequnce

B The pBI 101 series fusion junctions, with the pUC19 polylinker sequ-
ence followed by the GUS coding sequence is as follows: the GUS
initiator is boldface, the Bam HI site is underlined:
pBI 101.1 : AAG CTT GCA TGC CTG CAG GTC GAC TCT AGA

GGA TCC CCG GGT GGT CAG TCC CTT AGA TTA
pBI 101.2: A AGC TTG CAT GCC TGC AGG TCG ACT CAT

GAG GAT CCC CGG GTA TCC CTT ATG TTA -.-
pBl 101.3: AA GCT TGC ATG CCT GCA GGT CGA CTC TAG

AGG ATC CCC GGG TAC GGT CAG TCC CTT ATG

TTA ...

Fig.1. The GUS gene fusion sysiem: (A) Structure of basic GUS gene fusion

vector pBI 101 with examples of its use with two plant gene promo-
ter sequences. (B) Nucleotide sequence of fusion junctions in poly-

linker of GUS gene fusion vectors.

r}., Electroporation kit

Ho Aol Alf= electroporation kit Hoefer Scientific Co. AHFO =

| .

Hol 500V, 400 mA 7R &9 4 g1om  Capacitance ( #F) = 10091 A]

1200 7+A], pulse time-2 g sec oA msec ciQ7lx] zAo) yEssith elil Main

- T



Body + 47§¢] electroporation chamber & FAlx]o] <]t}
2}, Fluorometer
GUS assay = 23] AFE-E fluoromter 3= TKO-100 mini-fluorometer &
Hoefer Scientific Co. #]#291d], 365nmoj|A] Excitation spectrum peak® 1

492nmojlA] Emission peakZ HYol ulzl GUSEHEAA 2s ws

=

k|

i

o]X]+= B- glucuronidaseE v|$ AEEA detectd 5 9t}
2, 7 &

7}. Agrobacterium FF2] ul %

pBI 121 plasmid & 7FA|321 9= LBA 4404 strain2 kanamycineo| 9
2l+= YEB1Av] #] ( beef extract 5g, yeast extract 1g, Sucrose 5g, MgSO ,
0.24g, Agar 12g, D.D.W 1¢)c°] streakingdle] t}42] colony= o.% o]
Z ttA] YEB A ujx]ollA] overninght culturedle] plasmid H2]el] o]8-3+¢
ok B3 el FWHLS fxe] 98 YEB uaujxlel X-GLUCE e
stz 3 ¥ Blue colony 2 WH3 AL Awdgozx GUSHFAR7ZE A A

o7 W% Qe Agrobacteria strainwhg 3489} ( Fig.2).

Fig.2. Blue colony of LBA4404 Agrobacteria strain under selection
media containing 100mg/¢ kanamycine and 0.033mg/¢ X-GLUC.



L, Protoplast & ¥¢] 2 wnjjek
1) Protoplaste] ¥
Protoplast ¥g] o] HAZAL %G}LH_‘E;?]- Cellulase( Boehringer Mannheim
Co.) ¢4 Macerozyme R-10( Yakult Co.)9o] =%7} Ztz} (0.5~ 2.0 %, O.lf-
0.2%7F H&= OYg Z24F-8 2EE 2435k AHels ¥ 93Ax S8
Fr AHE FAIEO (Table 1). a8l 938249 maxlel Ra=s ¢

sted B og (0.5% Hemicellulase®} (.1 % Pectolyase Y-232 3 7}s}

%3l E3] enzyme?] protease activity = 24| §}l7] iﬂﬁﬂ 0.1 % BSA
(Bovine Serum Albumin) & 7159t & x183 F42E% CPW-L9
( 250mg/ € MgSO, ,100 mg /gy CaCl,-2H,0,170mg/¢ KH,PO, ,30mg/ £Ca

( NO3),, 0.7M Mannitol, pH 5.8)¢ > xglsgct

4

Table 1. Enzyme Combinations for protoplast isolation (51t %)
) I_ - .-.__.-l
F Enzyme combination A B C D E
Cellulase R-10 0.5 1.0 0.5 1.0 2.0
Macerozyme R-10 0.1 0.1 0.2 0.2 0.2 |
J

ek, Alg5el F/He enzyme XA 7kl ulE protoplaste] 4588 FAL

sk7]  fsled  ZlUv eksl  explant o] #3EF  callus & Table 1o el Yt =

St} e Fxola]l incubationi] 7+E Gglsled vl w sk ol

ProtoplastE Eal3dl7] 93] T 473 Alg 19SS 10mée] enzyme

solutionoll FAHAIZ]=d] oluw] callusi= enzyme solutionuleoir] Fe]et] &

oj-&sted Pl FERAHL 1 ~5mAHFEe Hr|E FA BHEE  enzyme
solution & X 2lstgoh o 2d2 257, dim light Foll 15~20hAx

incubation gt % 45~ 65 ym2] stainless steel meshZ Zvjlo] debrisE



A5k, 1.5m¢ Eppendorf tubeo] {H% 100X FE S5EAE A4 EL 6

Aok YAR] F A=dLe AQAHS &HAE Protoplast & CPW solution

02 2~33 AHEAL olF YA 21% Sucrose £fo] TAA U=

Eppendorf tube ] A}=o] Ro3& 100X §& YA Belsled Al=o] wl=

=,

T3> Haemo-

{=5=8F protoplastghS 33l ch &l y protoplast?]

cytometer & ©o|gsled =g T 0.01 % fluoroscent diacetate2 HAY3}

o] viability & dvlgeoz #Fslgrh

2) Protoplast @] ufj f

A

- Rel® protoplast & viekrslry] &l 0.5m9 /¢4 BAP, 2.0mg/ ¢ 2,4 -D,
1 % Agarose7} #H7IEH MSHlX]olA] protoplastE embedding A]Z T}
olu] protoplast @] HIXx=w7} (.5 X 10° protoplast /mf 7} HEE 3¢ o
Agarose 7} 27}l MSHlA]7} 40 C AEEZE HYS uw protoplastE F7lsh
o] embeddingstgitt, Embedding 1 Agarose MS A8l X|oliA 17U AL
YA 71e T SAzYe MSANuAl $AFEA wjFedn mic
rocallus7} A=W  callus 2l xjuv} shoot §xulral=2 2H AEIIE ¥
5+ Tk,

o}. Plasmid DNA =)

pBI121 plasmid = <=4=Halsly] 23] kanamycineol 271gl wix]ollA] =}

2} LBA 4404 strain¢] single colonyE YEB 9 A|vix]| A 24 A)17F uvjetrst

1—_

% wjekel2  1.5m¢ Eppendorf tubeol w3 12,000 x oA 2EZ7F 94
Balsla o 941%e8] % Vaccum aspirator & o] &3l A5A-S a7 st
cell pelletwte 32=glct dolzl pelleto s X} Alkali lysis Whiio] ¢]al

minipreparation 2 %3l pBIl121 plasmidE <4823t (Birnboim

and Doly, 1979 ; Maniatis, 1989 ) AH7jd%] <o) 1 size E ZAsIY T



¢}. Electroporation

electroporation-g 3}7] $£sllA protoplast & electroporation buffer (200

mM MgCl,, 140 mM NaCl, 0.75 mM Na, HPO,, 5 mM Glucose, 0.5 mM

KCl, pH 7.5 )°ll resuspendingAl# HZE%E7} 1 X 10° protoplast / mfo] I

=2 3}g 1, plasmid DNA 9 =% 1 X 102 ~1 X 102 DNA molecule /

protoplast 2 ZA3}lcl. protoplast & plasmid DNA mixture & electro-
poration chamberol £71% wjz] ZAAE Field strength, Capacitance, Pulse
time 52 Xvl =3 (Table 2)d uwel electroporationg 3+ tr}&, proto-
plastE () Coll A 5~-10 HAx Al3dl31 kanamycin o] H71g MS-Agarose

Hf ] o] embedding A|AH wiF Tk aEla dRe AlZPE GUS fAAbe] Hd

BEE Yolusl skl 0.7 M Mannitole] A7bEl MS SRxuixol A WL

st =, Alivl ks wlx]e] osmolarity:= FHx}3 o] protoplaste] Cell

wall 4 U HMEFHo] BolsixF UL

Table 2. Range of electroporation conditions using this experiment.

1

-

e + - I ,:_ _  —
Volts Filed strength (V/em) | Capacitance (pF) | Pulse time
I ]
200 ~ 500 V 500 ~ 1000 V /cm 100 ~ 1200 pF 10 g sec
100 a4 sec

1 m sec

I0 m sec

100 m sec
L 1 i i — - ]

k., A HA
GUS gene ¢] product ©1 8- glucuronidase & detectionsli= ¥ o2 = =
Al histochemical assay & fluorometric assay 27FX7F <t} (Jelferson %,

1987).



histochemical assayi substrate 2 X-GLUC ( 5-bromo - 4 - chloro - 3 -

indolylglucuronide) & o].83=d, B- glucuronidaser} o]& 3| 5lo]
indoxyl derivative7} WEoix|Al HH @ el Ay wirgo] UEelhuE R

47 GUS fxixtel @e 475 1AE & gou, oHd Wil AExA

AXE 235 A7 7] factore] uwel e ddesE whdol F ol ol B
3 A (Hug, 1990 ). ol BisiA fluorometric assay GUS gene2]
product?l S - glucuronidase §A¢] substrate & 4- MUG( 4-methyl umbel-
liferyl glucuronide) & A}83tH o]Ao] 4- MU( 4 - methyl umbelliferone )
2 A#= long wave UV light Folal @3e A sedl, olg w43l
= 9348 fluorometerz ZA3lo] GUS geneo] WS &oldt= vHhH o

sensitivity 7} histochemical assayo]l wisliA] 10088 WAl 1000y} =2 i

A "ol Aol total gene productE AHzkow ZHAT 4 glo], GUS gene 2

23] .S-  time courseo] Wl ZAET £ Qo olHo]l o uwlgia] B A

E.

Toll A= HZAHFE HARA] protoplast ¢ gene expressiong I&FSl7] 9

&l fluorometric assay & AAldlg o 1 AL o3 2ol
electroporation & wjekslyl protoplast & Eppendorf tubeol wWojA] 100
X §2 YAESI] 393 2 or]el 500 pf &l GUS extraction buffer &

Yo mp etk olze 12,000 X olA 587 PR F AEILe 3

e

oted Al Z2F Eppendorf tubeo] YW1 ol7)o] GUS fluorometric assay buf-
fer & 500 pf FH7bgch el oAl 37 CollAl 15 A1 7H5 <t incubation A] ]
e 2004 & Yol cuvetteo]d 1 0.5M Na,CO;Z 800puf 37 ¥-5Z-
Z A7l H, long wave UV light ( 365 nm) sloll 4] {luorescence& &34 6t
Atk olul fluorometerE 0]835lod fluorescence®x =A3s}lr7] Aofl v|ol

4~-MU2 =& oAJa7lxl2 dled Fluorometer= calibrationsl t}-8- <&7]



A dolz  graphE o] &3led ZF Sample ] fluorescence Ao 2  HE

4 -MUG7} 4-MU=E A3y FxE A3 o=zxm GUS geneol uHES 717

= ==

Aoz FHZE = AU (Fig.3).

Fluorescence (arbitrary units)
120

Y N N R U N O U DN DO B |

110 130 150 170 190 210 230 250
4—Methylumbelliferone (nM)

Fig.3., Fluorometer calibration curve

1.—.-.—

Fluorometric assy ol AF&% Ajer 2 gQofol FAge Table 37 2o

* 200 mM NaPO,; mixture of 0.2 M NaH,PO, 39mf and 0.2M Na,HPO,
| 61 mt) , pH 7.0
¥+ GUS extraction buffter ; 200 mM NaPO, pH 7.0 25.0 ¢

0.5M EDTA pH 7.0 2.0 me
Triton X-100 0.1 m¢
Sarkosyl | 0.1 4

B - mercaptoethanol 69.75 uf

* 1 mM 4-methyl umbelliferone( 4-MU)
* GUS f{luorometric buffer; GUS extraction buffer containing 1 mM

4 -methyl umbelliferyl glucuronide( 4- MUG )
* (0.2 M Naz C03

Table 3. The buffer composition used 1n fluorometric GUS assay



o] AFPUPHS gokslm Figdol w238 ulel o)

o822 =B Callus LBA 4404 Straine] ujet

] ]
gl selection

— i

Protoplast 5] 2 wjck I:pBIIZI plasmide] F-2

1

o
1

Electroporation

h -——l—l‘

B R

l_ Selection 2 £33 A A ] oF

]

Y

—

GUS assay

Fig.4. The flow chart of experimental procedure for transformation

of Populus alba X P. glandulosa using electroporation
technique



1. Protoplast 9j

protoplast &

8552 ARSI o Table 40 A

o] ¢ 7}4]

g

TEZ

= HASIA T

B3I MR D EE

=

UEA]7]7)

Z| 2] 3} a1

98l A

incubation A] 7}F-&-

) -2

O

L=
Q

Hi=ulo}  7ro)

]
[Sa—

O

D&

cellulase 2 macerozyme

ol ¥ Sl 3}

callus =

2ol sty protoplast 9]

Al

R
=

G

Table 4. Protoplast yield at different enzyme concentrations and plant

sources. (9] - X10°/4 -F.W)
anyme}_%r ‘[ B r C 1 D |
2 2] A] 7} L C L | c L, I c | L l L C
4 0.2 0.4 1.8 1.4 — 0.6 0.2 0.2 1.2 1.6
8 1.2 1.0 2.6 4.0 1.4 1.0 0.4 | 0.2 ] 1.8 3.3
12 2.6 2.0 4.6 5.8* 1.3 1.6 1.41 0.6 | 2.0 3.6
16 3.0 3.2 4.4 5.0* 2.6 2.8 1.8 | 0.8 ] 2.6 2.8
20 2.4 3.6 ~ 2.0 2.4 3.0 1.6 | 1.4 2.8 1.3
L L l i | | |
A: 0.5% Cellulase, 0.1% Macerozyme
B:; 1.0% Cellulase , 0.1 % Macerozyme
C; 0.5% Cellulase , 0.2% Macerozyme
D: 1.0% Cellulase , 0.2% Macerozyme
E. 2.0% Cellulase , 0.2% Macerozyme

( L: leaf explant. C: Callus. at 25 °C, dim light, 50 rpm)




protoplaste] S3are 1,0% cellulase, 0.1 % macerozyme? FXolA]
71 Al JElyton AlB8EEE callusE o] &% AHol leaf & o] &S #A
o} diiE2 =& 82 vt ok 128]3 incubation time-g H]1W
sl Ay 12~16A17F A= HEEd A7t L& +=&%8 Ut

(Fig.5.).

, Yield ( x 10°/g F.W.)
|

AN

Enzyme Treatment

M 100, 16hr XV callus, 18hr [ Leaf, i2hr ©ZZ Callus. 12hr

Fig.5. Protoplast yield in different enzyme treatment

after 12~16 hour incubation.

protoplast ¢ X-2lo]l Al8-EHE enzymeo Z£HS Fre plant species

o} AmE AleElE 29el ugl FERcvm shsdl dvkdoz =St A

¥olx &= protoplaste] Fgtel F3 Azl AFH FEHEA Fe= W,
o]gl 2% 53| embryogenic cell 5& 74 Egl7F "@dx vk ( AbdullahF
1986). Wk 7] wlekrs®l A& (Bajaj, 1972), root tipd & oY

Z Aol explant Xus

»

1982), hypocotyl( Glimelius, 1984 ), cotyledones



( Hammatt 5, 1987) % shoot( Russel and McCown, 1986 )% & A8 & 9]

23 79E Asxe emzymelo2: FL& ZAHAE IS 4 Ao enzyme
o] MIAAzZIE AHdE ZFY ZASHG ¥aFy FAses Aol FElsit
ol e 1Fxel enzyme & Az g 79 incubation

Al7ve ZA T4F protoplaste] viabilityyl ZAEHE AL #EFE 4

of 9ol ATATY FAE AL YU
olA+S ZFs|BEAH, 1.0% celluase, 0.1% macerozyme R-10, 0.1%

pectolyase Y-23, 0.5% hemicellulase 2|31 (0.1% BSA2S ZFAJcllA

callus 2 A 88 AMR3ld 12 ~ 16417 AXE incubationg "W 5.0~ 5.8

X 10° protoplast /¢ - FFW.2 7}1& =& +H%ZFE Ui USES &

Fig.6. Freshly isolated protoplast



3L, viability7l} I3 plating § &0l $£& protoplast & Q7] H3liA=
H

o]

N

218 AlR3l31 53t enzyme & AFL3Sl0  =Alo]  incubation Al Z{F

L.
=

N

ol Zlol s F& AoE AZHYTH

2. Protoplast 2| Hjet

s3]y protoplast & 0.5m9/4 BAP, 2.0mg/¢ 2,4-D alx 1%

Agarose7}l 71" MSH|A o]l embedding AlA wjckstgch vk 13U FFEH

O
microcallus 7} A=yl Al &8l =dl, FA4E microcallusE A Z$ petri-
dish2 &7 22L& =249 MSdx wixE Fo A&HHAY ¥iFe A

ou A7 smAEE AT olFolE dolge RAL FxdkAl Eh ol

T olnlx ARgE Al g9l totipotency’t wWoix] ALY} protoplast EejAlel ¢

=

o

2 damage wjZol old7l AlEHO A AL AHAFZE < Callus 2o 29
TEE AlZstal drh olo) Uit A3 A JAPEE A7Ed HuAd F

7FVE RIE oA o]t

3. Electroporation % GUS gene expression

protplasto]l A7|# <l FAE& rleld WA o= pore7t FAAEHT ol

pore & %3] DNASL 722 macromoleculeEol cellyiz olFdd = vt
Azl ¢low ( Neumanng, 1982) ol porex= ZH 7ol 30nmAxoli
pulse & 713t & WiAT AHEFHom EAgctan  dte=d (Okada%s, 1986)

oA gAEol olal oleldt WS ANEAM FAABel 8RR ke

A&7} @ol olFolx ¢ror (Fromm35, 1986 ; Gupta®s, 1988 ; Bekkaoui

%, 1988 : Rudy &, 1990), olz o] electroporatione] 7]¥ 7} &&= A

o[t



Electroporation 8¢ &< ©v]x= goloz =37 Field strength (V/
em ), Capacitance ( uF) 2 pulse duration®] 37kx7} ¢tttz slck ol=
IME 71 & DS URE 828 field strengthelsr a8z l=dl,
w2 AT E olzlgt 37FA] acolg ztr] el dbHA FHA 2] electropora-

tion §8 8 UEN= ZAE 27 9sled GUS genedl AT S =z}

A3, Fig.70lA B E=nEel 7ol field strengthe} capacitance & 2] 3l9E

452l GUS activityE fluorometric assay W oll <Js] vlw3dglg i,

field strengtholX = 500 V/jem~ 667 V/eme] WA 7% =2 GUS acti-
vity & UYERJ 3, capacitanceolX= 490 fFE HEls Aol 200 pF & A&

A Bk E& GUS activity & JeliQch

Mikako & (1989) & tomato protoplastE tA S 2 electroporations 4l

A& A 666 Viem~1000 Vem, 47 pF ~ 100 pF HslolA 713 =& CAT

activity 5 HUota stedl, ole B OAde ARG u$ 2 field

strengthollAq] =& 3 AAINSS HAFE Zolth v Mikako 5L 5

o] AFAFoA] =& field strength & 213} protoplast= cell survival &

=
ol ZAd YL e AAXE] Fz glol, =& Field strength 4=580] A

Transient gene expressione] 2J3t FAAFINESL dr|FHo =z FHA JElYXR|YH

cellgolAl 7zl & Aol J7t2 % Damagez v|¢tol  survival €3}
AME3 FEe ZZAE AR E REGE AL dAEl FYaz g U4
o} uebA]  Electroporationeoll 23t 2EAe] &z H3ofli= Field strength &}

Cell survival ¢x}7te]l A A g Balance”7} = Q3o A7 e =], olzte A}

-

Ne A olRoklA FHHNm JE HIWEL T wH wBu o

gl Atk & Untz o g Electroporationo 23+ A1EA 2 FAAHE Al

2712 did¥dE 4 <ql+dl, high voltage pulse, short durationo] 2]+ Hb



M (ShillitoF, 1985 )3} low voltage pulse, long durationo] o]dF nupH

(Fromm-F, 1985 )0l =ZZolth zalvt Exl7F Axlo] H|siA] AS condi-

-
tion-g ZA3}77F 431 3l AE A o] AEFo] ol rE o] ¥ o
Assta = AAHoltk(Drapers, 1988 ). 3t¥ Wildes (1989)< yellow

poplar ] protoplastE ©]&3l electroporation AFHo)A], 750 Vieme] field

=

strength &} 450 uF 2] capacitanceollx] 7}# =& protoplast viability =

—

HE T Haste]l 2 A7 el wiszd ZAAE wodFu gle] olulx Hal

Aol 72+ dEe9] ElectroporationA] A& Field strengthye B 283 7

o Low field strength, long pulse duratione] $gldt ZHo= xzizich

P

GUS Activity

20 )
15
5 -
0 I - | — . e i
333(200) 500(300) 867(400) 833(500)
Field strength(V/cm)
= A90uF — = 220uF

():; -Displety Voltage, Disltance; 0.6Cm

Fig.7. Field strength and GUS activity



electroporationg o] 83t AEA 2 FAAHE AT JolHm 27K FH
—HHol itk sl vector B Functional gene?] transient expression £
Asle= Ao Z olE Fxxlell 2o]3) ﬂ%ﬂz]% enzyme?2] unit activity =
electroporation$t protoplast FEEE2 HE] =& Holz, ttE v
o] protoplast XHE 3dAAZH colonyEZ A W3dte] stable 31 transformants

= AASle= Aolth Transient gene expression 7+ structural gene 2

promoter 1} enhancere] {8 H w3zl 3| ol olLxle] 2o v (Gra-

vese, 1986 : Myers &, 1986 : Werr &t Lorz, 1986), FAAZE FHF& =

718013 geneddeo] UAATE EAlst=Hl: ol&FH1 it} ( Bekkaouil &,

1988 : Rudy %, 1990 ). E3], ¥ A Z& fluorometric assay & ©|-&

gl gene expression®@ 72 7d9+ gene o] S Al Tholl wEbA A

HBozx HMIERIG wWzE geneddYd FIALE ATsied =88 & &

B O AHo| A% ﬂuorometric assay & E3lA GUS gene2] time course o]

2 expressiong FALSHSE =4 (Fig.S), electroporation-& AlA]dl = 1 H

Al XE 10 BA7IAR 2] GUS gened] W3S ZASE ZAx 5AAE 7A=

GUS geneo] activity7} Z71sttizt 74L& HE 8l T aHE HAFHL

transient gene expression? JHEHE HAFTE old{st A= Electropora-

tiond]] 2l WAAAHNE wZFE plasmid 7} nuclear genomeo] Ai4ZF o=

A=A Zstm gloma plasmid A2 gAHo® B@-E b7t degra-

k! sl

dation EA W, AY=EAG seiaste dFA A AV MIEFELE I X

= Axrae sd Raan Solwa: AL g wodste: Zoldm Az

Hol welx] 24 3F transformants & 7] YEiAe S AAM e AlXEG

Aol Aol dAZ wEAPETe HAgF AFHA S callus QAIZ F3A



2l H AAgH Selection Marker 2! GUS assayo] wW& XArjzlo] Algre

!
o
o

3 ok &k

2 AoAxE A8 transformantsZ 7] s8] kanamy-

cin o] H7hg uix]olA A&AQ M-S 19 ou protoplastu kel 7S¢}
PV R SmAP o] FIr|Z . A olZo= ¢ olite] ANZRIE

X (Fig.9). ol 9Al A9 totipotency @ A7|& FZol <& 4
sf wiFoz AzZtElm walr] Electroporation3dl protoplaste] x]EIFE 2

SAe RA. 98 Axst zdol BE METaE £FTolMel o 7o

=& Htd ZH#JZF o]yl xpA|st Electroporation Xglzdel #Hd AFx7  H

mhajo} rbm AyZb@h olol Al 3xhdxe] dAFolMi AxAel &8 o

AHE AR Ho g XHazAg 893 5 olo] o2 Electropora-

tione Z&sly 31 9ol

Relative GUS Activity

<0
15

| o ~
1 O [ 1

f

|
0 J l | 1 A i | | | l
1 < 3 4 B 6 7 8 9 10

Culture Time (Day)

- 400Volt, 490uf | 200.300 Volt, 490uf
Fig.8. GUS activity through culture time course

_..64_
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Fig.9. Cell colony derived from electroporated protoplast

under selection media containing 75mg/ ¢ kanamycin.

olAl7lx| 2] AFZAFNE ZFs|EH, Electroporationo] 2]3t Q&9 FHzxz
g AAxe digdse dESel disiA AGiZQ] FAAETE EAFLS AL
E fodsed a9 2L olfEAME Al1FPdE ATZAFolA Uepd uie}
2ol T-DNA mediated gene transfer systemo]| 2z} H2x E3}AHe &
olAd 2 wl¥y KAze] A1EFH genomeUlR o] olAFE ARl urE ]
1 F3}z& ol stable transformantse] §%2 2 Whole plantzZ 2] X3 7F )
T 8olsdy] diEelch Iy @A du¥E vt Zol F8 IAPF+IFTE

21oiA] = Agrobacteriae] infectiono]l HX| 7] wWFoll olE FFEo thFl

A 5st Ao Fgol fAFHowg AMgEo]zxiciH Electroporationol 2]3 &

O

A2kel =]l AEE 9

1S AUA & Zoldh



H 48 w0 E

GUS gene-& 7IX]32 Q= pBl121 plasmid & Electroporation ¥} -2 %
&l Populus alba x P. glandulosa ¢] protoplastl& ArAlZl % protopl-
ast 2RE] FANINE FEey] 9 Ade A¥ ARES aokE@ oL

5 o

1. Populus alba x P. glandulosa2, $%hFFE 2 callus®Z HE| protoplast
»a1skz] 3 HAe FHE 1% cellulase, 0.1 % Macerozyme R-10,
0.1 % Pectolyase Y -23, 0.5% Hemicellulase, 0.19% BSA 2] =zAorA 1
2 callus® Alg=z 39S AS$ 5.8 X 10° protoplast /g - F.W=E 7%
A UERYTH

2. Electroporation-g& 2A]st Z3} Field strength7} 500~ 667 V/cm,
Capacitance &+~ 490 pF, 728131 pulse duration2 10 msecQl 7oA 7}

2 w2 GUS activity & YeRjio] FHA 2 =ALE & = Ul
=

3. Electroporationo] <2lgt GUS geneo] Y3 Azl wal AWE A

I 7dSe aHE Ha PFAET 3 AHQ transient gene expression?] ¢

4. Electroporation-& 2AJA]3t protoplastE 75mg/¢ kanamycin, 0.5
my/{ BAP,2mg/ 4 2,4-D, 1% Agarosery} ZH7FE MSvix|o A Alchul oFs)

HA] 2HAgE transformants o] M-S FEFg ok S5mALE gk o] Fof =

o olgel AL Holx: wdrh wEk BA AL£HA AR FES
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Vector construction of Ti—plasmid vector system

containing luciferase as a reporter gene

MAEES : HEKBRK BHKE
HEELE ﬁ IR ]

M K B :#H8 H §8






A FZHol YJFFAAE T=YA7)7] Y3 Ti plasmid vector system oj= I

=

TARo 2 Q7+ 371A Aol glom, o]AEL border sequence, vir-
region,selection marker Zolt}, o] Z vector & @3 A ASUA AL
gt MM ES 2 Ao FHAAMZe ZAHI W] Y= selection marker
2} reporter 4 X}o|t}y, Tnb HEH kanamycin A 8t4A [FZA X7} cloning (Be -

van =, 1983 )slo] selection marker & ARRE 7] Al Fstd A A Z2=A4

A FRAEE FA 100 olAye]l AlL&FH: Qom, ole}l T repor-

ter + 1A% 7} cloning Ho] AMg-Em Uth (Draper 5. 1988). Repo-
rter 7 4FAAE ol&F FEATYHA ol HHAMABAT single
cell origin o] AY A Aol T FE AR F2 AREFHo g3
ajol= o Seolm zHEolAH W Uehi: promoter o ZHF oy}
promoter & B¥ =& Yo} wBy] 3 o] AMgFHT: <Ar}t Chloram -
phenicol acetyltransferase (CAT ), nopaline synthase, luciferase, B-glucuroni-
dase (GUS )Zol @Al Wol A& 1 9+ reporter FHAEC|h o] T lua-
ferase &= WIS E (Photinus pyralis )¢ 3F[FAXE cloning 3 HozZ 1986
9 NEAQ el E9AAd o wHe B 4 ANer I F2 repor-
ter FAZA da] ALEEA HAJAD (Ow 5. 1986). o /AL cod-
3

ing 312 U+ luciferase &= luciferino]lgl= EZA L ALSA|A

=5 30 v olAL X-ray filmol ZPAlH WFAFE Y T

ATt oA L reporter FARE AT HE o AAWHLS ogsid EF

A 7L olA  shgel

rr
ol
—o
2
ol
1o
KO,
FN
)
lo
it
o
i,
sy
2
A,
o
Ay
it
ol
2



luciferin 3} WFSA|A FAAF oHES G & glon, LsHHe A
%

$-oll  #FAlol  luciferin & ol Fo 2

A AAel Jhssith @A sEuEtelAl ge] AlgHm Qe GUSe ol

O &RV WA sensitivity © ¥ oy olzle dg Juldoel UA] &

4gAel E=gsel WHIF UES wWElA U Aol §@7] W, ol

TAAE  reporter AR ARGl fEl A EAUHE =94 Idol e d
70 2] intermediate vectoro] AMIAIZT) olFHA dle] Ao}z luciferase E
reporter -4 A2A] e A 2E vector AWHEQl HFAAME o] folx pro-

moter o] AL A% 42 AW Ow 5. 1987 el cFaA Agd &

QL Aoz Azi=ETCh
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28 MR
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M=

Intermediate vector 2= pBIN19 (Bevan, 1984 ) 3 pBINAR (Rhim, 1989 ) -&

AFR-8H 11 luciferase A A+ pDO432(Ow 5 1986 Dol AdEe U=

>

o

A

S AF85H Tl Transtormation & 9]3F £, col7 strain o8 = TGl & ALE3)
=

2 A= pBIN193 pDOA432 ¢ Hind [ fragment ¢} pBINAR 31 pDO

432 ¢ BamH ] ifragment & Z}z} ligation Al 17.3 kbe} 12.6 kb 3 &

s

zte= 702l binary vector & wlEo] orldl T EgHo| =  luciferase A

A}E reporter FARXER AlLL&3F A Sl (2¥® 1 ).

(TP 1) BAFA AHGE vector o] EAE

LB: left border, RB: right border, Ppos: nos promoter, P;: 35s
promoter, NPTII : neomycin phosphotransferase]], ocs - T: octopine

synthase terminater,nos- T: nopaline synthase terminater



— - _ ., .
Digestion of pBIN 19, pBINAR and pDO432 with Hind [[] and /or BamH |

I ——

—
[_Ligation of Hind ][] fragments and BamH [ fragments

|

LTransfonnationof ligation mixture into E. colt host TGl 1
— -
Selection of recombinant DNA

Identification of desired clone with band pattern]

.

(2% 2 ) Process for vector construction

1 ) Preparation of plasmid- DNA

z}zt 2] bacterial culture 1m & kanamycino] Z7}¥l LBullx] 100 méoll

3 37°ColA 1641 B 71tk 7000rpmollxd 10 £3F A &2 @
5} pelleto] &9 Ume Hrbg H 0%z AL w2 oAl g
28 8mHsIEtn 0°CollAl 583 FolErh o7iel EA3E& 6m VI
H 60 £F5¢ deodl BrEFR 4°ColA 10000 rpm 0.2 15 EXF  centrifug-
ation 3t % 40 mf ethanol & A& -20°Coll 1A & Fol &
HB4 -rotorollA]  10000rpmo. &2 15 %7} centrifugation 3+ ¥ 2mf RNase -
buffer 2 7} 5 37°CalA  1A1zF ¢ wr3AZith oA7jel 1m CsCl-
buffer ¢ 4 mf ethidium bromide & #H7}slx2 5) Ti1-RotorollA 40000rpm
02 48Al7} X9t centrifugation 3tt}. Hand UV lamp & plasmid - DNA band

2 Relsla FAZ|Z olA L Wolhd T isopropanol & EtBrE A|ASLaL



dialysis A} 71 ¢} (Birnboim 5, 1979 ).
] « 50mM Glucose |12 : 0.2 N NaGOH
10 mM EDTA 1 9% SDS

25mM Tris-HCI(pH8.0 )

10 mg/mf Lysozyme

2ol 3 :3 M Sodium acetate RNase - buffer + 50 mM Tris -Base
(pH 4.8) ' 1 mM EDTA (pH 7.5 )
CsCl- buffer ; 50 mM Tris HCI(pH7.5) 50 n9/mé RNase A
20mM EDTA
1 §/mt CsCl

2 ) Digestion of pBIN 19, pBIAR and pDO432 with Hind [ and /or BamH ]
ellAl  HEeldk pBIN193 pDO432E Hind (AR 33 )9 a4 37°CA
2A1 15 wrgAl7]151, pBINAR# pDO432 & & ZZolx] BamH [(A1E
stk )3 A WhSAIZl H dRE  ligationo] ol&sti YN = H7]|W E3
o A wrgol HAEA Lolrm (IF4 ) ligationwrgel Apg i,

3) Ligation of Hind [ tragments and BamH ] {ragments

AolA] AL fragmentE5S 70 °Coll A 10 87F heatingdle] AAEaLE S
B8 3A) 7] 2 10 X bacteriophage T, DNA ligase buffer ( A & 3}35} ) 2 ¢4,
bacteriophage T, DNA ligase (A& 3}8t ) 2p4, 10mM ATP 2p¢4, Ztzte] DNA

7l Ao H71st5 total reaction volume 20pf 2 3l 4 °ColA] 24 Al 7F

S vl AlZiY HkLo| By ¥ ligation mixture & F 7| F 5l ligat -

4 ) Transformation of ligation mixture into E. coli host TGl

Competent cell-2& <d|dt12 E.coli host TGlell transformation A|Z1 9



(Maniatis %, 1989) X-gal/IPTG ¢} kanamycin (20mg/1 ) 7} Z7bg vl x]of
spreading sl 37°CollA] 16 A7+ 1incubation o}
5) Selection of recombinant DNA
7}) pBIN19, pDO432- Hind [ &] A5
X - gal /IPTG ¢} kanamycino]l H7}® wjx]oA] &Axl white colony & A
Wste]  o]zlg THA] ampicilin o] FH7tg vlR)el patching 3 F o B} A

A AME colny & mhxvte . Mwsith of7]A 4wE  colonyolA] DNA

g ¥k Hnd[2 WSS Al H AVYFstq 27 st irag-
ment 7} AdEH] QJEA FHAFG(IHE 5 )
1) pBinAR, pDO432 - BamHI 2] 73-%

X' —~gal /IPTG$ kanamycin o] #7}¥ wjx|olA] 3A®E  white colony

2 At o7& tvhA]  ampicilineo] 3 7Fgl Wi X]ol  patching g FH o]

] Xjoll A1 &8 colony & kanamycin o] FH71H uHjRjolA  Ze=Th o7

DNAE =glstel BamHI o wgAlzl § A7dEsied 7k dshs

fragment 7} A4Q1¥o] A= AE A (" 7).



FIEW KR R BE

1. Digestion of pBIN19, pBINAR and pDO432 with HindIl and/or
BamH |
pBIN19& polycloning siteoll Hind [[2} BamH ] restriction site7} <]7]
w Foll A3 &EA Hind [[¢f BamH [2 w33 Al7]A  10.0kbxig]el 3} 2]
band 2 veldit} pBINAR2|Z$ollx= pBIN19x & 3hv}te] band E Ueh) x| gt
pBINAR S pBINI9o] 35s promoter &t ocs terminater S 4}YA|7] ZHo]7]
el ZHolx= 10.7kbE uvepdth pDO432+= A Zeol7t 7.3kbE Hind [[
site 3L} 2} BamH | site 57182 7[xlx2 7] W&ol Hind [ w932 AlA>
9ol 7.3kb Aol shte] band & Uehie], BamH [7 wgg A
Ae 79l 1.9kb9} 5.4kb Ssje] band & uEhdTE o] F7he] band
ZollA] 1.9kb =7] 9] fragment7} luciferase -F#x 2}l 3| Fst= HFEo|th (1

41 ZFa).

Y2 2As 6710

(28 3 ) Restriction patterns of pBIN19, pBINAR, pDO 432
lane 1 : A- Hind ] lane 2 : pBIN 19- Hind |
lane 3 : pBIN19 -BamH | lane 4 : pBINAR- Hind [[
lane 5 ;: pBINAR-BamH | lane 6 : pDO 432- Hind [[
lane 7 :pDO432-BamH | lane 8 : A- Hind

_?f";__.



2, Ligation of pBIN19- pD0O432- Hind I fragments and pBINAR -
pDO432— BamH | fragments

pBIN19 . pDO432- Hind | fragments ¢} pBINAR .pDO432 -BamH | frag -

ments & Z}Z} ligation A]7|H oA K= ule} zro] agarose gel Aol A

ZEE ™z Jehd olgjd FHe AdAQ  ligation wHollA] UelbdT
o] #7149 % ZAFNZHE ligationuro] A FHOoZ o] Folzan 7 o}

e ¢ &
7} sl

(218 4 ) Electrophoresis of ligation mixture

lane 1: A - Hind [] lane 2: pBINAR - pDO 432 - BamH |
lane 3: A - Hind [ lane 4: pBIN 19 . pDO 432 - Hind |||

3. Transformation of ligation mixture into E, coli host TGl

ol 4] HEZ2o| £y ligation mixture & Maniatis Yol u}lg} E.colt host

TGle]l transformation A]#  white colony 2} blue colonyE2 <A



4, Selection of recombinant DNA
Aw 2 dHolA 71EFE AT o] cobnyEEL Ausled DNA S Ee
gt § Hind [ w8& AlAH @49 e AxE Ak 7Z|d8H s

band patterng 10.0kb ¢} 7.3kbollA] 7]1¢] band £

ne,

+ Z%ldl lane
6% 70X U= bandEF E F A/UG o] APAIE ZHo] 17.3kb
o] lucilerase & reporter T7AZ zZ'= binary vector& A& F Ak
olg A 3dlq = 17.3kbe] vector &= luciferase -F#12}2] promoter 24| 35s
promoter & 7}A|a1 l7] Wil 2A]EAH ] o FAQAME I dFo] 7}%
sln] WEAEE Ags] A JdeEd F UL Aoz AZ4EH (An
5. 19838 ). a8y ©| vector & intermediate vector & A}83}7|ol= Zo) v}
2ol o457l dEn YFRAAE WorEd F Ue E¥E FHy] wAE

BIag FES AAZ Ho FL A7]|9 vector & WHER T

Vidiag 4.5 . 6.7 8

(295 ) Selection of 17.3kb binary vector

lane 1 - A-Hind |
lane 2~ 7 : restricdion pattern of selected colonies

lane 8 + A- Hind ]|



NPTI

Pnos

KRB

(128 6 ) Diagram of 17.3kb binary vector containing
luciferase gene as a reporter

pBINAR ¢] BamH | fragmento]] pD0O4322} luciferase structure H3 2 (Bam -
H | fragment) ligationAl7] 2 & BamH [% wgA@ e w 1.9kb Quci-
ferase-3 A &) 2+ 10. 7kb (pBINAR ¢] BamH | fragment) =7]2] 57]¢] ban-
d & o8 F tt 73 54 BH lane 6olA] F7]e] bandE £
7} uth o] A¥AFZ FE  12.6kb =7] 9], luciferase £ reporter FHALE
7} intermediate vectar & TIE F 9t} o] vector:= Qo] AF e
promoter & 7}X] 3L ELE‘_IJ% odopine synthase terminater & 7[X|1 <Yt} & HF

F&RFHAY] FE&FHE 498 AFew FA7|7F A7l wWigel oET]

e B3RS M3 ok ¢ez Hasjol @ ARe polycloning site &

A AlH o]l 7153 restriction site & FE & Aol Th



123456789

(19 7 ) Selection of 12.6kb binary vector

lane 1 ~ 4 :restriction pattern of selected colonies
lane 5 : A-Hind ]
lane 6 ~ 9 : restriction pattern of selected colonies

NPTII

pBINAR
(10.7kb)

pl"lﬂ!

LB

RB

x.],rl q

(¢ 8 ) Diagram of 12.6 kb binary vector containing
luciferase gene as a reporter



et ol w¥EEOIX plant expressin vector 7} AU Ye FAH4S ¥ HE
2] S 72t} Selection marker 241 neomycin phosphotransferaseZ 7}X] 11
Aol FAXABAIZ] A EA & kanamycino] FHr7ig wiAolA AT 5 YL
1§ screenable marker 24} luciferase & 71X Qo] oA L o83l |7}

A Aol AE g 4 v} Luciferase &= ol L w9rg-E& F3 g

ATP + O , 4 luciferin -— light
luciferase

tlo

8l7] wifoll X-ray filmol Z3g AlAFLEZN HEAH FAHE o
7/

HE dol EH F7} Ut Luciferase & reporter G-H1Xt2 AMEE A9 The

(1) transient expression assay: promotere] EAo|u A EAQE =UH FHol

Az AR es Wdshex oRE dotruA & W AEE S UTh

g o
¥

AT F 24Xzl AApE dFAAAA @fFE FE]  luciferin

H1-2-S-  A]7] 312 luminometer 2 peak Intensity & =4 sl o] 83t}

@) leaf luminescence assay: ¥A13l 112} sl 42 2.5 X 4.5 eme] =HAJ|=E
ZAFE2 5] luciferin 8ol 2A17F 30 E =<9 HUylE 5 Kodak Ektachrome 200
filmoll 24 A17 Qb wZAIZICh

@) whole plant assay: B4 8312 3= 2l EZJol 1 mM luciferin 5 mf<
6 A17+Eet #A1Z7] ¥ Kodak Ektachrome 200 filmol] 24 Al7F F<F w=FA]
Z4l=2

@ microtiter dish assay: A el ore] 79 vlx] 200 #l1E FH3HA lu-
ciferin & FH713F ¥ X-ray filmoll 1A]7FtEet w=FA|ZIth

o|2} ol luciferase E A}8&TT A= A 7R FEH e Ao 7168



™ CAT assay®t} 1008}l o]A}2] sensitivity & AL 5 Ur}) ol Lo =

genetic cross ] marker 24 o]8o] 7lEaly o8] OYs ] EBEAE 7T

S ¥olE7] ¥ probeEME AMgo] Jlssith BAWYH = wEn 4

a

e fol FAABAE BN T4 A: Aol ATh ABA S ¥

5

5

AgolA GAEEHRE AEAE /RZIAIAY XAAHA 25§37 25

A G AL YFAJE Asz ALgsi=dl ol 739l reporterf AL

H AdzdAzE A vector7l 78 3HA



B4E B 0 E

1. pBIN193 pDO432¢] Hind [ fragment & ligation A]# 17.3 kb =7] 9]
intermediate vector & WwWF=TH

2. pBINAR3} pD0O432¢2] BamH | fragment & ligi-itiOIl Al A 12.6 kb =7]
ol intermediate vector & WEUTL ©] vedor = 7|7} A3l UpYEHAl o
235 4 = luciterase 4 RS reporter FAX R 7R3 Qo A EF) 4

FAZgN &3 AEE a Ug A2 AAgET
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