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(57) ABSTRACT 

The present invention provides a method for conferring 
tolerance to an amino acid analog of tryptophan to a plant 
and/or altering the tryptophan content of a plant by intro 
ducing and expressing an isolated DNA segment encoding 
an anthranilate synthase in the cells of the plant. Transgenic 
plants transformed With an isolated DNA segment encoding 
an anthranilate synthase, as Well as seeds and progeny 
derived from these plants, are also provided. The present 
invention also provides a cDNA sequence of an alpha and a 
beta subunit of a maiZe anthranilate synthase. 
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ANTHRANILATE SYNTHASE GENE AND 
METHOD FOR INCREASING TRYPTOPHAN 

PRODUCTION 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This is a division of application Ser. No. 09/733, 
300 ?led on Dec. 8, 2000 and scheduled to issue as US. Pat. 
No. 6,515,201 on Feb. 4, 2003, Which is a division of 
application Ser. No. 09/312,721 ?led on May 17, 1999 and 
issued as US. Pat. No. 6,271,016, Which is a division of 
application Ser. No. 08/604,789 ?led Jan. 19, 1996 and 
issued as US. Pat. No. 6,118,047, Which is a continuation 
in-part of application Ser. No. 08/113,561 ?led on Aug. 25, 
1993, all of Which are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] Anthranilate synthase (AS) catalyZes the ?rst reac 
tion branching from the aromatic amino acid pathWay to the 
biosynthesis of tryptophan in plants, fungi, and bacteria. The 
reaction catalyZed by AS is the conversion of chorisrnate to 
anthranilate in a glutarnine-dependent reaction. In rnicroor 
ganisrns AS comprises two non-identical subunits: the alpha 
subunit binds chorisrnate and eliminates the enolpyruvate 
side chain, and the beta subunit transfers an amino group 
from glutarnine to the position vacated by the enolpyruvate 
group. The next reaction in the synthesis of tryptophan is a 
transfer of the phosphoribosyl group of phosphoribosyl 
pyrophosphate to anthranilate. An indole ring is formed in 
tWo steps involving an isorneriZation converting a ribose 
group to a ribulose folloWed by a cycliZation reaction to 
yield indole glycerol phosphate. The ?nal reaction is cata 
lyZed by a single enzyme that may contain either one or tWo 
subunits Which accornplishes the cleavage of indole glycer 
aldehyde-3-phosphate and condensation of the indole group 
With serine. 

[0003] Metabolite How in the tryptophan pathWay in 
higher plants and microorganisms is regulated through feed 
back inhibition of AS by tryptophan. Because AS is feed 
back inhibited by tryptophan, overproduction of Wild-type 
AS cannot result in tryptophan overproduction. 

[0004] While AS has been partially puri?ed from crude 
extracts of cell cultures of higher plants (Hankins et al., 
Plant Physiol, 57, 101 (1976); Widholrn,Bi0chim. Biophys. 
Acta, 320, 217 (1973)), it Was found to be very unstable. To 
further characteriZe plant AS, Niyogi and Fink (Plant Cell, 
4, 721 (1992)) and Niyogi et al. (Plant Cell, 5, 1011 (1993)) 
employed a molecular approach. They found that Arabidop 
sis anthranilate synthase alpha subunits are encoded by tWo 
closely related, nonallelic genes Which are differentially 
regulated. One of these alpha subunit genes, ASA1, is 
induced by Wounding and bacterial pathogen in?ltration, 
irnplicating its involvement in a defense response, Whereas 
the other alpha subunit gene, ASA2, is expressed at consti 
tutive basal levels. Both predicted proteins share regions of 
homology With bacterial and fungal anthranilate synthase 
proteins, and contain conserved amino acid residues at 
positions that have been shoWn to be involved in tryptophan 
feedback inhibition in bacteria (Caligiuri et al., J. Biol. 
Chem, 266, 8328 (1991)). 
[0005] Amino acid analogs of tryptophan or of interrne 
diates in the tryptophan biosynthetic pathWay (e.g., 5-rne 
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thyltryptophan, 4-rnethyltryptophan, 5-?uorotryptophan, 
5-hydroxytryptophan, 7-aZatryptophan, 3[3-indoleacrylic 
acid, 3-rnethylanthranilic acid) have been shoWn to inhibit 
the groWth of both prokaryotic and eukaryotic cultures. 
Plant cell cultures can be selected for resistance to these 
amino acid analogs. For example, cultured tobacco, carrot, 
potato, corn and Datura innoxia cell lines have been selected 
Which are resistant to groWth inhibition by 5-rnethyltryp 
tophan (5-MT), an amino acid analog of tryptophan, due to 
expression of an altered anthranilate synthase as described 
beloW. 

[0006] Widholrn (Biochem. Biophys. Acta, 261, 44 (1972)) 
demonstrated that the tryptophan analogs 5-MT, 4-rnethyl 
tryptophan, 5-?uorotryptophan and 6-?uorotryptophan 
cause groWth inhibition of tobacco (Nicotiana tabacum) and 
carrot (Daucus carota) cell cultures. This inhibition of 
groWth could be reversed by the addition of anthranilic acid, 
indole, or L-tryptophan. Anthranilate synthase Was deter 
mined to be very sensitive to these analogs. The tryptophan 
analogs inhibited cell groWth by limiting tryptophan syn 
thesis through the inhibition of anthranilate synthase. 

[0007] While groWth of many cultured tobacco cell lines 
Was inhibited by 5-MT, sorne tobacco cell lines Were resis 
tant to groWth inhibitory concentrations of 5 -MT (Widholrn, 
Biochim. Biophys. Acta, 261, 52 (1972)). The resistant 
phenotype Was stable for at least 60 cell mass doublings 
even Without selection pressure (i.e., Without 5-MT). In 
addition, 5-MT resistant cells Were resistant to groWth 
inhibition by other tryptophan analogs. Free tryptophan 
levels Were increased in 5-MT resistant cells about 10-fold 
over control tissue. Anthranilate synthase in these 5-MT 
resistant cells Was found to be less sensitive to inhibition by 
tryptophan or 5-MT. 

[0008] Carrot cell lines that Were resistant to groWth 
inhibition by 5-MT Were also selected by Widholrn (Bio 
chim. Biophys. Acta, 279, 48 (1972)). This phenotype Was 
generally stable in the absence of the tryptophan analog for 
at least 100 cell doublings. 5-MT resistant cells Were also 
resistant to other tryptophan analogs. Free tryptophan con 
centrations in 5-MT resistant cells Were substantially 
increased to 2170 nM as compared to 81 nM (27-fold) for 
control tissue. Anthranilate synthase Was shoWn to be altered 
in the 5-MT resistant cells. The enzyme Was about 5-fold 
less sensitive to inhibition by tryptophan or 5-MT than an 
unaltered anthranilate synthase. 

[0009] Singh et al. (Biochem. Genet, 13, 357 (1975)) 
described a mutant in corn, Zea mays L., blue ?uorescent-1, 
that possessed increased anthranilate synthase activity 
Which Was less sensitive to feedback inhibition. The mutant 
also accurnulated anthranilic acid. In contrast to previous 
Work in tobacco and carrot, hoWever, the altered anthanilate 
synthase activity did not lead to signi?cant overproduction 
of tryptophan in mature corn plants or seed. 

[0010] Hibberd et al. (US. Pat. No. 4,581,847, issued Apr. 
15, 1986) described 5-MT resistant rnaiZe cell lines that 
contained an anthranilate synthase that Was less sensitive to 
feedback inhibition than Wild-type anthranilate synthase. 
One 5-MT resistant cell line accurnulated free tryptophan at 
levels alrnost tWenty-fold greater than that of non-trans 
forrned cell lines. 

[0011] Carlson et al. (Physiol. Plant, 44, 251 (1978)) 
obtained potato cell (Solanum tuberosum) cultures resistant 
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to 5-MT. Anthranilate synthase in these cultures Was shown 
to be less sensitive to inhibition by tryptophan or by 5-MT, 
although both 5-MT resistant and sensitive forms of the 
enZyme Were present in the cells of the culture. In the 
selected cell lines, the level of resistant anthranilate synthase 
Was greatly increased relative to the level of the sensitive 
form. The range of free tryptophan concentrations in 
selected cultures Was from 970 to 1400 uM compared to 
control cultures in Which the tryptophan concentrations Were 
about 29 uM. 

[0012] Widholm (Plant Cell Cultures: Results and Per 
spectives, F. Sala, B. Parisi, R. Celia, O. Ciferri (eds.), 
Elsevier/North Holland Biomedical Press, Amsterdam, pp. 
157-159 (1980)) described plants regenerated from 5-MT 
resistant N. tabacum suspension cultures. While the cultures 
expressed an anthranilate synthase enZyme that Was less 
sensitive to feedback inhibition by tryptophan and also 
exhibited an increased level of free tryptophan (approxi 
mately 25-fold), the leaves of the regenerated plants did not 
express the altered form of the enZyme and did not form 
roots in medium containing 5-MT. The resistance trait Was, 
hoWever, expressed in callus derived from the regenerated 
plant. Thus it appears to be difficult to obtain expression of 
the 5-MT resistance phenotype in tobacco plants derived 
from 5-MT resistant cells selected in culture. 

[0013] Finally, Ranch et al. (Plant Physiol, 71, 136 
(1983)) selected for 5-MT resistance in cell cultures of 
Datura innoxia, a dicot Weed; and reported that the resistant 
cell cultures contained increased tryptophan levels (8 to 30 
times higher than the Wild type level) and an anthranilate 
synthase With less sensitivity to tryptophan feedback inhi 
bition. Regenerated plants Were also resistant to 5-MT, 
contained an altered anthranilate synthase, and had a greater 
concentration of free tryptophan (4 to 44 times) in the leaves 
than in the leaves of the control plants. In contrast to the 
studies With N. tabacum, Where the altered enZyme Was not 
expressed in plants regenerated from resistant cell lines, 
these results indicated that the amino acid overproduction 
phenotype could be selected at the cellular level and 
expressed in Whole plants regenerated from the selected 
cells in Datura innoxia. 

[0014] Although it is possible to select for 5-MT resis 
tance in certain cell cultures and plants, this characteristic 
does not necessarily correlate With the overproduction of 
free tryptophan in Whole plants. Additionally, plants regen 
erated from 5-MT resistant lines frequently do not express 
an altered form of the enZyme. Nor is it predictable that this 
characteristic Will be stable over a period of time and Will be 
passed along as a heritable trait. 

[0015] Thus, there is a need to increase the tryptophan 
content of plants and/or provide plants that are resistant to 
groWth inhibitory amounts of tryptophan or an analog 
thereof. 

SUMMARY OF THE INVENTION 

[0016] The present invention provides an isolated and 
puri?ed DNA molecule comprising a DNA segment encod 
ing an anthranilate synthase (AS) substantially resistant to 
inhibition by free L-tryptophan or an amino acid analog of 
tryptophan such as those discussed hereinbeloW. Apreferred 
embodiment of the invention is a plant anthranilate synthase 
Which is substantially resistant to inhibition by free L-tryp 
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tophan or an amino acid analog of tryptophan. Another 
embodiment of the invention is an isolated and puri?ed 
DNA molecule comprising a DNA segment encoding a 
maiZe anthanilate synthase. A DNA molecule of the inven 
tion can further comprise an amino terminal plant chloro 
plast transit peptide sequence operably linked to the anthra 
nilate synthase coding sequence. 

[0017] Another embodiment of the invention provides a 
method for conferring tolerance to an amino acid analog of 
tryptophan and/or altering the tryptophan content of a plant, 
plant tissue, plant part, or plant cell by introducing and 
expressing a DNA segment encoding an anthranilate syn 
thase in a plant cell. Also provided is a method of molecu 
larly detecting an anthranilate synthase that is substantially 
tolerant to inhibition by an amino acid analog of tryptophan 
comprising identi?cation of a restriction enZyme site poly 
morphism in the gene encoding the anthranilate synthase. 
The method comprises mixing DNA isolated from a culture, 
organism, or a portion of an organism, With an amount of 
NlaIII restriction endonuclease, and determining Whether 
the restriction endonuclease cleaves the DNA Within a 
portion of the DNA that encodes an anthranilate synthase. 

[0018] The method of imparting tolerance to an amino 
acid analog of tryptophan to a plant, plant cell, plant part or 
plant tissue includes the steps of introducing a preselected 
DNA segment encoding an anthranilate synthase that is 
substantially tolerant to inhibition by the tryptophan analog 
or free L-tryptophan and that is operably linked to a pro 
moter functional in a plant cell, into cells of a susceptible 
plant. The transformed plant cells are then regenerated to 
provide a differentiated fertile plant. The promoter can be an 
inducible or tissue speci?c promoter. The functional linkage 
of a promoter to the DNA segment results in an expression 
cassette. Other transcription or translation regulatory ele 
ments, e.g., enhancers or terminators, can also be function 
ally linked to the DNA segment. Expression of the DNA 
segment yields an amount of anthranilate synthase effective 
to render the plant, plant part, plant cell, or plant tissue 
substantially tolerant to an amount of an amino acid analog 
of tryptophan or free L-tryptophan that inhibits the groWth 
of a corresponding plant, plant part, plant cell or plant tissue 
Without the DNA segment (“untransformed” material). 

[0019] Once transformed plant cells exhibiting tolerance 
are obtained, transgenic plants can then be regenerated 
therefrom, and evaluated for stability of the inheritance of 
the resistance or tolerance trait, that is, Whether the resis 
tance or tolerance trait is transmitted to progeny. Thus, 
another embodiment of the invention is a transformed plant 
that is substantially tolerant to an amino acid analog of 
tryptophan. The cells of the transformed plant comprise a 
native anthranilate synthase gene and a DNA segment 
encoding an exogenous anthranilate synthase. The expres 
sion of the exogenous anthranilate synthase in the cells of 
the plant confer tolerance to the plant to an amount of an 
amino acid analog of tryptophan or free L-tryptophan that 
inhibits the activity of the native anthranilate synthase. 

[0020] The transmission of the resistance or tolerance trait 
can be evaluated at a molecular level, e.g., Southern or 
Northern blot analysis, PCR-based methodologies, or the 
biochemical or immunological detection of anthranilate syn 
thase, or by phenotypic analyses, i.e., Whether transformed 
progeny can groW in the presence of an amount of an amino 
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acid analog of tryptophan or free L-tryptophan that inhibits 
the growth of an untransformed plant. Also provided is a 
transformed plant Which is substantially tolerant to groWth 
inhibition by an amino acid analog of tryptophan or free 
L-tryptophan, as Well as a seed therefrom. 

[0021] The invention also provides a method for altering, 
preferably increasing, the tryptophan content in a plant. The 
method comprises introducing a DNA segment comprising 
a gene encoding an anthranilate synthase substantially resis 
tant to inhibition by free L-tryptophan or an amino acid 
analog of tryptophan, Wherein the segment is operably 
linked to a promoter functional in a plant cell, into the cells 
of a plant and then expressing the gene in an amount 
effective to alter the tryptophan content of the plant cell. 
Thus, another embodiment of the invention is a transformed 
plant having an altered cellular tryptophan content. 

[0022] In a preferred embodiment of the invention, trans 
formed cells exhibiting about a 1.1- to 50-fold increase in 
total tryptophan content are selected for and used to generate 
transgenic plants, plant parts and seeds exhibiting a substan 
tial increase in tryptophan content. A substantial increase in 
tryptophan content is determined With respect to the tryp 
tophan content normally present in the untransformed plant, 
plant part, e.g., leaves or fruit, or seed, and can range from 
about a 1.1 to a 50-fold increase over that present in the 
corresponding untransformed plant. 

[0023] Also provided is a fertile transgenic Zea mays plant 
comprising a DNA segment encoding an anthranilate syn 
thase that is substantially resistant to inhibition by free 
L-tryptophan or an amino acid analog of tryptophan, oper 
ably linked to a promoter. The expression of this DNA 
segment in the transgenic Zea mays plant results in levels of 
free L-tryptophan in the cells of the transgenic plant that are 
substantially increased above the levels of free L-tryptophan 
in the cells of a Zea mays plant Which only differ from the 
cells of the transgenic Zea mays plant by the absence of the 
DNA segment. This DNA segment is transmitted through a 
complete normal sexual cycle of the plant to its progeny and 
to further generations. 

[0024] The invention also provides for a method of pro 
ducing anthranilate synthase in a host cell. The method 
includes the steps of introducing an expression cassette 
comprising a DNA segment encoding an anthranilate syn 
thase into a host cell and expressing the DNA segment in the 
host cell so as to yield anthranilate synthase. An expression 
cassette preferably includes transcription and translation 
regulatory elements, e. g., a promoter, functional in host cell, 
either of eukaryotic or prokaryotic origin. Preferably, the 
expression cassette is introduced into a prokaryotic cell, 
such as E. coli, or a eukaryotic cell, such as a yeast or insect 
cell, that is knoWn to be useful for production of recombi 
nant proteins. Recombinantly produced anthranilate syn 
thase can then be used to identify other agents that bind to 
and inhibit anthranilate synthase. 

[0025] The present invention also provides an isolated and 
puri?ed DNA molecule of at least seven nucleotide bases 
Which hybridiZes under high stringency conditions to a DNA 
molecule comprising a DNA segment encoding an anthra 
nilate synthase substantially resistant to inhibition by free 
L-tryptophan or an amino acid analog of tryptophan, such as 
a plant anthranilate synthase. Also provided is a hybridiZa 
tion probe comprising an isolated and puri?ed DNA segment 
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of at least seven nucleotide bases, Which is detectably 
labeled or Which can bind to a detectable label, Which DNA 
segment hybridiZes under high stringency conditions to the 
non-coding strand of a DNA molecule comprising a DNA 
segment encoding an anthranilate synthase, such as a plant 
anthranilate synthase, substantially resistant to inhibition by 
free L-tryptophan or an amino acid analog of tryptophan, or 
a maiZe anthranilate synthase. High stringency conditions 
are de?ned as: hybridiZation at 65° C. for at least 16 hours 
in 5><SSC, 1>< Denhardt’s solution, 50 mM Tris-HCl, pH 8, 
0.2% SDS, 10 mM EDTA, 0.1 mg/ml salmon sperm DNA, 
folloWed by Washing tWice for 5 minutes in 2><SSC, 0.5% 
SDS at 25° C., once for 10 minutes in 0.2><SSC, 0.1% SDS 
at 25° C. and tWice for 30 minutes in 0.2><SSC, 0.1% SDS 
at 56° C. 

[0026] The present invention also provides a method of 
introducing an exogenous anthranilate synthase gene into a 
host cell comprising transforming host cells in vitro With an 
expression cassette comprising a DNA segment encoding an 
anthranilate synthase, operably linked to a promoter func 
tional in the host cell, expanding the transformed host cells 
in vitro, and identifying a transformed host cell Which 
expresses the anthranilate synthase encoded by the DNA 
segment. Apreferred embodiment of the invention is method 
of introducing an exogenous anthranilate synthase gene into 
plant cells. A more preferred embodiment of the invention is 
a method Wherein the transformed plant cells can be regen 
erated into a differentiated dicot or monocot plant. 

[0027] Another embodiment of the invention is a method 
of selecting transformed plant cells. The method comprises 
introducing a preselected DNA segment into a plant cell to 
yield a transformed plant cell. The DNA segment encodes an 
anthranilate synthase Which is substantially resistant to 
inhibition by free L-tryptophan or an amino acid analog of 
tryptophan. The transformed cell is cultured in an amount of 
free L-tryptophan or an amino acid analog of tryptophan that 
inhibits the groWth of a plant cell Which does not contain the 
preselected DNA segment. A preferred embodiment of the 
invention is a DNA segment encoding a plant anthranilate 
synthase: Another preferred embodiment of the invention is 
a method of selecting transformed plant cells comprising 
introducing a preselected DNA segment into a plant cell to 
yield a transformed plant cell. The DNA segment encodes a 
chloroplast transit peptide operably linked to an anthranilate 
synthase Which is substantially resistant to inhibition by free 
L-tryptophan or an amino acid analog of tryptophan. 

[0028] Also provided is an isolated and puri?ed DNA 
molecule comprising a DNA segment encoding transcription 
regulatory elements for a plant anthranilate synthase gene. 

[0029] Further provided is an isolated and puri?ed DNA 
molecule comprising a DNA segment encoding a beta 
subunit of an anthranilate synthase. 

[0030] The term “consists essentially of” as used With 
respect to the present DNA molecules, sequences or seg 
ments is de?ned to mean that a major portion of the 
nucleotide sequence encodes an anthranilate synthase, 
optionally operably linked to a chloroplast transit peptide, 
and that nucleotide sequences are not present Which encode 
proteins other than an anthranilate synthase, optionally 
operably linked to a chloroplast transit peptide. 

[0031] As used herein, “an amino acid analog of tryp 
tophan” is an amino acid analog of an intermediate in the 
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tryptophan biosynthetic pathway or an amino acid analog of 
tryptophan. These analogs include, but are not limited to, 
6-methylanthranilate, S-methyltryptophan, 4-methyltryp 
tophan, S-?uorotryptophan, S-hydroxytryptophan, 7-aZa 
tryptophan, 3[3-indoleacrylic acid, 3-methylanthranilic acid, 
and the like. 

[0032] As used herein, “substantially increased” or 
“elevated” levels of free L-tryptophan in a plant cell, plant 
tissue, or plant are levels that are about 1.1 to 50 times, 
preferably about 2 to 20 times, and more preferably about 
3-10 times, the levels found in an untransformed plant cell, 
plant tissue, or plant, i.e., one Where the genome has not 
been altered by the presence of an exogenous gene. For 
example, the levels of free L-tryptophan in a transformed 
plant are compared With those in an untransformed plant. In 
the alternative, the levels of free L-tryptophan in a homoZy 
gous backcross converted inbred transformed plant are com 
pared to the levels in a recurrent inbred plant. AhomoZygous 
backcross converted inbred transformed plant is a trans 
formed plant Which has been repeatedly crossed to the 
recurrent inbred parent until the transformed plant is sub 
stantially isogenic With the recurrent inbred parent except 
for the presence of an introduced transgene, and is then is 
self-pollinated (selfed) at least once 

[0033] As used herein, “substantially isogenic” means that 
the genomic DNA content of a homoZygous backcross 
converted inbred transformed plant is at least about 92%, 
preferably at least about 98%, and most preferably at least 
about 99%, identical to the genomic DNA content of a 
recurrent inbred parent of the transformed plant. 

[0034] As used herein, a plant cell, plant tissue or plant 
that is “substantially resistant or tolerant to inhibition by free 
L-tryptophan or an amino acid analog of tryptophan” is a 
plant cell, plant tissue, or plant that groWs in an amount of 
tryptophan or an amino acid analog of tryptophan that 
normally inhibits groWth of the untransformed plant cell, 
plant tissue, or plant, as determined by methodologies 
knoWn to the art. For example, a homoZygous backcross 
converted inbred plant transformed With a DNA molecule 
that encodes an anthranilate synthase that is substantially 
resistant or tolerant to inhibition by free L-tryptophan or an 
amino acid analog of tryptophan groWs in an amount of 
tryptophan or an amino acid analog of tryptophan that 
inhibits the groWth of the corresponding, i.e., substantially 
isogenic, recurrent inbred plant. 

[0035] As used herein, an anthranilate synthase that is 
“substantially resistant or tolerant to inhibition by free 
L-tryptophan or an amino acid analog of tryptophan” is an 
anthranilate synthase that is not inhibited by an amount of 
free L-tryptophan or an amino acid analog of tryptophan that 
normally inhibits the corresponding “Wild-type” or native 
anthranilate synthase of the species. 

[0036] As used herein, “cells of a susceptible plant” are 
cells Which are sensitive to groWth inhibition by free L-tryp 
tophan or to an amino acid analog of tryptophan. For 
example, plant cells from the C28 maiZe cell line are not 
susceptible to groWth inhibition by S-methyltryptophan at 
levels of S-methyltryptophan that inhibit the groWth of many 
other maiZe cell lines, such as those obtained from the inbred 
line H99 or from hybrids such as A188><B73 (Miao et al., 
Plant Cell. Tissue and Organ Culture, 14, 3 (1988)). Thus, 
C28 cells are not cells of a susceptible plant. 
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[0037] As used herein, an “exogenous” anthranilate syn 
thase is an anthranilate synthase that is encoded by a DNA 
sequence that has been isolated from a cell, puri?ed, and 
ampli?ed. 

[0038] As used herein, a “native” gene means a gene that 
has not been manipulated in vitro, i.e., has not been isolated, 
puri?ed, and ampli?ed. 

[0039] As used herein, “altered” levels of tryptophan in a 
transformed plant, plant tissue, or plant cell are levels Which 
are greater than the levels found in the corresponding 
untransformed plant, plant tissue, or plant cells. In the 
alternative, altered levels of tryptophan in a backcross 
converted inbred transformed plant are greater than the 
levels found in the corresponding recurrent inbred plant. 

BRIEF DESCRIPTION OF THE FIGURES 

[0040] FIG. 1 is a schematic diagram of clone pASA2 2-1. 

[0041] FIG. 2 is the nucleotide sequence of the maiZe 
anthranilate synthase alpha subunit gene (SEQ ID NO:1). 

[0042] FIG. 3 is an alignment of the predicted amino acid 
sequence of maiZe ASA2 2-1 (SEQ ID NO:2) With those of 
the Arabidopsis anthranilate synthase ASA1 alpha subunit 
(SEQ ID NO:3) and the Arabidopsis anthranilate synthase 
ASA2 alpha subunit (SEQ ID NO:4). Dots indicate residues 
implicated in feedback regulation in the Salmonella TrpE 
gene (Caligiuri and Bauerle, J. Biol. Chem, 266, 8328 
(1991)). ArroWs indicate position of MQK change in C28 
allele. 

[0043] FIG. 4 is a graph of the activity (nmole anthra 
nilate/30 minutes/mg protein) versus tryptophan concentra 
tion (,uM) for 3 transformants (TRPA015, TRPA030, and 
TRPA013). 
[0044] FIG. 5 is the nucleotide sequence of the region 
immediately upstream of the maiZe anthranilate synthase 
alpha subunit coding region (SEQ ID NO:14). The putative 
ATG for the anthranilate synthase is approximately 130 
nucleotides 3‘ to the 3‘ most nucleotide in SEQ ID NO:14. 

[0045] FIG. 6 is the partial nucleotide sequence of the 
maiZe anthranilate synthase beta subunit gene (SEQ ID 
NO:8). The underlined nucleotides are homologous to 
nucleotides present in the Arabidopsis anthranilate synthase 
ASB1 beta subunit. 

[0046] FIG. 7 is the predicted amino acid sequence of the 
C28 allele of maiZe anthranilate synthase (SEQ ID NO:16). 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0047] The present invention provides a DNA molecule 
encoding an anthranilate synthase substantially resistant to 
inhibition by free L-tryptophan or an amino acid analog of 
tryptophan. Also provided are methods for conferring tol 
erance to an amino acid analog of tryptophan and/or altering 
the tryptophan content of plant tissues and cells by intro 
ducing and expressing an anthranilate synthase gene in the 
plant cells. Methods and compositions are provided for 
producing callus cultures, plant tissues, plants and seeds that 
are tolerant and/or resistant to levels of an amino acid analog 
of tryptophan or free L-tryptophan that normally inhibit 
groWth. Such plants and seeds genetically can transmit this 
trait to their progeny. 
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[0048] Methods and compositions are also provided for 
cloning genes associated With resistance to tryptophan feed 
back inhibition, and producing callus cultures, plant tissues, 
plants, plant parts and seeds Which overproduce tryptophan 
and sexually transmit this trait to their progeny. Also 
described are cell culture selection techniques to select for 
novel genotypes resistant to tryptophan analogs and Which 
also overproduce tryptophan. For example, to produce resis 
tant maiZe lines, maiZe cells that are resistant to a tryptophan 
analog or free L-tryptophan are isolated and characteriZed, 
then regenerated into plants Which are resistant to groWth 
inhibition by the analog or by free L-tryptophan. The 
methods provided in the present invention may also be used 
to produce increased levels of free tryptophan in monocots 
and other cereal crops including, but not limited to, rice, rye, 
millet, Wheat, barley, sorghum, and oats. 

[0049] In accord With the present invention, an anthra 
nilate synthase gene that encodes an enZyme that is resistant 
to inhibition by free L-tryptophan or an amino acid analog 
of tryptophan, is identi?ed, isolated, and combined With at 
least a promoter functional in a plant cell to provide a 
recombinant expression cassette. 

[0050] The construction of such expression cassettes 
Which may be employed in conjunction With the present 
invention Will be knoWn to those of skill in the art in light 
of the present disclosure (see, e.g., Sambrook et al., Molecu 
lar Cloning: A Laboratory Manual, Cold Spring Harbor, 
NY. (1989); Gelvin et al.,Plant Molecular Biology Manual, 
(1990)). Preferred constructs Will generally include, but are 
not limited to, a plant promoter such as the CaMV 35S 
promoter (Odell et al., Nature, 313, 810 (1985)), or others 
such as CaMV 19S (LaWton et al., Plant Mol. Biol., 9, 31F 
(1987)), nos (Ebert et al., PNAS USA, 84, 5745 (1987)), Adh 
(Walker et al., PNAS USA, 84, 6624 (1987)), sucrose syn 
thase (Yang et al., PNAS USA, 87, 4144 (1990)), ot-tubulin, 
actin (Wang et al., Mol. Cell. Biol., 12, 3399 (1992)), cab 
(Sullivan et al., Mol. Gen. Genet, 215, 431 (1989)), PEP 
Case (Hudspeth et al., Plant Mol. Biol., 12 579 (1989)) or 
those associated With the R gene complex (Chandler et al., 
The Plant Cell, 1, 1175 (1989)). It is contemplated that other 
promoters useful in the practice of the invention are knoWn 
to those of skill in the art. 

[0051] Moreover, transcription enhancers or duplications 
of enhancers can be used to increase expression from a 
particular promoter. Exanples of such enhancers include, but 
are not limited to, elements from the CaMV 35S promoter 
and octopine synthase genes (Last et al., US. Pat. No. 
5,290,924, issued Mar. 1, 1994). For example, it is contem 
plated that vectors for use in accordance With the present 
invention may be constructed to include the ocs enhancer 
element. This element Was ?rst identi?ed as a 16 bp palin 
dromic enhancer from the octopine synthase (ocs) gene of 
Agrobacterium (Ellis et al., EMBO J ., 6, 3203 (1987)), and 
is present in at least 10 other promoters (BoucheZ et al., 
EMBO J., 8, 4197 (1989)). It is proposed that the use of an 
enhancer element, such as the ocs element and particularly 
multiple copies of the element, Will act to increase the level 
of transcription from adjacent promoters When applied in the 
context of monocot transformation. Tissue-speci?c promot 
ers, including but not limited to, root-cell promoters (Con 
kling et al., Plant Physiol, 93, 1203 (1990)), and tissue 
speci?c enhancers (Fromm et al., The Plant Cell, 1, 977 
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(1989)) are also contemplated to be particularly useful, as 
are inducible promoters such as ABA- and turgor-inducible 
promoters, and the like. 

[0052] As the DNA sequence betWeen the transcription 
initiation site and the start of the coding sequence, i.e., the 
untranslated leader sequence, can in?uence gene expression, 
one may also Wish to employ a particular leader sequence. 
Preferred leader sequences are contemplated to include 
those Which include sequences predicted to direct optimum 
expression of the attached gene, i.e., to include a preferred 
consensus leader sequence Which may increase or maintain 
mRNA stability and prevent inappropriate initiation of trans 
lation (Joshi, Nucl. Acid Res., 15, 6643 (1987)). The choice 
of such sequences Will be knoWn to those of skill in the art. 
Sequences that are derived from genes that are highly 
expressed in plants, and in maiZe in particular, Will be most 
preferred. 
[0053] Constructs Will also include the gene of interest 
along With a 3‘ end DNA sequence that acts as a signal to 
terminate transcription-and alloW for the polyadenylation of 
the resultant mRNA. The most preferred 3‘ elements are 
contemplated to be those from the nopaline synthase gene of 
A grobacterium tumefaciens (Bevan et al., Nucl. Acid Res., 
11, 369 (1983)), the terminator for the T7 transcript from the 
octopine synthase gene of Agrobacterium tumefaciens, and 
the 3‘ end of the protease inhibitor I or II genes from potato 
or tomato, although other 3‘ elements knoWn to those of skill 
in the art are also contemplated. Regulatory elements such 
as Adh intron 1 (Callis et al., Genes Develop, 1, 1183 
(1987)), sucrose synthase intron (Vasil et al., Plant Physiol, 
91, 5175 (1989)) or TMV omega element (Gallie et al., The 
Plant Cell, 1, 301 (1989)) may further be included Where 
desired. Other such regulatory elements useful in the prac 
tice of the invention are knoWn to those of skill in the art. 

[0054] Additionally, expression cassettes may be con 
structed and employed to provide targeting of the gene 
product to an intracellular compartment Within plant cells or 
in directing a protein to the extracellular environment. This 
Will generally be achieved by joining a DNA sequence 
encoding a transit or signal peptide sequence to the coding 
sequence of a particular gene. The resultant transit, or signal, 
peptide Will transport the protein to a particular intracellular, 
or extracellular destination, respectively, and Will then be 
post-translationally removed. Transit or signal peptides act 
by facilitating the transport of proteins through intracellular 
membranes, e.g., vacuole, vesicle, plastid and mitochondrial 
membranes, Whereas signal peptides direct proteins through 
the extracellular membrane. By facilitating transport of the 
protein into compartments inside or outside the cell, these 
sequences may increase the accumulation of gene product. 

[0055] A particular example of such a use concerns the 
direction of an anthranilate synthase to a particular 
organelle, such as the chloroplast rather than to the cyto 
plasm. This is exempli?ed by the use of the rbcS (RuBISCO) 
transit peptide Which confers plastid-speci?c targeting of 
proteins. 

[0056] It is contemplated that targeting of the gene product 
to an intracellular compartment Within plant cells may be 
achieved by direct delivery of a gene to the intracellular 
compartment. For example, a gene expression cassette 
encoding a protein the presence of Which is desired in the 
chloroplast, may be directly introduced into the chloroplast 
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genome using the method described in Maliga et al., US. 
Pat. No. 5,451,513, issued Sep. 19, 1995, incorporated 
herein by reference. 

[0057] It is also contemplated that it may be useful to 
target DNA itself Within a cell. For example, it may be useful 
to target introduced DNA to the nucleus as this may increase 
the frequency of transformation. Within the nucleus itself, it 
Would be useful to target a gene in order to achieve site 
speci?c integration. For example, it Would be useful to have 
a gene introduced through transformation replace an existing 
gene in the cell. 

[0058] After constructing an expression cassette contain 
ing an anthranilate synthase gene, the cassette can then be 
introduced into a plant cell Depending on the type of plant 
cell, the level of gene expression, and the activity of the 
enZyme encoded by the gene, introduction of an anthranilate 
synthase gene into the plant cell can confer tolerance to an 
amino acid analog of tryptophan, such as 5-methyltryp 
tophan or 6-methylanthranilate, and/or alter the tryptophan 
content of the plant cell. 

[0059] Also in accord With the present invention, an 
anthranilate synthase gene, such as a plant anthranilate 
synthase gene, that encodes an enZyme that is sensitive to 
inhibition by free L-tryptophan or an amino acid analog of 
tryptophan, is identi?ed and isolated. Such a gene can be 
used to screen recombinant cDNA or genomic libraries 
derived from cells that are resistant to inhibition by free 
L-tryptophan or an amino acid analog of tryptophan to 
isolate anthranilate synthase mutants or to introduce speci?c 
mutations into the anthranilate synthase coding region that 
result in an enZyme that is resistant to inhibition by free 
L-tryptophan or an amino acid analog of tryptophan. Fur 
ther, the gene can be combined With a promoter functional 
in a host cell to provide a recombinant expression cassette. 
The expression of the gene in the host cell provides amounts 
of recombinant anthranilate synthase useful for in vitro 
screening of agents for their ef?cacy of enZyme inhibition. 

[0060] In monocots, an exogenously introduced anthra 
nilate synthase gene that encodes an enZyme that is resistant 
to inhibition by free L-tryptophan or an analog of tryptophan 
can be expressed at a level effective to render the cells of the 
plant tissue substantially tolerant to feedback inhibition by 
free L-tryptophan at an amount of L-tryptophan that nor 
mally inhibits a native or endogenous anthranilate synthase. 
The tissue can also be rendered resistant to groWth inhibition 
by an amino acid analog of tryptophan at an amount of the 
analog that normally inhibits the groWth of a plant cell or 
tissue or the activity of a native or endogenous anthranilate 
synthase. Anative or endogenous anthranilate synthase is an 
enZyme that is normally encoded and expressed in the native 
plant cell prior to transformation. An exogenously intro 
duced anthranilate synthase gene is a gene Which has been 
isolated from a cell and ampli?ed. Exogenous introduction 
and expression of an anthranilate synthase gene in both 
monocots and dicots can result in alteration of the tryp 
tophan content and quality of plant tissue and seeds. Exog 
enous introduction and expression in a host cell, such as a 
bacteria, can provide a source for isolating a large quantity 
of the enZyme. CrystalliZed anthranilate synthase is useful to 
identify other agents that bind to and inhibit anthranilate 
synthase. The isolated enZyme could also be used to screen 
potential agents for ef?cacy of enZyme inhibition. 
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[0061] Once an anthranilate synthase gene of interest is 
isolated, an ef?cient host vector system is necessary to 
introduce isolated genes or a group of genes into the genome 
of plant cells. The foreign genes should be expressed in the 
transformed plant cells and stably transmitted (somatically 
and sexually) to the next generation of cells produced. The 
vector should be capable of introducing, maintaining, and 
expressing a gene in plant cells, from a variety of sources, 
including but not limited to plants and animals, bacteria, 
fungi, yeast or virus. Additionally, it should be possible to 
introduce the vector into a Wide variety of monocot and dicot 
plants. The neW gene is passed on to progeny by normal 
breeding. 

[0062] Introduction and expression of foreign genes in 
dicotyledonous (broad-leafed) plants such as tobacco, potato 
and alfalfa has been shoWn to be possible using the T-DNA 
of the tumor-inducing (Ti) plasmid of Agrobacterium tume 
faciens. Using recombinant DNA techniques and bacterial 
genetics, a Wide variety of foreign DNAs can be inserted 
into T-DNA in Agrobacterium. FolloWing infection by the 
bacterium containing the recombinant Ti plasmid, the for 
eign DNA is inserted into the host plant chromosomes, thus 
producing a genetically engineered cell and eventually a 
genetically engineered plant. A second approach is to intro 
duce root-inducing (Ri) plasmids as the gene vectors. 

[0063] While Agrobacterium appear to infect only dicots, 
many important crop plants including corn, wheat, rice, 
barley, oats, sorghum, millet, and rye are monocots and are 
not knoWn to be susceptible to transformation by Agrobac 
terium. The Ti plasmid, hoWever, may be manipulated in the 
future to act as a vector for monocot plants. Additionally, 
using the Ti plasmid as a model system, it may be possible 
to arti?cially construct gene vectors for monocot plants. 
Ti-plasmids might also be introduced into monocots by 
arti?cial methods such as microinjection, or fusion betWeen 
monocot protoplasts and bacterial spheroplasts containing 
the T-region Which can then be integrated into the plant 
nuclear DNA. 

[0064] Transformation of plants With an anthranilate syn 
thase may also be accomplished by introducing a DNA 
encoding an anthranilate synthase into other nucleic acid 
molecules that can transfer the inserted DNA into a plant 
genome, e.g., plant pathogens such as DNA viruses like 
CaMV or geminiviruses, RNA viruses, and viroids; DNA 
molecules derived from unstable plant genome components 
like extrachromosomal DNA elements in organelles (e.g., 
chloroplasts or mitochondria), or nuclearly encoded control 
ling elements; DNA molecules from stable plant genome 
components (e.g., origins of replication and other DNA 
sequences Which alloW introduced DNA to integrate into the 
organellar or nuclear genomes and to replicate normally, to 
autonomously replicate, to segregate normally during cell 
division and sexual reproduction of the plant and to be 
inherited in succeeding generations of plants) or trans 
posons. 

[0065] DNA containing an anthranilate synthase gene may 
be delivered into plant cells or tissues directly by microor 
ganisms With infectious plasmids, infectious viruses, the use 
of liposomes, microinjection by mechanical or laser beam 
methods, by Whole chromosomes or chromosome frag 
ments, electroporation, and microprojectile bombardment. 
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[0066] A. Strategy for Selection of Tryptophan Overpro 
ducer Cell Lines 

[0067] Ef?cient selection of a desired tryptophan analog 
resistant, tryptophan overproducer variant using tissue cul 
ture techniques requires careful determination of selection 
conditions. These conditions are optimiZed to alloW groWth 
and accumulation of tryptophan analog resistant, tryptophan 
overproducer cells in the culture While inhibiting the groWth 
of the bulk of the cell population. The situation is compli 
cated by the fact that the vitality of individual cells in a 
population can be highly dependent on the vitality of neigh 
boring cells. 

[0068] Conditions under Which cell cultures are exposed 
to a tryptophan analog are determined by the characteristics 
of the interaction of the compound With the tissue. Such 
factors as the degree of toxicity and the rate of inhibition 
should be considered. The accumulation of the compounds 
by cells in culture, and the persistence and stability of the 
compounds, both in the media and in the cells, also need to 
be considered. Additionally, it is important to determine 
Whether the effects of the compounds can be readily reversed 
by the addition of tryptophan. 

[0069] The effects of the analog on culture viability and 
morphology is carefully evaluated. It is especially important 
to choose analog exposure conditions Which have no impact 
on plant regeneration capability of cultures. Choice of 
analog exposure conditions is also in?uenced by Whether the 
analog kills cells or simply inhibits cell divisions. 

[0070] The choice of a selection protocol is dependent 
upon the considerations described above. The protocols 
brie?y described beloW may be utiliZed in the selection 
procedure. For example, to select for cells that are resistant 
to groWth inhibition by tryptophan or an analog thereof, 
?nely divided cells in liquid suspension culture can be 
exposed to high tryptophan or analog levels for brief periods 
of time. Surviving cells are then alloWed to recover and 
accumulate and are then reexposed for subsequently longer 
periods of time. Alternatively, organiZed partially differen 
tiated cell cultures are groWn and subcultured With continu 
ous exposure to initially loW levels of free L-tryptophan or 
an analog thereof. Concentrations are then gradually 
increased over several subculture intervals. While these 
protocols can be utiliZed in a selection procedure, the present 
invention is not limited to these procedures. 

[0071] B. Selection and CharacteriZation of Resistant Cell 
Lines 

[0072] Selections are carried out until cells or tissue are 
recovered Which are observed to be groWing Well in the 
presence of normally inhibitory levels of tryptophan or an 
analog thereof. These cell “lines” are subcultured several 
additional times in the presence of tryptophan or the analog 
to remove non-resistant cells and then characteriZed. The 
amount of resistance Which has been obtained is determined 
by comparing the groWth of these cell lines With the groWth 
of unselected cells or tissue in the presence of various analog 
or free L-tryptophan concentrations. Stability of the resis 
tance trait of the cultured cells may be evaluated by simply 
groWing the selected cell lines in the absence of analog or 
free L-tryptophan for various periods of time and then 
analyZing groWth after re-exposing the tissue to the analog 
or free L-tryptophan. 
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[0073] The resistant cell lines may also be evaluated using 
in vitro chemical studies to verify that the site of action of 
the analog is altered to a form Which is less sensitive to 
inhibition by tryptophan and/or an analog thereof. 

[0074] C. Plant Regeneration and Production of Seed 

[0075] Cell lines exhibiting satisfactory levels of resis 
tance to the tryptophan analog or free L-tryptophan are put 
through a plant regeneration protocol to obtain mature plants 
and seed expressing the resistance trait. The plant regenera 
tion protocol alloWs the development of somatic embryos 
and the subsequent groWth of roots and shoots. 

[0076] Mature plants are then obtained from cell lines that 
are knoWn to express the trait. If possible, the regenerated 
plants are self pollinated. In addition, pollen obtained from 
the regenerated plants is crossed to seed groWn plants of 
agronomically important inbred lines. In some cases, pollen 
from plants of these inbred lines is used to pollinate regen 
erated plants. The trait is genetically characteriZed by evalu 
ating the segregation of the trait in ?rst and later generation 
progeny. The heritability and expression in plants of traits 
selected in tissue culture are of particular importance if the 
traits are to be commercially useful. 

[0077] D. Development of Tryptophan Overproducer 
Commercial Hybrid Seed 

[0078] The commercial value of tryptophan overproducer 
corn is greatest if many different hybrid combinations are 
available for sale. The farmer typically groWs more than one 
kind of hybrid based on such differences as maturity, stand 
ability or other agronomic traits. Additionally, hybrids 
adapted to one part of the corn belt are not adapted to another 
part because of differences in such traits as maturity, disease, 
and insect resistance. Because of this, it is necessary to breed 
tryptophan overproduction into a large number of parental 
lines so that many hybrid combinations can be produced. 

[0079] A conversion process (backcrossing) is carried out 
by crossing the original overproducer line to normal elite 
lines and crossing the progeny back to the normal parent. 
The progeny from this cross Will segregate such that some 
plants carry the gene responsible for overproduction 
Whereas some do not. Plants carrying such genes Will be 
crossed again to the normal parent resulting in progeny 
Which segregate for overproduction and normal production 
once more. This is repeated until the original normal parent 
has been converted to an overproducing line, yet possesses 
all other important attributes as originally found in the 
normal parent. A separate backcrossing program is imple 
mented for every elite line that is to be converted to 
tryptophan overproducer line. 
[0080] Subsequent to the backcrossing, the neW overpro 
ducer lines and the appropriate combinations of lines Which 
make good commercial hybrids are evaluated for overpro 
duction as Well as a battery of important agronomic traits. 
Overproducer lines and hybrids are produced Which are true 
to type of the original normal lines and hybrids. This 
requires evaluation under a range of environmental condi 
tions Where the lines or hybrids Will generally be groWn 
commercially. For production of high tryptophan corn, it 
may be necessary that both parents of the hybrid seed corn 
be homoZygous for the high tryptophan character. Parental 
lines of hybrids that perform satisfactorily are increased and 
used for hybrid production using standard hybrid seed corn 
production practices. 
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[0081] E. Alternate Methods of Obtaining Variant Plants 
that Overproduce Tryptophan 

[0082] Any method Which can be utilized to improve the 
quality and quantity of free tryptophan in plants can be 
utiliZed. Generally, biosynthesis of amino acids, including 
tryptophan, are controlled by feedback regulation. The tWo 
major types of feedback regulation are feedback (or end 
product) inhibition and feedback repression. In feedback 
inhibition, the ?nal metabolite of the pathWay inhibits the 
activity of an enZyme of the pathWay. Feedback repression 
is the inhibition of formation of one or more enZymes in a 
pathWay by an end product or a derivative of the end 
product. For many amino acid biosynthetic pathWays, the 
amino acid end product ?rst combines With its transfer RNA 
(tRNA) to cause repression. Feedback regulation may be 
circumvented by (a) decrease in the concentration of an 
inhibitory or repressive end product or (b) mutational alter 
ation of the enZyme or enZyme forming system to a condi 
tion less sensitive to feedback effects, i.e., mutation to 
feedback resistance (For a more complete revieW of this 
topic, see Demain, Advan. Biochem. Eng, 1, 113-141 
(1971)). 
[0083] Variants are isolated that may possess an enZyme 
resistant to feedback inhibition and/or feedback repression 
by using analogs of the amino acid that exert inhibition 
and/or repression but cannot be used for protein synthesis. 
Variants may be resistant to the analog due to an alteration 
in the structure of the feedback-inhibited enZyme (inhibition 
resistant) Whereas others may have an altered enZyme 
forming system (repression resistant). Additionally, these 
variants overproduce the amino acid due to altered control 
mechanisms. Mutations to both types of resistance (double 
mutants) in one line may result in a marked increase in 
amino acid production. 

[0084] Any alteration or replacement of anthranilate syn 
thase Which leads to deregulation of feedback regulation and 
overproduction of tryptophan in callus culture, tissue cul 
ture, seed and regenerated plants may be utiliZed in the 
present invention. Anthranilate synthase may be altered or 
replaced in any plant species; of especially great importance 
are the agronomic and horticulture crops Which are normally 
de?cient or produce loW quantities of tryptophan. The 
alteration of anthranilate synthase may be accomplished by 
any of a variety of means, including but not limited to the 
folloWing methods: (1) spontaneous variation and direct 
mutant selection in tissue cultures; (2) direct or indirect 
mutagenesis procedures on tissue cultures of all types, seeds 
and plants; and (3) isolation of genes, manipulation, modi 
?cation, or synthesis in Whole or part of genes using 
molecular biology, chemical technologies and state-of-the 
art procedures and reintroduction of resistance genes into 
plants. 

[0085] Thus, tryptophan overproducer plants may be 
developed using any of the methods described above includ 
ing, but not limited to, conventional genetic and plant 
breeding procedures, Whole plant genetic and transgenic 
methods, and somatic hybridiZation by protoplast fusion. 

[0086] F. Formation of an Expression Cassette 

[0087] An expression cassette of the invention can com 
prise a DNA molecule encoding an anthranilate synthase 
gene operably linked to a promoter functional in a host cell. 
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The gene can code for an anthranilate synthase that is 
substantially tolerant and/or resistant to inhibition by free 
L-tryptophan or an amino acid analog of tryptophan. 

[0088] 1. Isolation and Identi?cation of a Gene Coding for 
an Anthranilate Synthase 

[0089] A gene encoding an anthranilate synthase can be 
identi?ed and isolated by standard methods, as described by 
Sambrook et al., Molecular Cloning: A Laboratory Manual, 
Cold Spring Harbor, NY. (1989). The gene can also be 
obtained from tryptophan analog-tolerant cell lines such as 
plant cell lines, prepared as described in Us. Pat. No. 
4,642,411, Which is hereby incorporated by reference. 

[0090] A gene encoding an anthranilate synthase can be 
identi?ed by screening of a DNA or cDNA library generated 
from nucleic acid derived from a particular cell type, cell 
line, primary cells, or tissue. Examples of libraries to iden 
tify and isolate a plant anthranilate synthase include, but are 
not limited to, a cDNA library derived from inbred line B73 
(Stratagene, La Jolla, Calif., Cat. #937005, Clontech, Palo 
Alto, Calif., Cat. #FL1032a, #FL1032b, and FL1032n), 
genomic library from inbred line Mo17 (Stratagene, Cat. 
#946102) or genomic library from inbred line B73 (Clon 
tech, Cat. #FL1032d). Screening for DNA fragments that 
encode all or a portion of the gene encoding an anthranilate 
synthase can be accomplished by screening plaques from a 
genomic or cDNA library for hybridiZation to a probe of an 
anthranilate synthase gene from other organisms or by 
screening plaques from a cDNA expression library for 
binding to antibodies that speci?cally recogniZe anthranilate 
synthase. DNA fragments that hybridiZe to anthranilate 
synthase probes from other organisms and/or plaques car 
rying DNA fragments that are immunoreactive With anti 
bodies to anthranilate synthase can be subcloned into a 
vector and sequenced and/or used as probes to identify other 
cDNA or genomic sequences encoding all or a portion of the 
desired anthranilate synthase gene. Preferred cDNA probes 
for screening a maiZe or plant library can be obtained from 
plasmid clones pDPG600 or pDPG602. 

[0091] In a preferred version, a maiZe anthranilate syn 
thase gene is identi?ed and isolated from a S-methyltryp 
tophan- or 6-methylanthranilate-tolerant plant cell line pre 
pared as described in Examples 1, 3, and 4. A cDNA library 
can be prepared by oligo dT priming. Plaques containing 
DNA fragments can be screened With probes or antibodies 
speci?c for anthranilate synthase. DNA fragments encoding 
a portion of an anthranilate synthase gene can be subcloned 
and sequenced and used as probes to identify a genomic 
anthranilate synthase gene. DNA fragments encoding a 
portion of a maiZe anthranilate synthase can be veri?ed by 
determining sequence homology With other knoWn anthra 
nilate synthase genes or by hybridiZation to anthranilate 
synthase-speci?c messenger RNA. Once cDNA fragments 
encoding portions of the 5‘, middle and 3‘ ends of a maiZe 
anthranilate synthase are obtained, they can be used as 
probes to identify and clone a complete genomic copy of a 
maiZe anthranilate synthase gene from a maiZe genomic 
library. 

[0092] Portions of the genomic copy or copies of an 
anthranilate synthase gene can be sequenced and the 5‘ end 
of the gene identi?ed by standard methods including either 
DNA sequence homology to other anthranilate synthase 
genes or by RNAase protection analysis, as described by 
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Sambrook et al., Molecular Cloning: A Laboratory Manual, 
Cold Spring Harbor Press, Cold Spring Harbor, NY. (1989). 
Once portions of the 5‘ end of the gene are identi?ed, 
complete copies of the anthranilate synthase gene can be 
obtained by standard methods, including cloning or poly 
merase chain reaction (PCR) synthesis using oligonucle 
otide primers complementary to the DNA sequence at the 5‘ 
end of the gene. The presence of an isolated full-length copy 
of the anthranilate synthase gene can be veri?ed by hybrid 
iZation, partial sequence analysis, or by expression of a 
maiZe anthranilate synthase enZyme. The anthranilate syn 
thase gene cloned from a 5-MT- or 6-MA-resistant cell line 
can be assessed for tolerance to 5-MT, 6-MA, or other amino 
acid analogs of tryptophan by standard methods, as 
described in US. Pat. No. 4,581,847, issued Apr. 15, 1986, 
the disclosure of Which is incorporated by reference herein. 

[0093] Anthranilate synthase genes resistant and/or toler 
ant to amino acid analogs of tryptophan can be obtained by 
several methods. The methods include, but are not limited 
to: 

[0094] 1. spontaneous variation and direct mutant 
selection in cultures; 

[0095] 2. direct or indirect mutagenesis procedures 
on tissue cultures of any cell types or tissue, seeds or 
plants; and 

[0096] 3. mutation of the cloned anthranilate syn 
thase gene by methods such as site speci?c mutagen 
esis (Sambrook et al., cited supra), transposon medi 
ated mutagenesis (Berg et al., Biotechnology, 1, 417 
(1983)), and deletion mutagenesis (Mitra et al., 
Molec. Gen. Genetic, 215, 294 (1989)). 

[0097] Mutants can be identi?ed by a change in a func 
tional activity of the enZyme encoded by the gene in the 
presence of free L-tryptophan or amino acid analogs of 
tryptophan, or by detecting a change in the DNA sequence 
using restriction enZyme mapping or DNA sequence analy 
sis. 

[0098] In a preferred version, a gene encoding a maiZe 
anthranilate synthase substantially tolerant to 5-methyltryp 
tophan is isolated from a maiZe 5-methyltryptophan tolerant 
cell line. See US. Pat. No. 4,581,847, issued Apr. 15, 1986, 
the disclosure of Which is incorporated by reference herein. 
Brie?y, partially differentiated plant cell cultures are groWn 
and subcultured With continuous exposures to low levels of 
5-methyltryptophan. 5-methyltryptophan concentrations are 
then gradually increased over several subculture intervals. 
Cells or tissues groWing in the presence of normally toxic 
5-methyltryptophan levels are repeatedly subcultured in the 
presence of 5-methyltryptophan and characteriZed. Stability 
of the 5-methyltryptophan tolerance trait of the cultured 
cells may be evaluated by groWing the selected cell lines in 
the absence of 5-methyltryptophan for various periods of 
time and then analyZing groWth after exposing the tissue to 
5-methyltryptophan. 
[0099] Cell lines Which are tolerant by virtue of having an 
altered anthranilate synthase enZyme can be selected by 
identifying cell lines having enZyme activity in the presence 
of normally toxic, i.e., groWth inhibitor, levels of 5-meth 
yltryptophan. 
[0100] Cell lines With an anthranilate synthase of reduced 
sensitivity to 5-methyltryptophan inhibition can be used to 
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isolate a 5-methyltryptophan-resistant anthranilate synthase. 
A DNA library from a cell line tolerant to 5-methyltryp 
tophan can be generated and DNA fragments encoding all or 
a portion of an anthranilate synthase gene can be identi?ed 
by hybridiZation to a cDNA probe encoding a portion of an 
anthranilate synthase gene. A complete copy of the altered 
gene can be obtained either by cloning and ligation or by 
PCR synthesis using appropriate primers. The isolation of 
the altered gene coding for anthranilate synthase can be 
con?rmed in transformed plant cells by determining Whether 
the anthranilate synthase being expressed retains enZyme 
activity When exposed to normally toxic levels of 5-meth 
yltryptophan. 

[0101] 2. Promoters 

[0102] Once an anthranilate synthase gene is obtained and 
ampli?ed, it is operably combined With a promoter to form 
an expression cassette. 

[0103] Most genes have regions of DNA sequence that are 
knoWn as promoters and Which regulate gene expression. 
Promoter regions are typically found in the ?anking DNA 
sequence upstream from the coding sequence in both 
prokaryotic and eukaryotic cells. A promoter sequence pro 
vides for regulation of transcription of the doWnstream gene 
sequence and typically includes from about 50 to about 
2,000 nucleotide base pairs. Promoter sequences also con 
tain regulatory sequences such as enhancer sequences that 
can in?uence the level of gene expression. Some isolated 
promoter sequences can provide for gene expression of 
heterologous genes, that is a gene different from the native 
or homologous gene. Promoter sequences are also knoWn to 
be strong or Weak or inducible. A strong promoter provides 
for a high level of gene expression, Whereas a Weak pro 
moter provides for a very loW level of gene expression. An 
inducible promoter is a promoter that provides for turning on 
and off of gene expression in response to an exogenously 
added agent or to an environmental or developmental stimu 
lus. Promoters can also provide for tissue speci?c or devel 
opmental regulation. An isolated promoter sequence that is 
a strong promoter for heterologous genes is advantageous 
because it provides for a sufficient level of gene expression 
to alloW for easy detection and selection of transformed cells 
and provides for a high level of gene expression When 
desired. 

[0104] The promoter in an expression cassette of the 
invention can provide for expression of anthranilate syn 
thase from an anthranilate synthase gene. Preferably, the 
gene is expressed so as to result in an increase in tolerance 
of the plant cells to feedback inhibition by free L-tryptophan 
or to groWth inhibition by an amino acid analog of tryp 
tophan or so as to result in an increase in the total tryptophan 
content of the cells. The promoter can also be inducible so 
that gene expression can be turned on or off by an exog 
enously added agent. For example, a bacterial promoter such 
as the Ptac promoter can be induced to varying levels of gene 
expression depending on the level of isothiopropylgalacto 
side added to the transformed bacterial cells. It may also be 
preferable to combine the gene With a promoter that pro 
vides tissue speci?c expression or developmentally regu 
lated gene expression in plants. 

[0105] Speci?c promoters functional in plant cells include, 
but are not limited to, the 35S CaMV promoter, rice actin 
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promoter, ubiquitin, and nopaline synthase (NOS) promoter. 
Currently, a preferred promoter for expression in monocots 
is the 35S CaMV promoter. 

[0106] An anthranilate synthase gene can be combined 
With the promoter by standard methods as described in 
Sambrook et al., cited supra. Brie?y, a plasmid containing a 
promoter such as the 35S CaMV promoter can be con 
structed as described in Jefferson, Plant Molecular Biology 
Reporter; 5, 387 (1987) or obtained from Clontech Lab in 
Palo Alto, Calif. (e.g., pBI121 or pBI221). Typically, these 
plasmids are constructed to provide for multiple cloning 
sites having speci?city for different restriction enZymes 
doWnstream from the promoter. A gene encoding an anthra 
nilate synthase can be subcloned doWnstream from the 
promoter using restriction enZymes to ensure that the gene 
is inserted in proper orientation With respect to the promoter 
so that the gene can be expressed. In a preferred version, a 
plant anthranilate synthase is operably linked to a 355 
CaMV promoter in a plasmid. In a more preferred embodi 
ment of the invention, a maiZe anthranilate synthase gene is 
operably lined to a 355 CaMV promoter in a plasmid. Once 
an anthranilate synthase gene is operably linked to a pro 
moter, the expression cassette so formed can be subcloned 
into a plasmid or other vectors. 

[0107] 3. Optional Sequences in the Expression Cassette 

[0108] The expression cassette can also optionally contain 
other DNA sequences. The expression cassette can further 
be comprised of a chloroplast transit peptide encoding DNA 
sequence operably linked betWeen a promoter and the DNA 
sequence encoding an anthranilate synthase (for a revieW of 
plastid targeting peptides, see Heij ne et al., Eur. J. Biochem, 
180, 535 (1989); Keegstra et al., Ann, Rev. Plant Physiol, 
Plant Mol. Biol, 40, 471 (1989)). If the expression cassette 
is to be introduced into a plant cell, the expression cassette 
can also contain plant transcriptional termination and poly 
adenylation signals and translational signals linked to the 3‘ 
terminus of a plant anthranilate synthase gene. The expres 
sion cassette can also optionally further comprise plasmid 
DNA. 

[0109] An exogenous chloroplast transit peptide can be 
used Which is not encoded Within a native plant anthranilate 
synthase gene. A chloroplast transit peptide is typically 40 to 
70 amino acids in length and functions post-translationally 
to direct a protein to the chloroplast. The transit peptide is 
cleaved either during or just after import into the chloroplast 
to yield the mature protein. The complete copy of a gene 
encoding a plant anthranilate synthase may contain a chlo 
roplast transit peptide sequence. In that case, it may not be 
necessary to combine an exogenously obtained chloroplast 
transit peptide sequence into the expression cassette. 

[0110] Exogenous chloroplast transit peptide encoding 
sequences can be obtained from a variety of plant nuclear 
genes, so long as the products of the genes are expressed as 
preproteins comprising an amino terminal transit peptide 
and transported into chloroplast. Examples of plant gene 
products knoWn to include such transit peptide sequences 
include, but are not limited to, the small subunit of ribulose 
biphosphate carboxylase, ferredoxin, chlorophyll a/b bind 
ing protein, chloroplast ribosomal proteins encoded by 
nuclear genes, certain heatshock proteins, amino acid bio 
synthetic enZymes such as acetolactate acid synthase, 
3-enolpyruvylphosphoshikimate synthase, dihydrodipicoli 

Sep. 4, 2003 

nate synthase, and the like. Alternatively, the DNA fragment 
coding for the transit peptide may be chemically synthesiZed 
either Wholly or in part from the knoWn sequences of transit 
peptides such as those listed above. 

[0111] Regardless of the source of the DNA fragment 
coding for the transit peptide, it should include a translation 
initiation codon and an amino acid sequence that is recog 
niZed by and Will function properly in chloroplasts of the 
host plant. Attention should also be given to the amino acid 
sequence at the junction betWeen the transit peptide and the 
anthranilate synthase enZyme Where it is cleaved to yield the 
mature enZyme. Certain conserved amino acid sequences 
have been identi?ed and may serve as a guideline. Precise 
fusion of the transit peptide coding sequence With the 
anthranilate synthase coding sequence may require manipu 
lation of one or both DNA sequences to introduce, for 
example, a convenient restriction site. This may be accom 
plished by methods including site-directed mutagenesis, 
insertion of chemically synthesiZed oligonucleotide linkers, 
and the like. 

[0112] Once obtained, the chloroplast transit peptide 
sequence can be appropriately linked to the promoter and an 
anthranilate synthase gene in an expression cassette using 
standard methods. Brie?y, a plasmid containing a promoter 
functional in plant cells and having multiple cloning sites 
doWnstream can be constructed as described in Jefferson, 
cited supra. The chloroplast transit peptide sequence can be 
inserted doWnstream from the promoter using restriction 
enZymes. An anthranilate synthase gene can then be inserted 
immediately doWnstream from and in frame With the 3‘ 
terminus of the chloroplast transit peptide sequence so that 
the chloroplast transit peptide is linked to the amino termi 
nus of the anthranilate synthase. Once formed, the expres 
sion cassette can be subcloned into other plasmids or vec 
tors. 

[0113] When the expression cassette is to be introduced 
into a plant cell, the expression cassette can also optionally 
include 3‘ nontranslated plant regulatory DNA sequences. 
The 3‘ nontranslated regulatory DNA sequence preferably 
includes from about 300 to 1,000 nucleotide base pairs and 
contains plant transcriptional and translational termination 
sequences. Examples of 3‘ nontranslated regulatory DNA 
sequences functional in plant cells include, but are not 
limited to, about 500 base pairs of the 3‘ ?anking DNA 
sequence of the pea ribulose biphosphate carboxylase small 
subunit E9 gene, the 3‘ ?anking DNA sequence of the 
octopine synthase gene, and the 3‘ ?anking DNA sequence 
of the nopaline synthase gene. These 3‘ nontranslated regu 
latory sequences can be obtained as described in An, Meth 
ods in Enzymology, 153, 292 (1987) or are already present 
in plasmids available from commercial sources such as 
Clontech, Palo Alto, Calif. The 3‘ nontranslated regulatory 
sequences can be operably linked to the 3‘ terminus of an 
anthranilate synthase gene by standard methods. 

[0114] An expression cassette of the invention can also be 
further comprise plasmid DNA. Plasmid vectors include 
additional DNA sequences that provide for easy selection, 
ampli?cation, and transformation of the expression cassette 
in prokaryotic and eukaryotic cells, e.g., pUC-derived vec 
tors such as pUC8, pUC9, pUC18, pUC19, pUC23, 
pUC119, and pUC120, pSK-derived vectors, pGEM-derived 
vectors, pSP-derived vectors, or pBS-derived vectors. The 
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additional DNA sequences include origins of replication to 
provide for autonomous replication of the vector, selectable 
marker genes, preferably encoding antibiotic or herbicide 
resistance, unique multiple cloning sites providing for mul 
tiple sites to insert DNA sequences or genes encoded in the 
expression cassette, and sequences that enhance transforma 
tion of prokaryotic and eukaryotic cells. 

[0115] Another vector that is useful for expression in both 
plant and prokaryotic cells is the binary Ti plasmid (as 
disclosed in Schilperoort et al., US. Pat. No. 4,940,838, 
issued Jul. 10, 1990) as exempli?ed by vector pGA582. This 
binary Ti plasmid vector has been previously characteriZed 
by An, cited supra, and is available from Dr. An. This binary 
Ti vector can be replicated in prokaryotic bacteria such as E. 
coli and Agrobacterium. The Agrobacterium plasmid vectors 
can be used to transfer the expression cassette to plant cells. 
The binary Ti vectors preferably include the nopaline T 
DNA right and left borders to provide for ef?cient plant cell 
transformation, a selectable marker gene, unique multiple 
cloning sites in the T border regions, the co/El replication of 
origin and a Wide host range replicon. The binary Ti vectors 
carrying an expression cassette of the invention can be used 
to transform both prokaryotic and eukaryotic cells, but is 
preferably used to transform plant cells. 

[0116] G. Method for Screening for Expression of an 
Anthranilate Synthase Gene 

[0117] Amethod for screening for expression of an anthra 
nilate synthase gene is also provided by the invention. Once 
formed, an expression cassette comprising an anthranilate 
synthase gene can be subcloned into a knoWn expression 
vector. The screening method in the invention includes the 
steps of introducing an expression vector into a host cell and 
detecting and/or quantitating expression of an anthranilate 
synthase gene. This method of screening is useful to identify 
expression cassettes providing for an expression of an 
anthranilate synthase gene, and expression of an anthranilate 
synthase in the chloroplast of a transformed plant cell. 

[0118] Suitable knoWn expression vectors include plas 
mids that autonomously replicate in prokaryotic and/or 
eukaryotic cells. Speci?c examples include plasmids such as 
pUC, pSK, pGEM, pBS and pSP-derived vectors described 
above, the pBI121 or pBI221 plasmid constructed as 
described by Jefferson, cited supra, or a binary Ti plasmid 
vector such as pG582 as described by An, cited supra, and 
the like. 

[0119] An expression cassette of the invention can be 
subcloned into an expression vector by standard methods. 
The expression vector can then be introduced into prokary 
otic or eukaryotic cells by currently available methods 
including, but not limited to, protoplast transformation, 
Agrobacterium-mediated transformation, electroporation, 
microprojectile bombardment, tungsten Whiskers (Coffee et 
al., US. Pat. No. 5,302,523, issued Apr. 12, 1994) and 
liposomes. The expression vector can be introduced into 
plant cells such as maiZe, tobacco, Brassica, Black Mexican 
sWeet corn, and Arabidopsis cells. Plant cells useful for 
transformation include callus, embryos, meristematic tissue, 
gametic tissue, or cultured suspension cells. 

[0120] The vector can also be introduced into prokaryotic 
cells such as E. coli or Agrobacterium. Transformed cells 
can be selected typically using a selectable marker encoded 
on the expression vector. 
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[0121] Marker genes are also useful in the present inven 
tion. Marker genes are genes that impart a distinct phenotype 
to cells expressing the marker gene and thus alloW such 
transformed cells to be distinguished from cells that do not 
have the marker. Such genes may encode either a selectable 
or screenable marker, depending on Whether the marker 
confers a trait Which one can ‘select’ for by chemical means, 
i.e., through the use of a selective agent (e.g., a herbicide, 
antibiotic, or the like), or Whether it is simply a trait that one 
can identify through observation or testing, i.e., by ‘screen 
ing’ (e.g., the R-locus trait). Of course, many examples of 
suitable marker genes are knoWn to the art and can be 
employed in the practice of the invention. 

[0122] Included Within the terms selectable or screenable 
marker genes are also genes Which encode a “secretable 
marker” Whose secretion can be detected as a means of 

identifying or selecting for transformed cells. Examples 
include markers Which encode a secretable antigen that can 
be identi?ed by antibody interaction, or even secretable 
enZymes Which can be detected by their catalytic activity. 
Secretable proteins fall into a number of classes, including 
small, diffusible proteins detectable, e.g., by ELISA; and 
proteins that are inserted or trapped in the cell Wall (e.g., 
proteins that include a leader sequence such as that found in 
the expression unit of extensin or tobacco PR-S). 

[0123] With regard to selectable secretable markers, the 
use of a gene that encodes a protein that becomes seques 
tered in the cell Wall, and Which protein includes a unique 
epitope is considered to be particularly advantageous. Such 
a secreted antigen marker Would ideally employ an epitope 
sequence that Would provide loW background in plant tissue, 
a promoter-leader sequence that Would impart ef?cient 
expression and targeting across the plasma membrane, and 
Would produce protein that is bound in the cell Wall and yet 
accessible to antibodies. A normally secreted Wall protein 
modi?ed to include a unique epitope Would satisfy all such 
requirements. 
[0124] One example of a protein suitable for modi?cation 
in this manner is extensin, or hydroxyproline rich glycopro 
tein (HPRG). The use of the maiZe HPRG (Steifel et al., The 
Plant Cell, 2, 785 (1990)) is preferred as this molecule is 
Well characteriZed in terms of molecular biology, expres 
sion, and protein structure. HoWever, any one of a variety of 
extensins and/or glycine-rich Wall proteins (Keller et al., 
EMBO J ., 8, 1309 (1989)) could be modi?ed by the addition 
of an antigenic site to create a screenable marker. 

[0125] Elements of the present disclosure are exempli?ed 
in detail through the use of particular marker genes, hoWever 
in light of this disclosure, numerous other possible select 
able and/or screenable marker genes Will be apparent to 
those of skill in the art in addition to the one set forth 
hereinbeloW. Therefore, it Will be understood that the fol 
loWing discussion is exemplary rather than exhaustive. In 
light of the techniques disclosed herein and the general 
recombinant techniques Which are knoWn in the art, the 
present invention renders possible the introduction of any 
gene, including marker genes, into a recipient cell to gen 
erate a transformed monocot. 

[0126] Possible selectable markers for use in connection 
With the present invention include, but are not limited to, a 
neo gene (Potrykus et al., Mol. Gen. Genet, 199, 183 
(1985)) Which codes for kanamycin resistance and can be 
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selected for using kanamycin, G418, and the like; a bar gene 
Which codes for bialaphos resistance; a gene Which encodes 
an altered EPSP synthase protein (Hinchee et al., Biotech., 
6, 915 (1988)) thus conferring glyphosate resistance; a 
nitrilase gene such as bxn from Klebsiella ozaenae Which 

confers resistance to bromoxynil (Stalker et al., Science, 
242, 419 (1988)); a mutant acetolactate synthase gene (ALS) 
Which confers resistance to imidaZolinone, sulfonylurea or 
other ALS-inhibiting chemicals (European Patent Applica 
tion 154,204, 1985); a methotrexate-resistant DHFR gene 
(Thillet et al.,]. Biol. Chem, 263, 12500 (1988)); a dalapon 
dehalogenase gene that confers resistance to the herbicide 
dalapon; or a mutated anthranilate synthase gene that con 
fers resistance to 5-methyl tryptophan. Where a mutant 
EPSP synthase gene is employed, additional bene?t may be 
realiZed through the incorporation of a suitable chloroplast 
transit peptide, CTP (European Patent Application 0,218, 
571, 1987). 

[0127] An illustrative embodiment of a selectable marker 
gene capable of being used in systems to select transfor 
mants is the genes that encode the enZyme phosphinothricin 
acetyltransferase, such as the bar gene from Streptomyces 
hygroscopicus or the pat gene from Streptomyces viria'och 
romogenes (US. patent application Ser. No. 07/565,844, 
Which is incorporated by reference herein). The enZyme 
phosphinothricin acetyl transferase (PAT) inactivates the 
active ingredient in the herbicide bialaphos, phosphinothri 
cin (PPT). PPT inhibits glutamine synthetase, (Murakami et 
al., Mol. Gen. Genet, 205, 42 (1986); TWell et al., Plant 
Physiol, 91, 1270 (1989)) causing rapid accumulation of 
ammonia and cell death. The success of the inventors of the 
07/565,844 application in using this selective system in 
conjunction With monocots Was particularly surprising 
because of the major dif?culties Which have been reported in 
transformation of cereals (Potrykus, Trends Biotech., 7, 269 
(1989)). 
[0128] Screenable markers that may be employed include, 
but are not limited to, a [3-glucuronidase or uidA gene (GUS) 
Which encodes an enZyme for Which various chromogenic 
substrates are knoWn; an R-locus gene, Which encodes a 
product that regulates the production of anthocyanin pig 
ments (red color) in plant tissues (Dellaporta et at., in 
Chromosome Structure and Function, pp. 263-282 (1988)); 
a [3-lactamase gene (Sutcliffe, PNAS USA, 75, 3737 (1978)), 
Which encodes an enZyme for Which various chromogenic 
substrates are knoWn (e.g., PADAC, a chromogenic cepha 
losporin); a xyl/E gene (ZukoWsky et al., PNAS USA, 80, 
1101 (1983)) Which encodes a catechol dioxygenase that can 
convert chromogenic catechols; an ot-amylase gene (Ikuta et 
al., Biotech., 8, 241 (1990)); a tyrosinase gene (KatZ et al., 
J. Gen. Microbiol., 129, 2703 (1983)) Which encodes an 
enZyme capable of oxidiZing tyrosine to DOPA and 
dopaquinone Which in turn condenses to form the easily 
detectable compound melanin; a [3-galactosidase gene, 
Which encodes an enZyme for Which there are chromogenic 
substrates; a luciferase (lux) gene (OW et al., Science, 234, 
856 (1986)), Which alloWs for bioluminescence detection; or 
even an aequorin gene (Prasher et al., Biochem Biophys. 
Res. Comm, 126, 1259 (1985)), Which may be employed in 
calcium-sensitive bioluminescence detection, or a green 
?uorescent protein gene (NiedZ et al., Plant Cell Reports, 14 
403 (1995)). 
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[0129] The presence of the lux gene in transformed cells 
may be detected using, for example, X-ray ?lm, scintillation 
counting, ?uorescent spectrophotometry, loW-light video 
cameras, photon-counting cameras, or multiWell luminom 
etry. It is also envisioned that this system may be developed 
for populational screening for bioluminescence, such as on 
tissue culture plates, or even for Whole plant screening. 

[0130] Transient expression of an anthranilate synthase 
gene can be detected and quantitated in the transformed 
cells. Gene expression can be quantitated by RT-PCR analy 
sis, a quantitative Western blot using antibodies speci?c for 
the cloned anthranilate synthase or by detecting enZyme 
activity in the presence of tryptophan or an amino acid 
analog of tryptophan. The tissue and subcellular location of 
the cloned anthranilate synthase can be determined by 
immunochemical staining methods using antibodies speci?c 
for the cloned anthranilate synthase or subcellular fraction 
ation and subsequent biochemical and/or immunological 
analyses. Sensitivity of the cloned anthranilate synthase to 
agents can also be assessed. Expression cassettes providing 
for expression of an anthranilate synthase or anthranilate 
synthase tolerant to inhibition by an amino acid analog of 
tryptophan or free L-tryptophan can then be used to trans 
form monocot and/or dicot plant tissue cells and to regen 
erate transformed plants and seeds. 

[0131] H. Method of Imparting Tolerance to an Amino 
Acid Analog of Tryptophan and/or Altering the Tryptophan 
Content in a Plant Cell or Tissue 

[0132] The invention provides a method of conferring 
tolerance to tryptophan or an amino acid analog of tryp 
tophan to a plant cell or tissue. The method includes the 
steps of introducing an expression cassette comprising a 
DNA sequence coding for an anthranilate synthase Wherein 
the anthranilate synthase is enZymatically active in the 
presence of concentrations of the analog or free L-tryp 
tophan that inhibit the endogenous or native anthranilate 
synthase. The DNA sequence is operably linked to a pro 
moter Whereby, in the cells of the plant tissue, the sequence 
is expressed in an amount effective to render the cells of the 
plant tissue substantially tolerant to tryptophan or an analog 
thereof. 

[0133] For example, an effective amount of gene expres 
sion to render the cells of the plant tissue substantially 
tolerant to 5-MT or 6-MA is an amount that provides for 
plant cell groWth in about 33 to 300 uM 5-MT or 6-MA, 
preferably about 75-250 uM 5-MT or 6-MA. These are 
amounts of 5-MT or 6-MA Which normally inhibit a native 
anthranilate synthase. The amounts of other tryptophan 
analogs effective to render cells of a plant substantially 
tolerant to the analog can be determined by methods Well 
knoWn in the art. 

[0134] An expression cassette of the invention can be 
introduced by methods of transformation especially effec 
tive for monocots, including, but not limited to, micro 
projectile bombardment of immature embryos (US. patent 
application Ser. No. 08/249,458, ?led May 26, 1994, incor 
porated by reference herein; U.S. patent application Ser. No. 
08/112,245, ?led Aug. 25, 1993, incorporated by reference 
herein) or Type II embryogenic callus cells as described by 
W. J. Gordon-Kamm et al. (Plant Cell, 2, 603 (1990)), M. E. 
Fromm et al. (Bio/Technology, 8, 833 (1990)) and D. A. 
Walters et al. (Plant Molecular Biology, 18, 189 (1992)), or 














































