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CAJ/XVII/ 10 

ORIGINAL: fran9ais 
DATE: 11 aout 

UNION INTERNATIONAL£ POUR LA PROTECTION DES OBTENTIONS VEGETALES 

COMITE ADMINISTRATIF ET JURIDIQUE 

Ouverture de la session 

Dix-septieme session 
Geneve, 16 et 17 avri11986 

COMPTE RENDU 

adopte par -le Comite 

1. Le Comite administratif et juridique (ci-apres denomme "Comi te" > a tenu 
sa dix-septieme session les 16 et 17 avril 1986. La liste des participants 
figure a l'annexe I du present document. 

2. La session est ouverte par M. F. Espenhain (Danemark), president du 
Comite, qui souhaite la bienvenue aux participants. 

Adoption de l'ordre du jour 

3. Le Comite adopte l'ordre du jour tel qu'il figure dans le document 
CAJ/XVII/1 sous les reserves suivantes : 

i) Il est ajoute un point pour !'adoption du compte rendu de la seizieme 
session; 

ii) En relation avec le point 8 de l'ordre du jour, il sera precede a un 
echange de vues sur la communication de l'Office federal suisse de la propriete 
intellectuelle reproduite dans le document CAJ/XVII/8; 

iii) Il sera precede sous le point 9 de l'ordre du jour a un echange de vues 
sur la decision de 1a Commission des Communautes europeennes du 13 decembre 
1985 relative a une procedure au titre de l'article 85 du traite CEE (IV/30.017 
-Droit d'obtention : roses), reproduite dans le document CAJ/XVII/6. 
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Adoption du compte rendu de la seizieme session 

4. Le Comite adopte lecompte rendu de la seizieme session tel qu'il figure 
dans le document CAJ/XVI/8 Prov. 

Intentions des Etats mernbres quant a la modification de leur legislation sur 
la protection des obtentions vegetales 

5. Le representant de la Belgique fait sa voir qu 1 il est prevu de modifier 
1 1 Arrete royal determinant les especes vegetales pour lesquelles un certificat 
d 1 obtention peut etre delivre et fixant la duree de la protection pour ces 
especes de fa90n a etendre les droits a la multiplication en vue de la planta
tion aux fins de la production comrnerciale de fruits, de plantes ornementales 
et d 1 arbres forestiers. 

6. Le representant du Danemark fait savoir que les discussions ont commence 
dans son pays avec les organisations professionnelles en vue de 1 1 augrnentation 
des taxes. 

7. Le representant de l 1 Espaqne indique que les taxes ont ete augrnentees, a 
compter du ler janvier 1986, de 10 pour cent. 

8. D1 autre part, une nouvelle loi sur les brevets (No. 11/1986) a ete adoptee 
le 20 mars 1986 et entrera en vigueur le 26 juin 1986. Selon son article 5, 
sont exclus de la brevetabilite les varietes vegetales pouvant beneficier de 
la protection des obtentions vegetales, les races animales et les precedes 
essentiellement biologiques d'obtention de vegetaux ou d 1 animaux. Ces exclu
sions ne sont toutefois pas applicables aux precedes microbiologiques et aux 
produits issus de ces precedes. Selon son article 143.3), les varietes vega
tales pouvant beneficier de la protection des obtentions vegetales ne peuvent 
pas non plus faire 1 1 objet d I un modele d I utili te • On rappellera a cet egard 
que les varietes vegetales beneficiant du regime de protection institue par la 
loi sur la protection des obtentions vegetales avaient ete exclues precedemment 
de la brevetabili te en vertu de 1 1 article premier des dispositions addition
nelles de ladite loi. 

9. Enfin, le representant de l 1 Espagne presente brievement un article inti
tule "Nuevas variedades - su proteccion juridica en el ambito internacional", 
ecrit pas C.G. Cabanellas dans la revue Agricultura No 643 de fevrier 1986. 
En bref, 1 1 auteur a demontre que 1 1 Engagement de la FAO sur les res sources 
genetiques et la Convention UPOV ne sont pas incompatibles. Il est convenu a 
cet egard que le Bureau de l 1 Union traduira l 1 article et le diffusera aupres 
des mernbres du Comite. 

10. Les informations sur la nouvelle loi sur les brevets donnent lieu a un 
echange de vues. Le representant de 1 1 Espagne confirme au representant des 
Etats-Unis d 1 Amerique que, de fa9on simplifiee, la modification de cette loi 
ne modifie pas la situation en ce qui concerne les varietes vegetales benefi
ciant de la protection des obtentions vegetales. 

11. Le representant des Pays-Bas constate que sur ce point la nouvelle loi 
est similaire a celle de la Republique federale d'Allemagne et demande si les 
autorites espagnoles competentes en matiere de protection des obtentions vega
tales ont 1 1 intention d 1 appliquer la meme politique que leurs homologues de la 
Republique federale d I Allemagne, a savoir d I etendre la protection a chaque 
espece pour laquelle une demande de brevet viendrai t a etre deposee. Le 
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representant de l'Espagne repond qu'en pareil cas, l'extension de la protection 
sera dilment examinee, compte tenu de toutes les circonstances. A cet egard, 
la cooperation en matiere d'examen peut etre d'un grand secours, mais elle se 
heurte pour le moment a la disproportion entre les taxes nationales et les 
montants factures par les autres Etats mernbres dans le cadre de la cooperation. 
Il est d'ailleurs envisage de modifier le bareme des taxes de maniere a pouvoir. 
repercuter sur le demandeur l'integralite de ces montants. 

12. Le representant de la France annonce que les taxes d'examen seront augmen
tees de 2,5 pour cent en juillet-aout conforrnement aux directives gouvernemen
tales et compte tenu de l'evolution des prix. Il sera aussi propose de reviser 
les autres taxes, qui sent restees inchangees depuis 1975, et de les augmenter 
de 10 a 15 pour cent. 

13. Se referant au rapport fait a la dix-neuvieme session ordinaire du 
Conseil, en octobre 1985 (voir au paragraphe 65 du document C/XIX/13), le 
representant du Japon fait sa voir que le proj et visant a insti tuer un "Centre 
des ressources genetiques, des semences et des plants" a ete modifie au cours 
de l'elaboration du budget national pour l'exercice 1986/1987. Selon le projet 
modifie, le Centre pour l'adrninistration des semences et plants sera constitue 
en decernbre et se composera d'un siege central a Tukuba pres de Tokyo et de 15 
ferrnes regionales appartenant a 1' Etat. Les principales taches de ce centre 
seront les suivantes : 

i) effectuer l'examen en culture pour les besoins de la protection des 
obtentions vegetales; 

ii) effectuer les divers essais sur les semences et plants mis dans le 
commerce; 

iii) produire et mettre a disposition certains types de semences et plants 
de qualite superieure; 

iv) entreprendre des recherches en vue de l'introduction de nouvelles 
techniques dans le domaine de l'adrninistration des semences et plants; 

v) multiplier les echantillons de res sources genetiques a la demande de 
la banque de genes (qui est un organisme distinct du Centre). 

14. Le representant de la Nouvelle-Zelande fait savoir que l'on espere que la 
nouvelle loi sur la protection des obtentions vegetales sera adoptee cette 
annee-ci. Cette nouvelle loi prevoit aussi une modification des taxes. 

15. Le representant des Communautes europeennes fait savoir qu'il n'y a rien 
de nouveau a signaler dans le domaine des activites de la Commission sur la 
protection des obtentions vegetales. 

Tendances des travaux de creation varietale et intentions d'etendre la protec
tion a de nouvelles especes 

16. Le representant de l'Afrigue du Sud fait savoir qu'il est envisage d'eten
dre la protection a une douzaine d'especes, principalement herbageres. 

17. Le representant de la Republique federale d'Allemagne fait savoir qu'a 
1' occasion de la revision de la legislation sur la protection des obtentions 
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vegetales - sur la base de laquelle a ete depose un instrument de ratification 
le 12 mars 1986 - la protection a ete etendue a quelques especes. 

18. Le representant du Danernark fait savoir que la publication de l'extension 
de la protection au triticale est irnrninente. 

19. Le representant de l'Espagne fait savoir qu'il est envisage d'etendre la 
protection au triticale. 

20. Le representant de la France fait savoir qu'il est envisage d'etendre la 
protection a une dizaine d' especes. Une extension au pleurote est aussi a 
l'etude. 

21. Le ;epresentant de l'Irlande fait savoir que la protection a ete etendue 
a 11 especes, ce qui fait que !'ensemble des plantes importantes pour !'agri
culture irlandaise sent rnaintenant couvertes par la protection. 

22. Le representant de Royaume-Uni fait sa voir qu' il est envisage d' etendre 
la protection a la bourrache et a la limnanthe. 

23. Le representant de la Suisse fait savoir qu'aucun progres n'a ete realise 
pour l'extension de la protection envisagee deja depuis plus de deux ans. 

Biotechnologies et protection des obtentions vegetales 

24. Evaluation des resultats des debats dans d'autres enceintes.- Les debats 
se deroulent sur la base du document CAJ/XVII/2. 

25. Le Secretaire gene~al adjoint fait un resume des evenernents qui se sont 
produits depuis le rnois d'octobre 1985, et fait ressortir la conclusion prin
cipale de la deuxieme session du Comite d'experts de l'OMPI sur les inventions 
biotechnologiques et la propriete industrielle qui s' est tenue du 3 au 7 
fevrier 1986. Selon le paragraphe 64 du rapport de cette reunion (document 
BioTICEIII/3), "hormis la delegation de 1' Irlande et celle du Japan, ainsi que 
les representants de plusieurs organisations non gouvernementales, qui se sent 
declares en faveur d' une protection par brevet de toutes les inventions bio
technologiques sans exception, toutes les autres delegations gouvernementales 
qui se sont exprimees sur ce sujet ant dit que le temps n'etait pas encore venu 
de prendre une decision sur la question de la suppression de 1' exclusion des 
varietes vegetales ainsi que de !'exclusion des races animales et des precedes 
essentiellement biologiques de la brevetabilite." 

26. Le President fait observer que le rapport precite ne reflete pas l'inte
gralite des discussions. 

27. Rapport du Sous=groupe "biotechnologies".- Les debats se deroulent sur 
la base du document CAJ/XVII/9. 

28. Le representant de la Republique federale d' Allemagne justifie la propo
sition qu' il a faite dans le Sous-groupe et qui est consignee dans le para
graphe 3 du document CAJ/XVII/9 par le fait que les conclusions auxquelles le 
Sous-groupe aboutira sur la base du mandat initialement defini ne permettront 
aucun progres. Il estime que lorsque le Sous-groupe aura depose ses conclu
sions sur la base du nouveau rnandat, il devra eventuellement etre elargi pour 
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fonctionner a la maniere de l'ancien Comite d'experts de l'UPOV pour l'inter
pretation et la revision de la Convention. Enfin, il donne quelques details 
sur ce que devrait contenir le document dont la redaction serait confiee dans 
un premier temps au Bureau de l'Union. 

29. Le representant des Pays-Bas propose que le paragraphe 3.iii) du document 
CAJ/XVII/9 soi t redige comme suit (addition soulignee) : " possibili tes 
d'application du droit general des brevets aux varietes vegetales, aux plantes 
et aux parties de plantes et problemes souleves par cette application." 

30. Sous reserve de cette modification, le nouveau mandat du Sous-groupe est 
adopte tel qu'il figure au paragraphe 3 du document CAJ/XVII/9. 

Denominations varietales 

31. Les debats se deroulent sur la base des documents UPOV/INF/10, CAJ/XVII/4 
et CAJ/XVII/7. 

32. Un tour de table revele que certains Etats membres n'appliquent pas (en
core) les Recommandations relatives aux denominations varietales, par exemple 
faute de base legislative ou en raison de particularites linguistiques. L'uti
lite des Recommandations, ou de recommandations aussi detaillees, est meme 
mise en doute par le representant de la Suisse, celui de la France etant par 
ailleurs favorable a leur simplification voire a la suppression de certaines 
regles. 

33. La majori te du Comi te convient cependant que des recommandations sont 
necessaires en tant que base de decision commune aux services des Etats membres 
et qu'elles sont aussi utiles aux obtenteurs. 

34. Le Secretaire general adjoint fait part de son etonnement devant 1' exi
gence de certaines organisations professionnelles que les Recommandations 
soient supprimees : dans d'autres domaines, les organisations exigent en effet 
des regles pour se premunir des interpretations excessives des dispositions 
juridiques applicables qui pourraient emaner des services officiels. Le repre
sentant des Pays-Bas fait aussi observer que certains des arguments avances 
par les organisations sont en fait en faveur du maintien des Recommandations. 

35. Le representant des Communautes europeennes rappelle que celles-ci n' ont 
pas etabli de regles detaillees sur la formation des denominations varietales. 
En matiere de catalogues des varietes admises a la commercialisation, ce sont 
les legislations nationales, inspirees des regles de l'UPOV, qui s'appliquent. 
Les Communautes, qui jouent un grand role dans le domaine des semences et celui 
de la concurrence, se sont jusqu'a present satisfaites de l'effet d'harmonisa
tion qu'a eu l'UPOV avec l'article 13 de la Convention et ses textes d'inter
pretation. Mais il est bien evident que si cet effet etait appele a dispa
ra1tre, elles se verraient probablement dans l'obligation de prendre la releve. 
L'attention des obtenteurs devrait etre attiree sur ce fait. 

36. Le Comite procede par ailleurs a un bref echange de vues sur la reutili
sation d'une denomination. Il appara1t qu'il y a consensus sur le fait qu'une 
denomination n'est pas reutilisable lorsque la protection a ete accordee et que 
la variete a ete un echec commercial, du fait que celle-ci reste mentionnee 
dans les dossiers, figure dans des collections de reference ou des banques de 
genes, etc. Le probleme principal est celui de l'appreciation de la situation. 
Par contre, une denomination simplement proposee en relation avec une demande 
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qui n 1 a pas abouti peut etre librement reutilisee. Le Secretaire general 
adjoint rappelle a cet egard que 1 1 UPOV a deja fait 1 1 objet de critiques de la 
part de botanistes, mecontents de sa largesse d 1 esprit. 

Etendue de la protection 

37. Les debats se deroulent sur la base des documents CAJ/XVI/3 et CAJ/XVII/5. 

38. Le President rappelle que le Comite consultatif a accepte a sa trente
troisieme session, tenue le 15 avril 1986, une proposition de la delegation de 
la Republique federale d 1 Allemagne tendant ace qu 1 il soit inscrit un point a 
1 1 ordre du jour de la prochaine session dudit Comite perrnettant un echange de 
vues sur les possibilites d 1 ameliorer la Convention. Cette proposition etait 
fondee sur le fait que 1 1 evolution en matiere d 1 amelioration des plantes et de 
production de semences et plants rendait un tel echange de vues opportun. De 
1 1 avis du President, la discussion sur 1 1 etendue de la protection s I inscri t 
parfaitement dans le cadre plus vaste du programme de travail adopte par le 
Comite consultatif. 

39. A differents stades de la discussion, il est fait reference aux moyens 
juridiques perrnettant d 1 obtenir une extension de la protection dans les do
maines ou cela parait necessaire tout en assurant un certain niveau d 1 harrnoni
sation. Trois solutions sont envisageables : une revision de 1 1 article 5. 1) 
de la Convention, un arrangement particulier au sens de 1 1 article 29 de la 
Convention et une recornrnandation du Conseil de 1 1 UPOV. 

40. S 1 agissant de la revision de l 1 article 5.1) de la Convention, le represen
tant de la Republique federale d 1 Allemagne estime qu 1 il faut la tenter. Le 
representant des Pays-Bas considere qu 1 elle offre la meilleure garantie pour 
rehausser de fa9on concertee le niveau minimum de protection, 1 1 utilisation des 
possibilites offertes par 1 1 article 5.4) risquant d 1 aboutir a des niveaux de 
protection differents. 

41. Plusieurs delegations S 1 0pposent cependant, a des degres divers, a la 
revision de 1 1 article 5.1). Ainsi, le representant de la France constate que 
1 1 existence de niveaux de protection differents est deja une realite. Il 
estime qu 1 il convient de recourir a l 1 article 5.4) et appuie le principe d 1 une 
recornrnandation emise par le Conseil. Il souhaite meme que le Conseil soit 
saisi d'un projet des sa prochaine session. Le principe d 1 une recornrnandation 
est aussi appuye par le representant de la Belgique. Par ailleurs, des doutes 
sont emis sur la faisabilite d 1 une revision de l'article 5.1) en ce qui con
cerne le droit de garder des semences, notarnrnent par le representant de 
l'Irlande (qui fait observer que ce droit est inscrit dans la loi de ce pays) 
et ceux du Japan et de la Suede. En ce qui concerne la protection du produit 
final, le representant du Danemark fait remarquer qu 1 elle ne serait pas possi
ble dans son pays, pour le moment, mais que neanmoins des progres ont ete 
faits, puisque les parties interessees peuvent en parler maintenant. Le repre
sentant des Pays-Bas souligne quant a lui que les utilisateurs ne denient pas 
a l'obtenteur le droit de toucher une redevance mais craignent l'etiquetage des 
fleurs coupees; il faut par consequent trouver une solution pour les fleurs 
importees. 

42. Le Secretaire general adjoint rappelle aussi que toute elevation du niveau 
minimum de protection rendra plus difficile l 1 adhesion a la Convention UPOV par 
les Etats qui n'en sont pas encore mernbres. 
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43. Le President conclut quI il est necessaire d I utiliser a court terme la 
solution de la recommandation emise par le Conseil, sans que cela exclue la 
modification, a plus long terme, de l 1 article 5 de la Convention. 

44. S 1 agissant du droit de garder des semences et des situations analogues, 
plusieurs representants confirment que le probleme est devenu important dans 
leur pays. Le representant de la Republique federale d 1 Allemagne signale ce
pendant la difficulte que souleve la propension naturelle de certaines especes, 
telles le fraisier ou le dahlia, a produire du materiel de multiplication, 
ainsi que celle du controle des multiplications faites par les producteurs 
pour leurs propres besoins. 

45. S 1 agissant de la protection du produit final, le representant de la France 
- pays dans lequel elle a ete prevue pour les plantes ornementales - explique 
qulelle nla pas pour but de permettre a l 1 0btenteur de percevoir des redevances 
en cascade, aux differentes etapes de la commercialisation. En fait, elle ne 
le permet meme pas carle droit S 1 epuise au premier stade de l 1 exploitation de 
la variete a 1 I egard de taus les actes ulterieurs de 1 I exploitation normale 
<le droit renait par centre si une fleur coupee sert par exemple de bouture 
utilisee a des fins commerciales l. Elle permet par centre de mieux defendre 
le droit concede (puisque l 1 obtenteur peut aussi agir au niveau du commerce de 
plantes en pot ou de fleurs coupees), de percevoir des redevances sur les pro
duits importes et, au total, de garantir aux licencies une jouissance paisible 
des droits qui leur sent concedes. 

46. En definitive, le Comite decide de prier le Bureau de l 1 Union de rediger 
un document comportant un resume des differentes situations quI il convient 
d I examiner et une etude de la possibilite de faire des recommandations a Ce 
sujet. 

Echange de vues sur la decision in re Hibberd 

47. Les debats se deroulent sur la base du document CAJ/XVI/7. 

48. Le representant des Etats-Unis d'Amerique explique les faits et les con
clusions juridiques de l 1 affaire in re Hibberd. En bref, cette decision de la 
Commission des recours et des collisions en matiere de brevets <US Board of 
Patent Appeals and Interferences) de l 1 0ffice des brevets et des marques permet 
de breveter des plantes en vertu du Code general des brevets ( industriels), 
meme si elles sent aussi protegeables en vertu de la lei sur les brevets de 
plantes ou de la lei sur la protection des obtentions vegetales. La Commission 
est le plus haut tribunal administratif competent en matiere de brevetabilite 
et 1 I Office des brevets et des marques a adopte une pratique conforme a sa 
decision. Celle-ci est cependant sujette a revision par 1 1 autorite judiciaire, 
notamment si elle a a connaitre une action en contrefa90n du brevet. 

49. Le representant des Etats-Unis d 1 Amerique fait part de son opinion selon 
laquelle la decision in re Hibberd est conforme a la Convention UPOV dans la 
mesure ou les Etats-Unis-d 1 Amerique se sent prevalus de l 1 article 37 de la 
Convention au moment du depot de son instrument d 1 acceptation. Le representant 
du Japan souligne, et le Comite convient, que la decision in re Hibberd nlest 
pas un precedent applicable sans autre dans d 1 autres pays etant donne que les 
Etats-Unis d 1 Amerique sent le seul pays auquel l 1 article 37 S 1 applique. 

50. En reponse a une demande du Secretaire general adjoint, qui constate que 
la decision in re Hibberd est difficile a juger sans connaitre le fondement 

·.··.~ 
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technique, le representant des Etats-Unis d'Amerique fait savoir qu'il fournira 
une documentation complete au Bureau de 1 'Union des que le brevet aura ete 
de livre et que le dossier sera par consequent accessible au public. [Cette 
documentation figure a l'annexe II du present document.] 

Communication de l'Office federal suisse de la propriete intellectuelle 

51. Les debats se deroulent sur la base du document CAJ/XVII/8. 

52. Le representant de la Suisse explique que la communication emane du Direc
teur de l'Office federal de la propriete intellectuelle, qui a deja preside de 
nombreuses reunions de l'OMPI traitant d'inventions dans le domaine de la bio
logie. Il est fort probable que les travaux de l'OMPI dans ce domaine, ainsi 
que les decisions in re Chakrabarty et in re Hibberd rendues aux Etats-Unis 
d'Amerique et la decision de la Chambre de recours technique 3.3.1 de l'Office 
europeen des brevets in re CIBA-GEIGY AG Bale, ont preside a la redaction de 
ce texte. Du reste ,-celui-ci ne fait que decrire les nouvelles directives 
donnees aux exarninateurs de brevets et n'a pas caractere de texte legislatif. 
On ne peut cependant pas nier qu'il ait des effets indirects. Il nourrit en 
effet des espoirs du cote des inventeurs qui deposent des dernandes de brevet, 
espoirs qui peuvent se reveler injustifies dans la mesure ou les brevets 
accordes sont susceptibles d'etre invalides ulterieurement par les tribunaux. 
En outre, ce texte peut etre cite et exploite dans la doctrine. 

53. Le Bureau de la protection des varietes a ete consulte sur un projet, mais 
n'a dispose que d'une semaine pour presenter ses observations. Sur le prin
cipe, il n'a pas emis d'objection etant donne que la communication n'a pas 
trait aux varietes vegetales en tant que telles et qu'il doit etre de l'arnbi
tion des services charges d'un dornaine de la propriete intellectuelle de favo
riser le developpement de la protection de cette propriete. Il a cependant ete 
releve que la communication allait a certains egards au-dela des intentions du 
legislateur telles qu'elles ont ete enoncees dans le Message du Conseil federal 
a 1 'Assemblee federale concernant trois trai tes en matiere de brevets et la 
revision de la loi sur les brevets (du 24 mars 1976). Enfin, le representant 
de la Suisse regrette qu'il n'ait pas ete possible, dans le court delai accor
de, de consulter des botanistes, ce qui paraissait necessaire etant donne que 
la communication n'emanait pas d'un biologiste. 

54. A cet egard, le representant du Japon s' interroge sur la justesse de 
l'element de phrase "des elements structurels non regenerables en plantes, tels 
que les lignees cellulaires, les cellules modifiees, les genes, les plasmides, 
etc." figurant a la fin du paragraphe 3.2. Il se dit aussi preoccupe par la 
possibilite de revendiquer des plantes entieres ou leur materiel de multipli
cation dans la mesure ou aucune variete n'est specifiee. En effet, l'objectif 
du titulaire d'un brevet cornportant une telle revendication est de transformer 
le materiel vegetal revendique en varietes commercialisables et de controler 
leur commercialisation. 

55. Des remarques similaires sont faites par le Secretaire general adjoint et 
le representant des Pays-Bas. Le premier releve que la question essentielle 
est la relation entre les plantes et les varietes et doute que 1 'on puisse 
contourner l'exclusion par une simple modification de la terminologie. Il se 
dit aussi preoccupe par la possibilite, apparemment ouverte, qu'un obtenteur a 
qui un certificat d'obtention vegetale a ete refuse pour manque d'homogeneite 
invoque cette circonstance pour obtenir un brevet. Le deuxieme rappelle que 
la question de la terminologie a aussi ete discutee aux Pays-Bas, ou certains 
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avaient affirme que 1 1 exclusion des variates de 1a brevetabili te ne s I appli
quait pas aux genres et aux especes. Il avait alors demontre que cet argument 
n I etai t pas valab1e car 1 'espece, par exemple, est un ensemble de variates. 
Les discussions n'ont cependant jamais abouti a une conclusion. 

56. Du point de vue juridique, le Secretaire general adjoint fait observer que 
la communication repose sur le principe qu 1 une exception "doit etre interpretee 
de maniere restrictive." Il rappelle que 1' interpretation des textes juridi
ques repose aussi sur d 1 autres principes, bien plus importants, comme celui de 
la bonne foi, qui implique la recherche de ce que le legislateur a vraiment 
voulu dire, ou celui de l 1 effet utile, qui suppose que 1e legislateur a voulu 
etablir des regles pratiquement operantes. 

Decision de 1a Commission des Communautes europeennes relative a certaines 
clauses de contrats de licence en matiere d 1 obtentions vegetales 

57. Les debats se deroulent sur la base du document CAJ/XVII/6. 

58. La decision est expliquee dans le detail par le representant des Commu
nautes europeennes. Il fait savoir qu 1 elle est devenue finale, aucune des 
parties concernees n'ayant interjete appel. En outre, il signale qu 1 il vient 
de recevoir communication du fait que la Cour de justice des Communautes 
europeennes a rendu dans une autre affaire un arret qui infirme en partie la 
decision de la Commission sur la clause de non-contestation. 

59. Le representant de la France, se referant a 1 I article 85.3) du Trai te 
CEE, qui permet des exemptions pour des accords qui contribuent au progres 
technique, rappelle que les vrais obtenteurs contribuent au progres technique. 
Cependant, les variates innovatrices donnent necessairement naissance a des 
mutations qui, si les textes juridiques sont appliques a la lettre, peuvent 
etre librement exploitees, et ce d I une fa90n qui pri Ve 1 1 obtenteur initial 
d'une grande partie de ses sources de remuneration. Il demande si la decision 
de la Commission peut etre interpretee comme une invitation a explorer la 
solution de la co-obtention. 

60. Le representant des Communautes europeennes estime que tel est bien le 
cas. En effet, ce que la Commission a trouve contraire au droit de la concur
rence, C I est la rupture de 1 1 equilibre dans le sens d I un droit exclusif en 
faveur de 1 1 obtenteur de la variete initiale. 

Programme de la dix-huitieme session du Comite 

61. Sous reserve de 1 I apparition de tout fait nouveau, le programme de la 
dix-huitieme session du Comite comportera les points suivants 

i) les points 
c'est-a-dire ecarts 
matiere d 1 extension 
CAJ /XVI/8 ) ; 

deja arretes lors 
minimaux entre les 
de la protection 

de la seizieme session du Comite, 
variates et liste des priorites en 

(voir au paragraphe 77 du document 

ii) biotechnologie et protection des obtentions vegetales; 

iii) denominations varietales; 

iv) etendue de la protection. 
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62. Au nom du Corni te, le President remercie M. J. Grobler (Afrique du Sud) 
pour le travail qu'il a accompli au sein du Comite, et plus generalernent pour 
le developpement de la protection des obtentions vegetales et de 1' UPOV, et 
lui souhaite une longue et heureuse retraite. 

63. Le President rappelle aussi que M. Halvor Skov (Danemarkl a pris sa 
retraite au 31 janvier 1986. 

64. Le present compte rendu a ete 
adopte par correspondance. 

[Les annexes suivent] 
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Mr. D. FEELEY, Department of Agriculture, ~griculture House, Kildare Street, 
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NETHERLANDS/PAYS-BAS/NIEDERLANDE 

Mr. M. HEUVER, Chairman, Board for Plant Breeders' Rights, Nudestraat 11, 
6700 AC Wageningen 

Mr. K.A. FIKKERT, Legal Adviser, Ministry of Agriculture and Fisheries, Bezuiden~ 
houtseweg 73, The Hague 

Mr. H.D.M. VAN ARKEL, Secretary, Board for Plant Breeders' Rights, P.O. Box 104, 
6700 AC Wageningen 

NEW ZEALAND/NOWELLE-ZELANDE/NEUSEELAND 

Mr. E.J. STONYER, Agricultural Adviser, 7, rue Leonard de Vinci, Paris, France 
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Mr. S. MEJEGAARD, President of Division of the Court of Appeal, Armfeltsgatan 4, 
115 34 Stockholm 

SWITZERLAND/SUISSE/SCHiNEIZ 

Dr. W. GFELLER, Leiter des Buras fur Sortenschutz, Bundesamt fur Landwirtschaft, 
Mattenhofstrasse 5, 3003 Bern 

Dr. S. PUERRO, Wissenschaftlicher Adjunkt, Bundesamt fur geistiges Eigentum, 
Einsteinstr. 2, 3003 Bern 
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UNITED STATES OF AMERICA/ETATS-UNIS D'AMERIQUE/VEREINIGTE STAATEN VON AMERIKA 
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ISCHE WIRTSCHAFTSGEMEINSCHAFT (~NG) 
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United States Patent £l9J 

Hibberd et al. 

[54] TRYPTOPHAN OVERPRODUCER 
MUTANTS OF CEREAL CROPS 

[7!5] Inventors: Xeaaedt A. Hibberd, Falcon Heights; 
Paul C. Alldenoa, Minneapolis; 
Melaaie Barker, Bloomington, all of 
Minn. 

[73) Assignee: Molec:alar Geaetics Re.eiii"Ch aacl 
Dnelopaaeat, Minnetonka, Minn. 

[21] Appl. No.: 647,008 

[22] Filed: Sep. 4, 1984 

[!51] IDt. a.• ............................................... AOIH 1/06 
[!52] u.s. a. ........................................................ 47/58 
[!58] Fleld of San:la ............................................ 47/!58 

[!56] Refereace~ Cted 

U.S. PATENT DOCUMENTS 

4,443,971 4/1984 Chaleff . 

OTHER PUBLICATIONS 

Processed Plant Protein Foodstuffs, Altschul, 19!58, 
Acad. Press, Inc., New York, pp. 878-880, 883, 884, and 
891 cited. 
Amino Acids, Nutrition and Stress, Mi1lin et al., pp. 
391-414, Genetic Eng. of Plants, 1983, Plenum Press, 
N.Y. 
Selection of Plant Cell Lines, Widhalm, pp. 99-113, 

[11] Patent Number: 

l•SJ Date of Patent: 

4,581,847 -
Apr. 15, 1986 

Plant Tissue Culture u a Source of Biochemicals, 1980, 
CRC Press. _ 
Handbook of Plant Cell Culturt?Evans et al., 1983, 
Macmillan Pub!. Co., N.Y., pp. U-4!5, !50, 401. 
Widhalm, Biochim. Biophya, Acta, 261: 44-!51, !52-!58, 
(1972). 
Widhalm, Biochim. Biophys. Acta, 279: 48-!57 (1972). 
Singh and Widhalm. Biochem. Gen. 13: 3!57-367 (197!5). 
Carlson and Widhalm, Physiol. Plant 44: 2!51-2!5!5 
(1978). 
lUnch et al., Plant Physiol. 71: 136-140 (1983). 
Chaleff and Ray, Science, 233: 11.8-11!53, (1984). 

Primary E:caminer-Robert Bagwil1 
Anomey, Agent. or Fimr-Pennie .t Edmonds . 

(!57] ABSTRACI' 

This invention is directed to the production of novel 
plant genotypeS or lines which produce increased free 
tryptophan levels and are resistant to inhibition by ana
logs which normally inhibit the activity of the enzyme 
anthranilate synthase before alteration. This invention 
further relates to genes encoding such enzymes, and to 
processes for utilizing these novel genes and enzymes. 
Further products of the invention include plants, plant 
tissues and seeds which exhibit resistance to such ana
logs and overproduce tryptophan resulting from ex
pression of genes encoding analog resistant anthranilate 
synthase enzyme. 

32 Caims., 5 Dnwiq F'lpl'el 
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TRYPTOPHAN OVERPRODUCER MUI'ANTS OF 
CEREAL CROPS 

liaue culture ltUdica with IDODOCOtyledoua (e.a., tbe 
cereal cropeiUCh • maize, rye, barley, wheat, 10rpum, 
oara, millet aud rice) le8din1 to plant regeneration are 
aot u well documented. Succeu is frequently depen-

T ABLE OF CONTENTS 5 dent on choosiag donor tissues for culture initiation 
FIELD OF THE INVENTION which come from plants of appropriate genotype u 
BACKGROUND OF THE INVENTION well u ph)'liologic:al and development ltates. Other 

T111ue Culture of Maize features which are aliO important iaclude the organic 
Tryptophaa Biosynthesis and iaorgaa.ic composition of the-~'-":ttwth medium and 
Resistance to Iahibitioa by Tryptophaa Aaalop · 10 the ph)'lic:al enviroament ia wluch the cultures are 

SUMMARY OF THE INVENTION grown. 
BRIEF DESCRIP110N OF THE FIGURES Ia maize, the development of tissue cultures capable 
DETAILED DESCRIP110N OF ONE EMBODI- of plant regeaeratioa waa accomplished after the identi-

MENT OF THE INVENTION ficatioa of appropriate genotypes and doaor tissues 
Strategy for Selectioa of Tryptophaa Overproducer 15 (Greeu and Rhodes, 1982 in Maize for Biologic:al Re-

Cell_ Lines . . . leU'ch, W. F. Sheridan (ed.), pp. 367-371, Plant Molec· 
Sel~uon aad Chancterizatioa of Resistant Cell uJar Biology Aaoc:iatioa, Charlottesville, V L ). The 

Lines . . fint method developed which yielded regenerated 
Plant Regeneration and Producuoa of Seed plants from tilaue cultures of maize used immature em-
Development o_f Tryptophaa Overproduc:er Com- 20 bryos u donor tissues. With N6 or MS growth media 

merc:ial Hybnd Seed . . (defined below ia Section 6) and a synthetic awUa. such 
Alternate Methods of Obtamiag Tryptophaa Over- u 2.4-dichlorophenoxyacetic lcid (2,<4-D), tissue cui-
prod~ Mutants . tures develop rapidly from the scutellum of the em-
Comm~ Approaches to ~ryptophaa ExtracUoa bryos. The resulting cultures are developmentally het-
~;L~ Tryptophaa Maize Seed ~ erogeneous and coatain a variety of tissue types. Re-

Cbaracterizatioa of the Effects of S-Methyltrypto- moval of the 2.<4-D from the growth medium permits 
phaa and Strategy for Selection of S-Methyltrypto- these cultures to prod~ large aumben of regenerated 
phaa Resistant Maize Cells plants. ~tures of this type have proved capable of 
laitiatioa and Maiatenaace of Maize Cell Cultures 30 regenerating plants for up to three yean. 

Which Retain Plant Regeneration Capacity Another donor tissue from which regenerable tissue 
Callus Culture Growth Iahibition by S-Methyl- cultures of maize have been. initiated are immature las-

tryptophan sels. ~ tissue is the male tlo~er and u it matures it is 
Selection and Characterization of a S-Methyltrypto- respoDSlble for pollen productJon. Immature embryos, 

phan Resistant Cell Line 35 influo~ces, aad .the few other tissues. ~.cereals 
Selection of S-Methyltryptophan Resistant Cell from which regenerating cultures have been IDJU&ted all 

Line have the common characteristic of juveuility. Regener-
Cbaracterizatioa of Maize Cell Line C28 ated plants obtained from tissue cultures are growu to 
Analysis of Free Trytophan maturity ia a glasshouse, growth chamber, or field. The 
Anthraailate Synthase Assays 40 progeny seed produced ia crosses with regenerated 

Plant Regeneration and Production of Seed plants permits the evaluation of subsequent generations. 
Plant Regeneration Protocol The basic tissue culture methods developed for com 
Characterization Of Progeny Plants and Seeds have been extended to many other cereal species. 
Analysis of Free Tryptophan It is now possible to reliably initiate cultures of com 

DEPOSIT OF SEEDS 45 which have two important cha.nlcteristics. One is that 

FIELD OF THE INVENTION 

This invention relates to novel plant genotypes or 
lines, and in particular novel monocots and other cereal 
crops, which produce increased. levels of free trypto- so 
phaa in callus cultures, plants. plant tissues and seeds. 
Also described are the processes for development and 
characterization of these novel genotypes. This trait is 
genetically transmitted to progeny. These lines may be 
used for human or animal consumption, or alteraa- ss 
tively, u a 10urce from which tryptophan may be ex
tracted. 

the callus cultures are friable, meaning that they are soft 
and loose in texture. This property is important because 
cultures of this type exhibit rapid growth and it facili-
tates the initiation of suspension cell cultures. The other 
valuable attribute of these friable cultures is their ability 
to form very large aumben of somatic embryos. Micro-
scopic examination reveals the presence of many small, 
organized structures oa the surface of the callus. These 
structures are young somatic embryos at various devel
opmental stages. These friable cultures will retain their 
embryogenic potential for uloag u two yean and have 
showu the capacity to produce extremely large num
bcn of somatic embryos. BACKGROUND OF THE INVENTION 

Tissue Culture of Maize 
The 10matic embryos in these friable calli develop to 

60 maturity when the cultures are tnmsferred to medium 
Irrespective of the plant species, there are a number contaiaiag S to 6 percent sucrose and ao hormones. 

of common features that apply to most tissue culture After approximately two weeks of growth on this me-
programs. The technique of cell and tissue culture has dium, many embryos become quite mature. They germi-
been widely developed, and much work has been done nate rapidly and grow into plants when placed oa MS 
oa growth. metabolism and differentiation of tissue 65 or N6 medium contaiaiag 2% sucrose. The plants can 
culture of dicotyledons (Yamada. 1977, in Plant Cell, then be established in 10il and growu to maturity. 
Tissue and Organ Culture, Reinert and Bajaj (eds.), pp. It is now well-documented that a high level of genetic 
144-1S9, Springer-Verlag, Berlin). However, successful variability can be recovered from plant tissue culture. 
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Some of tlUI variability is of agronomic importance. aeriue (Umbaraer, 1978, iD ADD. Rev. Biocbem. 47: 
Mutants for disease resistance have been obtaiDed iD 55s-«>6). 
sugarcane for Fiji disease, early and late blight in po- Metabolite flow in the tryptophan pathway in higher 
tato, and southern com leaf blight in maize. lD rice, plants and microorganisms is apparently regulated by 
maize, and wheat considerable variability for traits in- 5 tryptophan through the feedback inhibition of the en-
herited as lingle genes of plant breeding interest have zyme anthranilate synthase (nereinafter referred to as 
been recovered, including those which control the time AS). AS is the branchpoint enzyme which catalyzes the 
of seed set and maturation, seed color and development, convenion of chorismate to anthranilate. AS and the 
plant height, plant morphology, and fertility. four other enzymes in the pathway-'tave been identified 

Tissue cultures of maize have been used to recover 10 and partially purified from crude extracts of cell cui-
mutants for disease resistance and amino acid overpro- tures of higher plants (Hankins et al., 1976, Plant 
duction as described below. Physiol. 57: 101-104; Widhalm. 1973, Biocbim. Bio-

Teu.s male sterile cytoplasm (ems-T) genotypes of phya. Acta 320: 217-226). However, AS is very unsta-
maiz:e are susceptible to the pathotoxin produced by the ble and is therefore difficult to purify. 
fungus H~lminthosporium mDydis race T, while normal 15 
cytoplasm (N) genotypes are resistant (Gengenbach et Resistance to Inhibition by Tryptophan Analogs 
al., 977, Proc. Natl. Acad. Sci. U.S.A. 74: Sll3-Sll7). Tissue culture methods have been used to select for 
Similarly, tissue cultures obtained from ems-T geno- resistance to growth inhibition by amino acid analogs in 
types are susceptible to the pathotoxin while N geno- several plant species. The results of these investigations 
type cultures are resistant. The pathotoxin from H. 20 can be separated into two categories based on whether 
mDydis race Twas used to select resistant cell lines from or not amino acid analog tolerance was stably inherited 
susceptible ems-T cultures using a sublethal enrichment and expressed in the progeny of plants regenerated from 
selection procedure. After five cycles of increasing the selected resistant cultures. This criterion clearly 
selection pressure, cell lines were recovered which establishes the mutant nature of the selected trait. 
were resistant to lethal levels of the pathotoxin. Plants 25 Microorganisms are able to control tryptophan bio-
regenerated from these cell lines also were resistant to aynthesis by feedback inhibition and by end-product 
the pathotoxin and were male-fertile. Genetic analysis repression. The site of action of several growtn inhibi-
of progeny obtained from resistant, male-fertile plants tory analogs (e.g., 5-methyltryptophan, 4-methyltrypto-
showed that both traits were maternally inherited. In- phan, S-fluorotryptophan, 5-hydroxytryptophan, 7-az:a-
fection of plants with H. mDydis race T spores demon- 30 tryptophan, 3/3-indoleacrylic acid, 3-methylanthranilic 
strated that selection for pathotoxin resistance also re- acid) has been extensively studied in microorgansims. 
suited in resistance to the disease organism by plants. Studies with Esch~richill coli showed that specific en-

Selection for resistance to growth inhibition by lysine zymes in the pathway could be inhibited by the appro-
plus threonine in equimolar concentrations (LT) in priate analog (Moyed, 1960, J. Biochem. 235:1098; 
tissue cultures of maize yielded a stable resistant line, 35 Trudinger and Cohen, 1956, 62:148; Moyed and Fried-
LT19 (Hibberd and Green, 1982, Proc. Natl. Acad. Sci. man, 1958, Science 129:968). Moyed (1960) and Sam-
U.S.A. 79: 559-563). Genetic analysis of progeny of merville and Yanofsky, (1965, J. Mol. Bioi. 11:747) 
plants regenerated from LT19 showed that LT resis- showed that E. coli mutants resistant to 5-methyltrypto-
tance was inherited as a single dominant nuclear gene. phan could be recovered if the bacteria were grown in 
Tissue cultures initiated from resistant embryos re- -40 growth inhibitory concentrations of 5-methyltrypto-
quired 5-10 times higher levels of LT to inhibit growth phan. The AS in several cell lines was found to be less 
than did cultures from LT;ensitive embryos. LT resis- sensitive to inhibition by tryptophan or 5-methyltrypto-
t.ance in LT19 was expressed as reduced sensitivity of phan due to an altered AS. 
root and shoot growth to the presence of LT. The free Plant cell cultures selected for resistance to amino 
pool of threonine was increased 6 times in cultures •5 acid analogs or to certain combinations of amino acids 
initiated from immature embryos of LT-resistant plants, may contain increased levels of the corresponding free 
and 75-100 times in kernels homozygous for LT19, as amino acid. For example, cultured tobacco, carrot, 
compared to cultures and kernels from L T «DSitive potato and the weed Datura inOJCill cell lines have been 
embryos and plants, respectively. Overproduction of selected which are resistant to growth inhibition by 
free threonine increased the total threonine content in SO 5-methyltryptophan (hereinafter referred to as 5MT) 
homozygous LT19 kernels by 33-59%. The results through an altered AS as described below. 
demonstrate that LT resistance selected with tissue Widhalm (1972, Biocbim. Biophys. Acta 261: -44-51) 
culture methods was heritable and was expressed in demonstrated that the tryptophan analogs 5-methyl-
cultures, seedlings. and kernels. tryptophan, 4-methyltryptophan, 5-fluorotryptophan 

55 and 6-fluorotryptophan cause growth inhibition of to-
Tryptophan Biosynthesis bacco (Nicotillna tabaet~m) and carrot (Daucus carota) 

The tryptophan biosynthetic pathway is initiated by cell cultures. This inhibition of growth could be re-
the conversion of chorismate to anthranilate in a gluta- versed by the addition of anthranilic acid, indole, or 
mine-dependent reaction. The phosphoribosyl moiety L-tryptophan. Anthranilate synthase was determined to 
of phosphoribosyl pyrophosphate is then transferred to 60 be very sensitive to these analogs and the tryptophan 
anthranilate. The indole ring is formed in two steps analogs inhibited cell growth by limiting tryptophan 
involving first an isomerization converting the ribose synthesis through inhibition of anthranilate synthase. 
group to a ribulose and then a cyclization reaction to The growth of cultured tobacco cells was inhibited 
yield indole glycerol phosphate. The final reaction in by 5MT, but some tobacco cell lines were resistant to 
the pathway is catalyzed by a single enzyme that may 65 growth inhibitory concentrations of SMT (Widholm, 
contain either one or two kinds cfsubunit. The reaction 1972, Biochim. Biophys. Acta 261:52-SS). Resistance 
consists of the cleavage of indole glyceraldehyde-3- was stable for at least 60 cell mass doublings even with-
phosphate and condensation of the indole group with out selection pressure (i.e., without 5MT). In addition, 
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SMT resistant cells were resiatut to growth iDhibitioa Althoup it is ~ble to telect for SMT resiataace in 
by otbcr tryptoplwa aaalop. Free tryptoplwa levela certain cell cultures aad p.laats, this cbancteristic doeS 
increased in SMT resistant cells about 10-fold over coa- aot aeceaarily correlate with the overproduc:tioa or 
trol tissue. The enzyme antbtauilate synthase was fouud free amino .:id in whole plants. Additionally, plants 
to be less leDiitive to iDhibitioa by tryptoplwa or SMT. 5 regenerated from SMT resistant lines frequently do not 

Carrot cell lines that were resistant to growth in.hibi- express the altered form of the coatrol enzyme. Nor is it 
tioa by SMT were also aelected by Widhalm (1972. expected that this characteristic will be stable over a 
Biochim. Biophys. Acta 279:48-S7). This characteristic period of time and be paaed aloag u a heritable trait. 
wu generally stable in the absence of the tryptophan Thus, it would be advantageous to--?btain plaats which 
analog for at least 100 cell doublings. SMT resistant cells 10 produce hip levels of tryptoplwa m mature plants and 
were also resistant to other tryptoplwa analogs. Cellular their seeds and genetically transmit this characteristic to 
free tryptoplwa coacentratioas in 5MT resistant cell their progeny. 

SUMMARY OF THE INVENTION 
were substantially increased. 2170 ,.M u compared to 
81 ,.M (27-fold) for coatrol tissue. Antbtauilate syn-
thase wu shown to be altered in the 5MT resistant cells. 15 This invention is directed to novel plant genotypes, 
The enzyme wu about 5-fold lea lenlitive to iDhibition and in particular novel genotypes of cereal crops, in-
by tryptoplwa or SMT. eluding maize, rice, wheat. barley, 10rpum. oats, rye. 

Singh and Widhalm (1975, Biochem. Genet. and millet which produce increased levels of free tryp-
13:357-367) described a mutant in com, Z«z 1n11p L, tophan. AI an exemplary embodiment. a new maize 
blue fluorescent- I, that poaessed increased anthranliate 20 genotype is described in the eumple preaented herein 
synthase activity which was less sensitive to feedback which is resistant to iDhibition by SMT at concentra· 
inhibition. The mutant also ICCUIDulated anthranilic tions which normally iDhibit growth. The resultant lines 
acid. In contrast to previous work in tobacco and car- overproduce tryptophan in callus culture. tissues, plants 
rot. however, the altered antbtauilate synthase activity 25 and seeds. The present invention utilizes cell culture 
did not lead to significant overproduction of tryptophan technology to isolate. characterize and develop plant 
in mature com plants or seed. cell lines, and particularly maize cell lines, which over-

Carlson and Widhalm (1978, Physiol. Plant produce tryptophan in callus cultures, plant tissues, 
44:2S1-2SS) obtained potato cell (Sokmum lllbero.sum) plants and seeds. Additionally these maize lines geneti-
cultures resistant to SMT. Anthranilate synthase was 30 cally transmit this trait to their progeny. This maize 
shown to be less sensitive to iDhibition by tryptophan or genotype may be used for human or animal consump-
by SMT. There appeared to be two forms of anthrani- tion, or u a 10urce from which tryptophan can be ex-
late synthase present, one sensitive and one resistant to tracted for other purposes. 
SMT. In the aelected cell lines the level of resistant AS In addition maize seeds having an endogenous free 
wu greatly increased. The range of free tryptophan 35 tryptophan content of between at least 0.2 milligrams 
concentrations were from 970 to 1400 ,.M in aelected per gram dry seed weipt and preferably about at least 
cultures compared to 29 ,.M in control tissues. 1 milligram per gram dry seed weipt are within the 

Widhalm (1980, in Plant Cell Cultures: Results and scope of the present inventioa. For cereal crops gener-
Perspectives, F. Sala, B. Parisi, R. Cella. 0. Ciferri ally, the invention includes novel mutant seeds having 
(eds.), Elsevier/North Holland Biomedical Press. Am· 40 an endogeneous free tryptophan content of at least ten 
sterdam. pp. 157-159) described plants regenerated times that of corresponding non-mutant seeds. 
from SMT resistant N. tabtu:um suspension cultures. The present invention also provides for the produc-
While the cultures had an antbtauilate synthase enzyme tion of a plant cell enzyme which is relatively resistant 
less sensitive to feedback inhibition by tryptophan and to inhibition by tryptophan and a tryptophan analog 
exhibited an increased level of free tryptophan (approxi- 45 which normally inhibits the activity of this enzyme. 
mately 25-fold), the leaves of the regenerated plants did This enzyme, an altered anthranilate synthase (AS), 
not express the altered form of the control enzyme and confers resistance to inhibition by certain tryptophan 
did not form roots in medium containing SMT. The analogs and permits growth of callus cultures, plant 
resistance trait wu, however, expressed in callus de- tissues, plants and seeds in the presence of these ume 
rived from the regenerated plant. Thus it appears to be 50 analogs at concentrations which normally inhibit 
difficult to obtain expression in tobacco of the SMT growth before alteration. This invention is also directed 
resistance selected in cell culture. to processes and compositions for making and utilizing 

Finally, Ranch et al. (1983, Plant Physiol. this altered enzyme. u well u the gene encoding the 
71:136-140) selected for SMT resistance in cell cultures enzyme. 
of Daturrz iniiOJCia. a dicot weed and showed that the 55 In summary, for purposes of convenience, the inven-
resistant cell cultures contained increased tryptophan tion can be divided into the following categories for the 
levels (8 to 30 times higher than the wild type level) and purpose of description: (a) mutant plant seeds, mutant 
an AS with less sensitivity to tryptophan. Regenerated plant tissue cultures, and mutant plants having an en-
plants were also resistant to SMT, contained an al- dogenous free tryptophan content of at least ten times 
terated AS and had a greater concentration of free 60 the amouut of corresponding non-mutant plant seed, 
tryptophan (4 to 44 times) in the leaves than the control plant tissue cultures and plants, wherein the plant may 
plants. In contrast to the studies with N. tabtu:um where be a monocot and particularly a cereal crop from the 
the altered enzyme was not expressed in plants regener- group consisting of maize, rice, wheat. barley, sorghum, 
ated from resistant cell lines, these results indicated that oats, rye. and millet and the like; (b) mutant maize seeds, 
the amino .:id overproduction phenotype could be 65 mutant maize tissue clutures, mutant maize plants hav-
selected at the cellular level and expressed in whole ing an endogenous free tryptophan content of at least 
plants regenerated from the aelected cells in Dalllrrz ten times the amouut of corresponding non-mutant 
iniiOJCia. · maize seeds, maize tissue cultures, an maize plants; and 
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(c) methods for produciug tryptoplwl by cstrac:Uq 
tryptoplwl from (a) and (b). 

1he mategy for .election of 5MT resistant and trypto
phan overproducer maize ceU li,nes; (3) Jdcction and 
cbancterizatiou of 5MT resistant and tryptophan over
producer ceU lines; (<4) regeneration of resistant plants 
and production of seed; and (S) development of SMT 
resistant and tryptoplwl overproducer commercial 

. hybrid seed. 

Strategy for Selection of Tryptophan Overproducer 
CcU Unes 

Efficient .election of a desired tryptophan analog 
resistant. tryptophan overproducer mutant using tissue 
culture techniques requires careful determination of 
.election conditions. These conditions are optimized to 

~ regard.s the apecifiC cmbodimeau of (a) and (b): 
the seed is capable of germinating into a plant. the plant 
and plant tiuue culture each of which is capable of 5 
expressing a gene encoding an altered anthranilate 1yn· 
thase resistant to inhibition by tryptophan or a trypto
phan analog at concentrationa which normally inhibit 
the activity of the anthranilate synthase before alter· 
arion. The plant seed. and plant tiuue culture may 10 
tranmsit the gene encoding the altered anthranilate 
synthase to its progeny, and the gene before alteration 
may be from a euk.aryotic or prokaryotic organism or 
may be made in whole or part by chemical or enzymatic 
methods. 15 allow growth and accumulation of tryptophan analog 

resistant, tryptophan overproducer ceUs in the culture 
while inhibiting the growth of the bulk of the ceU popu
lation. The situation is complicated by the fact that the 

It is to be undentood that the following detailed 
description presents a single embodiment of the inven· 
tion. This particular embodiment relates to novel maize 
genotypes which allows the production of increased 
levels of tryptophan. 20 

BRIEF DESCRIPTION OF TiiE FIGURES 

vitality of individual ceUs in a population is highly de
pendent on the vitality of neighboring cells. 

Conditions under which ceU cultures are exposed to a 
tryptophan analog are determined by the charaCteristics 

FIG. 1 shows the biosynthetic pathway for trypto- of the interaction of the compound with the tissue. Such 
phan and the other aromatic amino acids in plants. facton u degree of toxicity and rate of inhibition 

FIG.l diagrammatically shows the growth inhibition 25 should be considered. The accumulation of the com-
for mutant callus lines Cl8 and C66 and for parental line pounds by ceUs in culture. and the penistence and sta· 
ABl. The increased fresh weight of tissue is shown for bility of the compounds, both in the media and in the 
varying concentrations of S-methyltryptophan. ceUs, also need to be considered. Additionally, it is 

FIG. 3 diagrammatically shows the root length important to determine whether the effects of the com-
growth responses of seedlings to varying concentra· 30 pounds can be readily revened by addition of trypto-
tions of S.methyltryptophan. phan. · 

FIG. 4 diagramatically shows the inhibition curve of The effects of the analog on culture viability and 
AS activity (Qr both the control AB108 callus extract morphology need to be carefully evaluated. It is espe-
and the selected K17 line of Cl8. cially important to choose analog exposure conditions 

FIG. 5 is a graph of free tryptophan levels in individ- 35 which have no impact on plant regeneration capability 
uaJ seedling shoot tissues examined from a SMT sensi· of cultures. Choice of analog exposure conditions is also 
rive population and a population segregating for resis- influenced by whether the analog k.ills cells or simply 
tance to SMT. inhibits ceU divisions. 

DETAILED DESCRIPTION OF ONE 
EMBODIMENT OF TiiE INVENTION 

The choice of a selection protocol is dependent upon 
-40 the considerations described supra. The protocols 

briefly described below may be utilized in the selection 
This embodiment of the present invention relates to procedure. although the present invention is not limited 

novel maize genotypes which produce increased levels to these procedures. In the ftrst protocol, fmely divided 
of free tryptophan. The novel genotypes are resistant to ceUs in liquid suspension culture are exposed to high 
inhibition by SMT at concentrations which normally 45 analog levels for brief periods of time. Surviving cells 
inhibit growth. The resistant lines overproduce trypto- are then allowed to recover and accumulate and are 
phan. Methods and compositions are provided for pro- then reexposed for subsequently longer periods of time. 
ducing callus cultures, plant tissues, plants and seeds Alternatively, organ.i.zed. partially differentiated ceU 
which overproduce tryptophan and genetically trans· cultures are grown and subcultured with continuous 
mit this trait to their progeny. Also described are ceU SO exposure to initiaUy low analog levels. Analog concen-
culture selection techniques to select for novel maize trations are then gradually increased over several sub-
genotypes resistant to tryptophan analogs and which culture intervals. 
overproduce tryptophan. The production of these 
maize lines encompasses isolation, characterization, and 
development of these maize lines and regeneration of .55 
plants from these cultures which are resistant to trypto
phan analogs. Additionally, the present invention pro
vides for the production of a plant ceU enzyme which is 
relatively resistant to inhibition by tryptophan and cer· 
tain tryptophan analogs which normally inhibit the 60 
activity of this enzyme. The methods provided in the 
present invention may also be used to produce increased 
levels of free tryptophan in monocots and other cereal 
crops, including but not limited to rice, rye, millet. 
wheat. barley, sorghum and oats. 6' 

The method of this invention m.sy be divided into the 
following areas for the purposes of description: (1) de
termination of the appropriate selection conditions; (2) 

Selection and ChaniCterization of Resistant CeU Lines 

Selections are carried out until cells or tissue are 
recovered which are observed to be growing weU in the 
presence of normally inhibitory levels of the tryptophan 
analog. These ceU "lines" are subcultured several addi
tional times in the presence of the analog to remove 
non-resistant sections and then characterized. The 
amount of resistance which bas been obtained is deter
mined by comparing the growth of these ceU lines with 
the growth of unselected cells or tissue in the presence 
of various analog concentrations. Stability of the resis
tance trait of the cultured cells may be evaluated by 
simply growing the selected ceU lines in the absence of 
analog for various periods of time and then analyzing 
growth after re-exposing the tissue to the analog. 
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~ liDe that ia to be c:oaverted to tryptophan overpro
ducer liDe. 

Sublequent to the t.ckcroainl, the new overpro
ducer lines aud the appropriate combinations of lines 

AI au altemalive method to aelectioo of cultUres 
e:tpOied to iDcn:ued CODCeDtratioaa of analog oo aotid 
medium. cells may be selected in liquid medium and the 
surviving cells recovered Ulina a feeder layer of healthy 
cells on solid medium. 

The resistant ccllliDca may alJo be evaluated using in 
vitro chemical studies to verify that the lite of action of 
the analog is altered to a form which is lea aensitivc to 
inhibition by tryptophan. 

' which make good commercial hybrids arc evaluated for 
overproduction u well u a battery of important agro
nomic traits. Overproducer lines and hybrids are pro
duced which arc true to type of the original normal 
lines and hybrids. This requires evaluation under a 

Plant Regeueration and Production of Seed 
10 range of environmental conditioa where the lines or 

hybrids will generally be grown commercially. For 
productioo of high tryptophan com it may be necessary 
that both parents of the hybrid seed com be homozy-

Cell lines exhibiting satisfactory lcvcla of resistance to 
the tryptophan analog arc put through a plant regenera· 
tion protocol to obtain mature plants and seed express
ing the resistance trait. The plant regencratioo protocol 1' 
allows the development of somatic embryos and the 
subsequent growth of roots and shoots. 

Mature plants arc then obtained from cell lines that 
arc known to express the trait. If possible., the regener
ated plants arc self pollinated. In addition pollen ob- 20 
tained from the regenerated plants is crossed to seed 
grown plants of agronomically important inbred lines. 
In some cases, pollen from plants of these inbred lines is 
used to pollinate regenerated plants. The trait is geneti
cally charactcrizcd by evaluating the segregation of the 25 
trait in flnt and later generation progeny. The heritabil-
ity and expression in plants of traits selected in tissue 
culture are of particular importance if the traits arc to be 
commercially useful. 

gous for the high tryptophan character. Parental lines of 
hybrids that perform satisfactorily arc increased aud 
llled for hybrid production using standard hybrid seed 
com production practices. 

Alternate Methods of Obtaining Tryptophan 
Overproducer Mutants 

Any method which can ~ utilized to improve the 
quality and quautity of free tryptophan in plants can be 
utilized. Generally, biosynthesia of amino lcids, includ
ing tryptophan, arc controlled by feedback regulation. 
The two major types of feedback regulation are feed
back (or end product) inhibitioo and feedback repres-
sion. In feedback inhibition, the final metabolite of the 
pathway inhibits the activity of au enzyme of the path
way. Feedback represaioo is the inhibition of formation 

Development of Tryptophan Overproducer 
Commercial Hybrid Seed 

30 of one or more enzymes in a pathway by au end product 
or a derivative of the end product. For many amino lcid 
biosynthetic pathways the amino acid end product tint 
combines with its transfer RNA (tRNA) to cause re-The commercial value of tryptophan overproducer 

com is greatest if many different hybrid combinations 
arc available for sale. The farmer typically grows more 3' 
than one kind of hybrid based on such differences as 
maturity, standability or other agronomic traits. Addi
tionally, hybrids adapted to one part of the com belt arc 
not adapted to another part because of differences in 
such traits as maturity, disease and insect resistance. -40 
Because of this, it is necessary to breed tryptophan 
overproduction into a large number of parental lines so 
that many hybrid combinations can be produced. 

Adding the tryptophan overproduction genotype to 
agronomically elite lines is most efficiently accom- 4' 
plished if the genetic control of analog resistance and 
tryptophan overproduction is understood. This requires 
crossing tryptophan overproducer plants with sensitive 
plants and studying the pattern of inheritance in segre
gating generations to ascertain whether the trait is ex- 50 
pressed as a dominant or recesaivc., the number of genes 
involved. and any possible interaction between genes if 
more than one are required for expression. This genetic 
analysis can be part of the initial efforts to convert agro-
nomically elite., yet sensitive, lines to resistant lines. " 

A conversion process (backcrossing) is carried out by 
crossing the original overproducer line to normal elite 
lines and crossing the progeny back to the normal par
ent. The progeny from this cross will segregate such 
that some plants carry the gene responsible for overpro- 60 
duction whereas some do not. Plants carrying such 
genes will be crossed again to the normal parent result
ing in progeny which segregate for overproduction and 
normal production once more. This is repeated until the 
original normal parent has been converted to an over- 6' 
producing line., yet possesses all other important attri
butes as originally found in the normal parent. A sepa
rate backcrossing program is implemented for every 

pression. Feedback regulation may be circumvented by 
(a) decrease in the concentration of au inhibitory or 
repressive end product or (b) mutational alteration of 
the enzyme or enzyme forming system to a condition 
less sensitive to feedback effects, i.e., mutation to feed
back resistance. (For a more complete review of this 
topic see Demain, 1971, Advan. Biochcm. Eng. 
1:113-141.) 

In the embodiment of the present invention mutants 
arc isolated that may possess au enzyme resistant to 
feedback inhibition and/or feedback repression by using 
analogs of the amino lcid that exert inhibition and/or 
repression but cannot be used for protein synthesis. 
Mutants may be resistant to the analog due to au alter· 
ation in the structure of the feedback-inhibited enzyme 
(inhibition resistant) whereas others may have au al
tered enzyme-forming system (repressioo resistant). 
Additionally, these mutants overproduce the amino 
lcid due to altered control mechansms. Mutations to 
both types of resistance (double mutants) in one line 
may result in a marked incrcuc in amino lcid produc
tion. 

Any alteration or rep~ent of AS which leads to 
feedback regulation and overproduction of tryptophan 
in callus culture., tissue culture, seed aud regenerated 
plants may be utilized in this embodiment of the present 
invention. AS may be altered or replaced in any plant 
species; of especially great importance are the agro-
nomic aud horticulture crops which are normally defi· 
cient or produce low quautities of tryptophan. The 
alteration of AS may be accomplished by my of a vari
ety of means, including but not limited to the following 
methods: (1) spontaneous variation aDd direct mutant 
selection in tissue cultures; (2) direct or indirect muta
genesis procedures on tissue cultures of all types, seeds 
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aud plants;_ aud (3) isolation of geues, mauipulation. The Ti plasmid, however, may be manipulated in the 
modification. or aynthesis in whole or part of geues future to act u a vector for mon~t planta. Addition-
using molecular biology, chemical technologies and ally, UJing the Ti plasmid u a model system it may be 
state-of-the-an procedures aDd reintroduction of resis- possible to artificially construct gene vectors for mono-
lance genes into planta. 5 cot planta. 

Additionally, any type of AS modification which Ti-plumids might also be introduced into monocots 
leads to a change in regulatory elements, or resistance by artificial methods such u microinjection, or fu.sion 
to, or tolerance of, chemical compounds applied to between monocot protoplast& and bacterial apheroplasts 
plants may be utilized. These changes may include alter- containing the T-region which can then be integrated 
ations in enzyme structure and changes in enzyme ex- 10 into the plant nuclear DNA. 
pression and/or fuuctioo. Tryptophan overproducen Oeuetic engineering of plants may also be accom-
may also be obtained by geue mutations (e.g., lingle or plished by introducing the desired DNA containing 
multiple site mutations, or the presence of multiple gene functional genes which will result in high levels of free 
copies of the enzyme), derepression of the enzyme, tryptophan, or high levels of an intermediate in the 
replacement or aupplementation (i.e., gene therapy or 15 tryptophan biosynthetic pathway which are less aensi-
the addition of extra genes), by any means, of an endog- tive to feedback inhibition into plant tissues or cells 
enous AS with any other AS from another aource. in- UJing DNA molecules of a variety of forms and origins 
c;;luding but not limited to prokaryotic or eukaryotic including, but not limited to: plant pathogens such u 
organisms or by chemical synthesis of a gene that cata- DNA viruses like Cauliflower Mosaic virus (Ca.MV) or 
lyzes the same reactions u AS. 20 geminiviruses, RNA viruses, and viroids; DNA mole-

Genes encoding AS are common to the tryptophan cules derived from unstable plant genome components 
and branched chain amino acid pathways in plants and like extrachromosomal DNA elements in organelles 
microorganisms (Umbarger, 1978, Ann. Rev. Biochem. (e.g., chloroplasts or mitochondria), or nuclearly en-
47: 533-606). In higher plants, the biosynthesis of L- coded controlling elements; DNA molecules from sta-
tryptophan has been shown to be controlled by feed- 25 ble plant genome components (e.g., origins of replica-
back inhibition of AS by the end product, tryptophan tion and other DNA sequences which allow introduced 
(Carlson and Widholm, 1978, Physiol. Plant DNA to integrate into the organeUar or nuclear ge-
44:251-255). AS genes with a variety of regulatory nomes and to replicate normally, to autonomously repli-
characteristics are available from a variety of bacterial cate, to segregate normally during cell division and 
mutants. 30 aexual reproduction of the plant and to be inherited in 

I)-, ... , 

lL.::_ 0 

An important aim of tnditional plant breeding is to succeeding generations of plants). -
engineer improved plants that are valuable u crop The Cauliflower Mosaic virus (CaMV) has a gene the 
plants and serve as a aource of nutritionally valuable function of which ia to prevent certain insects from 
proteins, as biomaas or as aources of pharmaceuticals destroying the virus. The remaining parts of the gene 
and enzymes. Present day genetic engineering tech- 35 are redundant and can be replaced witn a gene(s) which 
niques are geared towards similar goals. is useful to the plant breeder. The geminiviruses (or 

To introduce isolated genes or a group of genes into twin viruses) which are imposed of two strands of DNA 
the genome of plant cells an efficient host gene vector wrapped up in twin capsules of proteins can be used to 
system is necessary. The foreign genes should be ex- transfer foreign genes into monocot plants. Transposons 
pressed in the transformed plant cells and stably trans- 40 may also be used to carry foreign genes into plant 
mitted (somatically and sexuaJJy) to the next generation DNA. 
of cells produced. The vector should be capable of DNA containing AS genes may be delivered into the 
introducing, maintaining and expressing a gene in plant plant cells or tissues directly by infectious plasmids, 
cells, from a variety of sources, including but not lim- such as Ti, viruses or microorganisms like A. tumtfaci-
ited to plants and animals, bacteria, fungi, yeast or virus. 45 ens. the use of liposomes, microinjection by mechanical 
Additionally it should be possible to introduce the vee· or laser beam methods. by whole chromosomes or chro-
tor into a wide variety of plants. The location of the mosome fragments, and by direct spraying of an infec-
new gene in the plant genome may be important in tious plant virus on crops. 
determining effective gene expression of the genetically Tryptophan overproducer mutants may also be de-
engineered plant. In addition. to be effective, the new SO veloped using any of the methods described supra and 
gene must be passed on to progeny by normal breeding. also other means including, but not limited to, conven-

Directed genetic modification and expression of for- tiona! genetic and plant breeding procedures, whole 
eign genes in dicotyledonous (broad-leafed) plants such plant genetic methods and aomatic hybridization by 
as tobacco, potato and alfalfa has been shown to be protoplast fusion. 
possible using the T-DNA of the tumor-inducing (Ti) ~5 . . 
plasmid of A.grobacterium tumefacieru. Using recombi- Commercial A~proaches to Tryptophan Extracnon 
nant DNA techniques and bacterial genetics. any for- from High Tryptophan Maize Seed 
eign piece of DNA can be inserted into T-DNA in There are a number of methods that could be used to 
Agrobacterium. Following infection by the bacterium extract the free tryptophan from high tryptophan com, 
or Ti plasmid, the foreign DNA is inserted into the host 60 however, the more economical of these would likely 
plant chromosomes, thus producing a genetically engi- involve extracting the tryptophan prior to or following 
neered cell and eventuaJJy a genetically engineered standard wet or dry milling processes (Watson, 1977 in 
plant. A second approach is to introduce root-inducing Com and Com Improvement, 0. F. Sprague (ed.), 
(Ri) plasmids as the gene vectors. While Agrobacterium Amer. Soc. of Agronomy, Madison. Wise.). This per· 
appear to attack only dicots, many important crop 65 mits the value of the tryptophan to be added to the 
plants including com, wheat, rice, barley, oats, sor- value of milled products. 
ghum, millet, and rye are monocots and are not known In the wet milling process, one of the initial steps 
to be susceptible to transformation by Agrobacterium. involves treating the kernels with an acidic aqueous 
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IOlutioa Uld allowing a limited amount of J.ctic acid 
fermeotatioa to occur. Thia treatmeDt cooditioaa Uld 
softens the kernel and solubilize~ many small molecules 

Proc:eedinp of Symposium oa Plant T111ue Culture. 
May 25-30, 1978, Scieoce Presa, Peking, pp. 43-SO) 
with 2% (w/v) sucrose, 1.5 mg per liter 2,4-dichloro-
phenoxyacetic acid (2,4-D), 6 mM proline. and 0.9% 
(w/v) agar. 

in the kernel including free amino acids. This acid envi
ronment will, however, result in breakdown of most of 5 
the solubilized tryptophan. Thus, to obtain significant 
amounts of this commodity, it will be necessary to ex
tract the tryptophan prior to the acid treatment step. A 
method that can be used to carry out this pre-extraction 
process is described below. 

Maize teed can be processed in a aeries of vats at 
elevated temperatures (approximately ISO" F.) in an 
aqueous environment at basic/neutral pH (pH;i 10). 
Water is added to the com that has been extracted the 
longest in the process and flows in a countercurrent 15 
manner towards the newly introduced teed. Following 
several days of extraction the com is then transferred to 

The immature embryos were incubated at 26" C. in 
the dark. Cell proliferations from the scutellum of the 
immature embryos were evaluated for friable consis
tency and the presence of well r~fmed somatic em-

tO bryos. Tiuue with this morphology was transferred to 
fresh media 10 to 14 days after the initial plating of the 
immature embryos. The tissue was then subcultured on 
a routine basis every 12 to 16 days. Sixty to eighty milli-

a standard wet milling plant. The liquid from the extrac· 
tion process can then be filtered to remove solids then 
treated by standard chemical means, solvent extrac· 20 
tion/phase separation. ion exchange chromatography 
and crystallization, to concentrate and purify the tryp
tophan. The degree of purification will depend on the 
type of product desired-feed supplement. chemical 
feed stock, reagent chemical. etc. 25 

In the dry milling processes com kernels are cleaned, 
brought to 20-22% moisture then milled. pressed and 
sorted to give a variety of fractions-hominy feed. flak. 
ing, medium and fine grits, meal and flour. One or more 
of these fractions can then be extracted with water 30 
under neutral to basic conditions at elevated tempera
ture to obtain the tryptophan. Again, the tryptophan 
can then be concentrated and purified by standard 
chemical methods including solvent extraction/phase 
separation. ion exchange chromatography and crystali- 35 
zation. · 

Tryptophan may also be recovered by other conven
tional procedures. For example. a method for recovery 
is presented in U.S. Pat. No. 3,7S9,790 which is hereby 
incorporated by reference into the present specification. 40 

EXAMPLES 

According to one particular embodiment of the pres
ent invention, maize tissue cultures resistant to SMT 
were selected and plants which were resistant to the 45 
tryptophan analog were regenerated from these cul· 
tures. The selected resistant line bas a greatly incrased 
level of free tryptophan. A detailed description of the 
invention is presented in the subsections below. 

Characterization of the Effects of 5-Methyltryptophan 50 
and Strategy for Selection of Resistant Maize Cells 

Initiation and Maintenance of Maize Cell Cultures 
Which Retain Plant Regeneration Capacity 

Friable, embryogenic maize callus cultures were initi- 55 
ated from hybrid immature embryos produced by polli
nation of inbred line A188 plants (University of Minne
sota, Crop Improvement Association) with pollen of 
Inbred line 873 plants (Iowa State University). Ean 
were harvested when embryos had reached a length of 60 
1.5 to 2.0 mm. The whole ear was surface sterilized in SO 
v/v commercial bleach (2.63% w/v sodium hypochlo
rite) for 20 minutes at room temperature. The ears were 
then washed with sterile distilled, deionized watei. lm· 
mature embryos were aseptically isolated and placed on 6.5 
nutrient agar initiation/maintenance media with the 
root/shoot axis exposed to the media. Initiation/mainte
nance media consisted ofN6 basal media (Cbih-ching in 

gram quantities of tissue were removed from pieces of 
tissue that had reached a size of approximately one 
gram and transferred to fresh media. Subculturing aJ. 
ways involved careful visual monitoring to be sure that 
only tissue of the correct morphology was maintained. 
The presence of the somatic embryos ensured that the 
cultures would give rise to plants under the proper 
conditions. 

Callus Culture Growth Inhibition by 
5-Methyltryptophan 

The tryptophan analog, 5-methyltryptophan (SMT), 
was used for aelection of tryptophan overproducer 
mutants as discussioa in Section S supra. The effect of 
various concentrations of SMT on callus growth on 
aolid media was determined. Quantities of tissue averag
ing SO mg in size were transferred to nutrient agar main
tenance media containing SMT concentrations ranging 
from 1.0 to 200 ~· Four tissue pieces were placed on 
each plate with four plates per analog concentration. 
After 28 days growth, the tissue was weighed again. 
Inhibition of growth rate was.found to be half maximal 
in the 3 to 10 ~ SMT range of concentration. Cell 
death was observed at analog concentrations of 100 and 
200 ~· Tryptophan was shown to reverse all the 
growth inhibitory effects of SMT. 

Selection and Characterization of a 
5-Methyltryptophan Resistant Cell Line 

The selection protocol used to identify and isolate 
analog resistant cells was formulated to take into ac
count that: (1) the effects of the SMT were reversible 
and (2) the effects of the analog increased over time. 
Therefore. the procedure involved exposing tissue con
tinuously to a moderate SMT concentration over sev
eral subculture intervals and keeping careful records of 
the growth of all tissue in the selection. In this way the 
analog was allowed to take effect &lowly with continu
ous selection pressure permitting analog tolerant cells to 
accumulate over time and yet not affect the potential 
for plant regeneration. This procedure allowed for the 
aelection of cells with even low levels of SMT tolerance 
(2- to 3-fold in analog concentration). 

Selection of S-Methyltryptophan Resistant Cell Line 

Many selections were carried out utilizing the selec
tion protocol described supra. The selection of one such 
5MT resistant line that was identitied and characterized 
is described below in detail. 

Approximately three grams of vigorously growing 
maize callus tissue was transferred to maintenance 
media in petri plates containing 33 1-4M SMT. Plates 
were prepared and individual tissue weighing 30 to 40 
mg were plated on each plate in groups of 10. The SMT 
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level wu-cholea from growth iahibitioa studies to pro
vide 1esa tbu from about ~ to about ~ of DOnDal 
growth during the fint four weeks of analog espoaure. 

SUJ'Viviag tissue sccton showing 10me growth and 
retention of embryogenic morphology (i.e., preiCIIc:e of 5 
10matic embryos) during the tint 8 weeks of growth 
were subcultured on fresh media containing 33 ,...M 
SMT. Each piece of tissue wu labeled and became the 
progenitor of a "line." A complete genealogy wu main
tained and recorded for future subcultures. Subeequeot 10 

iDs pre-columa derivatization with o-pbtbalidialdebyde 
(Jones et al., 1981, J. Liq. Cbromatogr. 4:565-586). The 
Cl8 liae wu shown to contain 78 f.'S of free tryptophan 
per gram fresh weight calli while control tissues con
tained only 4.0 1'8 per gram fresh weight. (Callus tissue 
is approximately 90% water, thus on a dry weight basis 
the Cl8 line is appro:r:imately 780 1'1 of free tryptophan 
per gram and ree tryptophan.) 

subculture iatcrvala rauged from IS to 30 days depend· Assays were conducted to determine whether SMT 
iag on overall growth of the callus tisaue. resiatance wu coaferred by an alteration ill the gene 

For each transfer all tisaue showing growth and 10- that codes for the anthranilate synthase enzyme. Crude 
matic embryo forming ability were· placed on fresh enzyme e.nract of AB108 control callus and the se-
med.ia. At the third transfer, the conccouation of SMT 15 lected K.17 line of Cl8 callus were prepared u de-
wu iacreued to 100 ~ During the course of the ICI'ibed below. The K.17line of Cl8 wu derived from a 
selection process, the total number of lines dccreued u regenerated Cl8 plant croued with a control plant and 
the analog mediated growth iobibition became more then se.lf-pollioated. Immature embryos were then cul-
iateose. Two lines however, iacreued in size and by the tured and a callus line developed u described previ-
end of the fourth month of selection were identified u 20 ously. 
resistant to SMT. These cell lines were identified u Plant callus tissue wu ground using a mortar and 
maize line Cl8 and C66. Growth iobibition studies pestle and extracted with 0.2 M Tris-HCl, pH 8.2, 60% 
showed that growth wu no longer seriously iobibited glycerol, 0.2 mM ditbiotbreitol (DTI), 0.2 mM ethyl-
by the presence of the analog at 100 ,...M or below com- encdiamiactetraacetic acid (EDT A), 1.0 mM magne-
pared to the parental cell line ABl u shown in FIG. l. 25 sium aulfate (MgS04), 20 mM IOdium chloride (NaCl) 
~u~out ~selection process, the sel~ cell lines and 1.0 mM L-tryptophan. One m1 extraction buffer 
mamtamed a friable ~p~ce that w!L' aimilar to the wu used per 2 g callus. The ennct wu c:eotrifuged at 
appearance of the onginal parent Cell line. 10,000Xg for 2S minuteaat 4• C. The auperoatant was 

Characterization of Maize Cell Line Cl8 a~plied to a 3 ~X IS~ Bio Ge;~-P6 col~ (Bio-R.ad, 
30 Richmond, Calif.) equilibrated wtth 0.1 M Tns-HC1, pH 

The resistant cell line wu.cbaracterized to ev.~uate: 7.6, 10% glyc:erol, 0.1 mM OTT and 0.1 mM EDTA 
(1) the magnitude of the reSIStance; (2) the atability of and eluted with the aame buffer. 0.75 m1 fractions were 
the reaistance uait; and (3) the level of free tryptophan. collected and fractiona containing protein were pooled. 
In addition the sensitivity of the enzyme antbrauilate The volume of crude estract appro:r:imated the volume 
ayotbase to SMT was measured. 35 of supernatant applied to the column. All of the above 

.Four week gro~ iobibition studies were carri~ ~ut lteps were conducted at 4• C. 
wtth SMT u descnbed supra. The level of SMT givmg Assays were conducted in 1 m1 volumes u follows. 
SO% growth iobibition was determined to be between so ,...1 aliquots of extract were assayed at 30• C. for 30 
300 and 400 .,.._M for the Cl8 line compared to 3 to 10 minutes in the presence of 0.25 mM choriamate (barium 
,...M for unseleCtcd p~ent tissue. S~bility of th~ reais- 40 salt form), 20 mM L-glutamine, 4 mM MgSO.., and 
tance trait was exammed by growtng the Cl8 line on O-J()l M 5MT u enzyme inhibitor. The reaction was 
maintenance medium without SMT. Periodically these terminated by the addition of 0.1 m1 2 N acetic acid. The 
cultures were retested for resistance to the analog. Cul- antbranilate was extracted into 2 m1 ethyl acetate, vor-
tures were shown to be SMT resistant without selection texed well and c:eotrifuged at 5,000Xg for 5 minutes. 
pressure for greater than 10 months. 45 One m1 of the ethyl acetate layer was removed and 

Analysis of Free Trytophan added to 2.5 ml ethyl ace~te and vortex~. The fluores
cence due to the productJon of antbranilate wu mea-

Free tryptophan levels in tissue cultures of line Cl8 aured in the 3.5 m1 estractaot using a K.ratos FS9SO 
wu determin~ by amino acid anairs~ Tissue cultures fluorimeter (Kratos Analytical Instruments, Ramsey, 
were grown wtthout 'M! for a ~um of 2 v.:eeu 50 NJ.). The escitation filter used wu a 254 run interfer-
and then 1 gram fresh wesght quaobbes of callus tusue enc:e type filter and the emisaion filter bad a 370 run 
were ground with sand with a mortar and pestle in 1 ml cutoff point. 
of 12:5:3 metbaool:chloroform:water (MCW): One m1 The results of the AS uaay of both AB108 callus 
of MCW was addc:cJ and the estract centrifuged at estract and the selected Cllline are shown in FIG. 4. 
1~,000Xg for 10 mmutes. The pellet w~ rec:r:tracted 55 The Cll derived AS wu clearly more reaistant to inhi-
wtth 2 ml MCW, the supernatants combmed and 1 m1 bition by SMT than the control AS. A 10-fold higher 
each of chloroform ~d water w~ added. The aqueous SMT level was needed for SO% iobioition of the Cll 
phase was then subJected to cauon eschange chroma- compared with the controL 
tography. These extracts were passed through Bond 
Elut SCX columns (Analytichem International Inc., 60 
Harbor City, Calif.) which had bcco equilibrated with 
10 m1 1 N HCl then 10 m1 water. Following aample 

Plant Regeneration and Production of Seed 

Plant Regeneration Protocol 

application the columns were washed witn S ml dis- Eighty to 90 mg quantities of maize callus tissue were 
tilled. deionized water, and the amino acids were eluted transferred to embryo and shoot development (regener-
with 2 m1 aliquots of S% v/v triethylamine. The ali- 65 ation) media in petri pia~. The media consisted of MS 
quota were combined (6 ml) and lyophilized. Free basal media (Murubige ~d Skoog, 1962,.Physiol. Plant 
amino acid levels were determined by using reverse 15:473) supplemented wttb 0.1 mg per liter 2,4-D ~"'d 
phase high performance liquid chromatography follow· 1 X 10-7 abscissic acid. 0.25% Gelrite (Kelco Co., Sao 
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Diego, Calit'.) wu uaed u a 10lid support in place of Cree amiDo acids wu performed u deiCribed supra for 
agar. The tissue wu incubated iD the dark at 26" C. for extractioa and analysis of free amino acids from callua. 
one week. The plates were the~~ transferred to a light The free tryptophan in individUal leedling shoots wu 
regime at 26" C. (approximately 300 footcandles, 10ft eumined from a population sensitive of SMT and in a 
white fluorescent) on a cycle of 14 houn light, 10 houn 5 populatioa segregating for resistance to SMT. The re-o 
dark. Developing plants reaching a size of 1-3 c:m were aults shown in FIG. 5 indicated a ge~~erally lower level 
then transferred to flasks or jars, c:oataiDing MS media of tryptophan in SMT sensitive leedling than in the 
with no supplementation, for further development. segregating resistant population. In the resistant popula-
When plants reached the two to three leaf stage, they tion there were individual ~!P wi~ .considerably 
were moved to pots c:oataiDing vermiculite and exposed 10 more tryptophan than found m tt J leDSlUve group, u 
to light at 2600 footc:andles. These plants were watered would be expected in a segregating population. 
with 10 mM XN03 for oae week and then with water Analyses of one C;28 cob ~~ wu shown to be homo-
until they grew stably. The plants were then trmaferred zygous for SMT remtance indicated that the free tryp-
to soil for growth to maturity under <4000 footcandles of tophan level wu 2.2 mg per gram seed whereas the 
light for 14 hours. 15 c:oa~l wu 0.01 mg per gram seed. Indeed maize seed 

Mature Cl8 plants were self pollinated and/or havmg an endogenous free tryptophan content of be-
crossed with inbred line A 188 (University of Minnesota. tweeD at least about 0.1 mg per gram dry seed weight 
Crop Improvement Associatioa) and B73 (Iowa State an~ preferab~y ~t leut about S ~~ per ~ dry seed 
University) plants. Seed set varied from 6 to over 300 wetght are wtthin the sc:ope of this mven~on. ~ dem-
seeds per ear on the 20 self or cross pollinations made. 20 onstrates ~ tryptophan analog aelecuons ID callus 

culture c:an gtve nae to callus plant shoots and eventu-
Charac:teriz.ation Of Progeny Plants and Seeds ally seed with substantially increased levels of free tryp

Resistance to SMT in progeny seed wu determined tophan. 

by germinating mature embryos on medium contaiDing 25 DEPOSIT OF SEEDS 
100 ,.aM SMT. Seeds from regenerated self or cross A collection of seed&, identified u C28 
pollinated plants were surface sterilized for 20 minutes (2.18-2.21.83), u described herein, baa been deposited 
~ 2.5% sodium hypoc~ori~ ~ in sterile wa~ 2 with In Vitro International, Inc. ADD Arbor, Mich., and 
umes and soaked overmght ID sterile water contammg bas been assigned accession lVI No. 10010. 
SO mg!l captan. Mature embryos ':"ere cut .fr?m the 30 The present invention is not to be limited in sc:ope by 
seeds and placed on 0.9% agar medium contammg MS the cell line or seeds deposited. since the deposited 
salts ~d 0 or 100 ,.aM SMT. The mature ~bryos were embodiments are intended u lingle illustrations of one 
germmated under 200-400 footcandle light 14 hour aspect of the invention and any cell lines or seeds which 
days. After 6 days root and shoot lengths were mea- are functionally equivalent are within the sc:ope of this 
&ured. 35 invention. Indeed, various modifications of the inven-

C28 progeny seeds responded significantly different tion in addition to those shown and described herein 
than co~trol seeds in.~ ~erminatio~ usay. In the first will become apparent to those akilled in the art from the 
~enerauon progeny mdiVIdual leedlings ~rom the Cl8 foregoing description and accompanying drawings. 
line gave growth responses that could easily be separa- Such modifications are intended to fall within the sc:ope 
ble into 2 classes as seen in FIG. 3. One group was -40 of the appended claim.a. 
inhibited SMT in shoot and root length similar to that What is claimed is: 
observed with control seedlings. A second class showed 1. A maize seed having an endogenious free trypto-
relative little inhibition b~ SMT and growth .similar to pban c:oatent of at least about one-tenth milligram per 
that observed when leedling were grown wtthout the gram dry seed weight and capable of germinating into a 
analog. In tests of seed from self pollinated regenerate 45 plant capable of producing seed having an endogenous 
Cl8 plants, the response was 79% long roots (classified free tryptophan content of at least about one-tenth milli-
resistant) and 21% short roots (classified sensitive) for gram per gram dry seed weight. 
the 66 seeds tested. In c:ross pollinated Cl8 plants the l. The maize seed according to claim 1, having an 
progeny response wu 47% resistant and 53% sensitive endogenous free tryptophan c:oatent of at leut about 
from a total of 70 seeds. 50 one milligram per gram dry seed weight and capable of 

Seedlings designated resistant were grown to matu- germinating into a plant capable of producing seed 
rity and self pollinated. The progeny from this second having an endogenous ftee tryptophan content of at 
generation were also sc:ree~~ed as described above. It leut about one milligram per gram dry seed weight. 
was shown that resistant plants gave rise to resistant 3. A tryptophan overproducing maize seed capable of 
progeny in the SMT leedling usay. 55 germinating into a plant capable of expressing a gene 

These results indicated that SMT resistance selected coding for an anthranilate synthase which retains from 
in cell culture in the line C28 is meiotically transmissa- about 60 to about 80 percent of its activity in the pres-
ble as a dominant character and behaves u would be ence of 5-methyltryptophan at a concentration of about 
expected from a trait encoded by a lingle nuclear gene. IO-' M, wherein the plant is capable of transmitting the 

Anal · f F T han 60 gene encoding the anthranilate synthase to its progeny. 
ysu 0 ree ryptop 4. A tryptophan overproducing maize seed having an 

Seedling shoot tissues were obtained from seeds ger- embryo capable of producing in the presence of S-
minated in vermiculite at 26" C. in the dark. Fourteen methyl tryptophan at a concentration of 10-• M roots of 
day etiolated shoots were ground individually in 12:5:3 at least about 60 percent of the length of roots produced 
methanol:chloroform:water in a Polytron (Brinkmann 65 in the absence of 5-methyltryptopban, as measured after 
Instrument Co., Westbury, N.Y.). Seed samples were six days incubation, wherein the seed is capable of ger-
prepared by grinding in a Wig-L-bvg (Cresent Dental minating into a plant capable of producing seed having 
Mfg. Co., St. Lyons, lli.). Extraction and analysis of an embryo capable of producing in the presence of 
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5-methyltryptopbaa at a coaceutratioa of 10-4 M roots tryptophan, u meuured after llix days incubation. 
of at least about 60 percent of the leugth of roots pro- whereiu the teed ia capable of aerznmatina into a plant 
duced in the abeence of 5-methyltryptoph.a.D. u mea- capable of producing teed having an embryo capable of 
sured after llix days incubation. producing in the presence of S-mcthyltryptopban at a 

5. A maize teed deposited with In Vitro Intern&· S conceutration of 10-4 M roots of at least about 60 per-
tion.al, Inc. and assigned IVI acccuion No. 10010. ceut of the leugth of roots produced in the absence of 

6. A maize seed resulting from croai.ng CZS with 5-mcthyltryptophan, u measured after llix days incuba-
another maize line. tion. 

7. A hybrid maize teed having an eudogeuous free 15. A maize plant derived from leedJ deposited with 
tryptophan content of at least about one-tenth milligram 10 In Vitro InternationAl, Inc. and aae'JDed lVI accession 
per gram dry seed weight and capable of germinating No. 10010. 
into a plant capable of producing seed having an eudog- 16. A maize plant having an average eudogenous free 
euous free tryptophan content of at least about one· tryptophan content of at least about 0.04 milligrams per 
tenth milligram per gram dry seed weighL gram fresh wcighL 

8. The hybrid mazic aced according to claim 7, hav- 15 17. The m.aiz.c plant according to claim 16, having an 
ing an eudogeuous free tryptophan content of at least average eudogeuous free tryptophan content of at least 
about one milligram per gram dry aced weight and about one-tenth milligram per gram fresh weight. 
capable of germinating into a plant capable of produc· 18. A hybrid maize plant capable of producing seed 
ing seed having an eudogeuous free tryptophan content having an eudogenous free tryptophan content of at 
of at least about one milligram per gram dry aced 20 least about one-tenth milligram per gram dry aced 
wcighL weight. wherein the seed is capable of germinating into 

9. A tryptophan overproducing hybrid maize aced a plant capable of producing seed having an endoge-
capable of germinating into a plant capable of express- nous free tryptophan content of at least about one-tenth 
ing a gene coding for an anthranilate synthase which milligram per gram dry seed weight. 
retains from about 60 to about SO percent of its activity 2S 19. The hybrid m.aiz.c plant according to claim 18, 
in the presence of 5-mcthyltryptophan at a concentra- wherein the plant is capable of producing seed having 
tion of about IQ-5 M, wherein the plant is capable of an endogenous free tryptophan content of at least about 
transmitting the gene encoding the anthranilate syn- one milligram per gram dry seed weight. wherein the 
thasc to its progeny. seed is capable of gcrminatiitg into a plant capable of 

10. A tryptophan overproducing hybrid maize seed 30 producing seed having an eudogenous free tryptophan 
having an embryo capable of producing in the presence content of at least about one milligram per gram dry 
of S-mcthyltryptophan at a concentration of IO-"' M aced weighL 
roots of at least about 60 percent of the length of roots 20. A tryptophan overproducing hybrid maize plant 
produced in the absence of 5-mcthyltryptophan, u mea- capable of expressing a gene coding for an anthranilate 
sured after six days incubation. wherein the seed is capa· 35 synthase which reta.ina from about 60 to about 80 pcr-
ble of germinating into a plant capable of producing cent of iu activity in the presence of 5-methyltrypto-
seed having an embryo capable of producing in the phan at a concentration of about J0-5 M, wherein the 
presence of S-methyltryptophan at a concentration of plant is capable of transmitting the gene encoding the 
J0-4 M roots of at least about 60 percent of the length _ anthranilate synthase to its progeny. 
of roots produced in the absence of S-methyltrypto- 40 21. A tryptophan overproducing hybrid maize plant 
phan, as measured after six days incubation. capable of producing seed having an embryo capable of 

11. A maize plant capable of producing seed having producing in the presence of 5-methyltryptophan at a 
an endogenous free tryptophan content of at least about concentration of tO-" M roots of at least about 60 pet-
one-tenth milligram per gram dry seed weight. wherein ceut of the length of roots produced in the absence of 
the seed is capable of germinating into a plant capable of 45 5-methyltryptophan, as measured after six days incuba-
producing seed having an endogenous free tryptophan tion, wherein the seed is capable of germinating into a 
content of at least about one-tenth milligram per gram plant capable of producing seed having an embryo ca-
dry seed weight. · pable of producing in the presence of 5-methyltrypto-

U. The maize plant according to claim 11, wherein phan at a concentration of 10-4 M roots of at least about 
the plant is capable of producing seed having an endog- 50 60 percent of the length of rootS produced in the ab-
enous free tryptophan content of at least about one lleilce of S-methyltryptophan, u measured after six days 
milligram per gram dry seed weight. wherein the aced ia incubation. 
capable of germinating into a plant capable of produc· ll. A maize tissue culture capable of generating a 
ing seed having an endogenous free tryptophan conteut plant capable of producing seed having an endogenous 
of at least about one milligram per gram dry aced 55 free tryptophan content of at least about one-tenth milli-
weight. gram per gram dry aced weight. wherein the seed is 

13. A tryptophan overproducing maize plant capable capable of germinating into a plant capable of produc-
of expressing a gene coding for an anthranilate synthase ing seed having an endogenous free tryptophan content 
which retains from about 60 to about SO percent of its of at least about one-tenth milligram per gram dry seed 
activity in the presence of S-methyltryptophan at a 60 weight. 
concentration of about lQ-5 M, wherein the plant is 23. The maize tissue culture according to claim ll, 
capable of transmitting the gene encoding the anthrani- wherein the plant is capable of producing seed having 
late synthase to its progeny. an endogenous free tryptophan content of at least about 

14. A tryptophan overproducing maize plant capable one milligram per gram dry seed weight. wherein the 
of producing seed having an embryo capable of produc- 65 aced is capable of germinating into a plant capable of 
ing in the presence of S-methyltryptophan at a conccn- producing seed having an endogenous free tryptophan 
tration of 10-4 M roots of at least about 60 percent of content of at least about one milligram per gram dry 
the length of roots produced in the absence of S-methyl- aced weighL 
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