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CAJ/XVII/10 

ORIGINAL: franzosisch 
DATUM: 11. August 1986 

INTERNATIONALER VERBANO ZUM SCHUTZ VON PFLANZENZUCHTUNGEN 

GENF 

VERWALTUNGS- UNO RECHTSAUSSCHUSS 

Eroffnung der Tagung 

Siebzehnte Tagung 

Genf, 16. und 17. April 1986 

BERICHT 

Vern Ausschuss angenommen 

1. Die siebzehnte Tagung des Verwaltungs- und Rechtsausschusses (nachstehend 
als "Ausschuss" bezeichnetl fand am 16. und 17. April 1986 statt. Die Teil
nehmer1iste ist als Anlage I diesem Dokument beigefugt. 

2. Die Tagung wurde von Herrn Espenhain (Danemarkl, dem Ausschussvorsitzen-
den, eroffnet, der die Tei1nehmer willkommen hiess. 

Annahme der Tagesordnung 

3. Der Ausschuss nahm die Tagesordnung in der Fassung des Dokuments 
CAJ/XVII/1 mit den folgenden Modalitaten an: 

(il Es wurde ein Punkt fur die Annahme der Tagesordnung der sechzehnten 
Tagung aufgenommen. 

(iil Im Zusammenhang mit Punkt 8 der Tagesordnung wurde beschlossen, 
einen Meinungsaustausch Uber die in Dokument CAJ/XVII/8 wiedergegebene Mit
teilung des Schweizerischen Bundesamts fur geistiges Eigentum durchzufUhren. 

(iii) Es wurde beschlossen, unter Punkt 9 der Tagesordnung einen Meinungs-
austausch Uber die Entscheidung der Kommission der Europaischen Gemeinschaften 
vern 13. Dezember 1985 Uber ein Verfahren nach Artike1 85 des EWG-Vertrags 
(IV/30.017 Zuchterrecht: Rosen) durchzufllhren; die Entscheidung ist in 
Dokument CAJ/XVII/6 wiedergegeben. 
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Annahme des Entwurfs Uber die sechzehnte Tagung 

4. Der Ausschuss nahm den Entwurf Uber die sechzehnte Tagung in der Fassung 
von Dokument CAJ/XVI/8 Prov. an. 

Plane der Verbandsstaaten zur Aenderung ihres Sortenschutzrechts 

5. Der Vertreter Belgiens teil te mit, dass vorgesehen sei, die "Konigliche 
Verordnung zur Bestimmung der Pflanzenarten, fur die ein Sortenschutzrechts
zertifikat erteilt werden kann, und zur Bestimmung der Schutzrechtsdauer fur 
diese Arten" in der Weise abzuandern, dass die Rechte auf die Vermehrung von 
Zierpflanzen und Forstbaumen mit dem Ziel einer Anpflanzung zu Zwecken der 
gewerblichen Erzeugung von Friichten erstreckt werden. 

6. Der Vertreter Danemarks gab bekannt, dass in seinem Land mit den berufs
standischen Organisationen Diskussionen Uber eine Gebiihrenerhohung aufgenommen 
worden seien. 

7. Der Vertreter Spaniens teilte mit, dass die Gebiihren mit Wirkung vom 1. 
Januar 1986 urn 10% erhoht worden seien. 

8. Ferner sei am 20. Marz 1986 ein neues Patentgesetz (Nr. 11/1986) ange
nommen worden und am 26. Juni 1986 in Kraft getreten. Nach dessen Artikel 5 
seien Pflanzensorten, fur die Sortenschutz erteilt werden kann, sowie Tier
rassen und im wesentlichen biologische Verfahren zur Zuchtung von Pflanzen und 
Tieren von der Patentierbarkeit ausgenommen worden. Dieser Ausschluss sei indes 
fur mikrobiologische Verfahren und mit Hilfe dieser Verfahren hergestellter 
Erzeugnisse nicht anwendbar. Nach Artikel 143.3 des Gesetzes konnten Pflanzen
sorten, fur die Sortenschutz erteilt werden konnte, auch nicht Gegenstand 
eines Gebrauchsmusters sein. In diesem Zusammenhang wurde daran erinnert, dass 
die Pflanzensorten, die in den Bereich des Sortenschutzes fallen, friiher von 
der Patentierbarkeit durch Artikel 1 der Zusatzbestimmungen dieses Gesetzes 
ausgeschlossen waren. 

9. Der Vertreter Spaniens erwahnte schliesslich kurz einen Artikel "Neue 
Pflanzensorten - ihr rechtlicher Schutz im international en Bereich" ("Nuevas 
variedades SU proteccion juridica en el ambito internacional II); dieser 
Artikel sei von Herrn C.G. Cabanellas in der Zeitschrift "Agricultura" Nr. 643 
vom Februar 1986 veroffentlicht worden. Der Autor habe dargelegt, dass die 
Uebereinkunft ("Undertaking") der FAO Uber die genetischen Ressourcen und das 
UPOV-Uebereinkommen nicht unvereinbar seien. Es sei vorgesehen, dass das 
Verbandsburo den Artikel Ubersetzen lasse und an die Mitglieder des Ausschusses 
weiterleite. 

10. Die Informationen Uber das neue Patentgesetz hatten zu einem Meinungsaus
tausch gefiihrt. Der Vertreter Spaniens bestatigte auf Anfrage des Vertreters 
der Vereinigten Staat en von Alnerika, dass die Aenderung dieses Gesetzes in 
genereller Hinsicht die Situation fur die Pflanzensorten, die Sortenschutz 
geniessen, nicht verandert habe. 

11. Der Vertreter der Niederlande stellte hierzu fest, dass das neue Gesetz 
dem Recht der Bundesrepublik Deutschland ahnlich sei, und fragte, ob die 
spanischen Sortenschutzbehorden beabsichtigten, auch die g1eiche Politik zu 
verfolgen, wie ihre Kollegen in der Bundesrepublik Deutschland, namlich den 
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Schutz auf jede Art zu erstrecken, fur die eine Schutzrechtsanmeldung einge
reicht wiirde. Der Vertreter Spaniens antwortete, dass in einem sol chen Fall 
die Erstreckung des Sortenschutzes unter Beriicksichtigung aller Umstande ein
gehend gepriift werde. Hier konnte die Zusammenarbeit auf dem Gebiet der Prufung 
sehr hilfreich sein; sie leide aber im Augenblick an dem Missverhaltnis 
zwischen den nationalen Gebiihren und den Betragen, die die anderen Verbands
staaten auf dem Gebiet der Zusammenarbeit erheben wiirden. Es sei deshalb 
vorgesehen, das Niveau der Gebiihren so anzuheben, dass die gesamten Kosten von 
dem Antragsteller getragen wiirden. 

12. Der Vertreter Frankreichs kiindigte an, dass die Priifungsgebiihren ent
sprechend den Regierungsdirektiven und im Hinblick auf die Preisentwicklung im 
Juli/August urn 2, 5% angehoben wiirden. Es sei auch vorgesehen, die anderen 
Gebiihren, die seit 1975 unverandert geblieben seien, ZU Uberprufen und sie urn 
10 bis 15% anzuheben. 

13. Unter Bezugnahme auf den Bericht, der fur Japan auf der neunzehnten 
ordentlichen Ratstagung im Oktober 1985 abgegeben worden sei (siehe Absatz 65 
von Dokurnent C/XIX/13), teilte der Vertreter Japans mit, dass das Projekt, das 
die Einsetzung eines "Zentrurns fur die genetischen Ressourcen und fur Saat- und 
Pflanzgut" vorsehe, bei der Vorbereitung des nationalen Haushalts fur das Rech
nungsjahr 1986/1987 abgeandert worden sei. Nach dem abgeanderten Plan werde das 
Verwal tungszentrum fur Saat- und Pflanzgut im Dezember errichtet werden und 
werde aus einer Zentralstelle in Tukuba bei Tokyo und 15 regionalen staatlichen 
Versuchsgutern bestehen. Die Hauptaufgaben des Zentrurns seien folgende: 

(i) Durchfiihrung der Anbauprufung fur Zwecke des Sortenschutzes; 

( ii) Durchfiihrung verschiedener Versuche an Saat- und Pflanzgut, das in 
den Verkehr gebracht werden soll; 

(iii) Erzeugung und zur Verfugungstellung bestimmter Saat- und Pflanzgut-
typen hoherer Qualitat; 

(iv) Durchfiihrung von Forschungsarbeiten fur die Einfiihrung neuer 
Techniken bei der Saat- und Pflanzgutverwaltung; 

(v) Vermehrung von Proben genetischer Ressourcen auf Anforderung der 
Genbank (bei der es sich urn eine mit dem Zentrurn nicht verbundene Stelle 
handele). 

14. Der Vertreter Neuseelands gab bekannt, es werde erwartet, dass das neue 
Sortenschutzgesetz noch in dies em Jahre angenommen werde. Dieses neue Gesetz 
sehe auch eine Gebiihrenanderung vor. 

15. Der Vertreter der Europaischen Gemeinschaften gab bekannt, dass er auf 
dem Gebiet der Tatigkeiten der Kommission fur den Schutz von Pflanzensorten 
Uber keine neueren Entwicklungen berichten konne. 

Tendenzen der zuchterischen Arbeit und Absicht der Erstreckung des Schutzes 
auf neue Arten 

16. Der Vertreter Sudafrikas gab bekannt, dass geplant sei, den Schutz auf 
ein Dutzend weiterer Arten, besonders Grasarten zu erstrecken. 
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17. Der Vertreter der Bundesrepub1ik Deutschland gab bekannt, dass bei 
Gelegenheit der Revision des Sortenschutzgesetzes - die die Grundlage der 

. Hinterlegung der Ratifikationsurkunde am 12. Marz 1986 gebildet habe - der 
Schutz auf einige weitere Arten erstreckt worden sei. 

18. Der Vertreter Danemarks teilte mit, dass die Veroffentlichung der 
Erstreckung des Schutzes auf Tritikale kurz bevorstehe. 

19. Der Vertreter Spaniens gab bekannt, dass beabsichtigt sei, den Schutz 
auf Tritikale zu erstrecken. 

20. Der Vertreter Frankreichs gab bekannt, dass beabsichtigt sei, den Schutz 
auf rund zehn weitere Arten zu erstrecken. Auch werde eine Erstreckung des 
Schutzes auf Austernseitling geprUft. 

21. Der Vertreter Irlands gab bekannt, dass der Schutz auf elf weitere Arten 
erstreckt worden sei; das bedeute, dass al te fur die irische Landwirtschaft 
wichtige Sorten vom Schutz erfasst seien. 

22. Der Vertreter des Vereinigten Konigreichs gab bekannt, dass geplant sei, 
den Schutz auf Borretsch und Sumpfblume zu erstrecken. 

23. Der Vertreter der Schweiz gab bekannt, dass es zur Frage der Erweiterung 
des Schutzes, der schon vor zwei Jahren vorgesehen gewesen sei, keinen Fort
schritt gegeben habe. 

Biotechnik und Sortenschutz 

24. Auswertung der Ergebnisse der Diskussionen in anderen Gremien.- Die 
Erorterungen stutzten sich auf Dokument CAJ/XVII/2. 

25. Der Stellvertretende Generalsekretar gab eine zusammenfassende Darstel
lung der Ereignisse seit Oktober 1985 und wies auf das wesent1iche Ergebnis 
der zweiten Tagung des Sachverstandigenausschusses der WIPO iiber biotechnische 
Erfindungen und gewerblichen Rechtsschutz hin, die in der Zeit vom 3. bis 7. 
Februar 1986 durchgefiihrt worden sei. Nach Absatz 64 des Berichts iiber diese 
Tagung <Dokument BioT/CE/II/3) "hatten mit Ausnahme der irischen und der 
japanischen Delegation und der Vertreter mehrer nichtamtlicher Organisationen, 
welche sich fur einen uneingeschrankten Patentschutz fur alle biotechnischen 
Erfindungen ausgesprochen hatten, alle anderen Regierungsdelegationen, die sich 
zu dieser Frage geaussert hatten, die Meinung vertreten, dass die Zeit fur eine 
Entscheidung iiber eine Aufhebung des Ausschlusses von Pflanzensorten vom Pa
tentschutz und des Ausschlusses von Tierrassen und im wesentlichen biologischer 
Verfahren von diesem Schutz noch nicht gekommen sei". 

26. Der Vorsi tzende bemerkte, der Bericht gebe nicht die Gesamthei t der 
Diskussionen wieder. 

27. Bericht der Untergruppe "Biotechnologie".- Die Erorterungen stutzten 
sich auf Dokument CAJ/XVII/9. 

28. Der Vertreter der Bundesrepublik Deutschland begriindete den Vorschlag, 
der in der Untergruppe gemacht worden sei und in Absatz 3 von Dokument 
CAJ/XVII/9 wiedergegeben worden sei, damit, dass die Schlussfolgerungen, zu 
denen die· Untergruppe im Rahmen des ihr zunachst erteilten Mandats gekommen 
sei, keinen Fortschritt erlauben wiirden. Er rneinte, dass die Untergruppe, wenn 
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sie auf der Basis des neuen Mandats ihre Ergebnisse vorgelegt habe, gegebenen
falls so erwei tert werden musse, dass sie in der gleichen Weise tatig werden 
konne, wie seinerzeit der UPOV-Sachverstandigenausschuss fur die Auslegung und 
die Revision des Uebereinkommens. Schliesslich erwahnte er einige Einzelheiten, 
die das erwahnte Dokument enthalten solle; die Abfassung des Dokuments sei 
zunachst dem Verbandsburo Ubertragen worden. 

29. Der Vertreter der Niederlande schlug vor, Absatz 3 Ziffer (iii) des 
Dokuments CAJ/XVII/9 wie folgt abzufassen (Zusatz unterstrichen): " ... Moglich
keiten der Anwendung des allgemeinen Patentrechts auf Pflanzensorten, auf 
Pflanzen und auf Pflanzenteile sowie hierdurch entstehende Problema." 

30. Vorbehaltlich dieser Aenderung wurde das neue Mandat der Untergruppe in 
der Fassung, in der es in Absatz 3 von Dokument CAJ/XVII/9 wiedergegeben ist, 
angenommen. 

Sortenbezeichnungen 

31. Die Erorterungen stutzten sich auf die Dokumente UPOV/INF/10, CAJ/XVII/4 
und CAJ/X:VII/7. 

32. Eine Umfrage ergab, dass bestimmte Verbandsstaaten die Empfehlungen fur 
Sortenbezeichnungen (noch) nicht anwendeten, beispielsweise deshalb nicht, weil 
ihnen hierfur die gesetzlichen Grundlagen fehlten oder weil bestimmte sprach
liche Schwierigkeiten bestanden. Die Nutzlichkeit der Empfehlungen, oder iiber
haupt von Empfehlungen, die derart in die Einzelheiten gingen, wiirde sogar in 
Frage gestellt, namlich von dem Vertreter der Schweiz, wahrend sich der Ver
treter Frankreichs fur eine Vereinfachung oder Streichung bestimmter Regeln 
ausgesprochen habe. 

33. Die Mehrheit im Ausschuss vertrat jedoch die Auffassung, dass die 
Empfehlungen notwendig seien, da sie eine gemeinsame Entscheidungsgrundlage 
fur die Dienststellen der Verbandsstaaten darstellen wiirden und zudem auch fur 
die Zuchter nutzlich seien. 

34. Der Stellvertretende Generalsekretar sagte, er sei erstaunt, dass 
bestimmte berufsstandische Organisationen die ersatzlose Streichung der 
Empfehlungen erfordern wiirden. Auf anderen Gebieten wiirden die Organisationen 
darauf bestehen, dass Regeln aufgestellt wiirden, urn sich gegen exzessive 
Auslegungen der geltenden Rechtsvorschriften durch die amtlichen Stellen 
abzusichern. Der Vertreter der Niederlande bemerkte zudem, dass bestimmte, von 
den Organisationen vorgebrachte Argumente eigentlich zugunsten einer Beibehal
tung der Empfehlungen sprachen. 

35. Der Vertreter der Europaischen Gemeinschaften brachte in Erinnerung, 
dass von Gemeinschaftsseite eingehende Regelungen iiber die Bildung von Sorten
bezeichnungen nicht vorgesehen worden seien. Fur die Kataloge der fur den 
Vertrieb zugelassenen Sorten galten die auf die UPOV-Regelungen gestutzten 
national en Rechte. Die Gemeinschaften wiirden auf dem Saatgutsektor und dem 
Gebiet des Wettbewerbs eine wichtige Rolle spielen; bislang seien sie mit dem 
Harmonisierungseffekt zufrieden gewesen, den die UPOV mit Hilfe des Artikels 13 
des Uebereinkommens und der diesen Artikel auslegenden Bestimmungen erzielt 
hatte. Es liege aber auf der Hand, dass die Gemeinschaften sich bei einem 
Wegfall dieses Effekts wahrscheinlich gezwungen sehen wiirden, ihrersei ts fur 
eine Harmonisierung zu sorgen. Die Zuchter sollten hierauf aufmerksam gemacht 
werden. 

~- I 
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36. Der Ausschuss fUhrte einen kurzen Meinungsaustausch Uber die Wiederver
wendung einer Sortenbezeichnung. Es schien Einverstandnis darUber zu bestehen, 
dass_ eine Sortenbezeichnung nicht wiederverwendet werden konne, wenn Schutz 
erteil t worden sei, die Sorte sich aber finanziell nicht durchgesetzt habe; 
denn in diesem Falle werde die Sortenbezeichnung weiterhin in den Akten erwahnt 
und erscheine in den Referenzsammlungen oder in den Genbanken usw. Das Haupt
problem bestehe darin, die Situation richtig zu beurteilen. Auf der anderen 
Sei te konne eine Sortenbezeichnung, die in einer Anmeldung, welche nicht zum 
Erfolg gefUhrt habe, vorgeschlagen worden sei, frei verwendet werden. Der 
Stellvertretende Generalsekretar brachte hierzu in Erinnerung, dass die UPOV 
gelegentlich schon von Botanikerseite kritisiert worden sei, die Uber die 
Grosszugigkeit dieses Verhaltens Unzufriedenheit geaussert hatten. 

Schutzumfang 

37. Die Erorterungen stutzten sich auf die Dokumente CAJ/XVI/3 und 
CAJ /XVII I 5. 

38. Der Vorsitzende erinnerte daran, dass der Beratende Ausschuss auf seiner 
dreiunddreissigsten Tagung vom 15. April 1986 einen Vorschlag der Delegation 
der Bundesrepublik Deutschland angenommen habe, wonach in die Tagesordnung fur 
die nachste Tagung des genannten Ausschusses ein Punkt aufgenommen werden 
salle, der einen Meinungsaustausch Uber die Moglichkeiten der Weiterentwicklung 
des Uebereinkommens gestatte. Dieser Vorschlag sei dami t begrUndet worden, 
dass die Entwicklung auf dem Pflanzenzuchtungssektor und dem Gebiet der 
Erzeugung von Saat- und Pflanzgut einen solchen Meinungsaustausch angezeigt 
erscheinen lasse. Nach Ansicht des Vorsi tzenden fuge sich die ·Diskussion Uber 
die Erstreckung des Schutzumfangs in vollendeter Weise in den weiteren Rahmen 
des von dem Beratenden Ausschusses angenommenen Arbeitsprogramms ein. 

39. In verschiedenen Stadien der Erorterung wurde auf die rechtlichen Grund
lagen Bezug genommen, die fur eine Erstreckung des Schutzes auf denjenigen 
Gebieten bestehen, wo eine solche Erstreckung notwendig erscheine, wobei aber 
ein bestimmtes Harmonisierungsni veau beibehal ten werden musse. Drei Losungen 
seien denkbar: Eine Revision des Artikels 5 Absatz ( 1 l des Uebereinkommens, 
besondere Abmachungen im Sinne von Artikel 29 des Uebereinkommens und eine 
Empfehlung des Rates der UPOV. 

40. Zu einer Revision des Artikels 5 Absatz ( ll des Uebereinkommens meinte 
der Vertreter der Bundesrepublik Deutschlands, man musse sie in Erwagung 
ziehen. Der Vertreter des Vereinigten Konigreichs meinte, dies biete die beste 
Garantie fur die Anhebung des Mindestschutzes durch eine konzertierte Aktion, 
wahrend die Moglichkeiten nach Artikel 5 Absatz (4) den Nachteil hatten, dass 
ein unterschiedliches Schutzrechtsniveau geschaffen werde. 

41. DemgegenUber sprachen sich mehrere Delegationen mehr oder weniger nach
drucklich gegen eine Revision von Artikel 5 Absatz (1) aus. So bemerkte der 
Vertreter Frankreichs, dass das Schutzrechtsniveau schon heute unterschiedlich 
sei. Man musse wahl auf Artikel 5 Absatz ( 4 l zuruckkommen und den Gedanken 
einer vom Rat abgegebenen Empfehlung befurworten. Er wUnsche sogar, dass dem 
Rat nach seiner nachsten Tagung ein Entwurf vorgelegt werde. Die Idee einer 
Empfehlung wurde auch von dem Vertreter Belgiens unterstutzt. Ausserdem wurden 
Zweifel geaussert, ob es moglich sei, Artikel 5 in der Weise zu andern, dass 
das Recht der Landwirte zur Aufbewahrung von Saatgut in Frage gestellt werde; 
dieses wurde vor allem von dem Vertreter Irlands vorgebracht (der bemerkte, 
dass dieses Recht einen Teil des nationalen Gesetzes dieses Landes bildel, 
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sowie von Japan und von Schweden. Was den Schutz des Endprodukts anbetrifft, 
so bemerkte der Vertreter Danemarks, dass es in seinem Land zur Zeit nicht 
moglich sein werde, einen solchen Schutz einzufiihren, dass aber gleichwohl 
Fortschritte gemacht worden seien und dass die interessierten Kreisen jetzt 
durchaus hieri.iber sprechen konnten. Der Vertreter des Vereinigten Konigreichs 
unterstrich, dass nach seiner Auffassung die Verbraucher den .Zuchtern nicht 
das Recht verwehren wollten, eine Lizenzgebiihr zu erheben, dass sie aber eine 
Etikettierungspflicht fur Blumen furchten wiirden; man musse deshalb fur die 
importierten Blumen eine Losung finden. 

42. Der Stellvertretende Generalsekretar erinnerte daran, dass jede Erhohung 
des Mindestschutzniveaus fur Staaten, die noch keine Verbandsstaaten seien, 
einen Beitritt zum UPOV-Uebereinkommen erschwere. 

43. Der Vorsitzende stellte abschliessend fest, es sei notwendig, sich kurz
fristig der Alternative einer Ratsempfehlung durch den Rat zu bedienen; dies 
schliesse aber langfristig nicht die Aenderung des Artikels 5 des Ueberein
kommens aus. 

44. Zu dem Recht, Saatgut aufzubewahren, und zu ahnlichen Situationen, 
bestatigten mehrere Vertreter, dass das Problem in ihrem Land an Bedeutung 
gewonnen habe. Der Vertreter der Bundesrepublik Deutschland wies indessen auf 
die Schwierigkeiten hin, die einerseits die naturliche Eignung bestimmter 
Arten, wie Erdbeere und Dahlie zur Erzeugung von Vermehrungsmaterial, anderer
sei ts die Ueberwachung der von den Erzeugern fur ihre eigenen Zwecke vorge
nommenen Vermehrungen aufwerfen wiirden. 

45. Zum Schutz des Endprodukts erlauterte der Vertreter Frankreichs - eines 
Landes, in dem ein solcher Schutz fur die Zierpflanzen vorgesehen ist -, dass 
dieser Schutz nicht darauf abziele, den Zuchter in die Lage zu versetzen, auf 
mehreren Vertriebsstufen gesondert Gebiihren zu erheben. Dies sei auch praktisch 
nicht moglich, denn das Recht erschopfe sich mit dem ersten Schritt einer 
Auswertung der Sorte fur alle i.ibrigen Tatigkeiten einer normalen Aus·.-~ertung 
(das Recht lebe demgegeni.iber wieder auf, wenn eine Schnittblume gewerbsmassigen 
Zwecken diene, beispielsweise durch eine Verwendung der Knospe). Der Schutz 
des Endprodukts ermogliche demgegeni.iber die Verteidigung des eingeraumten 
Rechts ( indem der Zuchter auch auf dem Niveau des Vertriebs von Topfpflanzen 
und von Schnittblumen einschreiten konne); ferner ermogliche er das Recht, 
Lizenzen fur eingefiihrte Erzeugnisse zu erheben, und erleichtere ganz allgemein 
den Lizenznehmern eine friedliche Nutzung der ihnen i.ibertragenen Befugnisse. 

46. Abschliessend bat der Ausschuss das Verbandsburo, ein Dokument zu 
verfassen, das eine Zusammenstellung der verschiedenen, zu prufenden Situatio
nen enthalte sowie eine Studie i.iber die Moglichkeiten, hierzu Empfehlungen 
auszusprechen. 

Meinungsaustausch i.iber die Entscheidung in Sachen Hibberd 

47. Die Erorterungen stutzten sich auf Dokument CAJ/XVI/7. 

48. Der Vertreter der Vereinigten Staaten von Amerika erlauterte den Tatbe
stand und die rechtlichen Schlussfolgerungen in der Rechtssache Hibberd. Kurz 
gesagt, ermogliche es diese Entscheidung des US Tribunals fur Patentberufungen 
und Interferenzfalle (US Board of Patent Appeals and Interferences) des 
Patent- und Warenzeichenamts, Pflanzen nach dem allgemeinen Patentrecht (dem 
gewerblichen Patentrecht) zu schutzen, selbst wenn diese auch nach dem 
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Pflanzenpatentrecht und dem Gesetz i.iber Sortenschutz schutzfahig seien. Das 
genannte Tribunal sei die hochste administrative Gerichtsinstanz, die auf dem 
Gebiet der Patentierbarkeit zustandig sei, und das Patent- und Warenzeichenamt 
habe eine Praxis angenommen, die mit dieser Entscheidung i.ibereinstimme. Die 
Entscheidung selbst konne jedoch noch vor den Gerichten angefochten werden, 
insbesondere im Rahmen eines von diesen Gerichten zu entscheidenden Ver
letzungsverfahrens. 

49. Der Vertreter der Vereinigten Staat en von Amerika fi.ihrte a us, seiner 
Meinung nach sei die Entscheidung in Sachen Hibberd mit dem UPOV-Uebereinkommen 
vereinbar, weil die Vereinigten Staat en von Amerika im Zei tpunkt der Hinter
legung ihrer Annahrneurkunde von Artikel 37 des Uebereinkommens Gebrauch 
gemacht hatten. Der Vertreter Japans unterstrich, und der Ausschuss stimmte 
ihrn zu, dass die Entscheidung in Sachen Hibberd keinen Prazedenzfall darstelle, 
der sich ohne weiteres fur andere Lander eigne, da die Vereinigten Staaten von 
Amerika das einzige Land seien, auf das Artikel 37 anwendbar sei. 

50. Auf eine Bemerkung des Stellvertretenden Generalsekretars hin, dass die 
Entscheidung in Sachen Hibberd schwierig zu beurteilen sei, wenn man nicht den 
genauen Tatbestand kenne, versprach der Vertreter der Vereinigten Staaten von 
Amerika, dass er dem Verbandsburo die vollstandige Dokurnentation i.ibersenden 
werde, sobald das Patent erteilt sei und folglich die Unterlagen der Allgemein
heit zuganglich seien. [Diese Dokurnentation ist in Anlage II wiedergegeben.] 

Mitteilung des Schweizerischen Bundesamts fur geistiges Eigentum 

51. Die Erorterungen stutzten sich auf Dokurnent CAJ/XVII/8. 

52. Der Vertreter der Schweiz erklarte, dass die Mitteilung von dem Leiter 
des schweizerischen Bundesamts fur geistiges Eigentum herausgegeben worden 
sei; dieser habe in mehreren Sitzungen der WIPO, die sich mit Erfindungen auf 
dem biotechnischen Gebiet befasst hat ten, den Vorsi tz gefi.ihrt. Es sei wahr
scheinlich, dass die Arbei ten der WIPO auf dies em Gebiet, sowie die Ent
scheidungen in Sachen Chakrabarty und in Sachen Hibberd, die in den Vereinigten 
Staaten von Amerika ergangen seien, wie auch die Entscheidung des Technischen 
Beschwerdesenats 3. 3 .1 des Europaischen Patentamts in Sachen CIBA-GEIGY AG, 
Basel, die Abfassung dieses Textes beeinflusst hatten. Im Ubrigen sei es so, 
dass nur neue Direktiven fur die Patentprufer aufgestellt w\.irden und dass es 
sich nicht urn ein Dokument von rechtlicher Verbindlichkeit handele. Man konne 
indes nicht leugnen, dass das Dokument indirekte Auswirkungen habe. Es ver
starke tatsachlich die Hoffnungen auf Seiten der Erfinder, die Patentanmeldun
gen eingereicht hatten, Hoffnungen, die sich als ungerechtfertigt erweisen 
konnten, da es moglich sei, dass die erteilten Patente spater von den Gerichten 
fur nichtig erklart w\.irden. Im Ubrigen konne der Text in der Literatur zitiert 
und in der Diskussion unterstutzend herangezogen werden. 

53. Das Buro fur Sortenschutz sei i.iber einen Vorentwurf unterrichtet worden, 
habe aber nur eine Woche Zeit zur Stellungnahrne gehabt. Zu dem Grundsatz habe 
es keine Einwendung erhoben, da sich die Mitteilung nicht auf Pflanzensorten 
beziehe und da es einer fur ein Gebiet des gewerblichen Rechtsschutzes verant
wortlichen Stelle Uberlassen bleiben musse, die Entwicklung dieses Schutzes zu 
fordern. Er habe jedoch darauf hingewiesen, dass die Mitteilung in mehrfacher 
Hinsicht i.iber die Absichten des Gesetzgebers hinausgehe, wie sie in der Bot
schaft des Bundesrats an die Bundesversammlung i.iber die drei Vertrage auf dem 
Gebiet des Patentrechts und die Revision des Patentgesetzes (vom 24. Marz 
1976) zum Ausdruck gebracht worden sei. Schliesslich sagte der Vertreter der 
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Schweiz, er bedaure, dass es als Folge der kurzen ihm zugestandenen Zeit nicht 
moglich gewesen sei, die Botaniker tun Stellungnahme zu bitten, was er fur 
notwendig gehalten habe, da dje Mitteilung nicht aus der Feder eines Biologen 
starnme. 

54. Der Vertreter Japans bemerkte hierzu, er stelle die Berechtigung des 
Satzteils "nicht zu Pflanzen regenerierbare 'Bauelemente' wie z.B. Zelllinien, 
modifizierte Zellen, Gene, Plasmide usw." am Ende von Absatz 3. 2 in Frage. Er 
sei auch besorgt iiber die Moglichkei t, ganze Pflanzen oder ihr Vermehrungs
material in Anspruch zu nehmen, wenn keine Sorte spezifiziert sei. Denn es sei 
doch das Ziel des Inhabers eines Patents, das einen solchen Anspruch enthalte, 
das beanspruchte Pflanzenmaterial in handelsfahige Sorten tunzuwandeln und 
deren Vertrieb zu kontrollieren. 

55. Aehnliche Bemerkungen wurden von dem Stellvertretenden Generalsekretar 
und dem Vertreter der Niederlande abgegeben. Der erstgenannte meinte, die 
Hauptfrage sei das Verhaltnis von Pflanzen und Sorten; er bezweifle, ob man 
den Ausschluss durch eine einfache terminologische Aenderung tungehen konne. Er 
sei auch besorgt dariiber, dass es offensichtlich moglich sei, dass einem 
Zuchter, dem ein Schutzrecht wegen mangelnder Homogenitat versagt worden sei, 
gerade dies en Umstand anfiihre, tun ein Patent zu erhal ten. Der zwei tgenannte 
Sprecher erinnerte daran, dass die Frage der Terminologie in den Niederlanden 
auch schon behandelt worden sei; bestimmte Kreise hat ten dart gemeint, dass 
der Ausschluss von Sorten von der Patentierbarkeit sich nicht auf Gattungen 
oder auf Arten erstrecke. Es sei hierzu dargelegt worden, dass dieses Argument 
nicht richtig sei, denn bei einer Art handele es sich doch tun eine Anzahl von 
Sorten. Die Erorterungen seien indes niemals zu einem Abschluss gekommen. 

56. Unter rechtlichen Gesichtspunktert bemerkte der Stellvertretende General
sekretar, die Ml tteilung stutze !lich auf den Grundsatz, dass eine "Ausnahme
bestimmung . . . eng auszulegen" sei. Er erinnerte daran, dass die Auslegung 
rechtlicher Bestimmungen sich auch auf andere Grundsatze, sicherlich wichtigere 
Grundsatze, stutzen musse; es sei in erster Linie notwendig festzustellen, was 
der Gesetzgeber wirklich habe sagen wollen und welcher Zweck mit der Bestimmung 
verfolgt werde, wobei davon auszugehen sei, dass der Gesetzgeber Regeln habe 
aufstellen wollen, die auch praktisch realisierbar seien. 

Entscheidung der Kommission der Europaischen Gemeinschaften Uber bestimmte 
Klauseln in Lizenzvertragen auf dem Gebiet des Sortenschutzes 

57. Die Erorterungen stutzten sich auf Doktunent CAJ/XVII/6. 

58. Die Entscheidung wurde eingehend von dem Vertreter der Europaischen 
Gemeinschaften erlautert. Er teilte mit, dass sie endgultig sei, da keine der 
betroffenen Parteien sie angefochten habe. Dariiberhinaus fiihrte er aus, ihm 
sei mitgeteilt worden, dass der Gerichtshof der Europaischen Gemeinschaften in 
einer anderen Sache eine Entscheidung getroffen habe, die ztun Teil die Ent
scheidung der Kommission Uber die Nichtangriffsklausel abschwache. 

59. Der Vertreter Frankreichs bezog sich auf Artikel 85 Absatz (3) des 
EWG-Vertrags, der es gestatte, Ausnahmen fur Vert rage, die den technischen 
Fortschritt fordern, vorzusehen, und erinnerte daran, dass die wirklichen 
Zuchter einen Beitrag ztun technischen Fortschritt leisten. Indessen gebe es 
bei pflanzlichen Neuerungen notwendigerweise die Mutationen, die bei einer 
wortlichen Auslegung der rechtlichen Bestimmungen frei ausgewertet werden 
konnten, und zwar in einer Weise, die den Ursprungszuchter eines grossen Teils 



023h 
CAJ/XVII/10 

Seite 10 

seiner als Entgelt gedachten Einnahmen beraube. Er frage sich, ob die Ent
scheidW1g der Kommission als Hinweis ausgelegt werden konne, dass man prufen 
salle, ob man nicht mit <:l,er Rechtsfigur der gemeinsamen ZuchtW1g zu einer 
LosW1g komme . 

60. Der Vertreter der Europaischen Gemeinschaften meinte, dies sei in der 
Tat der Fall. Was die Kommission in Wirklichkeit als mit dem Wettbewerbsrecht 
unvereinbar angesehen habe, sei die StorW1g des Gleichgewichts in Richtung auf 
ein Monopol ZUgW1sten des Zuchters der Ursprungssorte. 

Programm fur die achtzehnte Tagung des Ausschusses 

61. Vorbehaltlich des Auftretens neuer Tatbestande, wird das Programm fur 
die achtzehnte AusschusstagW1g die folgenden Punkte umfassen: 

( i) Die PW1kte, die be rei ts auf der sechzehnten TagW1g des Ausschusses 
beschlossen worden sind, namlich Mindestabstande zwischen Sorten und Liste der 
Prioritaten fur die ErstreckW1g des Schutzes (siehe Absatz 77 des Dokuments 
CAJ /XVI/8 ) ; 

(ii> Biotechnologie und Sortenschutz; 

(iii) Sortenbezeichnungen; 

(iv) Schutzumfang. 

Eintritt in den Ruhestand 

62. Im Namen des Ausschusses dankte der Vorsitzende Herrn Grobler (Sudafrika) 
fur die Arbei t, die er im Rahmen des Ausschusses und ganz allgemein fur die 
Entwicklung des Sortenschutzes und der UPOV geleistet habe, und wi.inschte ihm 
eine lange und gluckliche Zeit des Ruhestands. 

63. Der Vorsi tzende brachte ferner in ErinnerW1g, dass Herr Halvor Skov 
(Danemark) mit Wirkung vom 31. Januar 1986 in den Ruhestand getreten sei. 

64. Dieser Bericht ist auf schrift
lichem Wege angenommen worden. 

[Anlagen folgen] 
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TRYPTOPHAN OVERPRODUCER MUI'ANTS OF 
CEREAL CROPS 

TABLE OF CONTENTS 

FIELD OF TilE INVENTION 
BACKGROUND OF TilE INVENTION 

Tiasue Culture of Maize 
Tryptophan Biosynthesis 
Resistance to Inhibition by Tryptophan Analogs · 

SUMMARY OF TilE INVENTION 
BRIEF DESCRIPTION OF THE FIGURES 
DETAILED DESCRIPTION OF ONE EMBODI-

MENT OF TilE INVENTION 

tiaue culture studies with JDODOC:Otyledoas (e.g., the 
cereal crape IUCh u maize. rye, barley, wheat. 10rghum, 
oat&, millet and rice) lead.i.n1 to plant regeneration are 
not u well documented. Suca:sa il frequently depen-

5 dent on choosing donor tissues for culture initiation 
which come from plants of appropriate genotype u 
well u physiological and development states. Other 
features which are alao important include the organic 
and inorganic composition of th~o:o;rowth medium and 

10 the physical environment in wluch the cultures are 
grown. 

Strategy for Selection of Tryptophan Overproducer 15 
Cell Lines 

In maize. the development of tissue cultures capable 
of plant regeneration wu accomplished after the identi
fication of appropriate genotypes and donor tissues 
(Green and Rhodes. 1982 in Maize for Biological Re
aearch. W. F. Sheridan (ed.), pp. 367-371, Plant Molec
ular Biology Association. Charlottesville. VL). The Selection and Characterization of Resistant Cell 

. . fint method developed which yielded regenerated 
Plant Regeneranon and Producnon of Seed plants from tissue cultures of maize used immature em-

Lines 

Development o_f Tryptophan Overproducer Com· 20 bryos u donor tissues. With N6 or MS growth mediA 
mercial Hybnd Seed . . (defined below in Section 6) and a synthetic auxin. such 

Alternate Methods of Obt.auwlg Tryptophan Over- u 2.4-dichlorophenoxyacetic lcid (2,4-D), tissue cul· 

CoproducerrcialMAutants h to T to han .,_, _ _. tures develop rapidly from the acutellum of the em-
mme pproac es ryp P ...,. .. - .. on b Th ul · cui d el tall h 
from High. T to han Maize Seed 25 ryos. e res nng . tures ~ ev ~pmen Y et· 

EXAMPLES ryp p erogeneous and contam a vanety of twue types. Re-
Characterization of the Effects of 5-Methyltrypto- moval of the 2,4-D from the growth medium permits 

phan and Strategy for Selection of S.Methyltrypto- these cultures to prod~ce large numben of regenerated 
phan Resistant Maize Cells plants. Cultures of this type have proved capable of 
Initiation and Maintenance 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 Inhibition by S.Methyl- cultures of maize have been initiated are immature tal-

tryptophan seJs. ~ tissue is the male flo~er and u it matures it is 
Selection and Characteriz.ation of a S.Methyltrypto- respoDSlble for pollen producnon. Immature embryos, 

phan Resistant Cell Line 35 influo~ces. and .the few other tissues. ~ . cereals 
Selection of S.Methyltryptophan Resistant Cell from which regeneranng cultures have been IDlbated all 

Line have the common characteristic of juvenility. Regener· 
Characterization of Maize Cell Line Cl8 ated plants obtained from tissue cultures are grown to 
Analysis of Free Trytophan maturity in a glasshouse. growth chamber, or field. The 
Anthranilate Synthase Assays ~ progeny seed produced in 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 chancteristics. One is that 

FIELD OF THE INVENTION 
the callus cultures are friable, meaning that they are soft 
and loose in texture. This property is important because 

This invention relates to novel plant genotypes or cultures of this type exhibit rapid growth and it facili-
Iines, and in particular novel monocots and other cereal tates the initiation of suspension cell cultures. The other 
crops, which produce increased levels of free trypto- 50 valuable attribute of these friable cultures is their ability 
phan in callus cultures. plants. plant tissues and seeds. to form very large numben of somatic embryos. Micro-
Also described are the processes for development and acopic examination reveals the presence of many small, 
characterization of these novel genotypes. This trait is organized structures on the surface of the callus. These 
genetically transmitted to progeny. These lines may be structures are young somatic embryos at various devel-
used for human or animal consumption, or altern&· S5 opmental stages. These friable cultures will retain their 
tively, u a source from which tryptophan may be ex- embryogenic potential for as long as two years and have 
tracted. shown the capacity to produce extremely large Dum-

BACKGROUND OF THE INVENTION bersThof soma~c embbryOS; th f: . bl calli d I 
e somauc em ryos m ese na e eve op to 

60 maturity when the cultures are transferred to medium Tissue Culture of Maize 

Irrespective of the plant species. there are a number containing S to 6 percent sucrose and no 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 on MS 
on growth. metabolism and differentiation of tissue 65 or N6 medium containing 2% sucrose. The plants can 
culture of dicotyledons (Yamada. 1977, in Plant Cell, then be established in soil and grown to maturity. 
Tissue and Organ Culture, Reinert and Bajaj (eds.), pp. It is now well-documented that a high level of genetic 
144-159, Springer-Verlag, Berlin). However, successful variability can be recovered from plant tissue culture. 
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Some of this variability is of agronomic importance. 
Mutauta for disease raistance have been obtained in 
sugarcane for Fiji disease, early and late blight in po
tato, and southern corn leaf blight in maize. In rice. 
maize. and wheat considerable variability for traits in- 5 
herited as single genes of plant breeding interest have 
been recovered. including those which control the time 
of seed set and maturation, seed color and development, 
plant height, plant morphology, and fertility. 

Tissue cultures of maize have been used to recover 10 
mutants for d.isease resistance and amino acid overpro
duction as described below. 

T eus male sterile cytOplasm ( cms-1) genotypes of 
maize are SUJCePtible to the pathotoxin produced by the 
fungus Helminthosporium frUlydis race T, while normal 15 
cytOplasm (N) genotypes are resistant (Gengcnbach et 

aerine (Umbu1er. 1978. in ADD. Rev. Biochem. 47: 
555-606). 

Metabolite flow in the tryptophan pathway in higher 
planta and microorganisms is apparently regulated by 
tryptophan through the feedback inhibition of the en
zyme anthranilate synthase (nereinafter referred to as 
AS). AS is the branchpoint enzyme which catalyzes the 
convenion of chorismate to anthranilate. AS and the 
four other enzymes in the pathway-'tave been identified 
and partially purified from crude extracts of cell cul
tures of higher plants (HankinJ et al., 1976, Plant 
Pbysiol. ": 101-104; Widhalm. 1973, Biochim. Bio
phys. Acta 320: 217-226). However, AS is very unsta· 
ble and is therefore difficult to purify. 

Resistance to Inhibition by Tryptophan Analogs 

al., 977, Proc. Natl. Acad. Sci. U.S.A. 74: 5113-5117). Tissue culture methods have been used to select for 
Similarly, tissue cultures obtained from cms-T geno- resistance to growth inhibition by amino acid analogs in 
types are SU3Ceptible 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 
frUlydis race T was used to select resistant cell lines from or not amino add 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 synthesis 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, 5-lluorotryptophan, 5-hydroxytryptophan, 7-aza· 
fection of plants with H. frUlydis race T spores demon- 30 tryptophan, 3~-indoleacrylic acid, 3-methylanthranilic 
strated that selection for pathotoxin resistance also re- acid) has been extensively studied in microorgansims. 
sulted in resistance to the clisea.se organism by plants. Studies with Escherichia 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 (L1) 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-
L T19 (Hibberd and Green, 1982, Proc. Natl. Acad. Sci. man, 1958, Science 129:968). Moyed (1960) and Som-
U.S.A. 79: 559-563). Genetic analysis of progeny of merville and YanofskY. (1965, J. Mol. Bioi. 11:747) 
plants regenerated from L T19 showed that L T 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- o40 growth inhibitory concentrations of 5-methyltrypto-
quired 5-10 times higher levels of L T to inhibit growth phan. The AS in several cell lines was found to be less 
than did cultures from LT -sensitive embryos. L T resis- sensitive to inhibition by tryptophan or 5-methyltrypto-
tance in L Tl9 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 45 acid analogs or to certain combinations of amino acids 
initiated from immature embryos of L T-resistant plants, may contain increased levels of the corresponding free 
and 75-100 times in kernels homozygous for L Tl9, as amino acid. For example, cultured tobacco, carrot, 
compared to cultures and kernels from L T -sensitive potato and the weed Datura ino:cia 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 30 S-methyltryptophan (hereinafter referred to as SMT) 
homozygous LT19 kernels by 33-S9%. The results through an altered AS as described below. 
demonstrate that L T resistance selected with tissue Widhalm ( 1972, Biochim. l3iophys. Acta 261: 44-5 I) 
culture methods was heritable and was expressed in demonstrated that the tryptophan analogs 5-methyl-
cultures, seedlings, and kernels. tryptophan, 4-methyltryptophan, S-lluorotryptophan 

SS and 6-lluorotryptophan cause growth inhibition of to-
bacco (Nicotiana tDbocum) and carrot (Daucu.s carotD) Tryptophan Biosynthesis 

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 aynthesis 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 SMT, but some tobacco cell lines were resistant to 
the pathway is catalyzed by a single enzyme that may 65 growth inhibitory concentrations of SMT (Widhalm, 
contain either one or two kinds cf subunit. The reaction 1972, Biochim. Biophys. Acta 26l:S2-S8). 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 SM1). In addition, 
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SMT raistaot cella were railtut to growth iDhibitioa Although it is .,a.ible to lelect for 5MT resistance in 
by other tryptophaa aulop. Free tryptophaa levels certaiD ceU cultures and planu, this chancteristic does 
increased in 5MT n:sistant cella about 10.fold over COD• DOC DeCeiiUily correlate with the overproductioa of 
trol tissue. The enzyme anthnuilate synthase wu found free amiDe acid in whole plants. Additionally, plants 
to be lea leDiitive to iDhibition by tryptophaa or 5MT. 5 regenerated from SMT resistant lines frequently do not 

Carrot ceU lines that were resistant to growth inhibi· express the altered form of the coatrol enzyme. Nor is it 
tion by SMT were also lelected by Widhalm (1972. expected that this chancteriltic will be stable over a 
Biochim. Biophys. Acta 279:48-57). This chancteriltic period of time and be passed along u a heritable traiL 
wu generally stable in the absence of the tryptophan Thus, it would be advantageous to~btain plants which 
analog for at least 100 ceU doublings. .SMT resistant cells 10 produce high levels of tryptophan m mature plants and 
were also resistant to other tryptophan analogs. Cellular their seeds and genetically transmit this characteristic to 
free tryptophan coacentrations in SMT resistant cell their progeny. 
were substantially increased, 2170 JAM u compared to 
81 JAM (27-fold) for coatrol tissue. Anthnuilate syn- SUMMARY OF THE INVENTION 
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 semitive to inhibition and in particular novel genotypes of cereal crops, in· 
by tryptophan or SMT. eluding maize, rice. wheat, barley, sorghum. oats, rye. 

Singh and Widhalm (197.5, Biochem. GeneL and millet which produce increased levels of free tryp-
13:357-367) described a mutant in com. Ziti lfUiys L., tophan. As an exemplary embodiment, a new maize 
blue fluorescent- I, that poaessed increased anthranliate 20 genotype is described in the example presented herein 
synthase activity which was less leDiitive to feedback which is resistant to iDhibition by 5MT at concentra-
inhibition. The mutant also accumulated anthranilic tions which normally inhibit 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 anthranilate 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. ceU lines, and particularly maize ceU lines. which over-

Carlson and Widhalm (1978, Physiol. Plant produce tryptophan in callus cultures. plant tissues, 
44:251-255) obtained potato ceU (Solanum IJI~rosum) plants and seeds. Additionally these maize lines geneti-
cultures resistant to SMT. Anthnuilate synthase was 30 cally transmit this trait to their progeny. This maize 
shown to be less sensitive to inhibition 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 source from which tryptophan can be ex-
late synthase present, one sensitive and one resistant to tracted for other purposes. 
SMT. In the selected 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 JAM in selected per gram dry seed weight and preferably about at least 
cultures compared to 29 JAM in control tissues. 1 milligram per gram dry seed weight are within the 

Widhalm (1980, in Plant Cell Cultures: Results and scope of the present invention. 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 5MT resistant N. tabGcum suspension cultures. The present invention also provides for the produc-
Wbile the cultures had an anthnuilate 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 5MT. The analogs and permits growth of callus cultures, plant 
resistance trait was, however, expressed in callus de- tissues, plants and seeds in the presence of these same 
rived from the regenerated planL Thus it appears to be 50 analogs at concentrations which normally inhibit 
difficult to obtain expression in tobacco of the 5MT 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 Pbysiol. this altered enzyme. u well u the gene encoding the 
71:136-140) selected for SMT resistance in cell cultures enzyme. 
of Datu1Tl in110JCi4, a dicot weed and showed that the 55 In summary, for purposes of coavenience. 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 lea sensitivity to tryptophan. Regenerated plant tissue cultures, and mutant plants having an en-
plants were also resistant to 5MT, contained an al- dogenous free tryptophan content of at least ten times 
terated AS and had a greater concentration of free 60 the amount 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. tabGcum 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 ceU lines, these results indicated that oats, rye. and millet and the like; (b) mutant maize seeds. 
the amiDo acid 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 selected cells in Da1J11TZ ten times the amount of corresponding non-mutant 
infiOJCia. · maize seeds. maize tissue cultures, an. maize plants; and 
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(c) methods for produciua tryptopJwa by estnctiua 
tryptopJwa from (a) ad (b). 

AI regards the lpeCific embodimeata of (a) aDd (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 eucoding an altered anthranilate aya
thase resistant to inhibition by tryptophan or a trypto
phan analog at conceutratiooa which nonoally inhibit 
the activity of the anthranilate ayathue before alter
ation. The plant aeed, and plant tiuue culture may 10 

the arategy for ~election of SMT resistant and trypto
phan overproduc:er maize ceU H,nes; (3) ~election aDd 
characterization of 5MT resistant and tryptophan over
producer cell lines; (4) regeneration of resistant plants 
and production of seed; and (5) development of 5MT 
resistant and tryptophan overproducer commercial 
hybrid seed. 

Strategy for Selection of Tryptophan Overproducer 
Cell Lines 

traomsit the gene encoding the altered anthranilate Efficient ~election of a desired tryptophan analog 
syathase to ita progeny, and the gene before alteration resistant, tryptophan overproducer mutant using tissue 
may be from a eukaryotic or prokaryotic organism or culture techniques requires careful detenni.oation of 
may be made in whole or part by chemical or enzymatic selection conditions. These conditions are optimized to 
methods. 1.5 allow growth and accumulation of tryptophan aoa.log 

It is to be undentood that the following detailed resistant, tryptophan overproducer cells in the culture 
description presents a single embodiment of the inven- while inhibiting the growth of the bulk of the cell popu-
tioo. This particular embodiment relates to uovel maize lation. The situation is complicated by the fact that the 
genotypes which allows the production of increased vitality of individual cells in a population is highly de-
levels of tryptophan. 20 pendent on the vitality of neighboring cells. 

BRIEF DESCRIPTION OF TilE FIGURES Conditions under which~ cultures are ex~~ a 
tryptophan aoa.log are determiDed by the charaetensucs 

FIG. 1 shows the biosyathetic 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 %.5 should be considered. The accumulation of the com-
for mutant callus lines C28 and C66 and for parental line pounds by cells in culture, and the persistence and sta-
ABl. The increased fresh weight of tissue is shown for bility of the compounds, both in the media and in the 
varying conceutratioos of S-methyltryptophao. cells, 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 conceotra- 30 pounds can be readily revened by addition of trypto-
tions of S-methyltryptqphan. phan. 

FIG. 4 diagramatically shows the inhibition curve of The effects of the analog on culture viability and 
AS activity far both the control AB108 callus extract morphology need to be carefully evaluated. It is espe-
and the selected K17 line of C28. cially important to choose analog exposure conditions 

FIG. 5 is a graph of free tryptophan levels in individ- 3.5 which have no impact on plant regeneration capability 
ual seedling shoot tissues eum.ined from a SMT seosi- of cultures. Choice of aoa.log exposure conditions is also 
tive population and a population segregating for resis- influenced by whether the analog kills cella or simply 
tance to SMT. inhibits cell divisions. 

DETAILED DESCRIPTION OF ONE 
EMBODIMENT OF TilE INVENTION 

The choice of a selection protocol is dependent upon 
.W the considerations described suprL 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 ftnt protocol, fmely divided 
of free tryptophan. The novel genotypes are resistant to cells in liquid suspension culture are exposed to high 
inhibition by SMT at conceutrations 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, organized, partially differentiated cell 
which overproduce tryptophan and genetically trans- cultures are grown and subcultured with continuous 
mit this trait to their progeny. Also described are cell 50 exposure to initiaJJy 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 Selection and Characterization of Resistant Cell Linea 

development of these maize lines and regeneration of 55 Selections are carried out. until cells or tissue are 
plants from these cultures which are resistant to trypto- recovered which are observed to be growing well in the 
phan analogs. Additionally, the present invention pro- presence of normally inhibitory levels of the tryptophan 
vides for the production of a plant cell enzyme which is analog. These cell "lines" are &ubcultured several addi· 
relatively resistant to inhibition by tryptophan and cer- tional times in the presence of the analog to remove 
tain tryptophan analogs which normally inhibit the 60 non-resistant sections and then characterized. The 
activity of this enzyme. The methods provided in the amount of resistance which has been obtained is deter· 
present invention may also be used to produce increased mined by comparing the growth of these cell lines with 
levels of free tryptophan in monocots and other cereal the growth of unselected cells or tissue in the presence 
crops, including but not limited to rice, rye, millet, of various analog conceutrations. Stability of the resis-
wheat, barley, sorghum and oats. 65 tance trait of the cultured cells may be evaluated by 

The method of this invention m:s.y be divided into the simply growing the selected cell lines in the absence of 
following areas for the purposes of description: (1) de· analog for various periods of time and then analyzing 
tenni.oation of the appropriate selection conditions; (2) growth after re-exposing the tissue to the analog. 
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Aa AD altemative method to selection of culfiuel etitl! liDe tbat ia to be convened to tryptoplwa overpro

ducer liDe. 
Sublequeat to the bKkcroaiDI. the new overpro

ducer lines ADd the appropriate combinations of lines 

ezpoied to iDcn:ued CODCCDtratioos of AD&log on solid 
medium, cella may be selected in liquid medium and the 
surviving cells recovered usiq a feeder layer of healthy 
cells on solid medium. 

The resistut cell lines may al.ao be evaluated using in 
vitro chemical studies to verify tbat the site of action of 
the analog ia altered to a form which is lea sensitive to 
inhibition by tryptophan. 

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

Plant Regeneration and Production of Seed 
10 range of environmental condition. where the lines or 

hybrids will genenlly be grown commercially. For 
production of high tryptoplwa com it may be necessary 
that both parents of the hybrid leed com be homozy-

Cell lines exhibiting aaUafactory levels of resistance to 
the tryptoplwa AD&log are put through a plant regenera· 
tion protocol to obtain mature plants and leed express
ing the resistance trait. The plant regeneration protocol ., 
allows the development of somatic embryos and the 
subsequent growth of roots and shoots. 

Mature plants are then obtained from cell lines that 
are known to express the trait. If possible, the regener
ated plants are self pollinated. In addition pollen ob- lO 
tained from the regenerated plants ia crossed to leed 
grown plants of agronomically important inbred lines. 
In some cues, pollen from plants of these inbred lines is 
used to pollinate regenerated plants. The trait is geneti
cally characterized by evaluating the segregation of the 2.5 
trait in fmt ADd later generation progeny. The heritabil· 
ity and expression in plants of traits selected in tissue 
culture are of particular importuce if the traits are to be 
commercially useful. 

gous for the high tryptoplwa ch.ancter. Parental lines of 
hybrids that perform satiafactorily are increased ADd 
used for hybrid production using standard hybrid seed 
com production pncticea. 

Alternate Methods of Obtaining Tryptoplwa 
Overproducer Mututa 

Any method which CAD bf= utilized to improve the 
quality and quautity of free tryptoplwa in plants CAD be 
utilized. Genenlly, biosynthesis of ImiDo acids, includ
ing tryptophan, are controlled by feedback regulation. 
The two major types of feedback regulation are feed· 
back (or end product) inhibition ADd feedback repres-
sion. In feedback inhibition. the final metabolite of the 
pathway inhibits the activity of AD enzyme of the path
way. Feedback repreuion is the inhibition of formation 

Development of Tryptophan Overproducer 
Commercial Hybrid Seed 

30 of one or more enzymes in a pathway by AD end product 
or a derivative of the end product. For muy ImiDo acid 
biosynthetic pathways the ImiDo acid end product tint 

The commercial value of tryptophan overproducer combines with ita transfer RNA (tRNA) to cause re-
com is greatest if muy different hybrid combinations pression. Feedback regulation may be circumvented by 
are available for sale. The farmer typically grows more 3' (a) decrease in the concentration of AD inhibitory or 
than one kind of hybrid based on such differences u repressive end product or (b) mutational alteration of 
maturity, standability or other agronomic traits. Addi- the enzyme or enzyme forming system to a condition 
tionally, hybrids adapted to one part of the com belt are less sensitive to feedback effects. i.e., mutation to feed-
not adapted to ADother part because of differences in back resiatuce. (For a more complete review of this 
such traits u maturity, disease and insect resistuce. 40 topic see Demain. 1971, Advan. Biochem. Eag. 
Because of this, it is necessary to breed tryptophan 1:113-141.) 
overproduction into a large number of parental lines so In the embodiment of the present invention mututs 
that muy hybrid combinations CAD be produced. are isolated that may poaaeu an enzyme resistant to 

Adding the tryptophan overproduction genotype to feedback inhibition ADd/or feedback repression by using 
agronomically elite lines is most efficiently accom- 4' analogs of the ImiDo acid that exert inhibition and/or 
plished if the genetic control of analog resistance and repression but cannot be used for protein synthesis. 
tryptophan overproduction is understood. This requires Mutants may be resistut to the analog due to an alter-
crossing tryptophan overproducer plants with sensitive ation in the structure of the feedback-inhibited enzyme 
plants and studying the pattern of inherituce in segre- (inhibition resistut) whereas others may have an al-
gating generations to ucertain whether the trait is ex- ~ tered enzyme-forming system (repression resistant). 
pressed u a dominant or recessive, the number of genes Additionally, these mututs overproduce the ImiDo 
involved. and any possible interaction between genes if acid due to altered control mech•nsms Mutations to 
more than one are required for expression. This genetic both types of resistuce (double mutants) in one line 
analysis CAD be part of the initial efforts to convert agro- may result in a marked increase in ImiDo acid produc-
nomically elite, yet sensitive, lines to resistant lines. " tion. 

A conversion process (backcrossing) is carried out by Any alteration or replaceJnent of AS which leads to 
crossing the original overproducer line to normal elite feedback regulation and overproduction of tryptophan 
lines and crossing the progeny back to the normal par- in callus culture, tissue culture, seed and regenerated 
ent. The progeny from this cross will segregate such plants may be utilized in this embodiment of the present 
that some plants carry the gene responsible for overpro- 60 invention. AS may be altered or replaced in any plant 
duction whereas some do not. Plants carrying such species; of especially great importance are the agro-
genes will be crossed again to the normal parent result- nomic and horticulture crops which are normally defi-
ing in progeny which segregate for overproduction and cient or produce low quautities of tryptophan. The 
normal production once more. This is repeated until the alteration of AS may be accomplished by any of a van-
original normal parent has been converted to an over- 6' ety of means, including but not limited to the following 
producing line, yet possesses all other important attri- methods: (1) spontueoua variation and direct mutant 
butes u originally found in the normal parent. A sepa- selection in tissue cultures; (2) direct or indirect muta-
rate backcrossing program is implemented for every genesis procedures on tissue cultures of all types. seeds 
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aDd pluta;. aDd (3) iloladoa of geaes, DWlipulatioa. The n pJasmjd, however, may be DWlipulated ia the 
IDOdificaticm. or ayathesia ia whole or part of scaea future to act u a vector for monpcot plaats. Addition· 
usins molecular biology, chemical -technologies md ally, using the Ti pliSIIUd u a model system it may be 
state-of-the-art procedures aDd reintroduction of resia- possible to artificially construct gene vecton for mooo-
tance gcaes iato pluta. 5 cot plants. 

Additionally, my type of AS modification which Ti-plasmids might also be iatroduced iato mooocots 
leads to a chiDge ia regulatory elements, or resistance by artificial methods auch u microiajectioo, or fusion 
to, or tolerance of, chemical compounds applied to between mooocot protopluts md bacterial spheropluts 
plants may be utilized. Theae chiDges may iaclude alter· containing the T-regioo which em thea be iategrated 
ations ia enzyme structure md chiDges ia enzyme ex· 10 iato the plant nuclear DNA. 
pression mellor function. TryptophiD overproducers Ocaetic engineering of plants may also be accom-
may also be obtained by gcae mutations (e.g., lingle or plished by iatroducing the desired DNA containing 
multiple site mutations, or the preacace of multiple gcae 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 
replac:ement or supplemcatation (i.e., gene therapy or 15 tryptophan biosyathetic pathway which are less sensi-
the addition of extra genes), by any means, of an cadog- tive to feedback inhibition into plant tissues or cells 
enous AS with any other AS from another source, in· using DNA molecules of a variety of forms and origins 
eluding but not limited to prokaryotic or eukaryotic including, but not limited to: plant pathogens such u 
organisms or by chemical ayathesia of a gcae that cata· DNA viruses like C.uliflower Mosaic virus (c..MV) or 
lyzes the aame reactions u AS. 20 geminiviruses, RNA viruses, and viroids; DNA mole-

Genes cacoding AS are common to the tryptophan cules derived from unstable plaat genome components 
md branched chain amino acid pathwaY' in plants md like extrachromoaomal DNA elements in organelles 
microorganisms (Umbarger, 1978, Ann. Rev. Biochem. (e.g., chloropluts or mitochondria), or ouclearly eo-
47: 533-606). lo higher plants. the biosyatheais 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 tioo and other DNA sequences which allow introduced 
(Carlson and Widhalm, 1978, Physiol. Plant DNA to integrate into the organeUar or nuclear ge-
44:2Sl-25S). 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 sexual reproduction of the plant and to be inherited in 

An important aim of trlditional plant breeding is to succeeding generations of plants). 
engineer improved pluts that are valuable u crop The Cauliflower Mosaic virus (c..MV) has a gene the 
plants and serve as a source of nutritionally valuable function of which is to prevent certain imects from 
proteins, u biomass or as sources. of pharm.aceuticals destroying the virus. The remaining parts of the gene 
and enzymes. Present day genetic engineering tech· 35 are redundant and em be replaced witu a gene(s) which 
Diques are geared towards similar goals. is useful to the plant breeder. The geminiviruses (or 

To introduce isolated genes or a group of genes iato 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. Traosposons 
pressed in the transformed plant cells and stably trans- .CO may also be used to carry foreign genes into plant 
mitted (somatically and sexually) 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 tn.s. 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. lo addition, to be effective. the new 50 veloped using any of the methods described supra md 
gene must be passed on to progeny by normal breeding. also other means includiDg, but not limited to, conven-

Directed genetic modification and expression of for- tional genetic and plant breeding procedures. whole 
eign genes in dicotyledonous (broad-leafed) plants such plant genetic methods and 10matic hybridization by 
as tobacco, potato and alfalfa has been shown to be protoplut fusion. 
possible using the T-DNA of the tumor-inducing (Ti) 55 . . 
plasmid of A.grobactuium tumtfacitns. Using recombi· Commercial A~proaches to Tryptophan Extraction 
oant DNA techniques and bacterial genetics, any for- from High Tryptophan Maize Seed 
eign piece of DNA em 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 corn, 
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- iavolve extracting the tryptophan prior to or following 
oeered cell and eventually a genetically engineered standard wet or dry milling processes (Watson, 1977 in 
plant. A second approach is to introduce root-inducing Corn and Corn 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 tranaformation by Agrobacterium. iavolves treating the kernels with an acidic aqueous 

n _-, 'j 
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IOiutioD IDd allowiag a limited amouat of Jacbc acid Proc:eediDp of Symposium oa Plult T"11111e Culture. 
fermeata1ioa to occur. Thia treatmeDt cooditioaa aad May 25-30. 1978, ScieDce Praa. Peking. pp. 43-50) 
softeus the kemel &ad solubilize~ many small molecules with 2% (w/v) sucrose. 1.5 mg per liter 2,4-dichloro-
in the kemel including free amino acidl. Thia acid envi- phenoxyacetic .cid (2,4-D), 6 mM proline, and 0.9% 
roument will, however, result in breakdown of moat of 5 (w/v) agar. 
the solubilized tryptophan. Thus, to obtain lignifJCaDt The immature embryos were incubated at 26' C. in 
amounts of this commodity, it will be aeceaary to ex- the dark. Cell proliferatioas from the scutellum of the 
tract the tryptophan prior to the acid treatment step. A immature embryos were evaluated for friable coasis-
method that can be used to carry out this pre-extraction tency and the presence of well r.efmed somatic em-
process is described below. 10 bryoa. T"111ue with this morphology wu tr&Ds(erred to 

Maize seed can be processed in a leries of vats at fresh media 10 to 14 days after the initial plating of the 
elevated temperatures (approximately 150' F.) in an immature embryos. The tissue wu then subcultured on 
aqueous environment at basic/neutral pH (pH;i 10). a routine basis every 12 to 16 days. Sixty to eighty milli-
W ater is added to the com that hu been extracted the gram quantities of tissue were removed from pieces of 
longest in the procesa and flows in a countercurrent 15 tissue that had reached a size of approximately one 
manoer towards the newly introduced seed. Following 
several days of extraction the com is then traasferred to gram _and t:raas(erred ~ fresh m~ Subculturing al-
a standard wet milliag plant. The liquid from the extrac- ways ~volved careful vuual momtormg to be ~ure. that 
tion process can then be filtered to remove solids then only tlllue of the correct n;torphology wu mamtamed. 
treated by standard chemical means, solvent extrac- 20 The presence of ~e ~uc embryos ensured that the 
tioa/pbase separation, ion exchange chromatography cui~~ would pve me to plants UDder the proper 
and c:rystallizatioo, to concentrate and purify the tryp- condiuoas. 
tophan. The degree of purification will depend on the Callus Culture Growth lahibition by 
type of product desired-feed supplement, chemical 5-Methyltryptophan 
feed stock, reagent chemical, etc. 25 

In the dry milliag processes com kernels are cleaned, The tryptophan analog, 5-methyltryptophan (SMT), 
brought to 20-22% moisture then milled, pressed and wu used f~r ael~n of f:fYPtophan overproducer 
sorted to give a variety offnctioas-bominy feed, flak. mutants u discUSSion m Section 5 supra. The effect of 
ing, medium and fine grits, meal and flour. One or more various concentratioaa of 5MT on callus growth on 
of these fnctioas can then be extracted with water 30 solid media wu determined. Quantities of tissue averag-
under neutral to basic conditioas at elevated tempera- ing 50 mg in size were tnmsferred to nutrient agar main-
ture to obtain the tryptophan. Again, the tryptophan teoance media coataiaing 5MT concenuatioas ranging 
can then be coacentrated and purified by standard from 1.0 to 200 ,.._M. Four tissue pieces were placed on 
chemical methods including solvent extnctioalpbase each plate with four plates per analog concentration. 
separation, ion exchange chromatography and crystali- 35 After 28 days growth, the tissue wu weighed again. 
zatioo. · Inhibition of growth rate wu found to be half maximal 

Tryptophan may also be recovered by other conven- in the 3 to 10 ,...M 5MT range of concentration. Cell 
tional procedures. For example, a method for recovery death wu observed at analog concentratioas of 100 and 
is presented in U.S. Pat. No. 3,759,790 which is hereby 200 ,.._M. Tryptophan wu shown to reverse all the 
incorporated by reference into the present specification. 40 growth inhibitory effects of 5MT. 

EXAMPLES Selection and Characterization of a 
According to one particular embodiment of the pres- 5-Methyltryptophan Resistant Cell Line 

ent invention, maize tissue cultures resistant to 5MT The selection protocol Uled to identify and isolate 
were selected and plants which were resistant to the 45 analog resistant cells wu formulated to take into ac-
tryptophan analog were regenerated from these cui- count that: (1) the effects of the 5MT were reversible 
tures. The selected resistant line hu a greatly increased and (2) the effects of the analog increased over time. 
level of free tryptophan. A detailed description of the Therefore, the procedure involved exposing tissue con-
invention is presented in the subsections below. tinuously to a moderate SMT concentration over sev-
Characterization of the Effects of 5-Methyltryptophan 50 eral subculture in~als. and keepin~ careful ~rds of 

and Strategy for Selection of Resistant Maize Cells the growth of all tiSsue m the selection. In ~ way. the 

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

analog wu allowed to take effect alowly wtth coatmu-
ous selection pressure permitting analog tolerant cells to 
accumulate over time and yet not affect the potential 

Friable, embryogenic maize callus cultures were ioiti- 5.5 for plant regeneration. This procedure allowed for the 
ated from hybrid immature embryos produced by polli- aelection of ce1lJ with even low levels of 5MT tolerance 
nation of inbred line A188 plants (University ofMinne- (2- to 3-fold in analog concentration). 
sota, Crop Improvement Association) with pollen of 
Inbred line B73 plants (Iowa State University). Ears Selection of 5-Methyltryptophan Resistant Cell Line 
were harvested when embryos bad reached a length of 60 Many selectioas were carried out utilizing the aelec-
1.5 to 2.0 mm. The whole ear wu surface sterilized in 50 tion protocol described supra. The selection of one such 
v/v commercial bleach (2.63% w/v sodium hypochlo- 5MT resistant line that wu identitied and characterized 
rite) for 20 minutes at room temperature. The cars were is described below in detail. 
then washed with sterile distilled, deionized water. Im- Approximately three grams of vigorously growing 
mature embryos were aseptically isolated and placed on 65 maize callus tissue wu traasferred to maintenance 
nutrient agar initiation/maintenance media with the media in petri plates contaiaiog 33 I'M 5MT. Plates 
root/shoot uis exposed to the media. Ioitiatioa/mainte- were prepared and individual tissue weighing 30 to 40 
oance media consisted ofN6 basal media (Chih-ching in mg were plated on each plate in groups of 10. The 5MT 
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level wu-dlolen from growth inhibitioa ltUdiel to pro
vide lesa thaD from about 20% to about ~ of DOI"'Da1 
growth during the tint four weeki of analog exposure. 

Surviving tissue aecton showing some growth and 
retention of embryogenic morphology (i.e., presence of 5 
somatic embryos) during the tint 8 weeks of growth 
were subcultured on freah media containing 33 JJ.M 
~MT. Each piece of tissue wu labeled and became the 
progenitor of a "line." A complete genealogy wu main
tained and recorded for future subcultures. Subtequeot 10 

ing pre-colUDUI derivatization with o-pbthalidialdehyde 
(Jones et al., 1981, J. Uq. Chromatogr. 4:565-586). The 
Cl8 line wu shown to contain 78 IJ.8 of free tryptophan 
per gram fresh weight calli while control tissues con
tained only 4.0 IJ.g per gram fresh weight. (Callus tissue 
is approximately 90% water, thus on a dry weight basis 
the Cl8 line is approximately 780 IJ.8 of free tryptophan 
per gram and ree tryptophan.) 

subculture intervals ranged from 15 to 30 daya depend· Assaya were conducted to determine whether ~MT 
ing on overall growth of the callus tissue. reaiatance wu conferred by an alteration in the gene 

For each transfer all tissue showing growth and ao- that codes for the anthranilate synthase eozyme. Crude 
matic embryo forming ability were· placed on fresh enzyme extract of AB108 control callus and the ae-
mcdia. At the third transfer, the concentration of ~MT 15 lected K17 line of Cl8 callus were prepared u de-
was increased to 100 JJ.M. During the coune of the scribed below. The K17line ofCll wu derived from a 
selection process, the total number of lines decreased as regenerated Cl8 plant crossed with a control plant and 
the analog mediated growth inhibition became more thea self-pollinated. Immature embryos were thea cul-
inteose. Two lines however, increased in size and by the tured and a callus line developed as described previ-
eod of the fourth month of selection were identified as 20 ously. 
resistant to SMT. These cell lines were identified as Plant callus tiasue was ground using a mortar and 
maize line Cl8 and C66. Growth inhibition studies pestle and extracted with 0.2 M Tris-HCl, pH 8.2, 60% 
showed that growth was no longer seriously inhibited glycerol, 0.2 mM dithiothreitol (DT1), 0.2 mM ethyl-
by the presence of the analog at 100 JJ.M or below com- eocdiamioetetraacetic acid (EDT A), 1.0 mM magne-
pared to the parental cell line ABl as ahown in FIG. l. 2S sium sulfate (MgS04), 20 mM sodium chloride (NaCl) 
Throughout this selection process, the selected cell lines and 1.0 mM L-tryptophan. One m1 extraction buffer 
maintained a friable appearance that wu similar to the was used per 2 g callus. The extract was centrifuged at 
appearance of the origioal parent Cell line. lO,OOOXg for 2S minutes at 4• C. The supernatant was 

Characterizati f Maize Cell Line Cl8 applied to a 3 em X IS em Bio Gel-P6 column (Bio-Rad, 
on ° 30 Richmond, Calif.) equilibrated with 0.1 M Tris-HCl, pH 

The resistant cell line was characterized to evaluate: 7.6, 10% glycerol, 0.1 mM OTT and 0.1 mM EDTA 
(1) the magnitude of the resistance; (2) the stability of and eluted with the woe buffer. 0.75 m1 fractions were 
the resistance trait; and (3) the level of free tryptop~ collected and fractions containing protein were pooled. 
In addition the sensitivity of the enzyme anthranilate The volume of crude extract approximated the volume 
synthase to SMT was measured. · 35 of supernatant applied to the column. All of the above 

Four week gro~ inhibition studies were carri~ ?ut steps were conducted at 4• C. 
with SMT as descnbed supra. The level of SMT g1Vlng AMaya were conducted in 1 m1 volumes as follows. 
SO% growth inhibition was determined to be between so IJ.l aliquots of extract were assayed at 30• C. for 30 
300 and 400 JJ.M for the Cl8 line compared to 3 to 10 minutes in the presence of 0.25 mM chorismate (barium 
JJ.M for unseleeted p~ent tissue. s.tability of th~ resis- -40 salt form), 20 mM L-glutamine, 4 mM MgSO,.. and 
tance trait was exanuned by growmg the Cl8 line on Q-1()3 M SMT as eozyme inhibitor. The reaction was 
maintenance medium withou~ 5MT. Periodically these terminated by the addition of 0.1 m1 2 N acetic acid. The 
cultures were retested for reslStance to the analog. Cul- anthranilate was extracted into 2 m1 ethyl acetate, vor-
tures were shown to be SMT resistant without selection texed well and centrifuged at 5,000X g for 5 minutes. 
pressure for greater than 10 months. <4!1 One m1 of the ethyl acetate layer was removed and 

Analysis of Free Trytophan added to 2.5 m1 ethyl ace~te and vonex~. The fluores-
. . . cence due to the production of anthranilate was mea-

Free tryptophan levels m tlSSue cultures of line C28 aured in the 3.5 m1 extractant using a Kratos FS9SO 
was determin~ by amino acid anal~~ Tissue cultures fluorimeter (K.ratos Analytical lostrumeot.s, R..a.m.sey, 
were grown wtthout S~ for a ~um of 2 w.eeks 50 NJ.). The excitation filter used was a 25-4 nm interfer-
and thea 1 gram fresh we~ght quanuues of callus tlSSue eoce type filter and the emission fllter had a 370 nm 
were ground with SIUld with a mortar and pestle in 1 m1 cutoff point. 
of 12:5:3 methanol:chloroform:water (MCW): One ml The results of the AS assay of both AB108 callus 
of MCW was add~ and the extract centrifuged at extract and the selected Cl8 line are shown in FlO. 4. 
1~,000Xg for 10 mmutes. The pellet w~ reextncted " The C28 derived AS was clearly more resistant to inhi-
wtth 2 ml MCW, the supernatants combmed and 1 m1 bition by 5MT than the control AS. A 10-fold higher 
each of chloroform ~d water w~ added. The aqueous 5MT level was needed for SO% inhioition of the C28 
phase was thea subjected to cation exchange chroma- compared with the control. 
tography. These extracts were passed through Bond 
Elut SCX columns (Analytichem International Inc., 60 
Harbor City, Calif.) which had been equilibrated with 
10 ml 1 N HCl thea 10 m1 water. Following wople 
application the columns were washed wito S ml dis
tilled, deionized water, and the amino acids were eluted 
with 2 ml aliquots of S% v/v triethylamine. The ali- 65 
quots were combined (6 ml) and lyophilized. Free 
amino acid levels were determined by using reverse 
phase high performance liquid chromatography follow-

Plant Regeneration and Production of Seed 

Plant Regeneration Protocol 

Eighty to 90 mg quantities of maize callus tissue were 
transferred to embryo and shoot development (regener
ation) media in petri plates. The media consisted of MS 
basal media (Murashige and Skoog, 1962, Physiol. Plant 
15:473) supplemented with 0.1 mg per liter 2,4-D ~.,d 
1 X 10-7 abscissic acid. 0.25% Gelrite (Kelco Co., San 

0. # ..... ,.-l 
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Diego, Calif.) WU llled U a 10lid IUpport in place Of free ammo .cida WU per(ormed U described IUpra for 
apr. 'The tissue wu incubated iD the dark at 26" c. for enr.ctioa and malysia o( free ammo .cida from callus. 
one week. 'The plates were then transferred to a light The Cree tryptophan in individuallleedl.ing shoots wu 
regime at 26" C. (approximately 300 footcandles. aoft examined from a population aensitive of SMT and in a 
white fluoresc:cnt) on a cycle of 14 houn light. 10 houn 5 population segregating for resistance to SMT. The re-
dar.k. Developing plants reaching a size of 1-3 em were aults ahown in FIG. 5 indicated a generally lower level 
then tranaCerred to flaska or jars. containing MS media of tryptophan in SMT sensitive lleedl.ing than in the 
with no aupplementation, for further development. segregating resistant population. In the resistant popula· 
When plants reached the two to three leal atagc. they tion there were individual ~~ wi~ .considerably 
were moved to pots contaiaing vermiculite and exposed 10 more tryptophan t.b:m found m ~·) leDSltlv~ group, u 
to light at 2600 footcandlea. These plants were watered would be expected ID a segregating populauon. 
with 10 mM KN03 for one week and then with water Analyses of one C;l8 cob~! wu ahown to be homo-
until they grew &tably. The plants were then transferred zygoua 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 houn. 1.5 COD!J'OI wu 0.01 mg per gram seed. Indeed maize seed 

Mature Cl8 plants were &elC pollinated and/or havmg an endogenoua free tryptophan content of be-
crossed with inbred line A188 (University of Minnesota, tween at least about 0.1 mg per gram dry seed weight 
Crop Improvement Asaociatioa) and B73 (Iowa State an~ preferab~y ~t least about S ~~ per ~ cU:Y seed 
University) plants. Seed set varied from 6 to over 300 wetght are wtthin the scope of this mven~on. ~ dem-
seeds per ear on the 20 &elC or cross pollinations made. 20 onstrates tha~ tr>?'tophan malog &elections m c:allus 

culture can pve rue to callus plant shoots and eventu-
Characterization OC Progeny Plant& 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 containing 2.5 DEPOSIT OF SEEDS 
100 jJM SMT. Seeds from regenerated &elf or cross A collection of seeds, identified u C-28 
pollinated plants were surface sterilized for 20 minutes (2.18-2•21 _83), as described herein. has been deposited 
~ 2.5% sodium hypoc~ori~ ~ in sterile wa~ 2 with In Vitro International. Inc. Ann Arbor, Mich., and 
tunes and soaked overmght ID sterile water contauung has been assigned accession lVI No. 10010. 
SO mg/1 captan. Mature embryos ~ere cut !l'?m the 30 The present invention is not to be limited in scope by 
seeds and placed on 0.9% agar medium contauung MS the cell line or seeds deposited, Iince the deposited 
salts ~d 0 or 100 JJM SMT. The mature c;mbryos were embodiments are intended u lingle illustrations of one 
germmated under 20()..4()() 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 scope of this 
sured. · 3.5 invention. Indeed. various modifications of the inven-

C28 progeny seeds responded significantly different tion in addition to 'those shown and described herein 
than co!ltrol seeds in.~ ~enninatio~ usay." In the first will becomoapparent to those a.killed in the art from the 
~eneranon progeny mdivtduallleedl.ings ~rom the Cl8 foregoing descriptioa and accompanying drawings. 
line gave growth responses that could easily be sepa.ra· Such modifications are intended to fall within the scope 
ble into 2 classes as seen in FIG. 3. One group was 40 of the appended claims. 
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 endogemous free trypto-
relative little inhibition by SMT and growth similar to phan content of at least about one-tenth milligram per 
that observed when seedling were grown without 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 cross pollinated C28 plants the 2. The maize seed according to claim 1, having an 
progeny response was 47% resistant and S3% aensitive endogenoua free tryptophan content of at least 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 endogenoua ftee tryptophan content of at 
generation were also screened as described above. It least 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 lleedl.ing usay. " 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 S-methyltryptophan at a concentration of about 
expected from a trait encoded by a lingle nuclear gene. 10-' M, wherein the plant is capable of transmitting the 

Anal · f F T han 60 gene encoding the anthranilate synthase to its progeny. 
YS1S o 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 shoot& were ground individually in 12:S:3 at least about 60 percent of the length of roots produced 
methanol:chloroform:water in a Polytron (Brinkmann 6.5 in the absence of S-methyltryptophan. as measured after 
Instrument Co., Westbury, N.Y.). Seed samples were lix days incubation, wherein the seed is capable of ger-
prcpared by grinding in a Wig-L-b11g (Cresent Dental minating into a plant capable of producing seed having 
Mfg. Co., St. Lyons, ill.). Extraction and analysis of an embryo capable of producing in the presence of 
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5--methyltryptophiD at a CODCeDtratioa of 10-• M roots tryptophan, u meuured after .U da)'l incubatioo. 
of at leut about 60 percent of the length of roota pro- wherein the leed ia capable of serminatina into a plant 
duced in the absence of 5--metbyltryptopba,u. u mea- capable of producinaleed having an embryo capable of 
sured after six day. incubation. producing in the presence of S-met.byltryptophan at a 

.5. A maize leed deposited with In Vitro Intern&· ' concentration of 10-4 M roota of at least about 60 per· 
tional, Inc. and assigned IVI accession No. 10010. cent of the length of roota produced in the absence of 

6. A maize seed resulting from crossing Cll with 5--met.byltryptophan, u measured after six days incuba-
another maize line. tion. 

7. A hybrid maize leed having an endogenous free IS. A maize plant derived from leeds deposited with 
tryptophan content of at least about one-tenth milligram 10 In Vitro International. Inc. and ue'JDed lVI accession 
per gram dry seed weight and capable of germinating No. 10010. 
into a plant capable of producing seed having an endog- 16. A maize plant having an average endogenous free 
enous free tryptophan content of at least about one· tryptophan content of at least about 0.04 milligrams per 
tenth milligram per gram dry seed weight. gram fresh weight. 

8. The hybrid mazie leed according to claim 7, hav- IS 17. The maize plant according to claim 16, having an 
ing an endogenous free tryptophan content of at least average endogenous free tryptophan content of at least 
about one milligram per gram dry leed 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 endogenous free tryptophan content having an endogenous free tryptophan content of at 
of at least about one milligram per gram dry leed 20 least about one-tenth milligram per gram dry seed 
weight. weight, wherein the seed is capable of germinating into 

9. A tryptophan overproducing hybrid maize seed 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 80 percent of its activity ~ 19. The hybrid maize plant according to claim 18, 
in the presence of .S-methyltryptophan at a concentra· wherein the plant is capable of producing seed having 
tion of about 10-5M, 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 
thase to its progeny. seed is capable of germinatiilg into a plant capable of 

10. A tryptophan overproducing hybrid maize seed 30 producing seed having an endogenous free tryptophan 
having an embryo capable of producing in the presence content of at least about one milligram per gram dry 
of .S-methyltryptophan at a concentration of I0-4 M leed weight. 
roots of at least about 60 percent of the length of roots 20. A tryptophan overproducing hybrid maize plant 
produced in the absence of .S-methyltryptophan, u mea· capable of expressing a gene coding for an anthranilate 
aured after six days incubation, wherein the seed is capa· 3' synthase which retains from about 60 to about 80 per· 
ble of germinating into a plant capable of producing cent of its activity in the presence of .S-methyltrypto-
seed having an embryo capable of prod"ucing in the phan at a concentration of about J0-5 M, wherein the 
presence of 5-metbyltryptophan at a concentration of plant is capable of transmitting the gene encoding the 
10-4 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 ll. 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 10-4 M roots of at least about 60 per· 
one-tenth milligram per gram dry seed weight, wherein cent of the length of roots produced in the absence of 
the seed is capable of germinating into a plant capable of 4S 5-methyltryptophan, u 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-

ll. The maize plant according to claim 11, wherein phan at a concentration of I 0-4 M roots of at least about 
the plant is capable of producing seed having an endog- SO 60 percent of the length of roots produced in the ab-
enous free tryptophan content of at least about one 1ence of 5-methyltryptophan, u measured after six days 
milligram per gram dry seed weight, wherein the seed is incubation. 
capable of germinating into a plant capable of produc· 22. A maize tissue culture capable of generating 1 

ing seed having an endogenous free tryptophan content plant capable of producing seed having an endogenous 
of at least about one milligram per gram dry aced S5 free tryptophan content of at least about one-tenth milli· 
weight. gram per gram dry seed weight, wherein the seed is 

13. A tryptophan overproducing maize plant capable capable of germinating into 1 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 80 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 lO-S M, wherein the plant is .l3. The maize tissue culture according to claim ll, 
capable of transmitting the gene encoding the anthra.n.i- 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- 6' leed is capable of germinating into a plant capable of 
ing in the presence of 5-methyltryptophan at a concen· producing seed having an endogenous free tryptophan 
tration of I0-4 M roots of at least about 60 percent of content of at leut about one milligram per gram dry 
the length of roots produced in the absence of S-methyl- aced weight. 
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