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codons or by replacing codons in the natural genes by such which encode a
different amno acid. Al such nodifications are wwthin the ordinary skill
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the m crodiffusi on nepthdd and 1 hse mnf 23slerl zation (Shslp ot al.
(1985) Can} J. Wpav4 63, |1135-015840) depend®42on t he concent r&A0 on of thg
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overcose the ef?ects of |PPT t¥®at nent (Ta®h70 1). P5 :
Table 1 Acfunul4®ion of Jammori®® i n_clont r 8% obacko pl ants.qngl) and i1
transgenic plants with the asnA gene after spraying with 0.5 kg/ha PPT 30

hog;j A reduced level of accumulation can R¢0B3Hoéh if MasEHMntsIh toMpalisthlo SHiltabacco plants
after spraying with 1 kg/BRTabuR). tTRe detected lower ammokia %86l will be responsible fbr 4 less
0.40 6% pronounced damage of tradsfc2ated plants. 0.82 0.78 35
24 1.70 0.70 0. 75 48
1.95 0. 60 Table@. 50
45 Effects of 1 kg/ha PPT on ammonia concentration in tobacco (SR1) and transgenic plants (ASP4, ASP5)
hours ammonia concentration (mM)
SR1 ASP4 ASP5
upto6 08 0.78 0.88
50 8 22 0.87 0.95
24 49 2.0 1.40
48 , 86 41 3.6
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A reduced | evel of accunul ation can also be seen in these plants in

conpari son to SR1 tabacco plants after spraying wwth 1 kg/ha (Tab. 2). The
detected | ower amonia |evel will [EP osH@I9EIbI e for the | ess 40

pronounced damage of transfornmated plants. Table 2 45 Effects of 1 kg/ha
PPT on ammpni a concentration in tobacco (SR1) and transgenic plants (ASP4,

ASP5) hour & Stimulation of plant growth and development ammoni a concentration (mV) SRL

ASP4 Detailed ASPSfuP_ thob(?l . 0.8 0.
0.88 50 etailedcomparison of growth behaviour betwge_nz control and ASP plants revegipdgeonsiderable

0. 95 24 differences: An increased growth, rate was characteristic for the t?n enic plants but a more significaﬂt 40
4'8 \_/ 5 stimul:tion vyas achi:ve Y r:?'t-m'en ofdASP ;:lants with lozg wtiﬁses of PPT. 365 5' 4
e basic as well asthe induced acceleration in growih cquld, be demonstrated by. varigus s of
EP 0 11 97325;} c%rves.g;sgibm’l tiolws it Wite meas:élFayiQ%Q &éﬂgﬁgzgaﬁ H%Eﬁibi@é -y ??%P h of
conpar I SONgRy pighiaVarde YibPds dRBEPH Both gﬁgns ntsBprdying Witv 0.05"Rgm3 PP has
consi der abl Regdiivk fiffliéhBs §r5all pfits! EXEH St fefpreBdntVihd avbiadetholfRtor | rp@aﬁg.er' stic tor
the tranggenithe BiéHess Bikeem thd DirRusSiingd arkibrCcdmtiol ahdHehtId bAbtioNS al¥BRo AGEHBIG vePY
treat ment etarabiSike Fheagrbwith \of blntd BY\BAIRSRTscRkiichEllves TRE 2P 8ifdeF grdshh¥iRb lcorifions $ne”PT
i nduced aciakibiisncdnt Gtimuiidtion) 60gkbvin EanlbeCtolld@edI BY1IG SloperdiQAbiddYithVahbrbadHBtid AiHa angids
growt h curstesninfFigg2. 1 shows that while the spraying with 0.025 kg/ ha PPT
already inhibited the growh of SRl plants a large stinulation was detected
i n bot h 7of 4.tifeased ainsweaighhiatransgen@plaatsi ng Wi t h 0. 05 kg/ ha PPT has a negative
i nfluence on all plants. Each point represents the average height of three
plants. 10 In adyifen tqjthef differaneqsdn plant\height theatimylatoiy offecty waneelsadetistable by meaduringnd
treated coffyivpig¥nkhe data showa i Table 3dpmenstsate the Righar pradustivity of thesasnf trangfopmants: of
pl ants by Baul e Mtscherlich-curves (Fi_%. 2) under greenhouse conditions.
Th&~i nhbition and stinulation of grow €30 be fol lowed by the slope of
plots with characteristic alpha angles shown in Fig 2 15 4, |ncreased dry
wei ght in transgeni ¢ [Finalritysweigth (gl dfi cont@h(SRO ahdnieanslbiriats SEEASPS) Pl ant hei ght

the stimulatory effgcts yere argo detectanl € RYmImasur g dar i ght. The
data shgyn in Tabl e|3 denonst r atte—the—hi-gher—productivity of the asnA
transformants: 20 : Control 0.025 kgha PPT Tabl e 3 Fi nal
dry weigth (gr) of ¢ontrghs (SRL1). and;,_{gaagg‘ormaﬁnts Aot 2 ASPS]  Li nes
Treatment 25 ASP4 . 385120 % 4SO R

0. 025 kg/ ha PPT SR1 ASP5 3. 1874139 %0 5.05183%% /6 100 % ASP4
3.85 128 % AT LT3 96 ASPS S—TATEF9%

5.05183 % 30 Exanple Il 35 Effect of the asnA gene driven by the CaMv35S
promoter ig.krapsgenic plants 1. Selection of transgenic plants As an
alternative agpr oach we have introduced plasm d nol ecul es (pUC) carrying

the E. colg | I . SR1 | eaf
pr ot opl %FstEsﬂe%?p tgf rgﬁ'?? e%‘%ﬁk{}ﬂgfa R. .aﬁ%tﬁépggt%ggf“.c lp@ﬁthQ) The

1. Selection of transgenic plants .

\_J As an alternative approach we have introduced plasmid molecules (pUC) carrying the E. coli asnA gene
with the CaMV35S promoter into SR1 leaf protoplasts by direct DNA uptake (R. X. Fang et al. (1989) The
Plant Cell 1, 141-150). The transformants were directly selected on the basis of their PPT resistance. Plants
were regenerated from micro calli grown in the presence of 10 uM L-PPT. The Southern hybridization
confirmed the presence of the asnA gene in DNA isolated from the PPT resistant regenerants.

2. Reduced ammonia accumulation and improved PPT tolerance in transgenic plants

Selfing of regenerated transformants resulted in segregating progenies with various levels of PPT
resistance (medium supplemented with up to 30 UM L-PPT).
In agreement with the resistant phenotype the transformed plants accumulate less ammonia than the SR1

50 plants when sprayed with 1 kg/ha PPT (Tab. 4).
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Plant Cell 1, 141-150). The transformants were directly selected on the
basis of their PPT resistance. Plants were regenerated frommcro call
grown in the presence of 10 [err]EROBPTO7gBE Sout hern hybri di zati on
confirnmed the presence of the asnA gene in DNA isolated fromthe PPT
‘resistant regenerants. 2. Reduced ammni a accunul ati on and i nproved PPT
tol erance in transgenic plants 45 Selﬂ?ﬂ@4of regenerated transformants
resulted in segregatfingprogenies with various level.s of PPT resistance

(medi um suppl enent efl_AmbniagecinizBéh fter spiayihg FEPlnts with 1gmeereEnt with the

resistant phenotypelth angt or | are 1 ess gnmoni a than the
Sm%gpl ants when ;prg'f/%ar%l WMM?& .aQisj 4555 EP 0 511 979
Bl Table 4 Amoni a pccunul atiion a$Rler sprayAS®g0t hd pl ABRYS wifth 1 kg/ ha PPT
5 houf s 8 ammgsa cpncentgrat i gn (N\gs SR

ASP70 ASPOb 6 24 " 98085 560 - 92 510 1.95 24
9.50 1o 5. 60 48 5. 10310 13.60 17.40 48

22.3 13.6Dp 120 17.5880120 28.30 58. &4k 28. 30

35.6 144 113. 0B4 11380. 40| 3940  §0. 0go® Ef[f i ci ency of
phot osynt hesi s Both The control SRL and (ransgenic topacco plants were

characterized by various paraneters of photosynthesis such as the [err]
fixati®n s efigenby#phdi®dyfhos! - 1971, Acta Agr. Acad. Hung. 20, 247-260) and
fluorescence induction (H deg et al., 1986, Photobi ochem Photobiophys. 12,
221-230) . WAl the BoMpN BRY SAd ere;ggérﬁd Rbstcd BRntP WaR! shaidBibied bf Ahffls %:BJH 148 ok OUS
doses of phitty@msiststieh £aRd €04 fix@lion3aEE2hjkTB\WRI9A! AQa AGH RdaH INMAY.- 20/ 547 %6) by
Tapl g 5 filvgostanas Sigatio(Hitleguet 4., 1085/ PHoldBiodh&ht Pho@Bibshy€X1R] 22i11236). GHABSHEHR

I NCT eas e conditiorfsf the iplanis ywof traamti Witk rvarjous id¥ses iob RPT And: METRBktbrit N alnfohikhe wad Bisé Ol
pl ants. Agpmiredt Asshowh byCTebld i the Rigisgbnie plante nith AN ASNIATJoRs efHibitnal eHsierbité I |
fi xat i onincigpge|ig offi¢iency] pff feb COntbetidncn vameparisBRio thé amirs! plantshApplicatiént dn Gt doBPPPER5
(50 g/ hajreattpenh canelther stimiste G@afixption, whilé the difiegndef lebvaart SRITplentsTeibl @ withqut BRT des
al so eyi thOrade) Freptent i§ nohatatistically significaph Jbe dalis Buptovideshalsoi evidims ttiwat §n the case of
concent r PRa5H Piafts fherjnhibiterk eencentaiion iof| RB eayprs| ammonimagcerulation With ssricia dermageiim
phot osynPH Y'gheﬁ% by inkibiipR piogleclien tEangrort anth a15P ok &9detion ah@Oaf@tipnoAindetithe tsaram  of
[err] fi SEPTYUR URRSMedPlatis @SR SRdran itelgiate diectraaimentisasolhenbptosynibatia fyngtigp is7 0)

can tol eFRF¥%he treatnent as the phot osynthetic function is concerned. 30

Tabl e 36 Parameters of photosynthesis 35 Lines PPT Ammoma Lert]
Fl uor esc®nbaet Beat - concen- fixation I nduction
nent L.an err ) (in %of control SRI) 40
(g/ ha) P?%bﬁgEgrs o&%g&ﬁkéquﬁgqﬁls n P 1% [err] [J[err] [err]
SRL 0 0. 37 38.17 12.05 20- 100 100
0. 45 i ' ;
| Lines PPT Ammonia CO, Fluorescence
treat- concen- fixation induction
W, ment tration (umol COZ/dmth) (in % of control SRI)
40 (9/ha) (mM) X 257 np
- d — " 1% Foo Fo Fi‘Fo/Fm‘Fo
. 38.17 12.05 20 - 100 100 0.45
50 2.00 44.23 17.73 20 - 101 102 0.44
5 750 34.35 19.54 12.42 20 + 80 194 0.59
ASP70 0 0.47 49.32 7.86 20 + 98 114 0.38
50 2.70 58.07 6.06 20 + 99 110 - .42
750 .
o 15.80 31.61 14.16 20 - 92 144 0.49

The analysis was carried out 4 days after PPT treatment
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50 2. 00 44.23 17.73 20 - 101 102 0.44 750

34. 35 19.54 12.42 20 + - 80 194 0. 59 ASP70

0 0. 47 49. 32 7.86 2EP@511979B1 98 114 0.38 50
2.70 58. 07 6. 06 20 + ' 99 110 0.42 750

15. 80 31.61 14. 92 144 0.49 The

anal ysi s %\E?thP&P?VPlé'd’f a?ﬁ'ﬁl"a“sf?”ﬁa&il%’amsdfter PPT treatnent. 55 6 EP 0 511
979 Bl 4. & hbhavorofanA nts A

rate (m daﬁ%g S i apfgé 4 ;Eixﬁ e Ol s
during {heearin %’Fg?{?e" 8[‘"8 Wr’i't'n aPag oW |n979a"br]5 6 for plants
growd in the green house. 5 Tabl e 6 Grq%l grate (mmday) during various
peri ods of plant devel opnent (green house 10 Llnes

Peri ods (6 reeysy —-Rret—pant—hetght ' 111

|V \/| Growth ratg (mm/day) dyring &gsipus periods o()plggdeveleprqa\g} (green @pse) 0 52

\%

(i. ;g izb gé Lines’lt.g§ 1.37 41. B&-o&ﬁ@&ﬁljs)’t 0$0 1.15 Sunﬁgﬁgtfeugﬂtéa\gs
. . . U . 0 1 RS, U . .

0.50 0.7 et L LA e N ‘48 T R e averagh of
5 plants APBRD/ 1 o9 ABSPAS/ P 0.27 nd0.62 quats pl'emtﬁ 123 | 1BAe| antdgy/sijs of thpese
pl ant s underAsp7od| ¢l 0BONHi1t1b o943 ey &83 d1.83 rji 208 | di.Gf ¢OSACESSBE |1 k%
observed i fAsprd2gy &S h@98e| 0F@D)I 87%)]. 1.Thg GrloW IB3r at0250] ABP pll ant&%duf i ng
period I -1 14pR3ra50RS iaisabl y hi'gher than in the case of SRL plants. In

this experlgg?g%nt‘;i As?’t7 ,Mdmdgaﬁﬁlarﬁ{fect of PPT on the transgenic plants phas

al so confi tred—espesal ast—grow-Rg—pe--od—TFhe

™rTe

B ul e- Mtscherllch curves (F 3) cIearIy dem)nstrate that the ASP plants

bi t%°f ast e agRivifdh thﬁ??d?'ﬁ"@d'ﬂ@‘i' figld SR!‘J“C;?F éﬁ‘f‘?%edgﬂ"b'ﬁ?rﬁ'ﬁeﬁ"'éqﬁiés ft W"é? epserysyl ithp| e
7 Growt h rdsgea he ‘FFMHE'Z}Y) ahﬁ 9’ h (P&r‘?'d‘ﬁg @1‘ Ping pesiod bl wvas °‘Iﬂ'§' ‘EE pEPd
arly

SR1 plan nt the sti effect of PPT on also

ETE: :’ | gfgﬁgnfﬁg c& ¥’Q" e Iast gro period. 1rle-M|tscher1|cv '81 strate
0.36 0 © AST Plgrts exhiol faglpr 9’ thﬂ'?"“:‘;“m' S p'a“‘i%"‘"b)“ %?‘?'6 0. 45 1.07
1.50 3. 14 47. 6 112 % 35 Asp95 0. 48

1.14 1.92  3.24 51.5 139°% 25 g/ha PPT  SRL 0.29
0. 56 1.15 A—F4 35—0— 100—L4—Aspro—0—44 102 . 69
3.84 53 8 Growth raie\;(mn%ays&ygrg varioug) pegigds of plgntggvelopmgnt (iteld experiment)
48.7 30 189 1eathibnt Ligerpge of PerBhsAPbsysP-  Pr 0quCiFindiigiait HlghiaemyA
transformants 45 As shpwn by ffabtet8—ttertot=t gree mass as well as the
dry wei ght s increased in ASP pldnfls ig M _
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W -Asp95 0.31 0.88 1.27 3.78 487 139 %
40 Average of b plants

5. Productivity of asnA transformants

As shown by Table 8 the total green mass as well as the dry weight was increased in ASP plants in
comparison to SR1 plants. Here we can also see that the transgenic plants are significantly stimulated by
PPT treatment. At the same time the control SR1 plants are already inhibited by the spraying.
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4. Construction de géne selon la revendication 3, dans laquelle ladite ASN-A est une ASN-A d'E. coli.

5. Gone codant pour la ASN-A d'E. coli qui comprend des codons spécifiques de plantes.

35 6. Construction de géne comprenant un g&ne selon la revendication 5, sous le contrble d'une séquence
régulatrice active dans les plantes.

7. Vecteur contenant une construction de géne selon les revendications 3, 4 ou 6.

40 8. Collule végétale transformée avec une construction de géne selon les revendications 3, 4 ou 6 ou avec
un vecteur selon la revendication 7.

9. Utilisation d'un géne asnA procaryote dans une cellule végétale pour améliorer le phénotype de cette
plante en exprimant ledit géne.

10. Utilisation d'un géne asnA d'E. coli dans une cellule végétale pour améliorer le phénotype de cette
plante en exprimant ledit géne.
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