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Adenosine Deaminase Gene: Possible Selectable Marker for Tobacco Transformation
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The development of selectable markers for transformation has been a major factor in the successful genetic manipulation
of plant. We established a new selectable marker system for tobacco transformation using chimeric adenosine deaminase
(ADA) gene, which confers resistance to cytotoxic adenosine analogues, 9-f-D-arabinofuranosyl adenine(Ara-A) and
cordycepin. The transformants with the chimeric ADA gene in tobacco grew in the presence of normally lethal level of
cytotoxic adenosine analogues, 100 #M Ara-A and 50 #M cordycepin. We successfully distinguished transformed shoot
from non-transformed shoots on the same selectable media with cytotoxic adenosine analogues. In this selectable media,
we were able to select seeds with/without ADA gene from transgenic tobacco seeds. Theses results show that the
mammalian ADA gene may serve as a new selectable marker for tobacco transformation.
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cloning®] 32 A 53 A A 3-8 £HEA|
FAAE AEAEe] duz A =4 F A=A
uH(An, 1987: Bevan, 1984: Hoekema et al, 1983), 7]&# ¢l
Hell Al AL midEe] HAMARE AES) FAA
$HE A 2 MEE Z7)d EE: whe] AEAES
da e Tag B GEHL Yk o
zasl= g4 WA A A(Bevan et al,
1983: Herrera-Estrella et al, 1983: Hayford, et al, 1986) %
I A zA AP FAA (DeBlock et al, 1987 Fraley et
al, 1069) & A% BASHAZ A8 wgol uy
glom, wat w22 kg g 4 QI EF visible A
A 2} (Jefferson, 1987: Schneider et al, 1990: Ludwig et al,
1990) 5ol /HEE A

a7t F2 AL FAAEA A A= bacteria Tnb

of| 4] %2 %l neomycin phospho-transferase II gene o]w, ¢]

6‘4 Z] x—] §}.___
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FAA = A B Zo] Ao]Fw kanamycin, neomycin 12| 1
G-418 F29] A Ae]| YAE HYepA H v} (Herrera-Estrella
et al, 1983). 3} streptomycin phosphotransferase gene
(Jones et al, 1987), chloramphenicol acetyltransferase gene
(Herrera-Estrella et al, 1983), hygromycin phosphotransferase
gene (Van et al, 1985), gentamycin acetyltransferase gene
(Hayford, et al, 1986), dihydrofolate reductase gene
(Eichholtz et al., 1987), blasticidin S deaminase gene
(Kamakura et al, 1990), bleomycin ¥ phleomycin resistance
gene (Hille et al, 1986: Perez et al, 1989) o] 7lutg o] Al
2 AEe FAARAS Adsted AMUFES BARA
Az Hu=Ea gl ey 7)Ee Abs) & A %
AR AHEERRRL ke AEe] metAle WS AY
I e AEAZE el A BAFHR] AbEel] o 3
A& Qele] B glom(Vasil et al, 1991), 3 FA| 4
Aol ojsled A AEAE ASHL AEAH] &F
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Adenosine deaminase (E.C.35.4.4, ADA)Xx adenosine-d
inosine ®. 2 W 3HA] 7] & purine WjAe]l HoJsh= BAEAM F
FA 22 zAwjckA] adenosinet] Al =4 adenosine -FEA|
7} A7bE™ ADAZAVE BEAY 9 A4S A2 &
Al glek(Fox et al, 1978). 28]t} ADA &av/} 288 A%
o= =4] adenosine Fr=AE B]5A<¢ inosine FEHE
WAz oz QAte] 7158 HH Yeung et al, 1983).
ADATAL FRAZAE o= Rolel} ZaaA 4%
HE el As EAfeta] ool o] R w glw
(Fox et al, 1978: Yeung et al, 1983: Yeung et al, 1985). 1
21t Yang (199%)5°] mouse ADA cDNAE Al 5323
£ binary vectore]] | F3sle] AxFAE HAAIAA
& FEAERA AR dRAEACAA T 58] U3
=S galg vk gk s B AL AEA 2 3
df{ I AHEE s EXRHAEN 7] AHEEH L &
AN FHRN A FEFAAFTAM Az THAA L

7bFegt ADA fAAE A E3AATE EAFAAE
AHst Al a)Ekdd vl 1 AHE oo BRIk upo
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Nicotiana tabacum cv Xanthi-2 in vitroo|A] wjok3t 3
cork borerg o] 4-8lM AHE whEo] wikel] AMg-stolct
AR} = MS/B5 (Sigma M0404) e sucrose & Al &322
< A7kgE F pH 56, phyto agar 0.7%3 7}ste] FAHUA S
g % ujze &7} 55°C AX HYE W membrane
filtratione]] 2]3}e HW#% adenosine I inosine analogue§-¢4
S TR Yol AMEERTh AE3E A% 3222 BA
25 mg/L, NAA 0.1 mg/LE Ap£-3}9].21, adenosine =4
24 & adenosine, 2’ -deoxyadenosine, arabinofuranosyl
adenine, cordyceping AH-2-8}91 .1, inosine =4+ inosine}
? deowyinosine® AFE3T FE= FEAd] W 0 5
10, 20, 40, 80, 160, 320 & 640 mmE A}E-3lgi o TE A<
© Sigma AIEL ST, WEE 25°C Wepleld F
(1% 16 DA T GHAFL ol 2qseon 3

27 sl ARTE 2AFSIGH

ADA FHALS O|Set HAMEtAe| MY

ADA fAAE A EHAA AL EXFAAE AHG7EsA
< Asl7] YaA BA 25 mg/L, NAA 01 mg/LE #7)3
A 25} MSu| =} o]l Ara-A¢} cordyceping z}zb 100 M 2 50
IME Arbsle] AAdzzA 2 7] PAAAE 22 (Yang
et al, 1995)2] AL FFAHoE xAlsle AEARE 2
AT £ ADA A4S EAEAZ A8 2
AAAZ Adsly] HME Yang Fol AR (Yang
et al, 1995) FEuopubie] welr] A tumefaciens pDY183
of o3 AxzAE FAHIM| AT Al e 2R3y
Alof cefotoximeal] 2} (Claforan 250 mg/L, Han-Dok Remedia
Ind. Co., Ltd, Seoul, Korea)2} Ara-A (100 M), cordycepin
(50 pM) 228)32 hZ2F2H kanamycin (100 gg/mL)E 3
7ksted ARt ok Al ool A 30zt &4
or PAA G = b G A (Yang et al, 1995)e] &4
heFsisich,
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9cHYang et al, 1994). & A" AHL adenosme°] f,ﬂ'-rr
%l plate (cell culture cluster dish, Costar)el] @31 3087}
2A7) F A A eK(Yang et al, 1994)< 01 Bk ‘Liyﬂlf
% asisla, g 967114 A e AR
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Adenosine deaminase (ADA) &4 A EA Eol= Za 3}
A gAE ATl G5t SE ADA AR @
ZAZHEe] E15e] o] FAHNU G2 (Yang et
al, 1995), ¥ AgelM= ADA $AAZ AT xe FJAA
44 BAFAAEA AP S Tt Fslelct
44 ADA F4r= EE5FAY A adenosined inosinel &



Figure 1. Effects of concentration (0, 40, 50, 160, 320 uM) of inosine
(A) and 2 -deoxyinosine (B) on the growth of Nicotiana tabacum
cv Xanthi leaf explant in the light (L) and dark (D) condition.
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HgtA 7] 22 (Fox et al, 1978), Al &M% 7]&o gdd
g

R
A AT B ADA f50] A4 HR
AEHMEE adenosineS inosinel.Z. WA Z] 024 AlE
1 o) 49 335 TEALS) 2 1958
oA TheAE AE WAY 4 gomE, $Al inosine %
Ag wrUzE Aoy wiAdM dxz22S HAbete vk
& F S 2AMAS. Inosine?] FEE 0 Mol A} 320
M7 w2 A stel 3 9 shadelel A 3F3h wiokst
F A%%E 24¢ 23 H(Figre 1AL 2 H(Fiare
L-A-D)Aefell Al F38] F-A2]Fo Bls|A] inosine 2|77}
Aol Fzatelom U AT E 238 WA
71 & HAF 4 9ol oK Figure 1-A, Ino 2, Ino 3). =3
inosine -4 ¢l 2’ -deoxyinosine?] 7ol % TE 2] T
A A Agefe] FAE| T wle & AP By
cH{Figure 1-B).

ol#] A3} adenosine®% oljg} 2 -deoxyadenosineo]
AR A2 EA A LHE ADA FEo s
inosined} 2’ -deoxyinosine©. 2 ¥ & o] A o] thk &4 o]
e sheles AAA Aol Ao BB v
AR dvhs A 2wt gebA adenosine®t FEAE
okl EAM L sz ¢)=(Fox et al., 1978) 2 -
deoxyadenosine @& HAZZZ 9 Z4AL ZASIG )
Adenosineo] FXxHE A% AT A X inosine® 7} 73}
sasbAz el Ao e FIades, B4
adenosine 40 Mol A 160 pMA 7R vl =] o M= T4 7}ul=]
of wla} 238 oF 2w 7} AAe] £ AL B
(Figure 2). 8]y} T¥EQ 320 aMelAle FAH7bugA ¢
A vwlegt £ BHc(Figure 2). dbwde) 27-
deoxyadenosine®] 7-$-ofl= 80 pMoA] AAbo] Fxiw] T
Bl ksl ARk 160 4M o] Aol e ko] FH3 Za
ahol e, 320 pMol B A2 AAe] ¥R doh(Figure

=5

Adenosine Deaminase Gene in Tobacco 237

<
Figure 2. Effects of concentration of adenosine (A: 0, 40, 80, 160,
320 #M) and 2'-deoxyadenosine (B: 0, 40, 80, 160, 320, 640 kM) on

the growth of Nicotiana tabacum cv Xanthi leaf explant in the light
(L) and dark (D) condition.

Figure 3. Effects of concentration (5, 10, 20, 40, 80, 160 M) of
arabinofuranosyl adenine (A) and cordycepin (B) on the growth of
Nicotiana tabacum cv Xanthi leaf explant in the light (L) and
dark (D) condition.

2), 2’ -deoxyadenosine?] #$-olx FEMES) wpslA R
AEdAME Z4E YT S & 4 Adde a8y
ozl 2 —deoxyadenosmex-]ﬂ—?g- oFAbefell A wlokdt A
de FAS el Axst Fukde e da Aol &
"}E}"H?\i‘f‘ uh, el 640 pMAME A o] Ta sbE
S e WAL £ At olF AL 1A W 2
deoxyadenosineo] 4] 5o EAE 71X )7 3}A% ADA
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o] gt Zleg ARH o AHE v EA FHY
3 =AEAZE 9elA adenosine §EAF Ara-As}
cordycepin (Yeung et al, 1985) A} 2 slo] Ab7| AlG
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Figure 4. Leaf discs
assay of transgenic T182
tobacco plant (left side
of Petridish) and normal
plant (right side) on the
shooting media with
cytotoxic adenosine
analogues (A, normal
medium: B, 100 gM
Ara-A medium: C, 50 #
M cordycepin medium).
The photographs were
taken after 3 weeks of
culture.
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deoxyadenosine 2.0} Ara-A9} cordyceping AREsl= Zo] ¢
A Aoz P4, s EIHE Ara-AQ] 79
100 M, cordycepin®] 74-%-ofl = 50 pM-& ARE3[= 7o 3A

Aah S e 2 Aoz AREdC.
MEL EXSHAIZ A ADA SHAL
0|87+5A XIEH

7] AR A EA adenosine 45 AHLE A4 A

Z282 HApelT ADA §AR o] 95t FAARY 45
= W] Z=A inosine A E WAL EA YA - gl
Aol 2AE $H59]&0F Ara-ASH cordyceping A
o] Asl= 2% 100 oM Y 50 ME 2 Arisk
A 23 MSu Ao YAtz 7|8 A A 22 (Yang
et al, 190)S XAlste] WEARE ZAMSIYIC) Ara-Agt

cordycepine] A3} H7}HA ok A wA M= Ak
3 HAAA F) Aol $A st 2 (Figure 4-A),
Ara-AS 100 oM A7}FsE v X (Figure 4-B)¢} cordycepin®
0 uM A 74gk wiA|(Figure 4-C) 8} 7ol = AA2A LS A
& FilelA] Fapol ot gAAA e wF Al s Al
A 2 £ K Figure 4-B, C). 23} ADA §-
Az7b 245 FAA R wAod il e H49
adenosine-F- = H & ¥]5A1 9] inosinefr- T 2 HEA|H 2
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TAALZ ZAapslejol & Zeloh a3y o8 AAE T
4] adenosine T A E substrate® ufX| o] A}L3L o
ADA gene§ EAFAAR AHEE 4 Q)5S AlAbET
EM Adenosine SEAE 0|25t SEXMEHH e Myt
A7 AR A3 54 adenosine FrEAE A EAR AL
sle] FAA A S AU 5 9lFo] 2=, Yang §o]
et al, 1995) ZSwjekuilol] ¢)sle] ADA
o} gl A. tumefaciens pDY183¢] 23] o
174 % *]Zi‘:} MubEA 2 A= Ara-A (100 M),
M) 18] ) Z=F24 kanamycin (100 g
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9o 3 AN 25 DA
Z] UP ADA Z}—% ifj 3} Agrobacterium=} 334 oF3l vl
ZA-& shoots7} v ¢ Al A= 2 kanamycing
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(Table 1) kanamycing AME31S ojbct AR AE35o
=A L}E]-‘;}E} a8} EA adenosine §- %4 2} kanamycin
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%2 kanamycinol] ©]&}e] APyl A E-3hA 9] A IS
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Figure 5. Transgenic (94, 182, 183) and normal seeds on the
hormone free MS media with (A) or without (B) Ara-A 100 M.
Arrows indicate non-transgenic seeds.

Table 1. Ratio of regeneration and transformation by toxic agents
of Ara-A, codycepin and kanamycin using Agrobacterium
tumefaciens pDY18 with ADA and NPT 1T genes.

Toxic agent Ratio (%) of

Regenerant Real transformant
Ara-A 100 2
Cordycepin 100 36
Kanamycin 89 U

ADA REXPF EUE HAMEH < BA AY

HalHsto] Fold A EA e AN EFA NN HFT FA
S3¥) ADA $477F SR AolHEA ofFeh B4
adenosine =)o 2|5}e] ?ﬂélx e FAE A=
o] b5 dheAle] o FE ADA RAFAAE o 8-3le
e}z 2al A Ara-A 100 /zMOI -2l Al g g5
< wjAo] Hd FRE Estd AR TS FAED
b Ar-AZh 457 G aAldAE AR Y YR
A 38 Aol A 2l(Figwe 5-A), Ara-A7} ¥
W Aol A= AHARAE 2FE 7AsLe] Z(Figure 5-B,
normal), Hidel HAA A e Hfol= GAIF YA
(Figure 5-B, %4, 182, 183). o]2] A= ExoAE A8
Aol stolel] ADA SARE A48 4 9l &S AAsHY =
AU A dE SUARR Sk A
A7p Ao A A E3 At ADA FA o] 17§¢] copydt
GUARS A AT ALl A 3 ¢ | 2 2ol
o ool = FAARE Fxiel dARREHA s FA
(Figure 5-B, -)) & 7|l AHE + UE Aoz Y45

Adenosine deaminase (E.C.3544, ADA)¥* adenosineS
inosine 2.2 W #14]7]:= purine WAt Fedle ALBA F
2 EEA Yol adenosinet]| 4l EA] adenosine %47 &
7tEd ADA &4t EAE H-$ol #j54<l inosine #
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A7} do2A Wae] oteddts n)xjx] Ea}xuk ADAE
a7h BE5a4v o1& A ADAEZL df4lel adenosine
kinase®] HA7} #4ste] HA4 adenosine FEAZ
adenosine monophosphate (AMP) 2. ¥ 3A 7|, A& ADP
9l ATPZ %4 DNA polymerase % cAMPS} RNA#HA 3}
Aol 54E 2 Hol x2le] F4 HcHFox et al,
1978). A} ZA) o= 912} ADAZ A7} E2)81A) 9k=)H(Fox
et al, 1978: Yeung, 1983: Yeung, 1985), Yang(199%5)%2 o]
u] ADA cDNAE Al E3A 38 binary vectorel] ) 23s}
o] AxxA& 3Xa A7 B Ee &g elslglong
2 Ao AEAEe] A *}4‘15]“ FA A
224 ADA “H A S Adaldn & AY

A3} ADA FAz7} wEEE dx FJAAIAY = =4
adenosine - A o] ME A Fo] 7}ty £53] FAA3
E AT 4 9lo) dxe] AN TAFHAE ADA

[o])

ARE AHE 2 SlE AR ol gA FEol EA
b= FAAE AE 3
of 7hgstrE M T olAE Fell EAFHAL] ARl
A 8] dol7l ATt Abge] g AR =9
H 3 g) or(Bryant et al, 1992: Flavel et al, 1992), & %o
Me A3 5 oA negative selection BPgel 2)siA &
A BAFAAL] AA Fell HE E=o)Ee] AL
A71=E 2 )= ¥HGoldsbrough, 1992), ADA A= Y
Abghe] ZHA|AL e FrAAbolm] AMgTEA L] o - F-9]efnt
Bl EAE] el A Ef A FAHA
ARk oFAA EAlelA o] F& 27Y L2 AEH,
FF Fo] B e dsjA EXFAAR A7
Al Ao A}2E = =4 adenosine?] -§-EHA ol )3 o,
a3 FAMEA) AR AT AEAe H4A
FHgo] 2 o]f Fell dfsA Xa'?z 02 AF3ERA
R FAU T o) § w23 g Flelw Fujgs

% BAo] 758 Yang et al, 194) ADA $Ax}&
o YAMRE FAFAAR de] A ¢ S

A
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he N A2 BAGEAL D
2 B BAe] B2 ol ¥ AR §
A} adenosine F-=4] 41 9-F-D-arabinofuranosyl adenine (Ara-
A)#} cordyceping-oll #8}-& }E}l= adenosine deaminase
(ADA) 328 M2 AEANES AL ZAFA
A2 ALTA Sdslch AN EANAE A 5
X9l Ara-A 100 pM3} cordycepin 50 ,UM°] 55 A x|
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of Fbssdon 43Aoz JAARAE 40T + AY

ru{

ﬂ-\g‘i



240 Korean J. Plant Tissue Culture

WAlsI 4 ADA 727 HHE FASH $A3A B
F42 A 79 4+ Ad old Ak FEFAA

ADA $AHAE dz24 A2e JUARE BAGHUA
2 ST & Udeg AN
olg e s

An G (1987) Binary Ti vector for plant transformation and promoter
analysis. Methods in Enzymology 153: 292-305

Bevan MW, Flavell RB, Chilton MD (1983) A chimaeric antibiotic
resistance gene as a selectable marker for plant cell transformation.
Nature 304: 184-187

Bevan MW (1984) Binary agrobacterium vectors for plant
transformation. Nucleic Acids Res 12: 8711-8721

Bryant ], Leather S (1992) Removal of selectable marker genes from
transgenic plant: needless sophistication or social necessity?. Trends
Biotechno! 10: 274-275

Cock JM, Brock IW, Watson AT, Swarup R, Morby AP, Cullimore JV
(1991) Regulation of glutamine synthetase genes in leaves of Phaseolus
vulgaris. Plant Molecular Biology 17: 761-771

DeBlock M, Herrera-Estrella L, Montagu MV, Schell ], Zambryski P
(1987) Engineering herbicide resistance in plants by expression of a
detoxifying enzyme. EMBO ] 3: 1681-1689

Eckes P, Schmitt F, Daub W, Wengenmayer F (1989) Overproduction of
alfalfa glutamine synthetase in transgenic tobacco plants. Mol Gen
Genet 217: 263-268

Eichholtz DA, Roger SG, Horsch RB, Klee HJ, Hayford M, Hoffmann
NL, Braford SB, Fink C, Flick J, O'connell KM, Fraley KT (1987)
Expression of mouse dihydrofolate reductase gene confers
methotrexate resistance in transgenic petunia plants. Somatic Cell and
Molecular Genetics 13: 67-76

Flavel RB, Dart E, Fuchs RL, Fraley RT (1992) Selectable marker genes:
safe for plant? Bio/Technol 10: 141-144

FoxTH, Kelley WN (1978) The role of adenosine and 2" -deoxyadenosine
in mammalian cells. Ann Rev Biochem 47: 655-686

Fraley RT, Rogers SG, Horsch RB, Sanders PR, Flick JS, Adams SP,
Bittner ML, Brand LA, Fink CL, Fry JS, Galluppi GR, Goldberg SB,
Hoffmann NL, Woo SC (1983) Expression of bacterial genes in plant
cells. Proc Natl Acad Sci 80: 48034806

Goldsbrough A (1992) Marker gene removal: a practical necessity?.
Trends Biotechnol 10: 417

Hayford MB, Medford JI, Hoffmann NL, Roger SG, Klee H (1986)
Development of a plant transformation selection system based on
expression of genes encoding gentamycin acetyl transferases. Plant
Physiol 86: 1216-1222

Herrera-Estrella I, De Block M, Montagu MV, Schell J (1983) Chimeric
genes as dominant selectable markers in plant cells. EMBO] 2: 987-992

Hille J, Verheggen E Roeluink P, Franssen H, Kammen A, Zable P
(1986) Bleomycin resistance: A new dominant selectable marker for
plant cell transformation. Plant Molecular Biology 7: 171-176

Hoekema A, Horsch PR, Hooykaas PJJ, Schilperoort RA (1983) A
binary plant vector strategy based on separation of vir-and T-region of
the Agrobacterium tumefaciens Ti-plasmid. Nature 303: 179-180

Jefferson RA (1987) Assaying chimeric genes in plants: The GUS gene
fusion system. Plant Mol Biol Rep 5: 387405

Jones JDG, Svab Z, Harper EC, Hurwitz CD, Maliga P (1987) A
dominant nuclear streptomycin resistance marker for plant cell
transformation. Mol Genet 210: 86-91

Kamakura T, Yoneyama K, Yamaguchi I (1990) Expression of the
blasticidin S deaminase gene (bsr) in tobacco: Fungicide tolerance and
a new selective marker for transgenic plants. Mol Gen Genet 223: 332-
33

Ludwig SR, Bower B, Beach L, Wessler SR {1990) A regulatory gene as
anovel visible marker for maize transformation. Science 247: 449-450

Perez F, Tiraby G, Kallerhoff ], Perret J (1989) Phleomycin resistance as a
dominant selectable marker for plant cell transformation. Plant
Molecular Biology 13: 365-373

Schneider M, Ow DW, Howell SH (1990) The i vivo pattern of firefly
luciferase expression in transgenic plants. Plant Molecular Biology 14:
935-947

Van den Elzen PJM, Townsend J, Lee KY, Bedbrook JR (1985) A
chimeric hygromycin resistance gene as a selectable marker in plant
cells. Plant Molecular Biology 5: 299-302

Vasil V, Brown SM, Re D, Fromm ME, Vasil IK (1991) Stably
transformed callus lines from micro projectile bombardment of cell
suspension cultures of wheat. Bio/Technology 9: 743-747

Yang, DC (1994) Adenosine deaminase gene as a new selectable marker
for plant cell transformation. The Proceeding of eighth symposium on
plant biotechnology-Transgenic plant in Korea- pp 141-176

Yang, DC, Park, JC, Choi, KT, Lee JM (1995) Expression of mouse
adenosine deaminase gene in transgenic tobacco (Nicotiana tabacum L),
In press of Korean ] Plant Tissue Culture

Yeung CY, Riser ME, Kellems RE, Sicilano MJ (1983) Increased
expression of one of two adenosine deaminase alleles in a human
choriocarcinoma cell line following selection with adenine nucleosides.
] Biol Chem 258: 8330-8337

Yeung CY, Ingolia DE, Roth DB, Shoemaker C, Al-Ubaidi MR, Yen]Y,
Ching C, Bobomis C, Kaufman R], Kellems RE (1985) Idntification of
function murine adenosine deaminase cDNA clones by
complementation in E. coli. J Biol Chem 260: 10299-10307

(1995 99 129 A %)



