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POLYNUCLEOTIDES ENCODING PHENYLPROPANOID
PATHWAY ENZYMES IN COFFEE

FIELD OF THE INVENTION

The present invention relates to the field of agricultural biotechnology. In particular,
the invention features polynucleotides from coffee plants that encode enzymes involved in the
phenylpropanoid pathway, leading to chlorogenic acid synthesis, as well as methods for using
these polynucleotides for gene regulation and manipulation of flavor, aroma and other
features of coffee beans, and in the protection of the coffee plant from disease and oxidative

stress.

BACKGROUND OF THE INVENTION

Various publications, including patents, published applications and scholarly articles,
are cited throughout the specification. Each of these publications is incorporated by reference
herein, in its entirety. Citations not fully set forth within the specification may be found at
the end of the specification.

Coffee aroma and flavor are key components in consumer preference for coffee
varieties and brands. Coffee’s characteristic aroma and flavor stems from a complex series of
chemical reactions involving flavor precursors (Maillard reactions) that occur during the
roasting of the bean. Flavor precursors include chemical compounds and biomolecules
present in the green coffee bean. To date, over 800 chemicals and biomolecules have been
identified as contributing to coffee flavor and aroma (Flament, 1. 2002 Coffee Flavor
Chemistry J. Wiley, U.K.).

Because coffee consumers are becoming increasingly sophisticated, it is desirable to
produce coffee with improved aroma and flavor in order to meet consumer preferences. Both
aroma and flavor may be artificially imparted into coffee products through chemical means.
See, for example, U.S. Pat. No. 4,072,761 (aroma) and U.S. Pat. No. 3,962,321 (flavor).
However, to date, there is little information concerning the influence of natural coffee grain
components such as polysaccharides, proteins, pigments, and lipids, on coffee aroma and
flavor. One approach is to select varieties from the existing germplasm that have superior
flavor characteristics. A disadvantage to this approach is that, frequently, the highest quality
varieties also possess significant negative agronomics traits, such as poor yield and low

resistance to diseases and environmental stresses. It is also possible to select new varieties
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from breeding trials in which varieties with different industrial and agronomic traits are
crossed and their progeny are screened for both high quality and good agronomic
performance. However, this latter approach is very time consuming, with one crossing
experiment and selection over three growing seasons taking a minimum of 7-8 years. Thus,
an alternative approach to enhancing coffee quality would be to use techniques of molecular
biology to enhance those elements responsible for the flavor and aroma that are naturally
found in the coffee bean, or to add aroma and flavor-enhancing elements that do not naturally
occur in coffee beans. Genetic engineering is particularly suited to achieve these ends. For
example, coffee proteins from different coffee species may be swapped. In the alternative,
the expression of genes encoding naturally occurring coffee proteins that positively contribute
to coffee flavor may be enhanced. Conversely, the expression of genes encoding naturally
occurring coffee proteins that negatively contribute to coffee flavor may be suppressed.

Coffees from different varieties and origins exhibit significant flavor and aroma
quality variations when the green grain samples are roasted and processed in the same ‘
manner. The quality differences are a manifestation of chemical and physical variations
within the grain samples that result mainly from differences in growing and processing
conditions, and also from differences in the genetic background of both the maternal plant
and the grain. At the level of chemical composition, at least part of the flavor quality can be
associated with variations in the levels of small metabolites, such as sugars, acids, phenolics,
and caffeine found associated with grain from different varieties. It is accepted that there are
other less well characterized flavor and flavor-precursor molecules. In addition, it is likely
that structural variations within the grain also contribute to differences in coffee quality. One
approach to finding new components in the coffee grain linked to coffee quality is to study
the genes and proteins differentially expressed during the maturation of grain samples in
different varieties that possess different quality characteristics. Similarly, genes and proteins
that participate in the biosynthesis of flavor and flavor-precursor molecules may be studied.

Chlorogenic acids are examples of candidate flavor and flavor precursor molecules.
Chlorogenic acids (CGA) are an important group of non-volatile compounds found in green
coffee grain. CGA are composed of a family of esters between certain trans-cinnamic acids
(caffeic and ferulic) and quinic acid (Clifford ef al., 2000). In the coffee bean, most CGA can
be categorized as belonging to one of three classifications: caffeoylquinic acids (CQA; 3-

CQA, 4-CQA, and 5-CQA); dicaffeoylquinic acids (diCQA; 3,4-diCQA, 3,5-diCQA, and 4,5-
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diCQA); and feruloylquinic acids (FQA). In the mature green coffee grain, the levels of
CGA are variable, ranging from approximately 7.88% to 14.4% on a dry matter basis (DMB)
for Coffea canephora (robusta), and approximately 3.4% to 4.8% on a DMB for Coffea
arabica (Ky et al., 2001). Clifford suggested that the content of CGA in Coffea canephora
varies from 7% to 10% on a DMB whereas Coffea arabica varies from 5 to 7.5% on a DMB.
(Clifford et al., 1985). In C. canephora, CQA is estimated to comprise 67% of the total CGA.
content, and diCQA. comprise about 20%, and FQA comprise about 13%. In C. arabica,
CQA, diCQA and FQA corresponded on average to 80, 15, and 5% of the total CGA content,
respectively (Ky ef al., 2001).

Much is known about the early phenylpropanoid pathway leading to the synthesis of
CGA in plants. (Dixon, R. and Paiva, N. 1995 Plant Cell 7, 1085-1097; Douglas, C.J. 1996
Trends Plant Sci., 1 171-178). An overview of this biosynthetic pathway is summarized
graphically in Figure 1 (Hoffmann et al. 2004). The first step involves the conversion of
phenylalanine to cinnamic acid by phenylalanine ammonia lyase (PAL). Four different PAL
genes have been characterized in Arabidopsis, and those genes appear to fall into two
different groups (Raes, J ef al. 2003, Plant Physiology 133, 1051-1071). The expression and
activities of the different PAL isoforms represent a major branch-point between primary and
secondary metabolism in plants, and as such, the different PAL isoforms are under complex
regulatory control. (Dixon, R. and Paiva, N. 1995 Plant Cell 7, 1085-1097; Rohde, A., et al.
2004 Plant Cell, 16 p2749-2771). The next enzyme in the pathway is trans cinnamate-4-
hydroxylase (C4H) (accession number BAA24355; CYP73AS5 Arabidopsis thaliana), which
converts cinnamic acid to p-Coumaric acid. To date, only one gene has been found for this
P450-dependant mono-oxygenase in Arabidopsis, whereas in some other plants, two or more
C4H genes have been found that fall into two distinct classes (Reas et al., 2003). The next
step in the pathway is carried out by 4-coumarate:Co ligase (4CL). At least four 4CL genes
and nine 4CL-like genes have be identified in the Arabidopsis genome (Raes et al. 2003).
ACL forms esters between CoA and phenolic compounds such as p-coumaric acid, caffeic
acid, ferulic acid, 5-hydroxyferulic acid acid, and sinapic acid (Hu ef al. 1998).

While the enzymes involved with the early part of the phenylpropanoid pathway have
been known for several years, the acyl transferases necessary for the next step,
hydroxycinmamoyl-CoA transferase (HCT) (tobacco) and hydroxycinnamoyl-CoA quinate:

hydroxycinnamoyl transferase (HQT) (from tomato and tobacco) have only recently been
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purified, and their corresponding DNA sequences cloned and studied (Hoffmann ez al. 2003
J. Biol Chem 278, 95-103; Niggeweg et al. 2004 Nature Biotechnology, 22, 746-754). These
enzymes catalyze ester formation between p-coumaroyl-CoA or caffeoyl-CoA and either
shikimate or quinate to generate CGA. HCT has also been shown to catalyze the reverse
reaction, i.e., CGA degradation (Hoffmann ef al., 2003). Only one gene encoding an enzyme
for this step, an HCT, has been identified in Arabidopsis (Raes, et al. 2003). The next step of
the phenylpropanoid pathway, the hydroxylation of the 3 position of coumarate, has only
recently been elucidated. Schoch et al. found that an Arabidopsis P450 protein (CYP98A3)
was capable of hydroxylating the 3 position of coumarate, but only when it was esterified to
either shikimate or quinate. (2001 J. Biol Chem 276, 36566-36574). Three genes encoding
this enzyme, which is called p-coumarate 3-hydroxylase (C3H), have been identified in the
Arabidopsis genome. However, Raes ef al. (2003) found that only one of these genes (C3H1)
is expressed in all the tissues examined, whereas the other two genes are expressed only in a
limited number of tissues and at particular times during development.

The current model of the phenylpropanoid pathway (Figure 1) suggests that the
forward and reverse activities of HCT/HQT play a role in modulating lignin precursor levels,
and thus influence the amounts and types of lignin being formed in plants. After the C3H
mediated hydroxylation, caffeoyl-CoA can be released from either caffeoyl quinic acid or
caffeoyl shikimic acid by HCT/HQT and is then subject to the activity of caffeoyl-CoA 3-O
methytransferase (CCoAOMT) resulting in the formation of feruloyl CoA (Zhang and
Chinnappa 1997 J. Biosci. 22, 161-175 ; Zhong et al. 1998. Plant Cell 10, 2033-2046).
CCoAOMT can also methylate 5-hydroxyferuloyl-CoA to sinapoyl-CoA (Zhong et al. 1998).
There are seven putative CCoAOMT genes in Arabidopsis, and as in other plants, there
appear to be two classes of CCoAOMT genes (Zhong et al. 1998; Raes et al. 2003). Three
distinct CCoAOMT classes have now been characterized in tobacco (Maury et al, 1999).
Class 1 CCoAOMT genes include the only characterized Arabidopsis CCoAOMT gene,
CCoAOMT-1, and the madjority of the CCoAOMT genes characterized in other plants. The
remaining putative CCoAOMT genes fall into class 2 (Raes et al. 2003). Arabidopsis
CCoAOMT-1 is the most highly expressed gene, with expression detected in all tissues
examined; lower expression of Arabidopsis CCoOAOMT-5 and CCoAOMT-7 can also be
detected in all tissues, and low expression of CCoAOMT-2, -3, -4, and —6 can be detected in

specific tissues (Raes et al. 2003). Due to its relatively high ubiquitous expression, it is
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believed that drabidopsis CCoOAOMT-1, and probably orthologs in other plants, play a key
role in the lignification that is associated with cell development (Raes et al. 2003).

Initially, many studies of the phenylpropanoid pathway focused on understanding the
overall flux of precursors for the synthesis of flavonoids, anthocyanins, fhe different forms of
lignin, and how the pathway was regulated. However, due to the increasing evidence that
diets rich in antioxidants can reduce the risk of cancer and degenerative disease by protecting
against oxidative stresses (Bazzano, L. et al. 2002; Astley, S., 2003) more recent studies have
evaluated intermediary metabolites of the phenylpropanoid pathway, which are present in
high levels and have been found to possess high antioxidant activity (Hoffmann et al 2004,
Niggeweg et al. 2004). For example, the chlorogenic acids constitute an important group of
antioxidants in plant foods such as apples, pears, tomato, potato, and eggplant, as well as
green and roasted coffee grain (beans). In addition to the fact that the dietary intake of CGA
is best achieved by consumption of plant foods, this class of molecules also show significant
bio-availability (Nardini et al. 2002, J. Agric Food Chem. 50, 57355741; Couteau, ef al.,
2001, J. Applied Microbiol. 90, 873-881; Clifford, M. 2004, Planta Med 70, 1103-1114.).
The involvement of CGA in the reduction of oxidative stresses has been demonstrated more
directly in plants. For example, Shadle et al. (2003) have demonstrated that overexpression
of the enzyme PAL in tobacco, which is responsible for the first step in the biosynthesis of
CGA, resulted in an approximately five fold increase in CGA content relative to wild type
plants, and demonstrated resistance to the fungal pathogen Cercospora nicotianae.
Additional evidence has been generated by Niggeweg et al. (2004), from the overproduction
of HQT in the tomato using a constitutive promoter (2x 35S promoter). It was demonstrated
that higher levels of HQT, an enzyme directly involved in CGA synthesis, resulted in higher
levels of CGA, improved resistance to oxidative stress, and increased resistance of the plant
to a microbial pathogen. There is a growing realization of the potential for dietary CGA to
make important contributions to the antioxidant pool in the plasma, and it is possible that one
or more CGA type molecules could be transformed into new or additional metabolites
possessing health promoting activities (see, e.g., Clifford 2004). Moreover, it is apparent that
CGA may play a role in plant resistance to diseases. Thus, there is a need to better
understand, as well as facilitate the synthesis and accumulation of these compounds in plants.

Chlorogenic acids are abundant in coffee. Despite the fact that such molecules play

an important role in plant and human health, and in overall coffee flavor, aroma, and quality,
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few studies have analyzed the phenylpropanoid pathway of coffee, and as such, available data
on CGA in coffee is limited. Campa et al. identified a partial putative CCoAOMT sequence
(accession number AF534905) (Campa ef al., 2003), and mapped this sequence in the coffee
genome. In addition, one of the two alleles identified for this gene were found to be
associated with the overall level of chlorogenic acids. Bauman ef al., have isolated two
partial cDNA sequences encoding coffee PAL (accession numbers AAF27655 and
AAF27654), \‘and Campa et al., have isolated two cDNA sequences encoding coffee PALI
(accession number AAN32866) and PAL2 (accession number AAN32867). Sequence
alignment of the regions that overlap in the corresponding four proteins was made with
Clustal W, and these four sequences were found to be highly related, with 94 to 99.5%
predicted identity at the protein level, and greater than 97.1% identity at the nucleic acid
level. This level of identity suggests that these four sequences probably represent a single
coffee PAL.

Chlorogenic acids are degraded progressively during coffee roasting (De Maria et al.,
1995). In fact, these changes represent one of the important compositional changes occurring
during this process (Bicchi et al. 1995). It has been reported than 8-10% of the CGA content
is lost with every 1% loss of dry matter. (Clifford ef al. 1985, 1998). During roasting, CGA
are transformed into a series of volatile and non-volatile compounds (S. Homma, 2001). For
example, isomerization and hydrolysis can lead to the generation of various quinic acids and
quinides, as well as cinnamic acids (Homma, 2001), with the latter group being further
degraded via decarboxylation into a range of phenolic compounds, including volatile
compounds such as 4-vinylguaiacol, which is associated with a typical coffee aroma (Homma
2001, Farah et al., 2005; and Rizzi,G., et al., 1993 “Flavor chemistry based on the thermally-
induced decarboxylation of p-hydroxycinnamic acids. In Food Flavors, Ingredients and
Composition (ed. Charalambous) pp. 663-670 Elsevier Science Publishers, Amsterdam,
Netherlands).

The degradation products of CGA, particularly the formation of chlorogenic acid
lactones and quinic acid lactones, are associated with the perception of bitterness in brewed
coffee, and an increase in acidity found in coffee after brewing has been associated with the
generation of free quinic acids (Homma, 2001, Leloup et al., 1995; and Buffo et al, 2004).
More recently, Muller and Hofmann have found that chlorogenic acids and their thermal

degradation products act as thiol binding sites. (2005, J. Agric and Biol Chem 53, 2623-
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2629). Because thiol-containing compounds, such as 2-furfurylthiol and 3-methyl-2-butene-
1-thiol, are important components of a coffee aroma, it has been proposed that the
chlorogerﬁc acids and related compounds react with the aroma compounds in a coffee
beverage, effectively reducing the aroma of coffee after brewing. (Muller and Hofmann,
2005).

Although it is clear that the chlorogenic acids in coffee influence flavor, it is still
unclear if all the chlorogenic acids have an equivalent effect. Therefore, there is a need to
generate defined coffee varieties with clear differences in their CGA profiles. There are two
different routes to the selection of coffee varieties with different profiles. The first is to use
classical breeding and selection, and this approach can be significantly aided by the genetic
information about the CGA biosynthetic pathway. Such information will allow alleles of the
key genes to be identified and followed in the breeding material and progeny. The second
global approach is to directly alter specific key genes involved in the synthesis of CGA. Such
may be accomplished via mutagenesis and selection (TILLING), or via the generation of
specific gene expression changes using gene cloning and coffee transformation. Grain from
these new non-GMO, or GMO varieties, which have altered CGA profiles, can then
subsequently be evaluated for their content of chlorogenic acid degradation products and
flavor profiles after roasting. Those found to be superior in flavor and other characteristics
can then be chosen for further studies.

Increasing chlorogenic acid content in coffee grain could lead to an increase in CGA-
derived volatiles implicated in aroma during the roasting process. Thus, modulating CGA
content in the coffee grain by genetically modulating the production of the proteins
responsible for CGA biosynthesis is a novel means to enhance the aroma and flavor of coffee
beverages and coffee products produced from such genetically engineered coffee beans.
Enhanced CGA content in the coffee bean may also positively contribute to the overall health
and wellness of consumers of coffee beverages and products produced from such coffee
beans. In addition, modulating CGA content in the coffee plant has implications for overall
health of and disease resistance in the coffee plant. For each of these reasons, there is a need
to isolate polynucleotides and polypeptides of the CGA biosynthetic pathway in coffee and to
develop methods of utilizing those molecules for one or more of the aforementioned

purposes.
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SUMMARY OF THE INVENTION

The invention described herein features genes encoding enzymes in the
phenylpropanoid pathway that lead to chlorogenic acid biosynthesis in coffee plants, their
encoded polypeptides, and methods for using these polynucleotides and polypeptides for gene
regulation and manipulation of flavor, aroma and other features of coffee beans.

One aspect of the invention features a nucleic acid molecule isolated from coffee
(Coffea spp.), having a coding sequence that encodes a phenylpropanoid pathway enzyme. In
one embodiment, the enzyme is a hydroxycinnamoyl-CoA shikimate/quinate
hydroxycinnamoyliransferase that is at least 86.9% identical to SEQ ID NO:9 or SEQ ID
NO:10. In another embodiment, the enzyme is a hydroxycinnamoyl-CoA quinate
hydroxycinnamoyltransferase that is at least 78.1% identical to SEQ ID NO:11 or SEQ ID
NO:12. In another embodiment, the enzyme is a p-coumaroyl 3° hydroxylase that is at least
82.9% identical to SEQ ID NO:13. In another embodiment, the enzyme is a caffeoyl-CoA 3-
O methytransferase that is at least 86.3% identical to SEQ ID NO:14, SEQ ID NO:15, or SEQ
ID NO:16.

In certain embodiments, the nucleic acid molecule is a gene having an open reading
frame that comprises the coding sequence. Alternatively, it may comprise an mRNA
molecule produced by transcription of that gene, or a cDNA molecule produced by reverse
transcription of the mRNA molecule. The invention also features an oligonucleotide between
8 and 100 bases in length, which is complementary to a segment of the aforementioned
nucleic acid molecule.

Another aspect of the invention features a vector comprising the above-described
phenylpropanoid pathway enzyme-encoding nucleic acid molecules. In certain embodiments,
the vector is an expression vector selected from the group of vectors consisting of plasmid,
phagemid, cosmid, baculovirus, bacmid, bacterial, yeast and viral vectors. In certain
embodiments, the vector contains the coding sequence of the nucleic acid molecule operably
Jinked to a constitutive promoter. In other embodiments, the coding sequence is operably
linked to an inducible promoter. In other embodiments, the coding sequence of the nucleic
acid molecule is operably linked to a tissue specific promoter, such as a seed specific
promoter, preferably a coffee seed specific promoter.

According to another aspect of the invention, a host cell transformed with the

aforementioned vector is provided. The host cell may be a plant, bacterial, fungal, insect or
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mammalian cell. In certain embodiments, the host cell is a plant cell selected from any one of
coffee, tobacco, Arabidopsis, maize, wheat, rice, soybean barley, rye, oats, sorghum, alfalfa,
clover, canola, safflower, sunflower, peanut, cacao, tomato tomatillo, potato, pepper,
eggplant, sugar beet, carrot, cucumber, lettuce, pea, aster, begonia, chrysanthemum,
delphinium, zinnia, and turfgrasses. The invention also features a fertile transgenic plant
produced by regenerating the transformed plant cell. In a specific embodiment, the fertile
transgenic plant is a Coffea species.

Another aspect of the invention features a method to modulate flavor or aroma of
coffee beans. The method comprises modulating production of one or more phenylpropanoid
pathway enzymes within coffee seeds. In some embodiments, the method comprises
increasing production of the one or more phenylpropanoid pathway enzymes, e.g., by
increasing expression of one or more endogenous phenylpropanoid pathway enzyme-
encoding genes within the coffee seeds, or by introducing a phenylpropanoid pathway
enzyme-encoding transgene into the plant. In other embodiments, the method comprises
decreasing production of the one or more phenylpropanoid pathway enzymes, e.g., by
introducing a nucleic acid molecule into the coffee that inhibits the expression of one or more
of the phenylpropanoid pathway enzyme-encoding genes.

Other features and advantages of the invention will be understood by reference to the

drawings, detailed description and examples that follow.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1: Phenylpropanoid pathway. This representation of the plant
phenylpropanoid patliway is a modification from Hoffman et al., 2004. PAL, Phenylalanine
ammonia-lyase; C4H, Cinnamate 4-hydroxylase; 4CL, 4-hydroxycinnamoyl-CoA ligase;
HCT, Hydroxycinnamoyl-Coenzyme A Shikimate/Quinate Hydroxycinnamoyltransferase;
HQT, hydroxycinnamoyl-CoA. quinate: hydroxycinnamoyltransferase; C3H, p-coumarate 3-
hydroxylase; CCoAOMT, Caffeoyl-CoA O-methyltransferase; CAD, cinnamyl-alcohol
dehydrogenase; CCR, cinnamoyl-CoA reductase; COMT I, caffeic/5-hydroxyferulic acid O-
methyltransferase; FSH, ferulate 5-hydroxylase; SAD, sinapyl-alcohol dehydrogenase.

Figure 2. Isolation and characterization of the complete ORF for CcHCT from
Coffea canephora. A)Isolation of a cDNA containing the complete ORF of HCT from C.
canephora. Two cDNA clones were obtained covering the complete ORF of CcHCT, the 5°
RACE product (Racel_CcHCT) (SEQ ID NO:17) containing the 5’ end of the C. canephora
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HCT and a partial cDNA clone pecewc22w14m23 (SEQ ID NO:18) containing the remaining
3’ end of this gene (see methods in examples). These sequences were used to design the new
primers to PCR amplify a 1388bp fragment (CcHCT in pML1) (SEQ ID NO:1) from C.
canephora BP409 cDNA (grain, yellow stage). The 5’ untranslated region is shown as a
thick black bar, the ORF region is shown as a hatched bar, and the translation initiation start
(ATG) and stop (TGA) codons are indicated. The 3’ untranslated region is shown in thin
black line. B) The insert sequence of pML1 (SEQ ID NO:1) was aligned with the cDNA
sequences peccwc22w14m23 (SEQ ID NO:18) and Racel_CcHCT (SEQ ID NO:17). The
alignment was done using the CLUSTAL W program (Lasergene package, DNASTAR) and
manually optimized. Nucleic acids marked in gray match the pML1 (CcHCT) insert sequence
(SEQ ID NO:1).

Figure 3. Isolation and characterization of the complete ORF for CaHCT from
Coffea arabica. A) Isolation of a cDNA containing the complete ORF of HCT from Coffea
arabica. A genomic DNA fragment (GW1_CaHCT ) (SEQ ID NO:19) encoding the 5’ end
of a C. arabica HCT was obtained (see methods in examples) that contains an overlap with
the C. canephora HCT cDNA pccewce22w14m23 (SEQ ID NO:18). The C. arabica genomic
sequence contained nearly an identical match to the 5’ end primer sequence HCT-FullUpl
(SEQ ID NO:50), so this primer was used with CcHCT-R1 to PCR amplify a 1388pb
fragment (CaHCT in pML5) (SEQ ID NO:2) from C. arabica T2308 cDNA (grain, yellow
stage). The 5’ untranslated region is shown as a thick black bar, the ORF region is shown as
a hatched bar, the translation initiation start (ATG) and stop (TGA) codons are indicated.
The 3’ untranslated region is shown as a thin black line. The genomic region is shown as a
thick gray line. It is noted that the majority of the 5° untranslated region of this gene has not
yet been defined. B) The insert sequence of pMLS5 was aligned with the C. arabica genomic
sequence GW1_CaHCT (SEQ ID NO:19) and the C. canephora cDNA sequénce
pecewe22w14m23 (SEQ ID NO:18) using CLUSTAL W and manually optimized. Nucleic
acids marked in gray match the pMLS (CaHCT) (SEQ ID NO:2) insert sequence.

Figure 4. Protein sequence alignment of CcHCT, CaHCT, CcHQT and CaHQT
with other plant HCT and HQT protein sequences. The alignment of protein encoding
sequences of CcHCT (SEQ ID NO:9), CaHCT (SEQ ID NO:10), CcHQOT (SEQ ID NO:11)
and CcHQT (SEQ ID NO:12) genes with other HCT and HQT proteins available in the NCBI
database was done using the CLUSTAL W (Lasergene package, DNASTAR). Amino acids
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marked in gray denote the most frequently found residues. Gene names are listed, with
accession numbers given in parentheses. NtHCT (Nicotiana tabacum, CAD47830 (SEQ ID
NO:20)), AtHCT (Arabidpsis thaliana, NP_199704 (SEQ ID NO:21)), IbHCBT (Ipomea
batatas, BAA87043.1 (SEQ ID NO:22)), NtHQT (Nicotiana tabacum, CAE46932.1 (SEQ ID
NO:23)), and LeHQT (Lycopersicon esculentum, CAE46933.1 (SEQ ID NO:24)). The green
and blue boxes indicate conserved amino acids residues, HXXXD (SEQ ID NO:25) and
DFGWG (SEQ ID NO:26) respectively. The circled X at position 272 in the pML3 protein
sequence represents a stop codon encoded by the pML3 insert sequence. But, as determined
in Example 6, this stop codon was inserted during the PCR step as it has been shown that the
genomic sequence encodes a Q at this position.

Figure 5. Isolation and characterization of the complete ORF for CcHQT from
Coffea canephora. A) Isolation of a cDNA containing the complete ORF for CcHQT from
C. canephora. Two cDNA fragments (Race3_CcHQT (SEQ ID NO:27) and pcees30w13p12
(SEQ ID NO:28)) were obtained covering the complete ORF of CcHQT (see methods in
examples). These sequences were used to design the primers to PCR amplify the 1534 bp
fragment (CcHQT in pML2) (SEQ ID NO:3) from Coffea canephora BP409 (pericarp, small
green stage). The protein-coding region is shown as a hatched line, the translation initiation
start (ATG) and stop (TGA) codons are indicated. The 3’ untranslated region is shown in
thin black line. Symbols are the same as for Figures 2 and 3, B) The insert sequence of
pML2 was aligned with the cDNA sequences Race3_CcHQT (SEQ ID NO:27) and
peees30w13pl2 (SEQ ID NO:28). The alignment was done using the CLUSTAL W and
manually optimized. Nucleic acids marked in gray match the pML2 (CcHQT) insert sequence
(SEQ ID NO:3).

Figure 6. Isolation and characterization of the complete ORF for CaHQT from
Coffea arabica. A)Isolation of a cDNA containing a complete ORF encoding CaHQT from
C. arabica. A 5’ RACE cDNA fragment (Race2_CaHQT) (SEQ ID NO:29) was obtained
which encodes the 5’ end of a C. arabica HQT. The primers HQT-Fullup2 (SEQ ID NO:52)
and HQT-FullLow2 (SEQ ID NO:53) previously used to PCR amplify CcHQT were also
successfully used to amplify a 1533 bp fragment (CaHQT in pML3) (SEQ ID NO:4) from C.
arabica T2308 cDNA (whole flowers). Symbols are the same as for Figures 2 and 3. B) The
insert sequence (SEQ ID NO:4) of pML3 was aligned with the C. arabica cDNA sequence
Race2 CaHQT (SEQ ID NO:29) and the C. canaphora sequence peees30w13pl2 (SEQ ID
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NO:28). The alignment was done using CLUSTAL W and manually optimized. Nucleic
acids marked in gray match the pML3 (CaHQT) sequence (SEQ ID NO:4). The encircled
base shows a stop codon in the ORF of pML3 (SEQ ID NO:4), as discussed in the text and in
the legend for Figure 4.

Figure 7. Alignment of CcC3H with other plant C3H protein sequences. The
alignment of the protein sequence (SEQ ID NO:13) encoded by CcC3H (in pcecl20d10 (SEQ
ID NO:5)) with other highly related C3H proteins in the NCBI database was done using
CLUSTAL W (Note: these proteins are CYP related proteins, thus the Arabidopsis protein
was originally AtCYP). Amino acids marked in gray match those in the CcC3H sequence
(SEQ ID NO:13). AtCYP (4rabidopsis thaliana 22203) (SEQ ID NO:30), ObC3H (Ocimum
basilicum, AAL99201) (SEQ ID NO:31), LeC3H putative (Lycopersicon esculentum,
TC163965 (TIGR Tomato Gene Index annotation) (SEQ ID NO:32)).

Figure 8. Quantitative expression analysis of HQT HCT, C3H, CCoAOMT]I,
CCoAOMT?2 and CCoAOMT3 in C. canephora (robusta, BP409) and C. arabica (arabica,
T2308). The expression of each gene was determined by quantitative RT-PCR using TagMan
specific probes as described in the methods. The RQ value for each tissue sample was
determined by normalizing the transcript level of the test gene versus the transcript level of
the ubiquitously expressed rpl39 gene in each sample analyzed. The data shown represent
mean values obtained from three amplification reactions for each sample and the error bars
indicate the SD.

Figure 9. Isolation and characterization of the complete ORF for CaCCoAOMT-
L1 (pNT8) from Coffea arabica A) Isolation of cDNA containing the complete ORF for
CCoAOMT-L1 (SEQ ID NO:7) from C. arabica. One cDNA fragment
(Racel_CcCCoAOMT-LI) (SEQ ID NO:33) was obtained from coffea canephora (Grain,
yellow stage) covering the complete 5’ end of ORF of coffea canephora CCoAOMT-L1
(SEQ ID NO:7) (see methods in examples). This sequence and the sequence of the insert
contained in pcces30w29k18 (SEQ ID NO:34) were used to design the primers CCoAOMT-
L1-FullUp (SEQ ID NO:56) and CCoAOMT-L1FullLow (SEQ ID NO:57) to amplify a
fragment from Coffea arabica T2308 (Grain, yellow stage) containing the complete ORF
(CaCCoAOMT-L1 in pNT8) (SEQ ID NO:7). Symbols are the same as for Figures 2 and 3..
B) The insert sequence of pNT8 (SEQ ID NO:7) was aligned with the cDNA sequences
Racel_CcCCoAOMT-LI (SEQ ID NO:33) and pcees30w29k18 (SEQ ID NO:34) using the
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CLUSTALW and manually optimized. Bases marked in gray match the base most frequently
found in that position.

Figure 10. Isolation and characterization of the complete ORF for
CcCCoAOMT-L2 (pNT4) from coffea canephora. A) Isolation of a cDNA containing the
complete ORF (SEQ ID NO:8) for CCoAOMT-L2 from C. canephora. One cDNA fragment
(Racel _CaCCoAOMT-L2) (SEQ ID NO:35) was obtained from Coffea arabica (Grain,
yellow stage) covering the complete 5’ end of ORF of Coffea arabica CCoOAOMT-L2 (SEQ
ID NO:8) (see methods in examples). This sequence and the sequence of the insert contained
in pcces46w30m24 (SEQ ID NO:36) were used to design the primers CCoAOMT-L2-FullUp
(SEQ ID NO:58) and CCoAOMT-L2-FullLow (SEQ ID NO:59), and these primers were
used to amplify a fragment from Coﬁea canephora BP409 (Grain, yellow stage) called
CcCCoAOMT-L2 (pNT4) (SEQ ID NO:8). The symbols are the same as for Figures 2 and
3.. B) The insert sequence (SEQ ID NO:8) of pNT4 was aligned with the cDNA sequences
Racel CaCCoAOMT-L2 (SEQ ID NO:35) and pcces46w30m24 (SEQ ID NO:36). The
alignment was done using the CLUSTALW and manually optimized. Bases in grey match
the residue most frequently found for that position.

Figure 11. Protein sequence alignment of CcCCoAOMT-1 (pccellSall),
CaCCoAOMT-L1 (pNT8), and CcCCoAOMT-L2 (pNT4). An alignment of protein
sequences CcCCoAOMT-1, CaCCoAOMT-L1 and CcCCoAOMT-L2 (SEQ ID NOs:14, 15,
16, respectively) encoded by (SEQ ID NOs: 6, 7, 8, respectively) was done using
CLUSTALW and manually optimized. Amino acids marked in gray match the residue most
frequently found in that position. The following amino acid interactions were characterized in
the recent crystal structure of the alfalfa (Medicago sativa) CCoAOMT complexed with
reaction products (Ferrer et al, 2005): the pink boxes indicate amino acids which interact
with the negatively charged 3’-phosphate group of the adenosine 3’-5 diphosphate moiety of
CoA, the blue boxes indicate amino acids involved in substrate recognition, and the green
boxes indicate amino acids involved in divalent metal ion and cofactor binding.

Figure 12. Protein sequence alignment of CcCCoAOMT-1 (pceellSall),
MsCCoAOMT, NtCCoAOMT, VvCCoAOMT, CaCCoAOMT-L1 (pNT8), and
CcCCoAOMT-L2 (pNT4). An alignment of MsCCoAOMT (SEQ ID NO:37),
NtCCoAOMT (SEQ ID NO:38) and VvCCoAOMT (SEQ ID NO:39) protein sequences
available in the NCBI database with the protein sequences encoded by CcCCoAOMT-1,
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CaCCoAOMT-LI and CcCCoAOMT-L2 genes (SEQ ID NOs:6, 7, 8, respectively) was done
using CLUSTAL W and manually optimized. Amino acids marked in gray maich the residue
most frequently found in that position. The following amino acid interactions were
characterized in the recent crystal structure of the alfalfa (Medicago sativa) CCoAOMT
complexed with reaction products (Ferrer and al, 2005): the pink boxes indicate amino acids
which interact with the negatively charged 3’-phosphate group of the adenosine 3°-5
diphosphate moiety of CoA, the blue boxes indicate amino acids involved in substrate
recognition, and the green boxes indicate amino acids involved in divalent metal ion and
cofactor binding. Accession numbers for protein sequences available in the NCBI database
are given in parentheses : MsCCoAOMT (Medicago sativa, AAC28973 (SEQ ID NO:37)),
NtCCoAOMT (Nicotiana tabacum, AAC49913 (SEQ ID NO:38)), and VVCCoAOMT (Vitis
vinifera, CAA90969 (SEQ ID NO:39)).

Figure 13. Expression and purification of the recombinant CcHCT protein. A)
Extracts from various stages of the expression and purification of the recombinant GST-
CcHCT fusion protein (pGTPc103a_HCT) were analyzed by, A) using 5-18% SDS-PAGE
and coomassie blue staining and by B) using western blotting analysis (see methods in
examples). Lanes in A; 1.Total lysate of BI21 recombinant cells containing
pGTPc103a_HCT and induced with 0.2mM IPTG 2. Soluble fraction lysate, 3. Insoluble
fraction of lysate, 4. First wash of NiNTA column with wash buffer, 5 to 9 successive
fractions eluted from the Ni-NTA column using elution buffer, 9 Weight ladder. Lanes in B;
1. Pooled material eluted from theNi-NTA column. 2. Weight ladder.

Figure 14. Expression and purification of the recombinant CcHQT protein. A)
Extracts from various stages of the expression and purification of the recombinant GST-
CcHQT fusion protein (pGTPc103a_HQT) were analyzed by, A) using 5-18% SDS-PAGE
and coomassie blue staining and by B) using western blotting analysis (see methods in
examples). Lanes in A; 1.Total lysate of BI21 recombinant cells containing
pGTPc103a_HQT and inducted with 0.2mM IPTG 2. Soluble fraction lysate, 3. Insoluble
fraction of lysate, 4. First wash of NINTA column with wash buffer, 5 to 9 successive
fractions eluted from the Ni-NTA column using elution buffer, 9 Weight ladder. Lanes in B;
1. Pooled material eluted from the Ni-NTA column. 2. Weight ladder.

Figure 15. Analysis of CcCCoAOMT-1 (pNT16) expression and purification. A)
The expression of the His-Tag-CcCCoAOMT! fusion protein was analyzed on a 12% SDS-
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PAGE gel and stained with coomassie blue. A-Lanes 1. Crude extract of BI21 recombinant
cells containing pNT16 and with expression induction using 0.2% d’arabinose, 2. Crude
extract of B121 recombinant cells with pNT16 and with expression suppression using 0.1% of
glucose. B-Lanes 1. lysate loaded on NiNTA column, 2. First wash fraction : 3. second
wash fraction, 4 to 7. fractions 1-4 eluted from the NiNTA column using elution buffer.
MW: Molecular weigth marker (Precision Plus Prestained All Blue (Biorad #161-0373)).

Figure 16. Analysis of CaCCoAOMT-L1 (pNT12) expression and purification.
A) The expression of the His-Tag-CaCCoAOMT-L1 fusion protein was analyzed on a 12%
SDS-PAGE gel and stained with coomassie blue. A-Lanes 1. Crude extract of BI21
recombinant cells containing pNT12 and with expression induction using 0.2% d’arabinose,
2. Crude extract of BI121 recombinant cells with pNT12 and with expression suppression
using 0.1% of glucose MW: Molecular weigth marker (Precision Plus Prestained All Blue
(Biorad #161-0373)). B-Lanes 1-4 fractions 1-4 eluted from the NiNTA column using
elution buffer. MW: Molecular weigth marker (Unstained Precision Broad Range (Biorad
#161-0362)).

Figure 17. Analysis of CcCCoAOMT-L2 (pNT17) expression and purification.
A) The expression of the His-Tag-CcCCoAOMT-L2 fusion protein was analyzed on a 12%
SDS-PAGE gel and stained with coomassie blue. A-Lanes 1. Crude extract of B121
recombinant cells containing pNT17 and with expression induction using 0.2% d’arabinose,
2. Crude extract of BI21 recombinant cells with pNT17 and with expression suppression
using 0.1% of glucose, MW: Molecular weigth marker (Precision Plus Prestained All Blue
(Biorad #161-0373)). B-Lanes 1-4 fractions 1-4 eluted from the NiNTA column using
elution buffer. MW: Molecular weigth marker (Unstained Precision Broad Range (Biorad
#161-0362)).

Figure 18. Activity analysis for the HisTag-CcCCoAOMT]1 recombinant
protein. Samples of the activity reactions described in the method section were loaded on a
HPLC column and the elution profile was measured at 324nm Panel A HPLC elution
profile of reaction samples containing 40p.g of recombinant protein taken at 0, 6, and 24
hours respectively . Panel B HPLC profile of control reaction without enzyme added at the
same time points.

Figure 19. Identification of the unknown product of the CcCCoAOMT]1 protein

as ferulic acid. The peak at 14.8 min retention time was identified as ferulic acid by adding a
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ferulic acid “spike” directly into the 24 hour enzyme sample illustrated in Figure 18 panel A.
The UV absorbance at 324nm of the 24 hour sample + and — “spike” is presented. The
green curve represents the elution profile of the 24h sample, and the yellow curve represents
the elution profile of the 24 hour sample plus the ferulic acid “spike™: the unknown product
clearly co-elutes with the ferulic acid “spike”.

Figure 20. HPLC elution profile of SCQA sample at 40°C in activity buffer
(negative control). A: T=0 HPLC spectrum, B: T2 hour HPLC spectrum. C: T4 hour
HPLC spectrum. ‘

Figure 21. HPLC elution profile of samples taken from reaction with
recombinant HCT (released after cleavage with AcTEV protease) and SCQA substrate.
A: HPLC profile of sample at T= 0, B: HPLC profile of sample after 4h incubation at 40°C.
C: HPLC profile of sample after 24h incubation at 40°C. The peak at retention time of
approximately 14.4 min has been identified as SCQA by comparison of standard inj ection.

Similarly, the peak at 2 min has been identified as Coenzyme A.

DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

Definitions:

Various terms relating to the biological molecules and other aspects of the present
invention are used throughout the specification and claims.

The term “phenylpropanoid pathway polypeptides, proteins or enzymes” refers to
polypeptides that participate in the phenylpropanoid pathway, which, among other things,
leads to chlorogenic acid biosynthesis in plants, and more specifically, in coffee plants. This
term encompasses the specific mechanism of action of each respective protein in the pathway.
The polypeptides include without limitation, phenylalanine ammonia-lyase, cinnamate 4-
hydroxylase, 4-hydroxycinnamoyl-CoA ligase (also referred to as 4 coumaroyl-CoA ligase),
hydroxycinnamoyl coenzyme A shikimate hydroxycinnamoyltransferase, hydroxycinnamoyl
conenzyme A quinate hydroxycinnamoyltransferase p-coumarate 3-hydroxylase, caffeoyl-
CoA O-methyltransferase, cinnamyl-alcohol dehydrogenase, cinnamoyl-CoA reductase,
caffeic/5-hydroxyferulic acid O-methyltransferase, ferulate 5-hydroxylase, sinapyl-alcohol
dehydrogenase, and the like, as exemplified herein.

“Isolated” means altered "by the hand of man" from the natural state. Ifa
composition or substance occurs in nature, it has been "isolated" if it has been changed or

removed from its original environment, or both. For example, a polynucleotide or a
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polypeptide naturally present in a living plant or animal is not “isolated,” but the same
polynucleotide or polypeptide separated from the coexisting materials of its natural state is
"isolated", as the term is employed herein.

“Polynucleotide,” also referred to as “nucleic acid molecule”, generally refers to any
polyribonucleotide or polydeoxribonucleotide, which may be unmodified RNA or DNA or
modified RNA or DNA. "Polynucleotides" include, without limitation single- and double-
stranded DNA, DNA that is a mixture of single- and double-stranded regions, single- and
double-stranded RNA, and RNA that is mixture of single- and double-stranded regions,
hybrid molecules comprising DNA and RNA that may be single-stranded or, more typically,
double-stranded or a mixture of single- and double-stranded regions. In addition,
“polynucleotide” refers to triple-stranded regions comprising RNA or DNA or both RNA and
DNA. The term polynucleotide also includes DNAs or RNAs containing one or more
modified bases and DNAs or RNAs with backbones modified for stability or for other
reasons. "Modified" bases include, for example, tritylated bases and unusual bases such as
inosine. A variety of modifications can be made to DNA and RNA; thus, “polynucleotide”
embraces chemically, enzymatically or metabolically modified forms of polynucleotides as
typically found in nature, as well as the chemical forms of DNA and RNA characteristic of
viruses and cells. “Polynucleotide” also embraces relatively short polynucleotides, often
referred to as oligonucleotides.

“Polypeptide” refers to any peptide or protein comprising two or more amino acids
joined to each other by peptide bonds or modified peptide bonds, i.e., peptide isosteres.
“Polypeptide” refers to both short chains, commonly referred to as peptides, oligopeptides or
oligomers, and to longer chains, generally referred to as proteins. Polypeptides may contain
amino acids other than the 20 gene-encoded amino acids. “Polypeptides” include amino acid
sequences modified either by natural processes, such as post-translational processing, or by
chemical modification techniques which are well known in the art. Such modifications are
well described in basic texts and in more detailed monographs, as well as in a voluminous
research literature. Modifications can occur anywhere in a polypeptide, including the peptide
backbone, the amino acid side-chains and the amino or carboxyl termini. It will be
appreciated that the same type of modification may be present in the same or varying degrees
at several sites in a given polypeptide. Also, a given polypeptide may contain many types of

modifications. Polypeptides may be branched as a result of ubiquitination, and they may be
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cyclic, with or without branching. Cyclic, branched and branched cyclic polypeptides may
result from natural posttranslational processes or may be made by synthetic methods.
Modifications include acetylation, acylation, ADP-ribosylation, amidation, covalent
attachment of flavin, covalent attachment of a heme moiety, covalent attachment of a
nucleotide or nucleotide derivative, covalent attachment of a lipid or lipid derivative, covalent
attachment of phosphotidylinositol, cross-linking, cyclization, disulfide bond formation,
demethylation, formation of covalent cross-links, formation of cystine, formation of
pyroglutamate, formylation, gamma-carboxylation, glycosylation, GPI anchor formation,
hydroxylation, iodination, methylation, myristoylation, oxidation, proteolytic processing,
phosphorylation, prenylation, racemization, selenoylation, sulfation, transfer-RNA mediated
addition of amino acids to proteins such as arginylation, and ubiquitination. See, for instance,
Proteins - Structure and Molecular Properties, 2nd Ed., T. E. Creighton, W. H. Freeman
and Company, New York, 1993 and Wold, F., Posttranslational Protein Modifications:
Perspectives and Prospects, pgs. 1-12 in Posttranslational Covalent Modification of Proteins,
B. C. Johnson, Ed., Academic Press, New York, 1983; Seifter ef al., Analysis for Protein
Modifications and Nonprotein Cofactors, Meth Enzymol (1990) 182:626-646 and Rattan et
al., Protein Synthesis: Posttranslational Modifications and Aging, Ann NY Acad Sci (1992)
663:48-62.

“Variant” as the term is used herein, is a polynucleotide or polypeptide that differs
from a reference polynucleotide or polypeptide respectively, but retains essential properties.
A typical variant of a polynucleotide differs in nucleotide sequence from another, reference
polynucleotide. Changes in the nucleotide sequence of the variant may or may not alter the
amino acid sequence of a polypeptide encoded by the reference polynucleotide. Nucleotide
changes may result in amino acid substitutions, additions, deletions, fusions and truncations
in the polypeptide encoded by the reference sequence, as discussed below. A typical variant
of a polypeptide differs in amino acid sequence from another, reference polypeptide.
Generally, differences are limited so that the sequences of the reference polypeptide and the
variant are closely similar overall and, in many regions, identical. A variant and reference
polypeptide may differ in amino acid sequence by one or more substitutions, additions or
deletions in any combination. A substituted or inserted amino acid residue may or may not
be one encoded by the genetic code. A variant of a polynucleotide or polypeptide may be

naturally occurring, such as an allelic variant, or it may be a variant that is not known to occur
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naturally. Non-naturally occurring variants of polynucleotides and polypeptides may be
made by mutagenesis techniques or by direct synthesis.

In reference to mutant plants, the terms “null mutant” or “loss-of-function mutant” are
used to designate an organism or genomic DNA sequence with a mutation that causes a gene
product to be non-functional or largely absent. Such mutations may occur in the coding
and/or regulatory regions of the gene, and may be changes of individual residues, or
insertions or deletions of regions of nucleic acids. These mutations may also occur in the
coding and/or regulatory regions of other genes which may regulate or control a gene and/or
encoded protein, so as to cause the protein to be non-functional or largely absent.

The term “substantially the same” refers to nucleic acid or amino acid sequences
having sequence variations that do not materially affect the nature of the protein (i.e. the
structure, stability characteristics, substrate specificity and/or biological activity of the
protein). With particular reference to nucleic acid sequences, the term “substantially the
same” is intended to refer to the coding region and to conserved sequences governing
expression, and refers primarily to degenerate codons encoding the same amino acid, or
alternate codons encoding conservative substitute amino acids in the encoded polypeptide.
With reference to amino acid sequences, the term “substantially the same” refers generally to
conservative substitutions and/or variations in regions of the polypeptide not involved in
determination of structure or function.

The terms “percent identical” and “percent similar” are also used herein in
comparisons among amino acid and nucleic acid sequences. When referring to amino acid
sequences, “identity” or “percent identical” refers to the percent of the amino acids of the
subject amino acid sequence that have been matched to identical amino acids in the compared
amino acid sequence by a sequence analysis program. “Percent similar” refers to the percent
of the amino acids of the subject amino acid sequence that have been matched to identical or
conserved amino acids. Conserved amino acids are those which differ in structure but are
similar in physical properties such that the exchange of one for another would not appreciably
change the tertiary structure of the resulting protein. Conservative substitutions are defined in
Taylor (1986, J. Theor. Biol. 119:205). When referring to nucleic acid molecules, “percent
identical” refers to the percent of the nucleotides of the subject nucleic acid sequence that

have been matched to identical nucleotides by a sequence analysis program. The terms
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“identity” or “identical” are used interchangeably with the terms “homology” or
“homologous.”

“Identity” and “similarity” can be readily calculated by known methods. Nucleic acid
sequences and amino acid sequences can be compared using computer programs that align
the similar sequences of the nucleic or amino acids and thus define the differences. In
preferred methodologies, the BLAST programs (NCBI) and parameters used therein are
employed, and the Lasergene package of the DNAstar system (Madison, WI) is used to align
sequence fragments of genomic DNA sequences, as well as cDNA and protein sequences.
However, equivalent alignments and similarity/identity assessments can be obtained through
the use of any standard alignment software. For instance, the GCG Wisconsin Package
version 9.1, available from the Genetics Computer Group in Madison, Wisconsin, and the
default parameters used (gap creation penalty=12, gap extension penalty=4) by that program
may also be used to compare sequence identity and similarity.

“Antibodies” as used herein includes polyclonal and monoclonal antibodies, chimeric,
single chain, and humanized antibodies, as well as antibody fragments (e.g., Fab, Fab’,
F(ab’), and F,), including the products of a Fab or other immunoglobulin expression library.
With respect to antibodies, the term, "immunologically specific" or “specific” refers to
antibodies that bind to one or more epitopes of a protein of interest, but which do not
substantially recognize and bind other molecules in a sample containing a mixed population
of antigenic biological molecules. Screening assays to determine binding specificity of an
antibody are well known and routinely practiced in the art. For a comprehensive discussion
of such assays, see Harlow ez al. (Eds.), ANTIBODIES A LABORATORY MANUAL; Cold Spring
Harbor Laboratory; Cold Spring Harbor, NY (1988), Chapter 6.

The term “substantially pure” refers to a preparation comprising at least 50-60% by
weight the compound of interest (e.g., nucleic acid, oligonucleotide, protein, etc.). More
preferably, the preparation comprises at least 75% by weight, and most preferably 90-99% by
weight, the compound of interest. Purity is measured by methods appropriate for the
compound of interest (e.g. chromatographic methods, agarose or polyacrylamide gel
electrophoresis, HPLC analysis, and the like).

With respect to single-stranded nucleic acid molecules, the term “specifically
hybridizing” refers to the association between two single-stranded nucleic acid molecules of

sufficiently complementary sequence to permit such hybridization under pre-determined
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conditions generally used in the art (sometimes termed “substantially complementary™). In
particular, the term refers to hybridization of an oligonucleotide with a substantially
complementary sequence contained within a single-stranded DNA or RNA molecule, to the
substantial exclusion of hybridization of the oligonucleotide with single-stranded nucleic
acids of non-complementary sequence.

A “coding sequence” or “coding region” refers to a nucleic acid molecule having
sequence information necessary to produce a gene product, when the sequence is expressed.
The coding sequence may comprise untranslated sequences (e.g., introns or 5° or 3’
untranslated regions) within translated regions, or may lack such intervening untranslated
sequences (e.g., as in cDNA).

“Intron” refers to polynucleotide sequences in a nucleic acid that do not code
information related to protein synthesis. Such sequences are transcribed into mRNA, but are
removed before translation of the mRNA into a protein.

The term “operably linked” or “operably inserted” means that the regulatory
sequences necessary for expression of the coding sequence are placed in a nucleic acid
molecule in the appropriate positions relative to the coding sequence so as to enable
expression of the coding sequence. By way of example, a promoter is operably linked with a
coding sequence when the promoter is capable of controlling the transcription or expression
of that coding sequence. Coding sequences can be operably linked to promoters or regulatory
sequences in a sense or antisense orientation. The term “operably linked” is sometimes
applied to the arrangement of other transcription control elements (e.g. enhancers) in an
expression vector.

Transcriptional and translational control sequences are DNA regulatory sequences,
such as promoters, enhancers, polyadenylation signals, terminators, and the like, that provide
for the expression of a coding sequence in a host cell.

The terms “promoter”, “promoter region” or “promoter sequence’ refer generally to
transcriptional regulatory regions of a gene, which may be found at the 5' or 3' side of the
coding region, or within the coding region, or within introns. Typically, a promoter is a DNA
regulatory region capable of binding RNA polymerase in a cell and initiating transcription of
a downstream (3' direction) coding sequence. The typical 5' promoter sequence is bounded at
its 3' terminus by the transcription initiation site and extends upstream (5' direction) to

include the minimum number of bases or elements necessary to initiate transcription at levels
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detectable above background. Within the promoter sequence is a transcription initiation site
(conveniently defined by mapping with nuclease S1), as well as protein binding domains
(consensus sequences) responsible for the binding of RNA polymerase.

A “vector” is a replicon, such as plasmid, phage, cosmid, or virus to which another
nucleic acid segment may be operably inserted so as to bring about the replication or
expression of the segment.

The term “nucleic acid construct” or “DNA. construct” is sometimes used to refer to a
coding sequence or sequences operably linked to appropriate regulatory sequences and
inserted into a vector for transforming a cell. This term may be used interchangeably with the
term “transforming DNA” or “transgene”. Such a nucleic acid construct may contain a
coding sequence for a gene product of interest, along with a selectable marker gene and/or a
reporter gene.

A “marker gene” or “selectable marker gene” is a gene whose encoded gene product
confers a feature that enables a cell containing the gene to be selected from among cells not
containing the gene. Vectors used for genetic engineering typically contain one or more
selectable marker genes. Types of selectable marker genes include (1) antibiotic resistance
genes, (2) herbicide tolerance or resistance genes, and (3) metabolic or auxotrophic marker
genes that enable transformed cells to synthesize an essential component, usually an amino
acid, which the cells cannot otherwise produce.

A “reporter gene” is also a type of marker gene. It typically encodes a gene product
that s assayable or detectable by standard laboratory means (e.g., enzymatic activity,
fluorescence). .

b1

The term “express,” “expressed,” or “expression” of a gene refers to the biosynthesis
of a gene product. The process involves transcription of the gene into mRNA and then
translation of the mRNA into one or more polypeptides, and encompasses all naturally
occurring post-translational modifications.

“Endogenous” refers to any constituent, for example, a gene or nucleic acid, or
polypeptide, that can be found naturally within the specified organism.

A “heterologous” region of a nucleic acid construct is an identifiable segment (or
segments) of the nucleic acid molecule within a larger molecule that is not found in

association with the larger molecule in nature. Thus, when the heterologous region encodes a

gene, the gene will usually be flanked by DNA that does not flank the genomic DNA in the
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genome of the source organism. In another example, a heterologous region is a construct
where the coding sequence itself is not found in nature (e.g., a cDNA where the genomic
coding sequence contains introns, or synthetic sequences having codons different than the
native gene). Allelic variations or naturally-occurring mutational events do not give rise to a
heterologous region of DNA as defined herein. The term “DNA construct”, as defined above,
is also used to refer to a heterologous region, particularly one constructed for use in
transformation of a cell.

A cell has been “transformed” or “transfected” by exogenous or heterologous DNA
when such DNA has been introduced inside the cell. The transforming DNA may or may not
be integrated (covalently linked) into the genome of the cell. In prokaryotes, yeast, and
mammalian cells for example, the transforming DNA may be maintained on an episomal
element such as a plasmid. With respect to eukaryotic cells, a stably transformed cell is one
in which the transforming DNA has become integrated into a chromosome so that it is
inherited by daughter cells through chromosome replication. This stability is demonstrated
by the ability of the eukaryotic cell to establish cell lines or clones comprised of a population
of daughter cells containing the transforming DNA. A “clone” is a population of cells
derived from a single cell or common ancestor by mifosis. A “cell line” is a clone of a
primary cell that is capable of stable growth iz vitro for many generations.

9 <¢

“Grain,” “seed,” or “bean,” refers to a flowering plant’s unit of reproduction, capable
of developing into another such plant. As used herein, especially with respect to coffee
plants, the terms are used synonymously and interchangeably.

As used herein, the term “plant” includes reference to whole plants, plant organs (e.g.,
leaves, stems, shoots, roots), seeds, pollen, plant cells, plant cell organelles, and progeny
thereof. Parts of transgenic plants are to be understood within the scope of the invention to
comprise, for example, plant cells, protoplasts, tissues, callus, embryos as well as flowers,

stems, seeds, pollen, fruits, leaves, or roots originating in transgenic plants or their progeny.

Description:

In one of its aspects, the present invention features nucleic acid molecules from coffee
that encode a variety of proteins that comprise the phenylpropanoid pathway, which, among
other functions, leads to chlorogenic acid biosynthesis. Representative examples of nucleic

acid molecules encoding proteins that comprise the phenylpropanoid pathway were identified
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from databases of over 47,000 expressed sequence tags (ESTs) from several Coffea
canephora (tobusta) cDNA libraries made with RNA isolated from young leaves and from
the grain and pericarp tissues of cherries harvested at different stages of development.
Overlapping ESTs were identified and “clustered” into unigenes (contigs) comprising
complete coding sequences. The unigene sequences were annotated by performing a BLAST
search of each individual sequence against the NCBI (National Ceriter for Biotechnology
Information) non-redundant protein database.

The above-described analyzes revealed gene sequences representing several important
enzymes of the phenylpropanoid pathway in the coffee plant. cDNAs representing the full
open-reading frames (ORF) of several of these sequences have now been obtained. These

cDNAs and their encoded proteins are referred to herein as follows:

Enzyme cDNA (SEQID | encoded protein (SEQ
NO:) IDNO:)

Hydroxycinnamoyl-CoA shikimate / CcHCT 1 CcHCT 9
quinate hydroxycinnamoyltransferase
Hydroxycinnamoyl-CoA shikimate / CaHCT 2 CaHCT 10
quinate hydroxycinnamoyltransferase
Hydroxycinnamoyl-CoA quinate CcHQT 3 CcHQT 11
hydroxycinnamoyltransferase
Hydroxycinnamoyl-CoA quinate CaHQT 4 CaHQT 12

| hydroxycinnamoyltransferase
p-coumaroyl 3’ hydroxylase CeC3H 5 CcC3H 13
caffeoyl-CoA 3-O methytransferase 1 CcCCoAOMTI 6 CcCCoAOMT1 14
caffeoyl-CoA 3-O methytransferase-like 1 CaCCoAOMT-LI 7 CaCCoAOMT-L1 15
caffeoyl-CoA 3-O methytransferase-like 2 CcCCoAOMT-L2 8 CcCCoAOMT-L2 16

The encoded proteins have molecular masses of approximately 48.06 kDa CcHCT
(SEQ ID NO:9), 48.19 kDa CaHCT (SEQ ID NO:10), 47.72 kDa CcHQT SEQ ID NO:11),
47.54 kDa CaHQT (SEQ ID NO:12), 57.9 kDa CcC3H (SEQ ID NO:13), 27.97 kDa
CcCCoAOMT1 (SEQ ID NO:14), 25.71 kDa CaCCoAOM L1 (SEQ ID NO:15), and 26.3
kDa CcCCoAOMT L2 (SEQ ID NO:16). Although polynucleotides encoding proteins that
comprise the phenylpropanoid pathway from Coffea canephora and Coffea arabica are
described and exemplified herein, this invention is intended to encompass nucleic acids and
encoded proteins from other Coffea species that are sufficiently similar to be used
interchangeably with the exemplified Coffea polynucleotides and proteins for the purposes

described below. Accordingly, when the term polypeptides or proteins that “comprise the
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phenylpropanoid pathway” is used herein, it is intended to encompass all Coffea proteins that
have the general physical, biochemical, and functional features described herein, as well as
the polynucleotides that encode them.

Considered in terms of their sequences, the polynucleotides of the invention that
encode proteins that comprise the phenylpropanoid pathway include allelic variants and
natural mutants of SEQ ID NOs: 1-8, which are likely to be found in different varieties of C.
canephora and C. arabica, and homologs of SEQ ID NOs: 1-8 likely to be found in different
coffee species. Because such variants and homologs are expected to possess certain
differences in nucleotide and amino acid sequence, this invention provides isolated
polynucleotides encoding proteins that comprise the phenylpropanoid pathway that have at
least about 50%, preferably at least about 60, 65, or 70%, more preferably at least about 71%,
72%, T3%, T4%, 75%, 16%, 71%. 718%, 79%, or 80%, even more preferably 81%, 82%, 83%,
84%, 85%, 86%, 87%, 88%, 89%, and even more preferably 90%, 91%, 92%, 93%, 94%,
95%, and most preferably 96%, 97%, 98% and 99% or more identity with any one of SEQ ID
NOs:9-16, and comprise a nucleotide sequence having equivalent ranges of identity to any
one of SEQ ID NOs:1-8. Because of the natural sequence variation likely to exist among
proteins that comprise the phenjlpropanoid pathway, and the genes encoding them in
different coffee varieties and species, one skilled in the art would expect to find this level of
variation, while still maintaining the unique properties of the polypeptides and
polynucleotides of the present invention. Such an expectation is due in part to the degeneracy
of the genetic code, as well as to the known evolutionary success of conservative amino acid
sequence variations, which do not appreciably alter the nature of the encoded protein.
Accordingly, such variants and homologs are considered substantially the same as one
another and are included within the scope of the present invention.

The gene regulatory sequences associated with genes encoding proteins that comprise
the phenylpropanoid pathway are of practical utility and are considered within the scope of
the present invention. Promoters and other gene regulatory sequences of genes encoding
proteins that comprise the phenylpropanoid pathway from any coffee species may be obtained
by the methods described below, and may be utilized in accordance with the present
invention. Promoters and regulatory elements governing tissue specificity and temporal
specificity of the expression of genes encoding proteins that comprise the phenylpropanoid

pathway may be used to advantage, alter or modify the expression of proteins that comprise
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the phenylpropanoid pathway toward the goal of enhancing the flavor and aroma of coffee
products produced from coffee beans comprising such modifications, among other utilities.

The following sections set forth the general procedures involved in practicing the
present invention. To the extent that specific materials are mentioned, it is merely for the
purpose of illustration, and is not intended to limit the invention. Unless otherwise specified,
general biochemical and molecular biological procedures, such as those set forth in Sambrook
et al., Molecular Cloning, Cold Spring Harbor Laboratory (1989) or Ausubel et al. (eds),
Current Protocols in Molecular Biology, John Wiley & Sons (2005) are used.

Nucleic Acid Molecules, Proteins and Antibodies:

Nucleic acid molecules of the invention may be prepared by two general methods: (1)
they may be synthesized from appropriate nucleotide triphosphates, or (2) they may be
isolated from biological sources. Both methods utilize protocols well known in the art.

The availability of nucleotide sequence information, such as the cDNA having SEQ
ID NOs:1-8, enables preparation of an isolated nucleic acid molecule of the invention by
oligonucleotide synthesis. Synthetic oligonucleotides may be prepared by the
phosphoramidite method employed in the Applied Biosystems 38A DNA Synthesizer or
similar devices. The resultant construct may be purified according to methods known in the
art, such as high performance liquid chromatography (HPLC). Long, double-stranded
polynucleotides, such as a DNA molecule of the present invention, must be synthesized in
stages, due to the size limitations inherent in current oligonucleotide synthetic methods.
Thus, for example, a long double-stranded molecule may be synthesized as several smaller
segments of appropriate complementarity. Complementary segments thus produced may be
annealed such that each segment possesses appropriate cohesive termini for attachment of an
adjacent segment. Adjacent segments may be ligated by annealing cohesive termini in the
presence of DNA ligase to construct an entire long double-stranded molecule. A synthetic
DNA molecule so constructed may then be cloned and amplified in an appropriate vector.

In accordance with the present invention, nucleic acids having the appropriate level
sequence homology with part or all of the coding and/or regulatory regions genes encoding
proteins that comprise the phenylpropanoid pathway may be identified by using hybridization
and washing conditions of appropriate stringency. It will be appreciated by those skilled in

the art that the aforementioned strategy, when applied to genomic sequences, will, in addition
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to enabling isolation coding sequences for genes encoding proteins that comprise the
phenylpropanoid pathway, also enable isolation of promoters and other gene regulatory
sequences associated with genes encoding proteins that comprise the phenylpropanoid
pathway, even though the regulatory sequences themselves may not share sufficient
homology to enable suitable hybridization.

As a typical illustration, hybridizations may be performed, according to the method of
Sambrook et al., using a hybridization solution comprising: 5X SSC, 5X Denhardt's reagent,
1.0% SDS, 100 pg/ml denatured, fragmented salmon sperm DNA, 0.05% sodium
pyrophosphate and up to 50% formamide. Hybridization is carried out at 37-42°C for at least
six hours. Following hybridization, filters are washed as follows: (1) 5 minutes at room
temperature in 2X SSC and 1% SDS; (2) 15 minutes at room temperature in 2X SSC and
0.1% SDS; (3) 30 minutes-1 hour at 37°C in 2X SSC and 0.1% SDS; (4) 2 hours at 45-55°C
in 2X SSC and 0.1% SDS, changing the solution every 30 minutes.

One common formula for calculating the stringency conditions required to achieve

hybridization between nucleic acid molecules of a specified sequence homology (Sambrook
et al., 1989):

Tm = 81.5°C + 16.6Log [Na+] + 0.41(% G+C) - 0.63 (% formamide) - 600/#bp in
duplex

As an illustration of the above formula, using [Na+] = [0.368] and 50% formamide,
with GC content of 42% and an average probe size of 200 bases, the Tm is 57°C. The Tm of
a DNA duplex decreases by 1 - 1.5°C with every 1% decrease in homology. Thus, targets
with greater than about 75% sequence identity would be observed using a hybridization
temperature of 42°C. In one embodiment, the hybridization is at 37°C and the final wash is at
42°C; in another embodiment the hybridization is at 42°C and the final wash is at 50°C; and
in yet another embodiment the hybridization is at 42°C and final wash is at 65°C, with the
above hybridization and wash solutions. Conditions of high stringency include hybridization
at 42°C in the above hybridization solution and a final wash at 65°C in 0.1X SSC and 0.1%
SDS for 10 minutes.

Nucleic acids of the present invention may be maintained as DNA in any convenient

cloning vector. In a preferred embodiment, clones are maintained in plasmid
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cloning/expression vector, such as pGEM-T (Promega Biotech, Madison, WI), pBluescript
(Stratagene, La Jolla, CA), pCR4-TOPO (Invitrogen, Carlsbad, CA) or pET28a+ (Novagen,
Madison, WI), all of which can be propagated in a suitable E. coli host cell.

Nucleic acid molecules of the invention include cDNA, genomic DNA, RNA, and
fragments thereof which may be single-, double-, or even triple-stranded. Thus, this
invention provides oligonucleotides (sense or antisense strands of DNA or RNA) having
sequences capable of hybridizing with at least one sequence of a nucleic acid molecule of the
present invention. Such oligonucleotides are useful as probes for detecting genes encoding
proteins that comprise the phenylpropanoid pathway or mRNA in test samples of plant tissue,
e.g., by PCR amplification, or for the positive or negative regulation of expression genes
encoding proteins that comprise the phenylpropanoid pathway at or before translation of the
mRNA into proteins. Methods in which oligonucleotides or polynucleotides may be utilized
as probes for such assays include, but are not limited to: (1) in situ hybridization; (2)
Southern hybridization (3) northern hybridization; and (4) assorted amplification reactions
such as polymerase chain reactions (PCR, including RT-PCR) and ligase chain reaction
(LCR).

Polypeptides encoded by nucleic acids of the invention may be prepared in a variety
of ways, according to known methods. If produced in situ the polypeptides may be purified
from appropriate sources, e.g., seeds, pericarps, or other plant parts.

Alternatively, the availability of nucleic acid molecules encoding the polypeptides
enables production of the proteins using in vitro expression methods known in the art. For
example, a cDNA or gene may be cloned into an appropriate in vitro transcription vector,
such a pSP64 or pSP65 for in vitro transcription, followed by cell-free translation in a suitable
cell-free translation system, such as wheat germ or rabbit reticulocytes. In vitro transcription
and translation systems are commercially available, e.g., from Promega Biotech, Madison,
WI, BRL, Rockville, MD or Invitrogen, Carlsbad, CA.

According to a preferred embodiment, larger quantities of polypeptides that comprise
the phenylpropanoid pathway may be produced by expression in a suitable prokaryotic or
eukaryotic system. For example, part or all of a DNA molecule, such as the cDNAs having
SEQ ID NOs: 1-8, may be inserted into a plasmid vector adapted for expression in a bacterial
cell (such as E. coli) or a yeast cell (such as Saccharomyces cerevisiae), or into a baculovirus

vector for expression in an insect cell. Such vectors comprise the regulatory elements
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necessary for expression of the DNA in the host cell, positioned in such a manner as to permit
expression of the DNA in the host cell. Such regulatory elements required for expression
include promoter sequences, transcription initiation sequences and, optionally, enhancer
sequences.

The polypeptides that comprise the phenylpropanoid pathway produced by gene
expression in a recombinant prokaryotic or eukaryotic system may be purified according to
methods known in the art. In a preferred embodiment, a commercially available
expression/secretion system can be used, whereby the recombinant protein is expressed and
thereafter secreted from the host cell, to be easily purified from the surrounding medium. If
expression/secretion vectors are not used, an alternative approach involves purifying the
recombinant protein by affinity separation, such as by immunological interaction with
antibodies that bind specifically to the recombinant protein. Such methods are commonly
used by skilled practitioners.

Polypeptides of the invention can also be synthesized and expressed as fusion proteins
with one or more additional domains linked thereto for, e.g., producing a more immunogenic
peptide, to more readily isolate a recombinantly synthesized peptide, to identify and isolate
antibodies and antibody-expressing B cells, and the like. Detection and purification
facilitating domains include, e.g., metal chelating peptides such as polyhistidine tracts and
histidine-tryptophan modules that allow purification on immobilized metals, protein A
domains that allow purification on immobilized immunoglobulin, and the domain utilized in
the FLAGS extension/affinity purification system (Immunex Corp, Seattle Wash.). The
inclusion of a cleavable linker sequences such as Factor Xa or enterokinase (Invitrogen, San
Diego Calif.) between a purification domain and the motif-comprising peptide or polypeptide
to facilitate purification. For example, an expression vector can include an epitope-encoding
nucleic acid sequence linked to six histidine residues followed by a thioredoxin and an
enterokinase cleavage site (see e.g., Williams, Biochemistry 1995, 34: 1787-1797; Dobeli,
Protein Expr. Purif. 1998, 12: 404-14,). The histidine residues facilitate detection and
purification while the enterokinase cleavage site provides a means for purifying the epitope
from the remainder of the fusion protein. Technology pertaining to vectors encoding fusion
proteins and application of fusion proteins are well described in the scientific and patent

literature, (see e.g., Kroll, DNA Cell. Biol. 1993, 12: 441-53).
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The polypeptides that comprise the phenylpropanoid pathway, prepared by the
aforementioned methods, may be analyzed according to standard procedures.

Polypeptides that comprise the phenylpropanoid pathway purified from coffee, or
produced recombinantly, may be used to generate polyclonal or monoclonal antibodies,
antibody fragments or derivatives as defined herein, according to known methods.

Antibodies that recognize and bind fragments of the polypeptides that comprise the
phenylpropanoid pathway of the invention are also contemplated, provided that the antibodies
are specific for polypeptides that comprise the phenylpropanoid pathway. For example, if
analyzes of the proteins or Southern and cloning analyzes (see below) indicate that the cloned
genes belongs to a multigene family, then member-specific antibodies made to synthetic
peptides corresponding to nonconserved regions of the protein can be generated.

Kits comprising an antibody of the invention for any of the purposes described herein
are also included within the scope of the invention. In general, such a kit includes a control
antigen for which the antibody is immunospecific.

Chlorogenic acids are likely to play a role in various aspects of human health and
wellness. Chlorogenic acids have been demonstrated to be powerful antioxidants in vitro
(Rice-Evands, CA et al. 1996), exhibit protective effects against DNA damage in vitro
(Shibata, H ef al. 1999), exhibit anticarcinogenic and antimutagenic properties, and may
ultimately reduce the risk of certain cancers (Olthof, MR et al. 2001; and Hollman, PC 2001),
and may be protect against cardiovascular disease (Olthof, MR et al. 2001; and Hollman, PC
2001). This list of health benefits attributable to chlorogenic acids is meant to be illustrative
and not exhaustive, and it is presumed that there are many other beneficial health effects
attributable to chlorogenic acids presently unknown. Accordingly, the coffee polypeptides
that comprise the biosynthetic pathway of chlorogenic acids described and exemplified herein
are expected to find utility in a variety of food, health, and wellness applications. For
example, the coffee polypeptides that comprise the biosynthetic pathway of chiorogenic
acids, or their respective chlorogenic acid products, may be utilized as dietary supplements,
or in various food and beverage products.

One or more of the aforementioned applications for the polypeptides that comprise the
phenylpropanoid pathway may be pursued by exploiting the availability of the
polynucleotides encoding polypeptides that comprise the phenylpropanoid pathway described

herein to generate significant quantities of pure protein using recombinant organisms (e.g., in
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the yeast Picia pastoris or in food compatible Lactobacilli, or in plant cells), and then testing
the proteins in new or established assays for antioxidant potential, chemoprotective or
chemotherapeutic potential, potential to promote cardiovascular health, and the like. Similar
testing may be carried out using the chlorogenic acids produced by these proteins according
to suitable means established or developed in the art. If specific purified proteins, or
chlorogenic acid products produced by such proteins are found to be particularly useful,
natural versions of those proteins and their chlorogenic acid products also may be isolated
from coffee grains determined to be rich in those particular polypeptides that comprise the

phenylpropanoid pathway.

Vectors, Cells, Tissues and Plants:

Also featured in accordance with the present invention are vectors and kits for
producing transgenic host cells that contain a polynucleotide encoding polypeptides that
comprise the phenylpropanoid pathway, or an oligonucleotide, or homolog, analog or variant
thereof in a sense or antisense orientation, or a reporter gene and other constructs under
control of cell or tissue-specific promoters and other regulatory sequences. Suitable host cells
include, but are not limited to, plant cells, bacterial cells, yeast and other fungal cells, insect
cells and mammalian cells. Vectors for transforming a wide variety of these host cells are
well known to those of skill in the art. They include, but are not limited to, plasmids,
phagemids, cosmids, baculoviruses, bacmids, bacterial artificial chromosomes (BACs), yeast
artificial chromosomes (YACs), as well as other bacterial, yeast and viral vectors. Typically,
kits for producing transgenic host cells will contain one or more appropriate vectors and
instructions for producing the transgenic cells using the vector. Kits may further include one
or more additional components, such as culture media for culturing the cells, reagents for
performing transformation of the cells and reagents for testing the transgenic cells for gene
expression, to name a few.

The present invention includes transgenic plants comprising one or more copies of a
gene encoding a polypeptide that comprises the phenylpropanoid pathway, or nucleic acid
sequences that inhibit the production or function of a plant’s endogenous polypeptides that
comprise the phenylpropanoid pathway. This is accomplished by transforming plant cells
with a transgene that comprises part of all of a coding sequence for a polypeptide that

comprises the phenylpropanoid pathway, or mutant, antisense or variant thereof, including
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RNA, controlled by either native or recombinant regulatory sequences, as described below.
Transgenic plants coffee species are preferred, including, without Yimitation, C. abeokutae, C.
arabica, C. arnoldiana, C. aruwemiensis, C. bengalensis, C. canephora, C. congensis C.
dewevrei, C. excelsa, C. eugenioides ,and C. heterocalyx, C. kapakata, C. khasiana, C.
liberica, C. moloundou, C. rasemosa, C. salvatrix, C.sessiflova, C. stenophylla, ’C.
travencorensis, C. wightiana and C. zanguebariae. Plants of any species are also included in
the invention; these include, but are not limited to, tobacco, Arabidopsis and other
“laboratory-friendly” species, cereal crops such as maize, wheat, rice, soybean barley, rye,
oats, sorghum, alfalfa, clover and the like, oil-producing plants such as canola, safflower,
sunflower, peanut, cacao and the like, vegetable crops such as tomato tomatillo, potato,
pepper, eggplant, sugar beet, carrot, cucumber, letiuce, pea and the like, horticultural plants
such as aster, begonia, chrysanthemum, delphinium, petunia, zinnia, lawn and turfgrasses and
the like.

Transgenic plants can be generated using standard plant transformation methods
known to those skilled in the art. These include, but are not limited to, Agrobacterium
vectors, polyethylene glycol treatment of protoplasts, biolistic DNA delivery, UV laser
microbeam, gemini virus vectors or other plant viral vectors, calcium phosphate treatment of
protoplasts, electroporation of isolated protoplasts, agitation of cell suspensions in solution
with microbeads coated with the transforming DNA, agitation of cell suspension in solution
with silicon fibers coated with transforming DNA, direct DNA uptake, liposome-mediated
DNA uptake, and the like. Such methods have been published in the art. See, e.g., Methods
for Plant Molecular Biology (Weissbach & Weissbach, eds., 1988); Methods in Plant
Molecular Biology (Schuler & Zielinski, eds., 1989); Plant Molecular Biology Manual
(Gelvin, Schilperoort, Verma, eds., 1993); and Methods in Plant Molecular Biology - A
Laboratory Manual (Maliga, Klessig, Cashmore, Gruissem & Varner, eds., 1994).

The method of transformation depends upon the plant to be transformed.
Agrobacterium vectors are often used to transform dicot species. Agrobacterium binary
vectors include, but are not limited to, BIN19 and derivatives thereof, the pBI vector series,
and binary vectors pGA482, pGA492, pLH7000 (GenBank Accession AY234330) and any
suitable one of the pCAMBIA. vectors (derived from the pPZP vectors constructed by
Hajdukiewicz, Svab & Maliga, (1994) Plant Mol Biol 25: 989-994, available from CAMBIA,
GPO Box 3200, Canberra ACT 2601, Australia or via the worldwide web at CAMBIA .org).
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For transformation of monocot species, biolistic bombardment with particles coated with
transforming DNA and silicon fibers coated with transforming DNA are often useful for
nuclear transformation. Alternatively, Agrobacterium “superbinary” vectors have been used
successfully for the transformation of rice, maize and various other monocot species.

DNA constructs for transforming a selected plant comprise a coding sequence of
interest operably linked to appropriate 5' regulatory sequences (e.g., promoters and
translational regulatory sequences) and 3' regulatory sequences (e.g., terminators). Ina
preferred embodiment, a coding sequence encoding a polypeptide that comprises the
phenylpropanoid pathway under control of its natural 5' and 3' regulatory elements is utilized.
In other embodiments, coding and regulatory sequences are swapped to alter the protein
content of the seed of the transformed plant for a phenotypic improvement, e.g., in flavor,
aroma or other feature.

In an alternative embodiment, the coding region of the gene is placed under a
powerful constitutive promoter, such as the Cauliflower Mosaic Virus (CaMV) 35S promoter
or the figwort mosaic virus 35S promoter. Other constitutive promoters contemplated for use
in the present invention include, but are not limited to: T-DNA mannopine synthetase,
nopaline synthase and octopine synthase promoters. In other embodiments, a strong monocot
promoter is used, for example, the maize ubiquitin promoter, the rice actin promoter or the
rice tubulin promoter (Jeon ef al., Plant Physiology. 123: 1005-14, 2000).

Transgenic plants with coding sequences to express polypeptides that comprise the
phenylpropanoid pathway under an inducible promoter are also contemplated to be within the
scope of the present invention. Inducible plant promoters include the tetracycline
repressor/operator controlled promoter, the heat shock gene promoters, stress (e.g.,
wounding)-induced promoters, defense responsive gene promoters (e.g. phenylalanine
ammonia lyase genes), wound induced gene promoters (e.g. hydroxyproline rich cell wall
protein genes), chemically-inducible gene promoters (e.g., nitrate reductase genes, glucanase
genes, chitinase genes, etc.) and dark-inducible gene promoters (e.g., asparagine synthetase
gene) to name only a few.

Tissue specific and development-specific promoters are also contemplated for use in
the present invention. Non-limiting examples of seed-specific promoters include Cim1
(cytokinin-induced message), cZ19B1 (maize 19 kDa zein), milps (myo—inositol—l—ph;osphate
synthase), and celA (cellulose synthase) (U.S. application Ser. No. 09/377,648), bean beta.-
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phaseolin, napin, beta.-conglycinin, soybean lectin, cruciferin, maize 15 kDa zein, 22 kDa
zein, 27 kDa zein, g-zein, waxy, shrunken 1, shrunken 2, and globulin 1, soybean 115
legumin (Biumlein ez al., 1992), and C. canephora 118 seed storage protein (Marraccini et
al., 1999, Plant Physiol. Biochem. 37: 273-282). See also WO 00/12733, where seed-
preferred promoters from endl and end2 genes are disclosed. Other Coffea seed specific
promoters may also be utilized, including but not limited to the oleosin gene promoter
described in commonly-owned, co-pending PCT Application No. US2006/026121, the
dehydrin gene promoter described in commonly-owned, co-pending PCT Application No.
US2006/026234, and the 9-cis-epoxycarotenoid dioxygenase gene promoter described in
commonly-owned, co-pending PCT Application No. US2006/34402. Examples of other
tissue-specific promoters include, but are not limited to: the ribulose bisphosphate
carboxylase (RuBisCo) small subunit gene promoters (e.g., the coffee small subunit promoter
as described by Marracini et al., 2003) or chlorophyll a/b binding protein (CAB) gene
promoters for expression in photosynthetic tissue; and the root-specific glutamine synthetase
gene promoters where expression in roots is desired.

The coding region is also operably linked to an appropriate 3' regulatory sequence. In
embodiments where the native 3’ regulatory sequence is not use, the nopaline synthetase
polyadenylation region may be used. Other useful 3' regulatory regions include, but are not
limited to the octopine synthase polyadenylation region.

The selected coding region, under control of appropriate regulatory elements, is
operably linked to a nuclear drug resistance marker, such as kanamycin resistance. Other
useful selectable marker systems include genes that confer antibiotic or herbicide resistances
(e.g., resistance to, hygromycin, sulfonylurea, phosphinothricin, or glyphosate) or genes
conferring selective growth (e.g., phosphomannose isomerase, enabling growth of plant cells
on mannose). Selectable marker genes include, without limitation, genes encoding antibiotic
resistance, such as those encoding neomycin phosphotransferase II (NEO), dihydrofolate
reductase (DHFR) and hygromycin phosphotransferase (HPT), as well as genes that confer
resistance to herbicidal compounds, such as glyphosate-resistant EPSPS and/or glyphosate
oxidoreducatase (GOX), Bromoxynil nitrilase (BXN) for resistance to bromoxynil, AHAS
genes for resistance to imidazolinones, sulfonylurea resistance genes, and 2,4-

dichlorophenoxyacetate (2,4-D) resistance genes.
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In certain embodiments, promoters and other expression regulatory sequences
encompassed by the present invention are operably linked to reporter genes. Reporter genes
contemplated for use in the invention include, but are not limited to, genes encoding green
fluorescent protein (GFP), red fluorescent protein (DsRed), Cyan Fluorescent Protein (CFP),
Yellow Fluorescent Protein (YFP), Cerianthus Orange Fluorescent Protein (cOFP), alkaline
phosphatase (AP), B-lactamase, chloramphenicol acetyltransferase (CAT), adenosine
deaminase (ADA), amindglycoside phosphotransferase (neo’, G418") dihydrofolate reductase
(DHFR), hygromycin-B-phosphotransferase (HPH), thymidine kinase (TK), lacZ (encoding
o-galactosidase), and xanthine guanine phosphoribosyliransferase (XGPRT), Beta-
Glucuronidase (gus), Placental Alkaline Phosphatase (PLAP), Secreted Embryonic Alkaline
Phosphatase (SEAP), or Firefly or Bacterial Luciferase (LUC). As with many of the standard
procedures associated with the practice of the invention, skilled artisans will be aware of
additional sequences that can serve the function of a marker or reporter.

Additional sequence modifications are known in the art to enhance gene expression in
a cellular host. These modifications include elimination of sequences encoding superfluous
polyadenylation signals, exon-intron splice site signals, transposon-like repeats, and other
such well-characterized sequences that may be deleterious to gene expression. Alternatively,
if necessary, the G/C content of the coding sequence may be adjusted to levels average for a
given coffee plant cell host, as calculated by reference to known genes expressed in a coffee
plant cell. Also, when possible, the coding sequence is modified to avoid predicted hairpin
secondary mRNA structures, Another alterative to enhance gene expression is to use 5’
leader sequences. Translation leader sequences are well known in the art, and include the cis-
acting derivative (omega") of the 5’ leader sequence (omega) of the tobacco mosaic virus, the
5' leader sequences from brome mosaic virus, alfalfa mosaic virus, and turnip yellow mosaic
virus.

Plants are transformed and thereafter screened for one or more properties, incinding
the presence of the transgene product, the transgene-encoding mRNA, or an altered
phenotype associated with expression of the transgene. It should be recognized that the
amount of expression, as well as the tissue- and temporal-specific patiern of expression of the
transgenes in transformed plants can vary depending on the position of their insertion into the
nuclear genome. Such positional effects are well known in the art. For this reason, several

nuclear transformants should be regenerated and tested for expression of the transgene.
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Methods:

The nucleic acids and polypeptides of the present invention can be used in any one of
a number of methods whereby the protein products can be expressed in coffee plants in order
that the proteins may play a role in the protection of the plant from infection or oxidative
stress, and in the enhancement of flavor and/or aroma of the coffee beverage or coffee
products ultimately produced from the bean of the coffee plant expressing the protein.
Similarly, the polypeptides of the invention can be used in any one of a number of methods
whereby the chlorogenic acids, and other such phytochemical products synthesized by the
polypeptides may play a role in the protection of the plant from infection or oxidative stress,
and in the enhancement of flavor and/or aroma of the coffee beverage or coffee products
ultimately produced from the bean of the coffee plant containing the chlorogenic acids.

With respect to protection of the plant from disease, and more specifically, infectious
disease, it has been demonstrated that elevated production of CGA can decrease susceptibility
of plants to microbial infection. For example, increasing production of CGA in the tomato
plant resulted in slower progression and lower levels of infection by the bacteria
Pseudomonas syringae. (Niggeweg R, et al. 2004). Similarly, suppressed production of
CGA has been shown to increase susceptibility of tobacco plants to fungal infection. (Maher
EA et al. 1994). Such studies underscore the importance of phenylpropanoids such as CGA
in sustaining plant health. Thus, the ability to manipulate production of polypeptides that
comprise the biosynthetic pathway for chlorogenic acids in a plant such as coffee, or even to
use the polynucleotides and proteins of the invention to monitor relevant gene expression,
will enable study and manipulation of the response of the coffee plant to pathogens. From
this knowledge, it may be possible to generate genetically modified coffee plants with
increased resistance to plant pathogens, especially coffee plant pathogens. Examples of
coffee pathogens include Hemileia vastatrix, the etiologic agent of “Coffee Rust,” and
Colletotrichum coffeanum, the etiologic agent of “Coffee Berry Disease,” and Pseudomanas
syringae pv. Garcae, the etiologic agent of “Coffee Blight.” Thus, one aspect of the
invention features methods to decrease infectious disease susceptibility in plants, preferably
coffee plants, by modulating the expression of polypeptides that comprise the
phenylpropanoid pathway and the modulating the profile of chlorogenic acids in the plant.
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With respect to the protection of the plant from oxidative stress, chlorogenic acids
have been demonstrated to be potent antioxidants in the plants themselves. In many plant
species, environmental stresses such as high light, low temperature, injury to plant tissue,
nitrogen deficiency, and infection have been found to trigger CGA biosynthesis. (Grace SC
et al. 2000). Chlorogenic acids have been demonstrated to have free-radical scavenging
properties (Ohnishi M et al. 1994), including the scavenging of the stable green radical cation
of 2, 2’-azinobis-(3-ethylbenzothiazoline-6-sulphonic acid and the superoxide anion. (Grace
SC et al. 2000). In plants, oxidants are formed, among other things under conditions of light
stress such as excess light, or by exposure to environmental pollutants, such as ozone.
Therefore, the ability to manipulate production of polypeptides that comprise the biosynthetic
pathway for chlorogenic acids in a plant, or even to use the polynucleotides and proteins of
the invention to monitor such gene expression, will enable study and manipulation of the
response of the coffee plant to environmental stresses and the generation of oxidative species.
From this knowledge, it is possible to generate genetically modified coffee plants that are
better equipped for healthy growth and crop production under conditions of acute or
prolonged environmental stresses. Thus, one aspect of the invention features methods to
enhance free radical scavenging in plants, preferably coffee plants, by modulating the
expression of polypeptides that comprise the phenylpropanoid pathway and the modulating
the profile of chlorogenic acids in the plant.

With respect to flavor and aroma of roasted coffee grain, it is expected that the
polypeptides that comprise the phenylpropanoid pathway exert some influence on the
generation of coffee flavors via the Maillard reaction that occurs during roasting, by means of
the content of the proteins themselves, or the products such as chlorogenic acids they
produce. Proteins, and particularly protein degradation products (peptides and amino acids),
represent an important group of flavor precursors (Spanier ef al., 2004). Therefore, relatively
abundant proteins such as those that comprise the phenylpropanoid pathway can be expected
to make some contribution to the flavor generating reactions that occur during coffee
roasting. Such a contribution may stem from the concentration of the proteins themselves in
the coffee bean, or the concentration of the chlorogenic acids ultimately produced from the
proteins. The ability to monitor (e.g., through marker-assisted breéding) or manipulate

protein expression profiles for polypeptides that comprise the phenylpropanoid pathway is
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provided by the polynucleotides of the i)resent invention, in accordance with the methods
described herein.

Thus, one aspect of the present invention features methods to alter the profile of
polypeptides that comprise the phenylpropanoid pathway in a plant, preferably coffee,
comprising increasing or decreasing an amount or activity of one or more polypeptides that
comprise the phenylpropanoid pathway in the plant. For instance, in one embodiment of the

invention, a gene encoding a polypeptide that comprises the phenylpropanoid pathway under
control of its own expression-controlling sequences is used to transform a plant for the
purpose of increasing production of that polypeptide in the plant. Alternatively, a coding
region for a polypeptide that comprises the phenylpropanoid pathway is operably linked to
heterologous expression controlling regions, such as constitutive or inducible promoters.

In some embodiments, it may be desirable to have decreased production of one or
more of the polypeptides that comprise the phenylpropanoid pathway in the plant. This may
be accomplished several ways, for example, by screening naturally-occurring variants for
decreased expression of polypeptides that comprise the phenylpropanoid pathway, or by
screening naturally-occurring variants for decreased levels of the various chlorogenic acids.
For instance, loss-of-function (null) mutant plants may be created or selected from
populations of plant mutants currently available. It will also be appreciated by those of skill
in the art that mutant plant populations may also be screened for mutants that over-express a
particular polypeptide that comprises the phenylpropanoid pathway, utilizing one or more of
the methods described herein. Mutant populations can be made by chemical mutagenesis,
radiation mutagenesis, and transposon or T-DNA insertions, or targeting induced local lesions
in genomes (TILLING, see, e.g., Henikoff et al., 2004, Plant Physiol. 135(2): 630-636;
Gilchrist & Haughn, 2005, Curr. Opin. Plant Biol. 8(2): 211-215). The methods to make
mutant populations are well known in the art.

The nucleic acids of the invention can be used to identify mutant polypeptides that
comprise the phenylpropanoid pathway in various plant species. In species such as maize or
Arabidopsis, where transpo'son insertion lines are available, oligonucleotide primers can be
designed to screen lines for insertions in the genes encoding polypeptides that comprise the
phenylpropanoid pathway. Through breeding, a plant line may then be developed that is

heterozygous or homozygous for the interrupted gene.

-38 -



WO 2007/044751 PCT/US2006/039618

A plant also may be engineered to display a phenotype similar to that seen in null
mutants created by mutagenic techniques. A transgenic null mutant can be created by a
expressing a mutant form of a selected polypeptide that comprises the phenylpropanoid
pathway to create a “dominant negative effect.” While not limiting the invention to any one
mechanism, this mutant protein will compete with wild-type protein for interacting proteins
or other cellular factors. Examples of this type of “dominant negative” effect are well known
for both insect and vertebrate systems (Radke et al., 1997, Genetics 145: 163-171; Kolch et
al., 1991, Nature 349: 426-428).

Another kind of transgenic null mutant can be created by inhibiting the translation of
mRNA encoding the phenylpropanoid pathway enzymes by “post-transcriptional gene
silencing.” The gene from the species targeted for down-regulation, or a fragment thereof,
may be utilized to control the production of the encoded protein. Full-length antisense
molecules can be used for this purpose. Alternatively, antisense oligonucleotides targeted to
specific regions of the mRNA that are critical for translation may be utilized. The use of
antisense molecules to decrease expression levels of a pre-determined gene is known in the
art. Antisense molecules may be provided in situ by transforming plant cells with a DNA
construct which, upon transcription, produces the antisense RNA sequences. Such constructs
can be designed to produce full-length or partial antisense sequences. This gene silencing
effect can be enhanced by transgenically over-producing both sense and antisense RNA of the
gene coding sequence so that a high amount of dsRNA is produced (for example see
Waterhouse ef al., 1998, PNAS 95: 13959-13964). In this regard, dSRNA containing
sequences that correspond to part or all of at least one intron have been found particularly
effective. In one embodiment, part or all of the coding sequence antisense strand is expressed
by a transgene. In another embodiment, hybridizing sense and antisense strands of part or all
of the coding sequence for polypeptides that comprise the phenylpropanoid pathway are
transgenically expressed.

In another embodiment, phenylpropanoid pathway enzyme-encoding genes may be
silenced through the use of a variety of other post-transcriptional gene silencing (RNA
silencing) techniques that are currently available for plant systems. RNA silencing involves
the processing of double-stranded RNA (dsRNA) into small 21-28 nucleotide fragments by
an RNase H-based enzyme (“Dicer” or “Dicer-like”). The cleavage products, which are
siRNA (small interfering RNA) or miRNA (micro-RNA) are incorporated into protein
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effector complexes that regulate gene expression in a sequence-specific manner (for reviews
of RNA silencing in plants, see Horiguchi, 2004, Differentiation 72: 65-73; Baulcombe,
2004, Nature 431: 356-363; Herr, 2004, Biochem. Soc. Trans. 32: 946-951).

Small interfering RNAs may be chemically synthesized or transcribed and amplified
in vitro, and then delivered to the cells. Delivery may be through microinjection (Tuschl T ez
al., 2002), chemical transfection (Agrawal N et al., 2003), electroporation or cationic
liposome-mediated transfection (Brummelkamp TR et al., 2002; Elbashir SM et al., 2002), or
any other means available in the art, which will be appreciated by the skilled artisan.
Alternatively, the siRNA may be expressed intracellularly by inserting DNA templates for
siRNA into the cells of interest, for example, by means of a plasmid, (Tuschl T et al., 2002),
and may be specifically targeted to select cells. Small interfering RNAs have been
successfully introduced into plants. (Klahre U ef al., 2002).

A preferred method of RNA silencing in the present invention is the use of short
hairpin RNAs (shRNA). A vector containing a DNA sequence encoding for a particular
desired siRNA sequence is delivered into a target cell by an common means. Once in the
cell, the DNA sequence is continuously transcribed into RNA molecules that loop back on
themselves and form hairpin structures through intramolecular base pairing. These hairpin
structures, once processed by the cell, are equivalent to siRNA molecules and are used by the
cell to mediate RNA silencing of the desired protein. Various constructs of particular utility
for RNA silencing in plants are described by Horiguchi, 2004, supra. Typically, such a
construct comprises a promoter, a sequence of the target gene to be silenced in the “sense”
orientation, a spacer, the antisense of the target gene sequence, and a terminator. If
expression in most or all plant tissues is desired, strong constitutive promoters, such as the
CaMV 35S promoter, may be used. Likewise, tissue-specific, developmentally-specific or
temporally-specific promoters may be selected in other embodiments, as discussed
hereinabove.

Yet another type of synthetic null mutant can also be created by the technique of “co-
suppression” (Vaucheret ef al., 1998, Plant J. 16(6): 651-659). Plant cells are transformed
with a copy of the endogenous gene targeted for repression. In many cases, this results in the
complete repression of the native gene as well as the transgene. In one embodiment, a gene
encoding a polypeptide that comprises the phenylpropanoid pathway from the plant species of

interest is isolated and used to transform cells of that same species.
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Mutant or transgenic plants produced by any of the foregoing methods are also
featured in accordance with the present invention. Preferably, the plants are fertile, thereby
being useful for breeding purposes. Thus, mutant or plants that exhibit one or more of the
aforementioned desirable phenotypes can be used for plant breeding, or directly in
agricultural or horticultural applications. They will also be of utility as research tools for the
further elucidation of the participation of polypeptides that comprise the phenylpropanoid
pathway in flavor, aroma and other features of coffee seeds associated with pigments and
photosynthesis. Plants containing one transgene or a specified mutation may also be crossed
with plants containing a complementary transgene or genotype in order to produce plants
with enhanced or combined phenotypes.

The present invention also features compositions and methods for producing, in a
seed-preferred or seed-specific manner, any selected heterologous gene product in a plant. A
coding sequence of interest is placed under control of a seed-specific coffee promoter and
other appropriate regulatory sequences, to produce a seed-specific chimeric gene. The
chimeric gene is introduced into a plant cell by any of the transformation methods described
herein or known in the art. These chimeric genes and methods may be used to produce a
variety of gene products of interest in the plant, including but not limited to: (1) detectable
gene products such as GFP or GUS, as enumerated above; (2) gene products conferring an
agronomic or horticultural benefit, such as those whose enzyme activities result in production
of micronutrients (e.g., pro-vitamin A, also known as beta-carotene) or antioxidants (e.g.,
ascorbic acid, omega fatty acids, lycopene, isoprenes, terpenes); or (3) gene products for
controlling pathogens or pests, such as described by Mourgues et al., (1998), TibTech 16:

203-210 or others known to be protective to plant seeds or detrimental to pathogens.

The following examples are provided to describe the invention in greater detail. The

examples are intended illustrate, not to limit, the invention.

Example 1
Plant Material for RNA Extraction

Freshly harvested roots, young leaves, stems, flowers and fruit at different stages of
development were harvested from Coffea arabica L. cv. Caturra T-2308 and young leaf

tissues were harvested from Coffea canephora var. Robusta BP409 grown under greenhouse
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conditions at Tours (25°C, 70 RH). All other tissues from Coffea canephora BP-409 were
grown in the field in East Java, Indonesia. The development stages are defined as follows:
small green fruit (SG), large green fruit (LG), yellow fiuit (Y) and red fruit (R). Fresh tissues
were frozen immediately in liquid nitrogen, then stored at —80°C until used for RNA

extraction.

Example 2
Protocols for Extraction of total RNA,
Generation of cDNA, and PCR Reaction Conditions

To discover the DNA sequences encoding part, or all, of the coffee enzymes HCT
(hydroxycinnamoyl-CoA shikimate / quinate hydroxycinnamoyltransferase), HQT
(hydroxycinnamoyl-CoA quinate hydroxycinnamoyltransferase), C3H (p-coumaroyl 3’
hydroxylase), and CCoAOMT (caffeoylCoA-3-O-methyltransferase), which control key steps
in the synthesis of chlorogenic acids (CGA) in coffee, our coffee unigene sequences with
high similarity to public database protein sequences encoding HCT, HQT, C3H, and
CCoAOMT from plants such as tomato, tobacco and Arabidopsis were discovered using the
TBLASTN algorithm (Altschul et al., 1990). One of the longest cDNA of each unigene with
the best hits for each protein sequence were then fully sequenced. If the protein sequence
encoded in the longest EST was deemed not to contain the complete ORF, either 5° RACE
PCR or primer assisted genome walking was used to isolate the missing protein coding
sequences. Once the complete open reading frame (ORF) sequence for each of these coffee
genes was established, gene expression analysis was carried out for the respective genes to
confirm the preliminary expression information observed from the EST database.

RNA was extracted from different tissues i.e., root, stem, leaves, flowers, pericarp and
grain at four different maturation stages — Small Green (“SG”), Large Green (“LG”), Yellow
(“’Y*), and Red (“R”) from Coffea arabica (T2308 04-2003) and Coffea canephora (BP409)
according to the methods of Rogers ef al. (1999).

From the extracted RNA, cDNAs were prepared according to two different methods.
In the first method, each specific cDNA sample was prepared from 1 pg of total RNA and 50
ng oligo dT(1s) (Sigma Chemical Co., St. Loius, MO) as follows: The 1 pg total RNA sample
and oligo dT were suspended in a volume of 12 ul of DEPC-treated water. This mixture was
incubated at 70°C for 10 min and then rapidly cooled on ice. Next, 4.0 pl of first strand
buffer 5X (Invitrogen), 2.0 ul of 0.1M DTT (Invitrogen) and 1.0 pl of dNTP mix (10 mM
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each, Invitrogen) were added. These reaction mixes were incubated at 42°C for 2 min, and
then 1.0 pl of SuperScript III Rnase H-Reverse transcriptase (200U/ pl) (Invitrogen) was
added. The reaction was subsequently incubated at 25°C for 10 min. and then at 42°C for 50
min, and followed by enzyme inactivation by heating at 70°C for 10 min. The cDNA
samples generated were then diluted ten-fold in sterile water and stored at —20°C for use in
different experiments (RT-PCR, real time RT-PCR, 5’ and 3’ RACE, and the isolation of full
length cDNA clones).

Under the second method, specific cDNA samples were prepared from 1 g total
RNA sample and 870 ng oligo dT (Proligo) suspended in a final volume of 13 pl with DEPC-
treated water. This mixture was incubated at 65°C for 5 min to denature the nucleic acids,
and the samples were then placed on ice. Next, Transcriptor RT Reaction Buffer (Roche)
was added to a 1X concentration, and 10.0 U of Ribonuclease Inhibitor (Sigma), 1mM final
each ANTP (Roche) and 10 U of Transcriptor Reverse Transcriptase (20U/ul, Roche) were
added. The 20ul reaction was mixed by vortexing and then briefly Eentrifuged. The mixtures
were incubated at 55°C for 50 min, and then 1.0 U of RNase H (Invitrogen) was added to the
reaction, followed by an incubation at 37°C for 30 min. The samples were then stored at -
20°C.

Five different 5° RACE reactions were carried out using the 5° RACE system for
Rapid Amplification of cDNA Ends kit (Invitrogen) according to the manufacturer’s
specifications. The cDNA preparations used in this experiment were first purified to remove
any unincorporated nucleotides (as they would interfere in the dC tailing reaction).
Purification was carried out using S.N.A.P Columns (Invitrogen) according to the instructions
given by the manufacturer. Once purified, the cDNA were recovered in 50uL of sterilized
water and then stored at —20°C before being used for 5’RACE PCR.

The 5° RACE experiments all began with a TdT tailing of each specific S.N.A.P.
purified cDNA. The poly dC tailing reaction was as follows: 25 pl reactions were set up with
5 pl of the purified cDNA, 11.5 pul DEPC treated water, 5 pl 5x TdT tailing buffer
(Invitrogen), and 2.5 pl 2 mM dCTP. The reactions were then incubated at 94°C for 3
minutes, followed by chilling on ice. 1 pl of TdT was then added, and the reaction was
incubated for 10 minutes at 37°C. The reactions were terminated by heating for 10 minutes at

65°C, and were then placed on ice.
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The first round of 5> RACE PCR reactions were carried out in a final 50 pl volume, as
follows: 5ul of each tailed cDNA, 5puL 10 x PCR buffer (ThermoPol buffer), 400 nM each of
the Gene Specific Primer 1 (GSP1) and the Abridged Anchor Primer (AAP) (the different
GSP and other primers are in Table 1), 200uM each dNTP, and 2.5 U of Taqg DNA
polymerase (BioLabs). The first round PCR cycling conditions were as follows: 94°C for
2min; then 94°C for 1 min, annealing temperature (noted in Table 2) for 1 min and 72°C for 2
min and 45 cycles. An additional final step of elongation was done at 72°C for 7 min. PCR
products were then analyzed by agarose gel electrophoresis and ethidium bromide staining.

The second round of PCR reactions were performed in a final 50 pul volume, as
follows: 5pl of 1% diluted PCR (First Round) product; 5pL 10 x PCR buffer (LA buffer IT
Mg"" plus) , 200 nM each of the GSP2 primer (Gene Specific Primer 2) and the Abridged
Universal Amplification Primer (AUAP) (see primers in Table 1), 200uM each dNTP, and
0.5 U of DNA polymerase Takara LA Taq (Cambrex Bio Science). The cycling protocol was
as follows: 94 °C for 2min; then 94°C for 1 min, annealing temperature (noted in Table 2)
for 1 min and 72°C for 1 min 30 and 40 cycles. An additional final step of elongation was
done at 72°C for 7 min. PCR products were then analyzed by agarose gel electrophoresis and

ethidium bromide staining;

Table 1. Primers used for 5’Race PCR experiments.

Sequence

Primer Name Sequence Identifier
No.
AAP ¥ GGCCACGCGTCGACTAGTACGGGIIGGGIIGGGIG * 40
AUAP % GGCCACGCGTCGACTAGTAC 41
22m12-GSP1 5 CAATGAACGGAGGGACAGCAATGGTGA * 42
22m12-GSP2 ¥ GGCCACGAGCTATGTCTGACCATGTATTGA * 43
22w14m23-GSP1 | ¥ CCATCAGACTCGGCCTCCACGAAAAGCAC” 44
22w14m23-GSP2 | * CACTCAATCTCAATCCGCCCATCTTCGTCTCT * 45
122801-GSP1 ¥ TTGTAAGGGCAGTAAGCAGTAGGGAG * 46
122801-GSP2 5 AAGAGCATGGCAATCAACTGACCAGC * 47
119560-GSP1 5 AACTTCAAATGCTCCTTGATCAGGGTC 48
119560-GSP2 ¥ AACACCAATCTCCAGTGTCTTCTITGGC * 49

- 44 -




WO 2007/044751 PCT/US2006/039618

Table 2. 5°’Race PCR experiments Primers and Annealing Temperatures.

Gene-Specific Sequence | Annealing
Experiment Primer Identifier No. | Temperature
CcHQT-5’ RACE
First Round RACE PCR 22m12-GSP1 42 57°C
Second Round RACE PCR 22m12-GSP2 43 61°C
CaHQT-5" RACE
First Round RACE PCR 22m12-GSP1 42 57°C
Second Round RACE PCR 22m12-GSP2 43 59°C
CcHCT-5" RACE
First Round RACE PCR 22w14m23-GSP1 44 55°C
Second Round RACE PCR 22w14m23-GSP2 45 61°C
CcCCoAOMT-L1-5" RACE
First Round RACE PCR 122801-GSP1 46 55°C
Second Round RACE PCR 122801-GSP2 47 55°C
CaCCoAOMT-L2-5" RACE
First Round RACE PCR 119560-GSP1 48 55°C
Second Round RACE PCR 119560-GSP2 49 55°C

The existing cDNA sequences, and the new 5° sequences obtained from 5’ RACE or
primer assisted genome walking experiments, were used to design primers in the 5° and 3
UTR sequences to amplify the target cDNA sequence which contains the complete ORF
sequences of CcHCT, CaHCT, CcHQT, CaHQT, CaCCoAOMT-L1, and CcCCoAOMT-L2.
All of the cDNA used to isolate these complete ORF DNA sequences were prepared using the
first method of cDNA synthesis described above. The two gene specific primers were
designed in the region upstream of the ATG start codon and in the 3° UTR for each gene and
these are given in Table 3. The specific cDNA and annealing temperatures used for the
different PCR reactions are given in Table 4.

For CcHCT (pML1) (SEQ ID NO:1), CaHCT (pML5) (SEQ ID NO:2), CcHQOT
(pML2) (SEQ ID NO:3), CaHQT (pML3) (SEQ ID NO:4) and CcCCoAOMT-L2 (pNT4)
(SEQ ID NO:8), the PCR reactions were performed in 50 pl reactions as follows: 5pl of
¢DNA (Table 4), 5 ul 10 x PCR buffer (La PCR Buffer II Mg"™ plus), 800 nM of the each
gene specific primer, 200pM each dNTP, and 0.5 U of DNA polymerase Takara LA Taq
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(Cambrex Bio Science). After denaturing at 94°C for 2 min, the amplification consisted of 35
cycles (except for CcCCoAOMT-L2 (SEQ ID NO:8) where the amplificaton was for 40

cycles) of 1 min at 94°C, 1 min at annealing temperature (Table 4), and elongation for 2 min

at 72°C. An additional final step of elongation was done at 72°C for 7 min. PCR products

were then analyzed by agarose gel electrophoresis and ethidium bromide staining. Fragments

of the expected size were then cloned in pCR4-TOPO using TOPO TA Cloning Kit for

Sequencing (Invitrogen) according to the instructions given by the manufacturer. The inserts

of the plasmids generated were then sequenced entirely.
For CaCCoAOMT-L1 (pNT8) (SEQ ID NO:7), the PCR reaction was performed in 50

ul reactions as follows: 5pL of cDNA (Table 4), 5 pl 10 x PCR buffer (Cloned Pfu Reaction

Buffer), 400 nM of the each gene specific primer, 200pM of each dNTP, and 1.25 U of Pfu

Turbo DNA polymerase. After denaturing at 94°C for 2 min, the amplification consisted of
40 cycles of 1 min at 94 °C, 1 min at 55°C and 2 min at 72°C. An additional final step of

elongation was done at 72 °C for 7 min. PCR product was then analyzed by agarose gel

electrophoresis and ethidium bromide staining. The fragment of the expected size was then

cloned ina 5’ to 3’ orientation in pENTRVD—TOPO according to the instructions given by the

manufacturer (pENTR Directional TOPO Cloning kit, Invitrogen). The insert of the plasmid

generated (pNT8) was then sequenced entirely.
Table 3. Primers used for amplification of CcHOT (pML2), CaHQT (pML3), CcHCT

(PML1), CaHCT (pML5), CcCCoAOMT1 (pNT15), CaCCoAOMT-L1

(pPNT8), CcCCoAOMT-L2 (pNT4), and CcCCoAOMT-L2 (pNT10) cDNA.

Sequence

Primers Sequences Identifier
No.
HCT-FULLUP1 ¥ CCATGAAAATCGAGGTGAAGGA ¥ 50
CCcHCT-R1 > GAAACCACCACCGCATGAAY 51
HQT-FULLUP2 ¥ CTTCTCCATCCCAGCTCGTTICT? 52
HQT-FULLLOW?2 > GAGTCCCAATCCAATCACAAGT? 53
CCoAOMTI-FullUp > CACCATGGCCAGAATGGAGAAGG ¥ 54
CCoAOMTI-FullLow | > AGTAGGGAAATTAATTAGCTGACGC* 55
CCoAOMT-LI-FullUp | ¥ CACCATGGAAAACAAGGGATTGTTGCAGAG * 56
CCoAOMT-LI-FullLow | > AAGTAAGTACTCCAGCATAAGATTTAGTIGG® 57
CCoAOMT-L2-FullUp | > CACCATGGCCAAGGAAGGAGGTTC?Y 58
CCoAOMT-L2-FullLow |3 ATCATGTCAGCTAAGCGATGATGC?Y 59
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Table 4. ORF Isolation Annealing Temperatures.

Sequence
c¢DNA and Identifier | Annealing
Gene (Tissue) Gene-Specific Primers Nos.: Temp.
CcHCT BP409 (Yellow HCT-FullUpl/CcHCT- 50/51 54°C
Grain) R1
CaHCT T2308 (Yellow HCT-FullUpl/CcHCT- 50/51 56°C
Grain) R1
CcHQT BP409 (Sm. HQT-FullUp2/HQT- 52/53 59°C
Green Pericarp) FullLow?2
CaHQT T2308 (Flower) HQT-FullUp2/HQT- 52/53 55°C
FullLow2
CaCCoAOMT-L1 | T2308 (Yellow CCoAOMT-L1-FullUp/ 56/57 55°C
(pNTS8) Grain) CCoAOMT-L1-FullLow
CcCCoAOMT-L2 | BP409 (Yellow CCoAOMT-L2-FullUp/ 56/57 55°C
(pNT4) Grain) CCoAOMT-L2-FullLow

cDNAs subcloned into plasmids were sequenced according to the following protocol.
Plasmid DNA was purified from the host using Qiagen kits according to the instructions
given by the manufacturer. Prepared recombinant plasmid DNA and PCR products were
sequenced by GATC Biotech AG (Konstanz, Germany) by the Sanger et al. dideoxy
termination method. The unique PCR fragments produced from the 5> RACE and genome
walking experiments were either sequenced without purification and cloning with the specific
primers used for their amplification, or sequenced after cloning. Computer analysis were
performed using the Laser Gene software package (DNASTAR). Sequence homologies were
verified against GenBank databases using the BLAST programs. (Altschul ef al. 1990).

Real time RT-PCR was carried out according to the following protocol. cDNA
prepared by the first method described abov\e was amplified using TagMan-PCR kits as
recommended by the manufacturer (Applied Biosystems, Perkin-Elmer), and as described
previously by Privat ef al., 2004. The TaqgMan buffer contains AmpErase® UNG (Uracil-N-
glycosylase), which is active during the first 2 min at 50°C and is then inactivated at 95°C at
the start of the PCR cycling.
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Q-PCR primers and TagMan probes used were designed using the PRIMER
EXPRESS software (Applied Biosystems) and are listed in Table 5. Quantification was
carried out using the method of relative quantification, with the constitutively expressed
ribosomal protein 1pl39 as the baseline reference. In order to use the method of relative
quantification, it was necessary to show that the amplification efficiency for the candidate
c¢DNA sequences was roughly equivalent to the amplification efficiency of the reference
sequence (rpl39 cDNA sequence) using the defined primers and probes. To determine this
relative equivalence, plasmid DNA containing the appropriate cDNA sequences were diluted
1/1000, 1/10,000, 1/100,000, and 1/1,000,000 fold, and using the Q-PCR conditions
described above; the slope of the curve Ct = f(Log quantity of DNA) was calculated for each
plasmid/primer/TaqMan probe set. Plasmid/primer/TagMan probe sets giving curves with
slopes close to 3.32, which represents an efficiency of 100%, are considered acceptable. The
plasmid/primer/TagMan probe sets presented in Table 5 all gave acceptable values for Ct =
f(Log quantity of DNA). All MGB Probes were labelled at the 5’ end with the fluorescent
reporter dye 6-carboxyfluorescein (FAM) and at the 3* with quencher dye 6-carboxy-
tetramethyl-rhodamine (TAMRA), except RPL39 probe which was labelled at the 5’ end with
the fluorescent reporter dye VIC and at the 3’ end with quencher TAMRA.

Table 5. Primers and TagMan probes used for Q-RT-PCR experiments.

Sequence

Primers and Probes | Sequences Identifier
No.:

Rpl39-F1 ¥ GAACAGGCCCATCCCTITATTG * 60
Rpl39-R1 ¥ CGGCGCTTGGCATTGTA * 61
Rpl39-MGB1 > ATGCGCACTGACAACA * . 62
CcC3H-F1 S CICTTGTTACTAAATTTTCAGCTTGCA ¥ 63
CcC3H-R1 ¥ GGAGAATCCAACAAGTTCTTCACA® 64
CcC3H-MGBI 5 AGTTGCTTCACTTCCAAC?® 65
CcHCT-F1 ¥ GGGAGCACATCACATGAATTTTC® 66
CcHCT-R1 % GAAACCACCACCGCATGAA Y 67
CcHCT-MGBI1 ¥ CGGTTCCGGGCCAG? 68
CcHQT-F1 ¥ TTGCCAAGTCCAGGCAAAG® 69
CcHQT-R1 > CATGTGATCGGCATCTAAGCA * 70
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Table 5. (continued)

) Sequence

Primers and Probes | Sequences Identifier
No.:

CcHQT-MGBI Y CAGGACTTTATCGTTAGCTG? 71
CcCCoAOMT1-F1 ¥ TGCGGAAAGTTGGGAATCA ¥ 72
CcCCoAOMTI-R1 | ¥ AAGAGGAGGAAGCAAAAGAAGTAGGT?Y 73
gfggl""AOMTl' > TGCAAATGAAAAATAGCCCA ¥ 74
CcCCoAOMT-L1-F1 | ¥ GCTAGCTGCTGATACCCGAGTT ¥ ' 75
E‘I’CCOAOMT'LI' 5 GACGCTTACAAATAGTAATCCCATCAC 76
CeCCOAOMT-L1- | s 1A TCCCAGGTTCCTCTG ¥ 77
MGB1
CcCCoAOMT-L2-F1 | ¥ GTTACATTGTGTAGGCGCATCATC 78
g‘l’CCOAOMT'LZ' 5 TGCTACCGTAGCAGTTGCACTATT ¥ 79
gfggl"AOMT’LZ' S TAGCTGACATGATATTTTAC ¥ 80

Example 3

Isolation and characterization of a Coffea canephora cDNA clone encoding
hyvdroxvcinnamovl-CoA shikimate/quinate hyvdroxycinnamovltransferase (CcHCT)

To find a cDNA encoding the coffee HCT, the Nicotiana tabacum HCT protein
sequence (accession number CAD47830 (SEQ ID NO:20)); Hoffmann et al., 2003) served as
the query sequence for a BLAST search against the “unigene” set 5 using the tblasin
algorithm. The best hit obtained was unigene #123197 (e value = e-150), although a second
coffee unigene (#125212) was also found to be highly related to the N. tabacum HCT
sequence (e value = e-108). Alignment of the in silico DNA and protein sequences of the
unigenes #123197 and #125212 indicated that although they were potentially related, these
two unigene sequences encoded different coffee genes.

A c¢DNA representing the 5’ end of unigene #123197 (pccewc22w14m?23) (SEQ ID
NO:18), and thus encoding the longest coffee cDNA in the database related to the tobacco
HCT, was isolated and sequenced. The insert of pcccwe22w14m?23 (SEQ ID NO:18) was
found to be 1465 bp long, and to encode a partial ORF sequence of 389 amino acids.

Because the full length tobacco protein was 435 amino acids long, it was assumed that this
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coffee HCT ¢cDNA was lacking approximately 150 base pairs (i.e., the full length coffee
HCT c¢DNA would be expected to encode another approximately 46 amino acids). Based on
the significant part of the coffee HCT sequence encoded by pcecewe22w14m?23 (SEQ ID
NO:18), specific primers for use in the well-established technique of 5 RACE PCR were
devised to isolate the 5’ end of the corresponding gene sequence. This experiment, using
cDNA made by the second Method described above in Example 2 from RNA of C.
canephora (BP409) grain at the Red developmental stage, and using the gene specific primers
22w14m23-GSP1 (SEQ ID NO:44) in first round PCR and 22w14m23-GSP2 (SEQ ID
NO:45) in second round PCR, produced an approximately 300 base pair PCR fragment
(length estimated in agarose gel) that was directly sequenced with gene specific primer
22w14m23-GSP2 (SEQ ID NO:45). The resulting sequence (Racel_CcHCT) (SEQ ID
NO:17) was 209 bp long and overlapped the 5° end of the cDNA clone peccwe22w14m23
(SEQ ID NO:18) (Figure 2a: 60 bp of overlapping sequence).

This newly isolated coffee 5° end HCT sequence (Racel_CcHCT) (SEQ ID NO:17),
and the nearly full-length coding sequence in the cDNA pccewe22w14m23 (SEQ ID NO:138),
allowed the design of two new primers (HCT-FullUp1 (SEQ ID NO:50) and CcHCT-R1
(SEQ ID NO:51), Tables 3 and 4) for specific amplification of the complete ORF sequence of
the coffee HCT using cDNA made by Method 1 from RNA of C. canephora (BP-409) grain
at the yellow development stage. This PCR amplification experiment resulted in the
generation of the cDNA sequence CcHCT (SEQ ID NO:1) contained in the plasmid pML1
(Figure 2b). Sequence analysis of the pML1 insert (SEQ ID NO:1) indicated that this cDNA
was 1388 bp long, with a complete ORF of 1305 bp encoding a polypeptide of 434 amino
acids (SEQ ID NO:9) having an estimated molecular weight of 48.06 kDa. Alignment of the
complete HCT protein sequence (SEQ ID NO:9) with protein sequence of the tobacco HCT
and a related sequence from Arabidopsis thaliana (accession number CAD47830 (SEQ ID
NO:20) and NP_199704 (SEQ ID NO:21), respectively, see Figure 4) confirmed that the
initial annotation of this coffee sequence using BLAST, i.e., the ORF of pML1 (SEQ ID
NO:1) encodes a coffee HCT protein. At the protein level, the coffee sequence (SEQ ID
NO:9) exhibits 86.9% and 78.3% homology with the tobacco and 4. thaliana sequences,
respectively (Figure 4). At the nucleic level, the complete ORF of the coffee sequence
exhibits 78.5% and 70% homology with the tobacco and 4. thaliana complete ORF

sequences, respectively. The protein sequence alignment also shows that the coffee HCT
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sequence of pML1 has two conserved sequences, HXXXD (SEQ ID NO:25) and DFGWG
(SEQ ID NO:26), which have been identified as key regions in acyltransferases class of plant

proteins.

Example 4

Isolation and characterization of a Coffea arabica cDNA clone encoding
hvdroxycinnamovl-CoA shikimate/quinate hydroxycinnamovltransferase (CaHCT)

Total genomic DNA was extracted from fresh leaves of C. arabica T2308 harvested
from the greenhouse using the method of Crouzillat ef al., (1996). Primer assisted walking
was performed using the Universal GenomeWalker kit (BD Biosciences) according to the
protocol suggested by the manufacturer. The four GenomeWalker libraries used here were
previously constructed from C. arabica T2308 genomic DNA that had been digested with
Dral, EcoRV, Pvul, Stul and then blunt-end ligated to the GenomeWalker Adaptor of the
Universal GenomeWalker kit. Both the genomic DNA digestions and the GenomeWalker
Adaptor ligation reactions were carried out in accordance with the manufacturer’s
instructions. The four libraries were then used as templates in PCR reactions using the HCT-
GSP gene-specific primers (Table 6). The PCR reaction mixtures contained 10 pl of
GenomeWalker library template (1/100 diluted), 5pL 10 x PCR buffer (LA buffer Il Mg™
plus), 200uM of each ANTP, 400nM of each primer (AP1 and HCT-GSP1), and 0.5 U of
DNA polymerase Takara LA Taq (Cambrex Bio Science) in a final volume of 50 pl. The
following conditions were used for the first PCR: after denaturing for 2 minutes at 95°C, the
first seven cycles were performed at 95°C for 25 s, followed by an annealing and elongation
at 72°C for 3 min. A further 31 cycles were carried out, at 95°C for 25 s, with an
annealing/elongation temperature of 67°C for 3 min. An additional final step of elongation
was carried out at 67°C for 7 minutes. The second PCR reaction was set up exactly as
described above for the first round, except the DNA substrate was 1 pl of the first
amplification reaction which had been diluted 1/50 from the first reaction. The PCR cycling
conditions were 5 cycles of denaturing at 94°C during 25s, annealing and elongation 72°C for
3 min. A further 25 cycles were carried out, at 95°C for 25 s and an annealing/elongation
temperature of 67°C for 3 min. An additional final step of elongation was carried out at 67°C
for 7 minutes. The resulting PCR fragments were separated by agarose gel electrophoresis.
One PCR product from the Stul library named GW1_CaHCT, showing a unique band, was
then cloned in pCR4-TOPO using TOPO TA Cloning Kit for Sequencing (Invitrogen), then

=51 -



WO 2007/044751 PCT/US2006/039618

PCR was carried out on positive isolated colonies. The PCR product with the expected
length was then sequenced with T7 and T3 primers. The resulting sequence (GW1-CaHCT)
(SEQ ID NO:19) was 685 bp long and overlapped the sequence in pccewc22w14m23 (SEQ
ID NO:18) over 117 bp (Figure 3A, 3B). It is noted that this genomic sequence probably
encodes approximately 430 bp of the 5> non coding region of the CaHCT gene, and thus

encodes at least part of this genes promoter.

Table 6. Primers used for GemomeWalker experiments.

Primers Sequences I dgs’(clililiz?clflo:
AP1 SGTAATACGACTCACTATAGGGC * 81
AP2 S ACTATAGGGCACGCGTGGT ¥ 82
HCT-GSP1 | % CCATCAGACTCGGCCTCCACGAAAAGCAC”® 83
HCT-GSP2 | % CACTCAATCTCAATCCGCCCATCTTCGTCTCT * 84

The same set of specific primers and PCR conditions used to isolate the complete
ORF of C. canephora HCT (CcHCT) were employed to isolate a cDNA encoding a complete
OREF for C. arabica HCT (see Example 2 and Tables 3 and 4 for details). cDNA was made
using Method 1 from RNA isolated from C. arabica (T2308) grain at the yellow stage and
cloned into plasmid pML5 (Figure 3b). Sequence analysis of the pML5 insert (SEQ ID
NO:2) indicated that this cDNA was 1388 bp long, with a complete ORF of 1305 bp
encoding a polypeptide (SEQ ID NO:10) of 434 amino acids having an estimated molecular
weight of 48,186 kDa. An optimal alignment of the inserts in and pML1 (CcHCT) (SEQ ID
NO:1) and pML5 (CaHCT) (SEQ ID NO:2) using ClustalW shows that the two sequences
have 98.9% identity at the DNA level, with 14 single nucleotides differences being observed
between the two sequences. These differences within the DNA sequence for the ORE’s
translate into 5 alterations in the amino acid sequence (Figure 4). It is noted that more
significant sequence variations could be expected in the 5° and 3’ UTR sequences of these
genes, most of which are missing from pML1 and pMLS5. As shown in Figure 4, all four
HCT sequences have the same sequence (HHAAD) (SEQ ID NO:85) in the highly conserved
HXXXD (SEQ ID NO:25) box. This further supports the contention that pML1 and pMLS5

encode coffee HCT proteins.
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Example 5

Isolation and characterization of a Coffea canephora cDNA clone encoding
hydroxycinnamoyl-CoA guinate hydroxycinnamoyltransferase (CcHOT)

The recently published protein sequences for tobacco HQT (NtHQT, accession
number CAE46932; Niggeweg et al., 2004) and tomato HQT (LeHQT, accession number
CAE46933, Niggeweg et al., 2004) were employed in a search against the “unigene” set 5
using the tblastn algorithm. Using tobacco NtHQT as the query sequence, the two best hits
were unigene #125212 (e value = e-119) and unigene #123197 (e value = e-100). Using
tomato LeHQT as the query sequence, the two best hits were also unigene #125212 (e value =
e-127) and unigene #123197 (e value = e-103). The very high e value scores for unigene
#125212 from the BLAST searches with the NtHQT and LeHQT protein sequences strongly
indicated that this in silico unigene sequence was likely to encode a HQT protein.

One of the longest EST for unigene #125212, (pcces30w13p12) (SEQ ID NO:28) was
isolated from the pericarp library and fully sequenced. Sequence analysis showed this cDNA
encoded a 1056 bp insert containing a partial ORF encoding 292 amino acids. The
polypeptide sequence encoded by pcees30w13pl2 (SEQ ID NO:28) was aligned with the
tobacco and tomato HQT protein sequences using the Megalign software (Laser Gene
software package, DNASTAR). These manually optimized alignments confirmed that the
partial ORF of pcces30w13p12 (SEQ ID NO:28) probably encoded a HQT protein. These
alignments also indicated that this cDNA clone did not contain a complete ORF. The
polypeptide sequence encoded by pcces30w13pl2 (SEQ ID NO:28) was also aligned with the
polypeptide sequence encoded by longest cDNA of unigene 123197 (pccewce22w14m?23)
(SEQ ID NO:18). This protein alignment showed that these two sequences wete significantly
different (approximately 61.3% identity at the amino acid level using the ClustalW Method),
and thus, these sequences represent different genes.

The alignment of the tomato and tobacco HQT protein sequences with the partial ORF
sequence of pcces30w13pl2 (SEQ ID NO:28) showed that this coffee HQT sequence lacked
approximately 140-150 amino acids at the N-terminal end. However, based on the significant
part of the coffee HQT sequence encoded by peces30w13p12 (SEQ ID NO:28), specific
primers for use in the well established technique of 5> RACE PCR were devised to isolate the
missing 5’ end of the coffee HQT coding sequence. Using the cDNA prepared by Method 1
using RNA isolated from C canephora (BP 409) pericarp (all developmental stages mixed)
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and the primers and PCR conditions set forth in Example 2 above, a unique fragment of
approximately 750 bp was obtained and directly sequenced using specific primer 22m12-
GSP2 (SEQ ID NO:43) for amplification of the fragment. The resulting sequence
(RACE3_CcHQT) (SEQ ID NO:27) was 639 bp long and, overlapped the 5’ end of the
sequence in pcces30w13pl2 (SEQ ID NO:28) by 62 bp. (Figure Sa).

This newly isolated C. canephora 5’ end HQT sequence (RACE3_CcHQT) (SEQ ID
NO:27), and the coding sequence in the cDNA pcees30w13pl2 (SEQ ID NO:28), allowed the
design of two new primers capable of specifically amplifying the complete ORF sequence of
a CcHQT from coffee HCT using cDNA made from RNA of C. canephora (BP-409) pericarp
at the small green stage. (Tables 3 and 4). The cDNA obtained was cloned into plasmid
pML2 (Figure 5A and 5B). Sequence analysis of the insert in pML2 (SEQ ID NO:3)
indicated that this cDNA was 1534 bp long and had a complete ORF of 1293 bp, encoding a
polypeptide (SEQ ID NO:11) of 430 amino acids having an estimated molecular weight of
47.72kDa.

Alignment of the complete CcHQT ORF sequence (SEQ ID NO:3) with the
previously characterized tobacco and tomato HQT sequences, and the highly-related sequence
from Ipomea batatas TbHCBT accession number BAA87043 (SEQ ID NO:22) confirms the
initial annotation of this coffee sequence from the BLAST analysis, i.e., the complete ORF of
pML2 (SEQ ID NO:3) encodes a coffee HQT protein (SEQ ID NO:11) (Figure 4). At the
protein level, the coffee HQT protein sequence exhibits 75.8 %, 75.1% and 78.1% homology
to the tobacco, tomato and 1. batatas sequenceé, respectively. At the nucleotide level, the
coffee HQT ORF sequence exhibits 72.1%, 70.1% and 71.1% identity with the tobacco,
tomato and I. batatas ORF sequences, respectively.

The alignment in Figure 4 also shows the coffee HQT sequence of pML2 (SEQ ID
NO:11) has the two conserved sequences, HXXXD (SEQ ID NO:25) and DFGWG (SEQ ID
NO:26), which have been identified as key regions in the acyltransferases class of plant
proteins (Yang ef al. 1997, St-Pierre et al. 2000, Hoffmann et al. 2003). As shown in Figure
4, all five HQT sequences have nearly the same sequence (HT/NLSD) in the highly
conserved HXXXD (SEQ ID NO:25) box, further supporting the contention that pML2

encodes a coffee HQT protein.
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Example 6

Isolation and characterization of a Coffea arabica cDNA clone encoding
hydroxycinnamoyl-CoA quinate hydroxycinnamovltransferase (CaHQT)

The same set of specific primers and PCR conditions used to isolate the complete
ORF of C. canephora HQT were employed to isolate a cDNA encoding a complete ORF for
C. arabica HQT (see Example 2 and Table 3 and 4). The cDNA employed was prepared,
using Method 1, from RNA isolated from C. arabica (T2308) flowers and the specific
CaHQT fragment amplified was subcloned to generate the plasmid pML3 (Figure 6).
Sequence analysis of the insert in pML3 revealed that this cDNA was 1533 bp long and had a
potentially complete ORF of 1293 bp that was interrupted by a single stop codon at position
814-816 in the ORF sequence (position 272 in the protein). It is presumed that this mutation
resulted from a single base pair mutation (CAA to TAA) during the PCR amplification with
Taq DNA polymerase. To ensure the stop codon was generated by Taq and is not a genome-
encoded stop codon, cDNA was prepared using Method 1 from RNA isolated from C.
arabica T2308 roots. This cDNA was then used to PCR-amplify the region of the stop
codon.

The PCR reaction was performed in a final 50 pl volume, as follows; SuL of cDNA;
10 x PCR buffer (LA buffer Il Mg"™ plus), 500 nM of the primer HQT-FullLup1 (*
CTGGAGGAAAGCAGAGAAGCAT *) (SEQ ID NO:86) and HQT-FullLow2 (SEQ ID NO:52)
(Table 3A) primers, 200uM each dNTP, 0.5 U of DNA polymerase Takara LA Taq (Cambrex
Bio Science). The PCR reaction conditions were as follows: 94 °C for 2min; then 94 °C for 1
min, 56°C for 1 min and 72 °C for 2 and 40 cycles. An additional final step of elongation
was carried out at 72 °C for 7 min. The PCR product was then analyzed by agarose gel
electrophoresis and ethidium bromide staining.

This PCR amplification produced a unique fragment of approximately 1600bp. This
unique fragment (R-CaHQT) was then directly sequenced using the HQT-FullLow2 primer
(SEQ ID NO:52) (Table 4). A 626 bp sequence was obtained that overlapped completely
with the pML3 (CaHQT) sequence (SEQ ID NO:4). The sequence of this new cDNA
fragment encoded the region containing the mutation site (98.9% homologous over in the
626bp overlapping region), and at the mutation site, it had CAA (for expected amino acid Q)
and not TAA (STOP) as found in pML3.
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Comparison of the cDNA sequences cloned for CcHQT (SEQ ID NO:3) and CaHQT
(SEQ ID NO:4) revealed 15 single nucleotide differences. The optimized alignment of the
polypeptide sequences of CcHQT (SEQ ID NO:11) and CaHQT (SEQ ID NO:12) revealed 7

amino acid differences (Figure 4).

Example 7

Isolation and characterization of a Coffea canephora
¢DNA clone encoding p-coumaroyl 3° hvdroxylase CcC3H

To find coffee cDNA encoding the enzyme p-coumaroy] shikimate 3'-hydroxylase
(C3H), two protein sequences encoding biochemically well characterized C3H activities, the
Ocimun basilicum p-coumaroyl shikimate 3'-hydroxylase isoform 2 (Gang et al., 2002;
accession number AAL99201) and the Arabidopsis cytochrome P450 CYP98A3 (Schoch et
al., 2001; accession number 022203) were used to search the “unigene” set 5 using the
tblastn algorithm. This search uncovered one unigene (#124852) exhibiting a very high level
of homology to the O. basilicum and Arabidopsis C3H protein sequences. A cDNA
representing the 5 end of the unigene #124852 (pcccl20d10 (SEQ ID NO:5)), potentially
encoding the full ORF of this protein, was then isolated and sequenced.

The insert of pcccl20d10 (SEQ ID NO:5) was determined to be 1728 bp long, and to
encode an ORF of 1527 bp. The deduced protein sequence (SEQ ID NO:13) comprises 508
amino acids, and has a predicted molecular weight of 57.9 kDa. The protein sequence (SEQ
ID NO:13) of pceel20d10 (SEQ ID NO:5) was aligned with homologous C3H protein
sequences from O. basilicum, A. thaliana, and an orthologous sequence from L. esculentum
(Figure 7). This alignment demonstrated that the protein (SEQ ID NO:13) encoded by
pcecl20d10 (SEQ ID NO:5) shares, respectively, 75.1%, 73.9% and 82.9% homology with
these protein sequences. Thus, it can be concluded that pcccl20d10 (SEQ ID NO:5) encodes
a full length cDNA for a C. canephora p-coumaroyl shikimate 3'-hydroxylase (CcC3H). An
alignment of the DNA sequence encoding the ORF sequence contained in pcccl20d10 (SEQ
ID NO:5) with the DNA sequences encoding the ORF sequences of C3H from O. basilicum
and of the cytochrome P450 CYP98A3 from A. thaliana demonstrated that the ORF DNA
sequence of CcC3H shares 69.4% and 69.2% identity with the O. basilicum C3H and the 4.
thaliana P450 CYP98A3 DNA sequences.
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Example 8

Isolation and characterization of three Coffea canephora
c¢DNA clones encoding CCoAOMT

To find coffee cDNA encoding the enzyme CCoAOMT, two protein sequences
encoding well-characterized CCoAOMT activities, CCoOAOMT of Nicotiana tabacum
(accession number AAC49913 (SEQ ID NO:38) Martz et al., 1998) and CCoAOMT of
Medicago sativa (alfalfa) (accession number AAC28973 (SEQ ID NO:37) , Ferrer et al.,
2005) were used to search the “unigene” set 5 using the tblastn algorithm. This analysis
uncovered 3 unigenes exhibiting relatively high levels of homology to the N. tabacum
CCoAOMT protein sequences, #119965 (e value=e-125), #122801 (e value =e-63), and
#119560 (e value= e-56). These unigenes were also shown to have relatively high
homologies to the M. sativa protein sequence, ie. #119965 (e value=e-127), #122801 (e value
=e-64), and #119560 (e value= e-59).

One of the longest cDNA representing the 5” end of the unigene #119965 (pcccll5all
(SEQ ID NO:6)), and potentially encoding the full ORF of this protein, was then isolated
from the leaf library and fully sequenced. The insert of pcccll5all (SEQ ID NO:6) was
determined to be 1144 bp long and to encode an ORF of 744 bp. The deduced full length
protein sequence (SEQ ID NO:14) was determined to be 247 amino acids, with a predicted
molecular weight of 27.97 kDa. Figure 12 shows an optimized alignment of the protein
sequence (SEQ ID NO:14) of pcccll5all (SEQ ID NO:6) with the CCoAOMT protein
sequences from N. tabacum, and M. sativa revealed that the pcccll5all protein shares 85.1%,
and 86.3% homology with these protein sequences, respectively. This alignment also
demonstrates that the CcCCoAOMT1 protein (SEQ ID NO:14) contains all the amino acid
residues which have been determined by Ferrer ef al. 2005. The Ferrer group determined the
structure of the alfalfa Caffeoyl Coenzyme A 3-O-Methyltransferase by x-ray crystallography
to a) interact in Co-enzyme A recognition, b) be involved in substrate recognition, and c) be
involved in metal ion divalent and cofactor binding. Thus, this alignment data supports the
claim that pcccllSall (SEQ ID NO:6) encodes a full length cDNA for a C. canephora
Caffeoyl CoA-O MethylTransferase (CcCCoAOMT1) (SEQ ID NO:14).

It is noted that the public databases contain a partial cDNA sequence from C.
canephora (Accession Number AF534905, encoding an ORF of 108aa). When aligned with
CcCCoAOMT1 (SEQ ID NO:14), this database sequence exhibits 97.5% identity over the
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appropriate regions at the DNA level indicating the partial C. canephora cDNA (Accession
Number AF534905) is probably allelic to the complete cDNA in CcCCoAOMT1, and that
there thus are two different Coffea canephora alleles of the same gene.

The longest cDNA representing the 5° end of the unigene #122801 (cccs30w29k18),
and potentially encoding a CcCCoAOMT-like protein, was isolated from the 30 weeks grain
library (30 weeks after flowering) and fully sequenced. The insert of pcces30w29k18 (SEQ
ID NO:34) was determined to be 722 bp long and to encode a partial ORF of 576 bp long.
The deduced partial protein sequence was determined to encode 191 amino acids. The partial
polypeptide sequence encoded by pcces30w29k18 (SEQ ID NO:34) was aligned and
compared with the CCoAOMT protein sequences from N. tabacum, and M. sativa. This
alignment showed that the insert ORF sequence of pcccs30w29k18 (SEQ ID NO:34) shared
56.2 % identity with both these plant CCoAOMT protein sequences, suggesting this protein
was potentially a CCoAOMT-LIKE protein. This alignment also indicated that this cDNA
clone does not contain a complete ORF.

Based on the sequence encoded by peces30w29k18 (SEQ ID NO:34), specific primers
were devised to isolate the 5 end of the corresponding gene sequence using the well-
established technique of 5° RACE PCR. Using the RACE PCR conditions described in
Example 2 and Table 2 above, the gene specific primers 122801-GSP1 (SEQ ID NO:46) (first
round RACE PCR) and 122801-GSP2 (SEQ ID NO:47) (second round RACE PCR), and
cDNA prepared by Method 1 using RNA isolated from C. canephora BP409 grain at yellow
stage of development produced a 218 base pair PCR fragment that was cloned in pCR4-
TOPO according to the protocol described previously and sequenced. The resulting sequence
(Racel_CcCCoAOMT-L1 in pNT13 (SEQ ID NO:33)) overlapped the 5’ end of the cDNA
clone pcees30w29k18 (SEQ ID NO:34) (Figure 9A: 61 bp of overlapping sequence). This
newly isolated coffee 5’ end CcCCoAOMT-LIKE sequence (Racel _CcCCoAOMT-L1 (SEQ
ID NO:33)), and the partial coding sequence in the cDNA pcees30w29k18 (SEQ ID NO:34),
allowed the design of two new primers (CCoAOMT-LI-Fullup (SEQ ID NO:54) and
CCoAOMT-L1-FullLow (SEQ ID NO:55), Tables 3 and 4) to specifically amplify the
complete ORF sequence of the coffee CaCCoAOMT-L1 (SEQ ID NO:15) using cDNA made
from RNA isolated from C. arabica (T2308) grain (yellow development stage) (Table 4).

The PCR amplification was carried out in a final 50 pl volume, as follows: Sul of

cDNA, 5uL 10 x PCR buffer (cloned Pfu Reaction Buffer), 400 nM of both specific primers,
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200pM each dNTP, and 1.25 U of Pfu Turbo DNA polymerase (Stratagene). The PCR
cycling conditions were as follows: 94°C for 2 min; then 40 cycles of 94°C for 1 min,
annealing temperature 55°C for 1 min, and 72°C for 2 min. An additional final step of
elongation was done at 72°C for 7 min. This PCR resulted in the generation of a cDNA
fragment that was directly cloned in pENTR/D-TOPO vector to form the plasmid pNT8
(Figure 9B). Sequence analysis of the pNT8 insert (SEQ ID NO:7) indicated that this cDNA
was 717 bp long (including the CACC sequence used in cloning). The plasmid pNt8 has a
complete ORF of 690 bp encoding a polypeptide (SEQ ID NO:15) of 229 amino acids having
an estimated molecular weight of 25.71 kDa.

The alignment presented in Figure 11 confirms that the ORF of CaCCoAOMT-L1
(pNTS8) in not an allele of CcCCoAOMT-1 but is clearly a different gene product.
Effectively, the CaCCoAOMT-L1 protein sequence (SEQ ID NO:15) encoded by ORF
contained in pNTS8 (SEQ ID NO:7) (54.6% identity CcCCoAOMT-1). In addition, this
proteins shows only 54.2%, 57.8% and 57.4% identity with characterized MsCCoAOMT,
NtCCoAOMT and VvCCoAOMT proteins (Genbank Accession numbers are respectively
AAC28973 (SEQ ID NO:37), AAC49913 (SEQ ID NO:38), and CAA90969 (SEQ ID
NO:39), see Figure 12). As shown in Figure 12, five of the characterized sites described in
the crystal structure of the alfalfa CCoAOMT are different in the coffea protein sequence
CCoAOMT-L1. Two of twelve conserved amino acids that have been determined be implied
in the cofactor’s binding (Ferrer et al. 2005): i.e., Glu67 and Pro139 of MsCCoAOMT are
replaced respectively by a Ala and a Glu residues in CaCCoAOMT-L1 (SEQ ID NO:15), and
three of six residues involved in substrate recognition (Ferrer et al. 2005): i.e., Arg206,
Tyr208 and Tyr212 are replaced in CaCCoAOMT-L1 (SEQ ID NO:15) protein by an Ala, a
Glu, and a Gly residue, respectively.

The longest cDNA representing the 5° end of the unigene #119560 (cccs46w30m24),
and potentially encoding a partial ORF of this protein, was then isolated from the 46 weeks
grain library (46 weeks after flowering) and fully sequenced. Sequence analysis showed this
cDNA (SEQ ID NO:36) encoded a 934 bp insert. An alignment of the DNA sequence of this
insert with the well characterized NtCCoAOMT and MsCCoAOMT (Genbank Accession
numbers AAC49913 (SEQ ID NO:38) and AAC28973 (SEQ ID NO:37), respectively)
protein sequences using CLUSTALW indicates this cDNA probably contains an intron. The
optimized alignment of the NtCCoAOMT and MsCCoAOMT DNA sequences with insert of
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peeesd6w30m24 by the CLUSTALW program produced an insertion of 72 bp within the
ORF DNA sequences of the other characterized plant cDNA sequences compared to the
sequence of the pcces46w30m24 insert. Additionally, the ORF of cces46w30m24 insert
encoded a truncated protein sequence 92 amino acids shorter than the NtCCoAOMT and
MsCCoAOMT at the C-terminus due to a stop codon within the proposed intron sequence of
pcces46w30m?24.

Based on the observation that pcccs46w30m24 cDNA sequence (SEQ ID NO:36)
contains an intron, a processed sequence was generated in silico. The splice processing was
carried out at bp 426 to 497, which represénted the hypothetical intron. Sequence analysis of
the resulting spliced 862 bp sequence (pcces46w30m24 sequence minus hypothetical intron)
revealed that this cDNA contained a 702bp ORF, encoding a partial protein of 233 amino
acids, This hypothetical polypeptide sequence was then aligned with the NtCCoAOMT and
MsCCoAOMT protein sequences described in the previous section (Figure 12), revealing that
the partial ORF of pcccs46w30m24 shares 48.9 % identity with each of these CCoAOMT
sequences. This protein associated with this partial ORF was called CcCCoAOMT-L2 (SEQ
ID NO:16).

However, as pcces46w30m24 (SEQ ID NO:36) encodes a significant part of a
predicted coffea CCoAOMT-LIKE sequence, this enabled the design of specific primers to
isolate the missing 5’ end coding sequence of this gene. With cDNA prepared by Method 1
using RNA isolated from C. arabica (T-2308) grain at yellow stage, the primers 119560-
GSP1 (SEQ ID NO:48) (First round RACE PCR) and 119560-GSP2 (SEQ ID NO:49)
(Second round RACE PCR) and the PCR conditions noted in Example 2 and in Table 2, a
unique fragment was obtained. This fragment was directly cloned into the pCR4-TOPO
vector to give pNT14 and sequenced using the T3 universal primer. The resulting insert
sequence (Racel CaCCoAOMT-L2 (SEQ ID NO:35)) was 349 bp long and, as expected,
overlapped the 5’ end of the sequence in pcecs46w30m24 (SEQ ID NO:36) (Figure 104,
with 224 bp of overlapping sequence). This newly isolated C. arabica 5’ end CCoAOMT-
LIKE sequence (Racel CaCCoAOMT-L2) (SEQ ID NO:35), and the coding sequence in the
cDNA pcecs46w30m24 (SEQ ID NO:36), allowed the design of two new primers
CCoAOMT-L2-FullUp (SEQ ID NO:58) and CCoAdOMT-L2-FullLow (SEQ ID NO:59)
(Tables 3 and 4) capable of specifically amplifying the complete ORF sequence of
CCoAOMT-L2 (SEQ ID NO:8).
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The ¢cDNA used for this experiment to amplify the complete ORF of CCoAMT-L2
was generated by Method 1 using RNA isolated from C. canephora (BP-409) grain at yellow
stage of development (same cDNA used to make the full length cDNA for HCT, see Table 4).
As described in Example 2, the experiment was carried out using Takara LA Taq DNA
polymerase (in a final 50 pul volume, as follows: 5pl of cDNA (Table 4), 5uL 10 x PCR
buffer (LA PCR II Mg2+), 800 nM of both specific primers, 200uM each dNTP, and 0.5 U of
Takara LA Taq DNA polymerase (Cambrex Bio Science). The PCR cycling conditions were
the same as described in Example 2. This experiment generated a single major PCR product
that was directly cloned into the pCR4-TOPO vector as described previously resulting in the
plasmid pNT4 (See Figure 10B for DNA sequence). pNT4 (SEQ ID NO:8) encodes a
complete ORF of 717 bp which encodes a polypeptide (SEQ ID NO:16) of 238 amino acids
with an estimated molecular weight of 26.30 kDa.

Alignment of complete ORF of the coffea CCoAOMT-L2 sequence with the
previously characterized Medicago sativa, Nicotiana tabacum and Vitis vinifera CCoAOMT
sequences (noted above) confirms the initial annotation of pcces46w30m24 (SEQ ID NO:36)
partial coffea sequence using BLAST as coffee CCoAOMT-LIKE protein (Figure 12). At the
protein level, the coffee CcCCoAOMT-L2 (pNT4) ORF sequence exhibits 46.6% identity
with the MsCCoAOMT, 47% identity with the NtCCoAOMT-1 and 47.8 identity with the
VvCCoAOMT protein sequence. The alignment presented in Figure 11 between the coffea
CcCoAOMT-L2 sequence (SEQ ID NO:16) and the coffea CaCCoAOMT-L1 protein
sequence (SEQ ID NO:15) described above and CcCCoAOMT-1 (SEQ ID NO:14) clearly
shows that these three protein sequences represent different highly related groups of proteins.

A second alignment performed with all three proteins (ie. the coffee CCoAOMT
(SEQ ID NO:14) and the two CCoAOMT-LIKE proteins (SEQ ID NOs:15 and 16)) with the
well characterized CCoAOMT proteins in Figure 12 clearly illustrates that the sequence of
the coffea CcCCoAOMT-L2 protein (SEQ ID NO:16) is more distantly related to the well-
characterized plant CCoAOMT proteins than to the CaCCoAOMT-L1 protein (SEQ ID
NO:15). In addition, it is also noted in Figure 12 that the CcCCoAOMT-L2 protein sequence
(SEQ ID NO:16) has several amino acid changes in regions associated with substrate
recognition (Medicago sativa accession number AAC28973 (SEQ ID NO:37), Ferrer et al.,
2005) .

-61 -



WO 2007/044751 PCT/US2006/039618

EXAMPLE 9
Over-Expression and Characterization of CcCCoAOMT1

The Gateaway technology (Invitrogen) composed of the two vectors: pENTR/D-
TOPO and the expression vector pPDEST17, was used to over-produce the CcCCoAOMT1
protein (SEQ ID NO:14). The strategy consisted of transferring the ORF of CcCCoAOMT1
(SEQ ID NO:6) into the first vector (pENTR/D-TOPO) in frame with the HisTag sequence.
Two specific primers were designed to accomplish this. The first primer (CCoAOM TI-
Fullup (SEQ ID NO:54) Table 3) includes the specific sequence for the first few codons of
the ORF (beginning with the start codon ATG) and the CACC adaptor necessary to direct
cloning in pENTR/D-TOPO is 5’ to the ATG codon. The second primer (CCoAOMTI-
FullLow, (SEQ ID NO:55) Table 3) contains the stop codon of the ORF and several bases
(14bp) in the 3° UTR.

Then, a PCR reaction was performed with the specific primers described above and
Pfu Turbo DNA polymerase (Statagene), which does not generate an adenine in 5’ end of the
product and allows the direct cloning of CcCCoAOMT1 PCR product into pENTR/D-TOPO.
The PCR amplification was carried out in a final 50 pl volume, as follows: 5pl of peecllSall
plasmid (1/50 diluted), 5uL 10 x PCR buffer (cloned Pfu Reaction Buffer), 400 nM of both
specific primers, 200uM each dNTP, and 1.25 U of Pfu Turbo DNA polymerase (Stratagene).
The PCR cycling conditions were as follows: 94°C for 2 min; then 40 cycles at 94 °C for 1
min, annealing temperature 55°C for 1 min, and 72°C for 2 min. An additional final step of
elongation was done at 72°C for 7 min. This experiment put the CcCCoAOMT1 ORF into
the pPENTR/D-TOPO vector to form the plasmid pNT15.

Then, pNT15 was recombined with pDEST17 (ampicillin resistance) according to the
protocol GATEWAY suggested by the manufacturer (Invitrogen) to produce pNT16 in which
the ORF is in frame in pPDEST17. The products of the recombination were transformed into
competent cells Topl10 (Invitrogen) and clones that were ampicillin resistant. Positive clones
were verified to contain the CCoAOMT]1 insert by PCR screening with the specific primers
CCoAOMTI-FullUp (SEQ ID NO:54) and CCoAOMTI-FullLow (SEQ ID NO:55) described
in TABLE 3. After purification, pNT16 was then transformed in competent cells BI21AI
(for protein expression) according to the protocol suggested by the supplier (Invitrogen).

For protein expression, a pre-culture of the B112AI cells with pNT16 was grown over

night at 37°C in 5 ml of LB medium containing 100pg/ml of ampicillin. 200ul of each pre-
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culture served to inoculate two cultures (50ml of LB medium with 100pg/ml of ampicillin),
and the cells were grown up to an ODgoonm=0.6. The expression of the cloned protein was
then induced with 0.2% of L-arabinose and the culture was incubated for a further 6h at 27°C.
A negative control with repression (produced by making another control culture 0.1%
glucose) was also carried out.

Then cells were pelleted, harvested and resuspended in two ml of lysis buffer (50 mM
Potassium phosphate pH 7,8, 400 mM NaCl, 100 mM KC1, 20mM B-mercaptoethanol, 10%
Glycerol, 0.5% Triton X100, imidazole 10 mM). The lysis is carried out by three cycles of
freeze/thaw (-180°C/42°C) and followed by 3 cycles of sonication (1 minute treatment/one
minute cooling) on ice with the power setting of the inserted probe being used at 40%
maximum (VibraCell72412, BIOBLOCK Scientific). The lysed cells were then centrifuged
(30min 10,000g), and the supernatant was incubated with Ni-Nta beads (Qiagen product
1004494) for 1 hour and then the whole mixture was transferred to a chromatography column
(Invitrogen # cat number). This column was then washed two times with 4 ml of washing
buffer (50mM Tris HCI pH 7.5, 500mM NaCL, 20mM imidazole, 20mM B-mercaptoethanol,
10% Glycerol, 0.2mM MgCl,). The his-tagged protein was eluted with five fractions of 0.5ml
of elution buffer ((SOmM Tris HCI pH 7.5, 500mM NaCL, 0.2mM MgCl, 20mM (-
mercaptoethanol, 10% Glycerol, 250mM imidazole).

After pooling the fractions containing protein, this pool was dialysed against the
activity buffer (50mM Tris HCI pH 7.5, 500mM NaCL, 0.2mM MgCl,, 20mM §-
mercaptoethanol, 10% Glycerol). The purification of the protein was verified by an analysis
on a 12% SDS-PAGE gel (Figure 15). The induction of recombinant cells caused the
accumulation of a large quantity of recombinant protein, with an estimated molecular weight
of 30 Kda (Figure 15A), which corresponds to predicted size of the CcCCoAOMT1 His-
Tagged protein. The His-Tagged recombinant protein was mainly found in the first three
eluded fractions and the absence of any other significant bands in these eluted fraction show
that there is little contamination with non-specific protein, and the gel analysis also
demonstrates the absence of recombinant protein degradation (Figure 15B). This experiment
shows that the HisTag chromatography allowed the isolation of a large quantity of His-
Tagged CcCCoAOMT]1 protein.

Protein quantification was performed using the Bradford standard protocol (Bradford
Sigma kit #B6916).
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The assay of CcCCoAOMT1 was performed by a protocol related to those used by
Inoue et al. 1998. The assay was carried out in a final volume of 200uL of activity buffer
(50mM Tris HCl pH 7.5, 500mM NaCL, 0.2mM MgCl,, 20mM B-mercaptoethanol, 10%
Glycerol) containing 40pg of protein, 150uM of SAM and 200uM of caffeic acid. The
reactions were carried out at 30°C, and at indicated times the reaction was stop by adding 9
volumes of stop buffer (0.1% (v/v) formic acid, 5% (v/v) acetonitrile, pH 2.5). These
samples were then clarified on 0.22uM filters and 20pL of this was injected on the HPLC.

The HPLC analysis was run as follows: column (Machery Nagel Nucleosil 5 C18,
8um, 4 x 250mm); gradient elution, solvent A (0.1% (v/v) formic acid) and solvent B (5%
(v/v) -Acetonitrile) : 0-15min 5%B-50%B, 15-17min 50%B-70%B, 17-23min 70%B, 23-
25min 70%B-100%B, 25-30min 100%B, 30-32min 100%B-5%B, 32-40min 5%B, flow rate,
ImL/min and detection by UV spectrophotometer at 324 nm (Waters 2487).

The CcCCoAOMT]1 enzyme essay was not carried out with Caffeoyl CoA, the
prefered substrate of the enzyme, because this substrate is not available commercially.
Instead, caffeic acid, a compound previously used for the Medicago sativati recombinant
protein, CCoAOMT was used as the substrate. Caffeic acid has a lower specificity. (Inoue
et al. 1998; Parvathi et al. 2001) In this assay, the expected product of reaction is the ferulic
acid. The comparison of HPLC analysis spectrums from the control and the test reactions are
shown in Figure 18 A and B. The results obtained demonstrate that a new peak appears at
14.8 min after 6 hours, and this peak is larger at 24 hours. This retention time is identical to a
ferulic acid standard. In addition, when the sample was spiked with ferulic acid, the newly
added ferulic acid coeluted with the proposed peak of ferulic acid (Figure 19), confirming the
proposal that this CcCCoAOMT]1 generated peak is ferulic acid. A second peak can be
identified at the retention time of 15.2 min{ and because this peak is not in the control sample
(no enzyme), it could be either another product generated by CcCCoAOMT1, or a
degradation product of ferulic acid. Overall, the data of Figure 18 demonstrate that the
protein encoded by CcCCoAOMT!1 has one of the predicted enzymatic activities associated
with CcCCoAOMT proteins like MsCCoAOMT and thus CcCCoAOMT1 encodes a coffee
caffeoyl CoA O-methyl transferase protein.
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EXAMPLE 10
Over-Expression of CaCCoAOMT-L1 and CcCCoAOMT-L2 Proteins

The ORF (SEQ ID NO:7) corresponding to CaCCoAOMT-L1 protein (SEQ ID
NO:15) was already present in the entry vector pENTR/D-TOPO (ie. pNT8). In order to
over express the CaCCoAOMT-L1 protein (SEQ ID NO:15), this ORF was transferred into
pDEST17 as described above for CcCCoAOMT! (SEQ ID NO:14), yielding the plasmid
pNT12. This plasmid was then transformed into BL21-AI cells and the protein was
overexpressed and purified as described for CcCCoAOMT1, except that the induction of
expression with arabinose was carried out over night at 20°C. Figure 16 shows the results of
this over-expression purification experiment. Panel A (Figure 16) demonstrates that a good
induction of a protein with the approximate expected size (approximately 26 kDa) occurred
on induction of the transformed cells. The purification results show that while
CaCCoAOMT-L1 is relatively overexpressed, the purification on the HisTag column was not
very efficient (Figure 16, Panel B). It is believed that much of the protein produced was
msoluble and this protein would have been lost after the centrifugation step.

To overexpress the CcCCoAOMT-L2 protein (SEQ ID NO:16), two primers
CCoAOMT-L2-FullUp (SEQ ID NO:58) and CCoAOMT-L2-FullLow (SEQ ID NO:59)
(Table 3) were designed to amplify the ORF corresponding to CcCCoAOMT-12 from the
plasmid pNT4. These primers generated a PCR fragment that could be cloned into
pENTR/D-TOPO using the same strategy as described for CcCCoAOMT]1. The conditions
of the PCR using Pfu Turbo DNA polymerase were also the same as for CcCCoAOMT1, and
generated pNT10. In order to over express the CcCCoAOMT-L2 protein, the ORF contained
in pNT10 was transferred into pDEST17 as described above for CcCCoAOMT], yielding the
plasmid pNT17. This plasmid was then transformed into BL21-Al cells and the protein was
overexpressed and purified as described for CcCCoAOMT] except that the induction of
expression with arabinose was carried out over night at 20°C. Figure 17 shows the results of
this over-expression purification experiment. Panel A (Figure 16) demonstrates that a good
induction of a protein with the approximate size expected (approximately 28 kDa) occurred
on induction of the transformed cells. The purification results show that while
CcCCoAOMT-L2 is relatively overexpressed, the purification on the HisTag column was not
very efficient. Itis believed that much of the CcCCoAOMT-L2 protein produced was

insoluble and thus this protein would have been lost after the centrifugation step.
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Example 11
Over-expression and purification of HCT and HOT proteins
In order to demonstrate that the proteins encoded by pML1 (CcHCT (SEQ ID NO:1))
and pML2 (CcHQT (SEQ ID NO:3)) could be produced in recombinant forms, these proteins
were over-expressed in E. coli This was carried out by amplifying each ORF by PCR

amplification using the primers noted in Table 7. The 5’ end PCR primer had a BamH] site
just before the ATG start codon and the 3’ end primer had an Xbal site just after the stop
codon. The PCR reactions were performed with the Phusion Polymerase (FinnZymes) under
the conditions specified by the manufacturer. The specific PCR products thus generated were
purified on agarose gels and then isolated from the gels using the GeneClean Turbo kit (Q-
biogene) according to the manufacturer’s protocol. The purified fragments were then
digested with BamHI and Xbal restriction enzymes (New England Biolabs).

The expression vector (plasmid pGTPc103a) was also digested with BamHI and Xbal
under the same conditions. The gel purified fragments were quantified and then ligated into
the digested pGTPc103a vector using T4 DNALigase (New Englands Biolabs), a step which
was designed (via the PCR primers used) to put the GST tag encoded by the vector in-frame
with the HCT /HQT protein sequence being cloned. DH5a competent cells (Invitrogen) were
then transformed with each ligation mixture according the manufacturers protocol. Screening
of colonies for those with the appropriate inserts was performed by PCR using the same
primers employed to clone the ORF and with enzymatic digestion. Selected plasmids were
then purified and the HCT and HQT inserts present were sequenced (to ensure no error
during the PCR step). The pGTPc103a plasmid containing the CcHCT sequence was named
pGTPc103a_HCT and the pGTPc103a plasmid containing the CcHQT sequence was named
pGTPc103a_HQT. Finally, expression competent cells B121(DE3) were transformed with
pGTPc103a_HCT or pGTPcl03a_HQT in order to over express protein,

In order to over-express the proteins, a pre-culture of each recombinant BI21(DE3)
cells containing either CcHCT or CcHQT was grown over night at 37°C in 10 ml of LB
medium containing 50pg/ml of kanamycin. Each pre-culture was then used to inoculate two
larger cultures (200ml of LB medium with 50pg/ml of kanamycin), and the cells were grown
until the OD 600 reached 1. Protein expression was then induced by adding 0.2mM of IPTG
and the cultures were then grown for a further 3h at 37°C.
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After this induction treatment, the cells were pelleted, and then resuspended in 25 ml
of lysis buffer (20 mM NaPO4 pH 7,3, 150 mM NaCl, 1% Triton X100, 2mM EDTA, 0.1%
B-mercaptoethanol, 1X protease inhibitor mix). Lysis was carried out by sonication (Vibracel
72.434) on ice during 3 cycles of 10 seconds. The lysed cells were centrifuged (30min
10,000g), and the supernatant was applied to a sample of GST-Sepharose 4B media
(Amersham) for 2 hour. This mixture was then transferred to a small chromatography
column, and washed 3 times with 5 ml of washing buffer (420mM NaPO4 pH 7.3, 150mM
NaCL, 1X protease inhibitor mix). The GST-tagged protein was eluted in four distinct
fractions of 0.5ml elution buffer (50mM Tris HC1 pH 8, 10mM reduce gluthatione, 10%
glycerol, 1X protease inhibitor mix). The production of the recombinant proteins and
purifications of each fraction were followed by analysis on 5-18 % SDS-PAGE gradient gel
and by western blotting using a specific antibody against the GST Tag (Figure 13 and 14).

The results presented in Figure 13A show that HCT was weakly over-expressed and
that this protein could be purified by GST-Tag chromatography. The purified protein
preparation (eluted over four fractions) contained two bands in the higher molecular weight
range (72.2 and 70 kDa). The 72.2 kDa protein has the closest size to the size expected for
the GST-HCT fusion. The 70 kDa protein is not known. The low molecular weight material
(approx 28 kDa) corresponds to the GST tag alone. The Western blotting results presented in
Figure 13B demonstrate the 72.2 kDa protein reacts with the antibody against the GST tag as
expected for the GST-HCT fusion protein. Similarly, the band at 28 kDa reacts strongly with
the antibody against GST, confirming it is the GST protein. The results presented in Figure
14A show that HQT was weakly over-expressed and that this protein could be purified by
GST-Tag chromatography. The purified protein preparation (eluted over first two fractions)
contained two bands in the higher molecular weight range (73.1 and 70 kDa). The 73.1 kDa
protein the approximate size expected for the GST-HQT fusion. The 70 kDa protein is not
known. The low molecular weight material (approx 28 kDa) corresponds to the GST tag
alone. The Western blotting results presented in Figure 14B demonstrate the 73.1 kDa
protein reacts with the antibody against the GST tag as expected for the GST-HCT fusion
protein. Similarly the band at 28 kDa reacts strongly with the antibody against GST,

confirming it is the GST protein.
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Table 7. List of specific primers used for the sub-cloning of CcHCT and CcHQT into the

plasmid pGTPc103a.
Gene Sequence
Gene | Specific Primer sequence Identifier
primer No.
178- 5" TTAATTAATTCGCGGATCCATGAAAATCGAGGTGAAGGA 3 87
HCT-S
CcHCT 173
H CT—R 5’ TATATATACTAGTCTAGATCAAATGTCATACAAGAAACTCTGGA 3’ 88
H1Q7?‘-S 5’ TTTAAATTTCGCGGATCCATGAAGATAACCGTGAAGGAA 3 89
CeHQT 178- 5 TATATATACTAGTCTAGATCAGAAATCGTACAGGAACCT 3’
HQT-R 90

Example 12
Analysis of HQT, HCT, C3H, CCoAOMT-1, CCoAOMT-L1,

andCCoAOMT-L2 Gene Expression by Quantitative RT-PCR

To precisely measure the expression of each of these genes, the levels of transcripts
from the HQT, HCT, C3H, CCoAOMT-1, CCoAOMT-LI and CCoAOMT-L2 genes were

determined for several tissues of the arabica variety C. arabica T2308 and of the robusta

variety C. canephora BP 409 using gene specific TagMan primers/probes (Table 5). The

different cDNA for these experiments were prepared by Method 1 with RNA isolated from

roots, stems, leaves, flowers, and from the grain and pericarp tissues isolated from 4 different

stages of developing arabica and robusta coffee cherries as described in Example 2, above.

The results of these experiments are presented in Figure 8.

Genes encoding HCT and HQT. TagMan probe and primers were designed for the

HQT and HCT genes (see Table 5) and these were then used to measure the transcript levels

for each of these genes in several different arabica and robusta coffee tissues (see Example 2).

The HQT expression profile (Fig. 8) seen for robusta shows that this gene is expressed at

relatively high levels (RQ 0.71) in the grain at the small green stage, and at somewhat lower

levels in all the other tissues examined. It is noted that the small green pericarp sample also

has a slightly elevated level of HQT relative to the later stages of pericarp development. It

has previously been demonstrated by the inventors that this robusta green grain sample has no

endosperm specific gene expression (Provisional Application No. 60/696,445). This latter

observation leads to the suggestion that the HQT gene may be highly expressed during the
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early stages of grain and pericarp development, and that the level of this transcript fall to
relatively low levels in both tissues concomitant with the beginning of endosperm
development. ’

The levels of HQT expression in the other robusta tissues suggest that this gene is
generally expressed in various coffee tissues at constant low levels, suggesting it may have
some type of “housekeeping” function. When the levels of HQT are examined in arabica,
relatively similar levels were seen to robusta in the roots, stems, and young leaves and in
most of the grain and pericarp tissues. This is consistent with the idea this is a potentially
important housekeeping type gene. The low levels of HQT in the arabica small green grain
and pericarp samples is consistent with the idea that HQT falls when the endosperm specific
gene expression is induced because these arabica small green cherries express endosperm
specific genes (Provisional Application No. 60/696,445). Finally, it is noted that large
differences were also detected for HQT expression in the flowers of arabica and robusta. The
differences are likely due to differences in the precise developmental stage of these two
flower samples as the expression of several genes has been to seen to be extremely variable
between these two flower samples

The HCT expression profile seen for robusta indicates that this gene is expressed in
relatively high levels in the pericarp at the large green (RQ 0.33), and yellow stages with
lower levels seen in the pericarp at small green (RQ 0.09) and red stages. Transcript levels
are relatively high in the roots and stems in robusta, while lower levels are seen in the leaves
and flowers. Very low levels were also detected in the grain at all the stages studied. A
somewhat different pattern of expression is seen in arabica, with no detection of HCT
transcripts in the pericarp, except for a low level seen at the small green stage. In addition, no
HCT transcripts were detected in the arabica stem tissues. In contrast, slightly higher levels
of HCT were detected in the leaves and in the grain at the red stage in arabica relative to
robusta. The detection of HCT expression in a limited number of arabica tissue samples
eliminates the possibility that the HCT Tagman probe set, which was designed from the
robusta sequence, is not recognized in this arabica variety. The HCT levels were similar in
the arabica and robusta flower samples.

The higher expression of HCT in the arabica grain versus the robusta grain suggests
that differences in the profiles of chlorogenic acids in arabica and robusta could, in part, be

due to different levels of HCT expression in the mature coffee grain. Similarly, given the
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potential involvement of chlorogenic acids in pathogen resistance (Shadle ez al. (2003);
Niggeweg et al. (2004)), the high expression of HCT in robusta roots and stems could
contribute significantly to the elevated pathogen resistance generally associated with robusta
versus arabica coffees. It is noted that there is a relatively low expression of HCT in the
robusta BP-409 leaf sample. However, considering this leaf sample is from young expanding
leaves, it is possible that HCT expression in the mature leaf is significantly higher than in
young leaves, perhaps due to the alternative use of CGA for the synthesis of lignin and other
structural components during leaf expansion. This explanation for lower than expected HCT
transcript levels in young leaves would further support that argument that higher HCT
expression is linked to higher pathogen or disease resistance, as this would be an important
characteristic for mature leaves.

Genes encoding C3H. Specific primers and TagMan probes were designed for the
C3H gene (see Table 5). This probe set was used to measure the C3H transcript levels in
several different arabica and robusta coffee tissues as noted in Example 2. The data shown in
Figure 8 indicates that C3H transcripts can be detected in all the robusta tissues tested. A
relatively high level of C3H transcripts is seen in the robusta small green stage grain sample,
and relatively high levels of C3H transcripts are also seen in the pericarp (peaking at the large
green and yellow stages). Lower levels of C3H transcripts are seen in the robusta stem, leaf
and flower samples. Interestingly, no C3H transcripts were detected in the robusta root
samples. In arabica, C3H transcript levels were similar in the grain to robusta, except in the
small green stage. This latter observation is believed to be linked to the later developmental
stage of the arabica sample as noted above. Interestingly, C3H transcript levels in the arabica
pericarp samples are undetectable in the small green stage and then rise consistently until the
red stage. This is in distinct contrast to the robusta samples, where C3H expression was
higher early in development and then decreased at maturity.

Gene encoding CCoAOMT-1. A specific TagMan probe and two primers were
designed for the CCoAOMT1 gene (see Table 5). The quantitative RT-PCR data for this
gene are presented in Figure 8. In robusta grain, CCOAOMT-1 transcripts were very low in
the small green stage (RQ 0.05) but higher in the large green (RQ 0.31) and yellow grain
stages (RQ 0.76), then fall to a very low level in the mature grain (RQ 0.09). In the pericarp,
the levels are low in the small green pericarp (RQ 0.15), slightly higher in the large green
(RQ 0.56) and yellow stages (RQ 0.65), and then fall again to a very low level at the red stage
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(RQ 0.06). In robusta, the CCoAOMT-1 transcript levels were found to be relatively high in
the roots (RQ 1.09) and stems (RQ 1.5), moderately high in the flowers (RQ 0.58) and very
low in the leaf (RQ 0.06). In comparison to the BP409 robusta sample, in arabica T2308, the
levels of CCoOAOMT-1 are relatively high in the small green (RQ 0.56) and large green grain
(RQ 1.21), and the red grain (RQ 1.43). The unexpected drop in CCoAOMT-1 levels in the
yellow grain stage (RQ 0.16) was unexpected and will need to be verified in other arabica
samples. The levels of CCOAOMT-1 transcript in the small green, large green, yellow
arabica pericarp samples are relatively low.

Gene encoding CCoAOMT-L1. A specific TagMan probe and two primers were
designed for the CCoAMT-L1 gene (see Table 5). Overall, the quantitative RT-PCR results
obtained indicate that the level of transcripts for the CCoAOMT-L1 gene is either near, or
below, the level of detection in all of the robusta tissues examined. A relatively similar reéult
was obtained for all of the arabica samples, except the flower sample. In this case,
CCoAOMT-L1 transcripts were very clearly detected (RQ 0.14), that is, this gene has a 7.8
fold higher level of transcripts than that detected in the arabica small green grain (RQ 0.018).
The presence of these transcripts in the arabica flower sample suggests that this gene is
specifically expressed in one or more parts of the flower. Furthermore, the absence of
CCoAOMT-L1 transcripts in the robusta flowers suggests the arabica and robusta flowers are
at different stages of maturity, and thus the expression of CCoAOMT-L1 could be stage
specific during flower development. Supporting this latter argument, several other coffee
genes have shown widely different expression in the same arabica and robusta flower
samples, again indicating these samples are at different stages of maturity.

Gene encoding CCoAOMT-L2. A specific TagMan probe and two primers were
designed for the CCoAOMT-L2 gene (see Table 5). The quantitative RT-PCR results
obtained for this gene indicated that, apart from the robusta flower sample, CCoAOMT-L2
expression was not reliably detected in any of the robusta or arabica tissue samples using the
experimental conditions described here. It is noted that control experiments have shown that
the amplification efficiency of the rpl39 primer/probe set and the efficiency of the
CCoAOMT-L2 primer/probe set were similar when tested against their respective plasmids.
Thus, it is not likely that the absence of detectable expression for the CCoOAOMT-L2 gene in
robusta or arabica found here was due to a specific problem with the CCoAOMT-L2

primer/probe set.
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Example 13
Functional Activity of Recombinant Coffee HCT

Activity was not detected from recombinant GST- tagged HCT and GST- tagged HQT
proteins produced in Z. coli. To determine if the GST tag was hindering the activity of these
proteins, the GST tags were removed enzymatically from each protein. The recombinant

HCT and HQT protein (without tags) were then reassayed for activity.

AcTEV protease digestion:_The recombinant HCT-GST or HQT-GST recombinant
proteins, produced and purified as described in Example 11, were digested by AcTEV
according to the instructions of the supplier (Invitrogen): 140p1 of recombinant enzyme was
digested at 30°C for 2h with 7.5pl of TEV buffer (20 x buffer, Invitrogen), 1.5 pl of 0.1mM
DTT, and 2ul of AcTEV protease (20 units).

Enzyme assay:_Modified methods Niggeweg et al, 2004 and Hoffmann et al, 2003
were used. Enzyme activity was determined at 40°C using the reverse reaction (cleavage of
5-CQA to caffeoyl-CoA and quinic acid). The reaction mixture (200 pl total) was; 100mM
Na-Pi buffer pH 6.5, ImM DTT, 5SmM CGA (5-CQA - Sigma), 3.3mM CoA, and 30pL
AcTEV digested GST-HCT or GST-HQT recombinant enzyme. The reaction was started by
addition of the substrate CoA. At each time point; 30ul of the reaction mixture was stopped
by addition of 170p1 of stop buffer (0.1% formic acid, 5% acetonitrile). This material was
then filtered using a 0.2pum filter, and then loaded on the HPLC column.

HPLC method: Reaction products were analyzed by HPLC, using a Waters reverse-
phase C18 column (4 pm, 4.6 x 250 mm) and a (8-50%) gradient of acetonitrile: s olvent A
was 91% milliQ H>O, 8% CH;CN, and 1% formic acid; solvent B was 49% milliQ H,0, 50%
CH;CN, and 1% formic acid, solvents were sparged with 30% helium). The gradient was as
follows; at 0 min, 98% A - 2% B; at 5 min, 92% A - 8% B; at 25min, 50% A - 50% B; at
30min, 30% A - 70% B; at 35min, 30% A - 70% B; then from 37-45 minutes, 98% A - 2% B.
The compounds eluted were detected at 325nm. The compounds were characterized by their
elution times and their UV absorption spectra, and their identities were confirmed by

standards when available.
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Results:

The treatment of GST- tagged HCT and GST- tagged HQT proteins with AcTEV
protein was shown by SDS PAGE gel electorphoresis and coomassie staining to generate a
smaller polypeptide with the expected molecular weight of the full length proteins from each
of the GST- tagged “precursor” proteins. This observation demonstrates that the AvIEV
protease successfully released the GST-Tag from the GST-HCT and GST-HQT proteins and
thus produced the normal full length HCT and HQT polypeptides.

Figure 20 shows the control reaction for HCT/HQT activity (5-CQA cleaved to
caffeoyl-CoA and quinic acid). That reaction contained all the reactants, but with no enzyme
added. The results shown in Figure 20 demonstrate that under the conditions employed,
chlorogenic acid (5-CQA) is stable; the CGA peak is only slightly lower at T=4 hours versus
the peak size at T=0, and only one very small peak appears at 12.1 minutes.

In contrast, Figure 21 shows that the CGA peak in the reaction with AvTEV treated
GST-HCT protein was reduced significantly (from approximately 0.035 at T=0 to
approximately 0.02 at T=4 hours). The reduction of the CGA peak is accompanied by the
appearance of several new peaks. The new peaks are at approximately 8 minutes, 17.1
minutes and 18.3 minutes respectively, in addition to the development of a significant
shoulder on the CGA peak. Because under these elution conditions, caffeic acid elutes very
close to the 5-CQA peak, the addition of the recombinant coffee HCT polypeptide causes the
accumulation of caffeic acid. While the product expected from this reaction was caffeoyl-
CoA, it is likely that this molecule was unstable in the buffer used and rapidly degraded,
forming the caffeic acid observed. In agreement with this argument, it is likely that one of

the peaks at 17.1 minutes and 18.3 minutes is actually caffeoyl-CoA.
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SEQUENCE LISTING

Sequence (SEQ ID NO:1)

<213> OrganismName : Coffea canephora
<212> Type : DNA
<211> Length : 1388

SequenceName : CcHCT (cDNA in pML1)

Feature
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;éé;é;;e: CcHCT (cDNA in pML1):
<221> FeatureKey CDS
<222> LocationFrom : 3
<222> LocationTo 1307

Other Information bp 3 to 1307 = complete ORF

CDSJoin No
Custom Codon
Sequence Name : CCHCT (cDNA in pML1)
<400> PreSeguenceString
ccatgaaaat ‘cgaggtgaag gaatcgacta tggtgagacc tgcccaagaa actcctggga 60
ggaacttgtg gaactcgaac gtggacttgg tggtgccaaa tttccacacc cctagegtet 120
acttctatag gccgacggga tcatcgaatt tctttgatge caaagtgcta aaggacgctt 180
tgagcegage ccttgteoceg ttctacccaa tggectggtag gttaaagaga gacgaagatg 240
ggcggattga gattgagtge aatggtgaag gegtgetttt cgtggaggee gagtctgatg 300
gagtagttga tgatttcggt gactttgcac céactttaga gcttcgtaga ctcattcctg 360
cagttgatta ttctcaagga atatcaagct acgctctcct agtgetgcag gtgacatatt 420
tcaagtgtgg tggagtctct cttggtgttg geatgcgaca tcatgcaget gatggatttt 480
caggtcttca ttteatcaat tcatggtctg atatggeccg tggecttgat gtgaccctge 540
caccattcat agaccgcacc ctcctecegtg ccecgegatce gceccagect caattcecagc 600
acattgagta ccaacctcct ccagccttaa aagtttcccec gcaaactgea aaatctgact 660
cagttcctga aactgcggtg tccatctteca agttaaccag ggagcaaatc agtgcccetga 720
aagccaagtc caaggaagat ggaaacacca ttagctatag ctcctacgaa atgttggcag 780
gecatgtatg gegetgtget tgcaaggcac gaggactcga agttgatcaa ggaacaaaat 840
tgtacattgc tactgatgga cgggcaagac ttaggectte gectcccacct ggctattttyg 900
gcaatgtcat cttcacggca accccgatag ctatagetgg tgaccttgaa ttcaagecag 960
tctggtatge tgecagtaaa atccacgatg cattggcgag gatggacaac gactacttaa 1020
ggtcagctcet tgattacttg gaattacagc ctgatttgaa ggccctggtt cgtggtgecce 1080
atactttcaa gtgtccaaat ctggggatca caagctgggt aaggttaccc atccatgatg 1140
ctgattttgyg ctggggtcgg cccatattta tgggtcctgg tggeatcget tatgaaggtt 1200
taagctttat attgectagt ccaaccaatg atggaagcat gtcagtaget atttecattgc 1260
agggcgagca catgaaactc ttccagagtt tcttgtatga catttgaacg ggagcacatc 1320
acatgaattt tcacgcttgt attaatagct tteggttceg ggccagetat tcatgeggtg 1380
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gtggtttce 1388
Sequence (SEQ ID NO:2)
<213> OrganismName Coffea arabica
<212> Type : DNA
<211> Length 1388

SequenceName CaHCT (cDNA in pML5)
Feature
Sequence: CaHCT (cDNA in pML5) :
<221> FeatureKey CDSs
<222> LocationFrom : 3
<222> LocationTo 1307

Other Information bp 3 to 1307 = complete ORF

CDSJoin : No
Custom Codon
Sequence Name CaHCT (c¢DNA in pMLS5)
<400> PreSequenceString
ccatgaaaat cgaggtgaag gaatcgacta tggtgagacc tgcccacgaa actcctagga 60
ggaacttgty gaactcgaac gtggacttgg tggtgccaaa tttccacacce cctagcegtet 120
acttcoctatayg gocegacggga tcatcgaatt tctttgatge caasagtgetg aaggacgett 180
tgagcegage cettgteceg ttcotacccaa tggetggtag gttaaagaga gacgaagatg 240
ggcggattga gattgagtge aatggtgaag gegtgetttt cgtggaggec gagtctgatg 300
gagtagttga tgatttcggt gactttgcac caactttaga gcttcgtaga ctcattcctg 360
cagttgatta ttctcaagga atatcaaget acgctctcct agtgetgeag gtgacatatt 420
tcaagtgtgg tggagtctct cttggtgttyg geatgcaaca tcatgcaget gatggatttt 480
caggtcttca tttcatcaat tcatggtctg atatggcceg tggecttgat gtgaccctge 540
caccattcat agaccgcacc ctectcogtyg cecgegatce geocecageocee caattecage 600
acattgagta ccaacccecct ccaaccttaa aagtttceccce gcaaactgea aaatctgact 660
cagttcctga aactgcagty tccatcttca agttaaccag ggagcaaate agtgecctga 720
aagccaagtc caaggaagat ggaaacacca ttagctatag ctcctacgaa atgttggeag 780
gccatgtatyg gcgetgtget tgcaaggcac gaggactcega agttgatcaa ggaacaaaat 840
tgtacattgc tactgatgga cgagcaagac ttaggccttc gectccegeet ggctattttg 900
gcaatgtcat cttcacggea accctgatag ctatagetgg tgaccttgaa ttcaageccag 960
tctggtatge tgcaagtaaa atccacgatg cattggegag gatggacaac gactacttaa 1020
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ggtcagctct tgattacttyg gaattacage ctgatttgaa ggccecctggtt cgtggtgecc 1080
atactttcaa gtgtccaaat ctggggatca caagectgggt aaggttaccce atccatgatg 1140
ctgattttgg ctggggtcgg cccatattta tgggtcetgg tggtatcget tatgaaggtt 1200
taagctttat attgcctagt ccaaccaatg atggaagcat gtcagtaget atttcattge 1260
agggcgagca catgaaacte ttccagagtt tcctgtatga catttgaatg ggagcacatc 1320
acatgaattt tcacgcttgt attaatagct tteggttceg ggccagetat tcatgeggtg 1380
gtggtttc 1388
Sequence (SEQ ID NO:3)
<213> OrganismName Coffea canephora
<212> Type DNA
<211> Length 1534

SequenceName CcHQT (cDNA in pML2)
Feature
Sequence: CCHQT (cDNA in pML2) :
<221> FeatureKey CDS
<222> LocationFrom 120
<222> LocationTo 1412

Other Information bp 120 to 1412 = complete ORF

CDhSJoin No
Custom Codon
Sequence Name CcHQT (cDNA in pML2)
<400> PreSequenceString
cttctccatc ccagctegtt tetgacaaat ccctttcgtc aatcaacaaa actctttaca 60
tattttctge taaatctcag cttatttcat cttgtttgat cagcgtggga agcgagaaaa 120
tgaagataac cgtgaaggaa acagcaatgg ttegtccage ccaaccaaca cccacaaaga 180
ggctatggaa ctcgaatttg gatcttctgg tagcaagaat tcatatcttg accgtctact 240
tctacaagcc taatggttct gctaatttcet ttgatacceg tgtgctcaaa gaagcattga 300
gcaatgttet tgtctcttte taccccatgg ctgggagatt agcaagagat gaagaaggaa 360
ggattgagat cgactgtaac ggtgaaggtg tactctttgt tgaggctgaa tcagactcga 420
gtgtcgatga ttttggtgat tttgecaccaa gtttggaget caggaggctc atcccgaccg 480
tcgattgtte tggtgacatt tettcttacc cectegttat tttccaggta actcgtttea 540
agtgtggagc agcagctctt ggagetgggg tgcagcacaa tttatcagat ggegtttcat 600
ctctgcactt catcaataca tggtcagaca tagctecgtgg cctcaccatt getgtceccte 660
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cgttcattga
tcgaatatta
gcecctaggge
aagctaaggce
ctgecatgcaa
atggececggte
ctgecaactcc
aaagaatcca
atcttgaaat
ctaatttgaa
gcagacctat
caagtccagg
cactcttcca
taatcaagct

cagcctegtg

Sequence (SEQ ID NO:4)

ccggacactt
tccgeeccecet
aagtaccaca
caacaatgag
agcacgtggce
taggctgatt
aattgctgaa
caacgeccttyg
tcaacctgat
tatcaatagt
tcatataggg
caaagacagg
aaggttcctg
tctggaagag

acacttgtga

<213> OrganismName

<212> Type

<211> Length

DNA
1533

SequenceName

Feature

atccgtgceta
caactaaaat
gctgtactaa
ggcagcactt
ctcaccaatg
cctcecectge
tccagtaatce
gcaagaatgg
ttgtctgett
tggacaaggc
ccggcaatca
actttatcegt
tacgatttct

aatggatgga

ttggattggg

gggaccctcc
cagattcaag
aaatcacacc
atgagatctt
atcaatccac
ctcctggceta
ttcaatcaga
ataatgatta
tggttagagg
ttcegtttca
ttetttatga
tagctgtgtg
gagaaatttt
attaccattt

actc

Coffea arabica

CaHQT (cDNA in pML3)

cgtgcetgta
aattcaagaa
tgaacaactt
agcagcacat
caagctgtac
tctaggtaat
gcccttgacce
cttaagatca
gccteggcat
tgatgcagac
gggtacggta
cttagatgcc
gaaatatcaa

ttagatggta

PCT/US2006/039618
ttcgaacatg 720
ctcaaaacag 780
agccagctta 840
atatggcgta 200
gttgeceactg 960
gtggtcttca 1020
aattctgcaa 1080
gccctggatt 1140
tttgctagtce 1200
tttggctggg 1260
tatgtattgce 1320
gatcacatgc 1380
caacaatcaa 1440
caaatcaagg 1500

1534

Sequence:
<221>
<222>
<222>

CaHQT (cDNA in pML3):
FeatureKey misc_feature
LocationFrom : 932
LocationTo 932
Other Information
CbhsdJoin No

Unknown nucleotide (N)

Feature
Sequence: CaHQT
<221> FeatureKey
<222> LocationFrom 119
<222> LocationTo 1411
Other Information
ChSJoin No

(cDNA in pML3):
CDS

bp 119 to 1411 = complete ORF

Custom Codon

Sequence Name CaHQT (cDNA in pML3)
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<400> PreSequenceString

cttctecatc
attttctget
gaagataacc
gctatggaac
ttacaagcct
caatgttctt
gattgagatc
tgtcgatgat
cgattgttct
gtgtggagca
tctgecactte
gttcattgac
cgaatattat
ccccagggca
agctaaggcc
cgcatgcaaa
tggceggtct
tgcaactcca
aagaatccac
tcttgaaatt
taacttgaat
cagacctatt
aggtcecaggc
actcttccaa
aatcaagctt

agcctcegtga

Sequence (SEQ ID NO:5)

ccagcegttt
aaatctcage
gtgaaggaaa
tcgaatttgg
aatggttctyg
gtctectttcet
gactgtaacg
tttggtgatt
ggtgacattt
gcagctcttyg
atcaatacat
cggacactta
ccgceccecte
agtaccacag
aacaatgagg
gcacgtggcc
aggctgattce
attgctgaat
aatgcecttgg
caacctgatt
atcaatagtt
catatagggc
aaagacagga
aagttcctgt
ctggaagaga

cacttgtgat

<213> OrganismName

<212> Type

DNA

ctgacaaatc
ttattteatc
cagcaatggt
atcttctggt
ctaatttectt
accccatgge
gtgaaggtgt
ttgcaccaag
cttcttaccc
gagctggggt
ggtcagacat
tccatgctag
aactaaaatc
ctgtactaaa
gcagcactta
ccaccaatga
ctcecectgee
ccagtgatct
caagaatgga
tgtctgettt
ggacagggct
cggcaatcat
ctttatcgtt
acgatttctg
atggatagaa

tggattggga

cctttegtea
ttgtttgatc
tcgteccagec
agcaagaatt
tgataccegt
tgggagatta
actctttgtt
tttggagctce
cctegttatt
gcagcacaat
agctcgtggce
ggaccctcce
agattcaaga
aatcactcct
tgagatctta
tnaatccacc
tcctggetat
tcaatcagag
taatgattac
ggttagaggg
tcecgttteat
tctttatgag
agctgtgtgce
agaaattttg
ttaccatttt

cte

Coffea canephora
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atcaacaaaa
agcgtgggaa
caaccaacac
catatcttga
gtgctcaaag
gcaagagatg
gaggctgaat
aggaggctca
ttccaggtaa
ttatcagatg
ctcaccattg
gtgcctgtat
attcaagaac
gaacaactta
gcagcacata
aagctgtacy
ctaggtaatg
cccttgacca
ttaagatcag
cctceggeatt
gatgcagact
ggtacggtat
ttagatgccg
aaatatcaac

tagacggtac

PCT/US2006/039618
ctctttacat 60
gcgagaaaat 120
ccacaaagag 180
ccatctactt 240
aagcattgag 300
aagaaggaag 360
cagactcgag 420
tccecgaccgt 480
ctcgtttcaa 540
gcgtttcatce 600
ctgtcectec 660
tcgaacatgt 720
tcaaaacagg 780
gccagcttaa 840
tatggcgtac 900
ttgccaccga 960
tggtcttcac 1020
attctgcaaa 1080
ccctggatta 1140
ttgctagtcc 1200
ttggctgggg 1260
atgtattgecc 1320
atcacatgcc 1380
aacaatcaat 1440
aaatcaaggce 1500
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<211> Length : 1728

SequenceName CcC3H (cDNA in pcecl20d410)
Feature
ééé;é;;e: CcC3H (cDNA in pceel20dl0):
<221> FeatureKey : CDS
«222> LocationFrom : 27
<222> LocationTo 1553 )

Other Information : bp 27 to 1553 = complete ORF

CDhSJoin No
Custom Codon
é;&;;;;é_&;%e CcC3H (¢DNA in pccel20d410)
<400> PreSequenceString
caaatctcaa accttecgtat taaccaatgg ctctgecttcet gatectecte ccagttgect 60
tcatctteoct agectacage ctcetatgaac gecttagatt caaactgcca cccgggecac 120
ggccaaaacc ggtggtegga aacatttacg acataaaacc ggtgaggttc aagtgctatg 180
cggagtggtc aaaactctat ggtccaatat tttctgtcta ctteggttce cagetgaata 240
ctgttgtgaa cactgcagaa ctggcecaaag aagttcttaa agacaatgat cagcaattgg 300
cagataggta caggagtaga ccctctgeca gaatgagcag aaatggccaa gatttgatat 360
gggctgatta tggtccteat tatgtgaagg tcagaaaact gtgeaatett gaactcttca 420
ctccaaaaag actggaaggc cttagacctt taagagagga tgaagttaca gcecatggtty 480
attccatectt caaggactgc accaaacctyg aaaacaaagg caagagtetg ttgatgcgea 540
actacttggg atcagtagca ttcaacaaca ttacaaggcect aacatttggg aagaggttca 600
tgaattcaga gggtgtggtt gatgaacaag gccaagagtt taagggcatt gtatcaaatg 660
ggataaggat tggtgcaaaa ctctecegtgyg cagatcacat tccttggett cgttggatgt 720
ttgtaggcga aaatgaggac ctggataage acaatgcegeg gagagacaaa ctgaccagaa 780
tgatcatgga agagcacact cttgcaaggc asaaagagtgg caatactaag cagcattttg 840
ttgatgcatt gctcactctt caaaagcaat atgaattgag cgatgacact gtcattggac 900
tcectttggga catgattact geoctggeatgg atacaaccac aatctcagta gaatgggcaa 960
tggcagagct ggtgaagaat céaagggtgc agcaaaaggc gcaagaggaa cttgaccgag 10290
tcattggcte cgatagaatc atgactgaag ctgattttge aaagectccca tacttacagt 1080
gtétagctaa ggaagctcta aggctgeacce ctccaactcce actaatgett cctcatagag 1140
ccaatgccaa tgtgaagatc ggtggttatg acatccctaa agggtcetatce gtgeacgtta 1200
acgtctggge gattgetegt gatcctgeag cctggaaaaa tccactggaa ttccgacctyg 1260
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agagattecct ggaggaagat gttgacatca agggccacga ttatcggcecte ctgecttttg 1320
i

gtgctggaag gaggatctge cctggtgeac aacttgcact caatctggtce acttctatge 1380
tggggcattt gttgcaccac tttacttggt ctecaccacc tggggtcagg ccectgaagaga 1440
ttgacctgga agagagccct ggaacagtta cttatatgag aaccecctttg caagetgttyg 1500
caacaccaag attgecctgea catttgtaca atcgtgtgcc agtagagetg taatgettcee 1560
tttctcttgt tactaaattt tcagettgeca agagttgett cacttccaac tctccatttg 1620
attgtgaaga acttgttgga ttctccgagg tatttgagaa aagctactat ttttctagga 1680
aaaataaaat aagggttttc taaaaaaaaa aaaaaaaaaé aaaaaaaa 1728
Sequence (SEQ ID NO:6)
<213> OrganismName Coffea canephora
<212> Type DNA
<211> Length 1144

SeguenceName CcCCoAOMT1 (cDNA in pccellb5all)
Feature
Sequence: CcCCoAOMT1 (cDNA in pcccll5all):
<221> FeatureKey CDS
<222> LocationFrom 80
<222> LocationTo 823

Other Information bp 80 to 823 = complete ORF

CDhSJoin No
Custom Codon
Sequence Name CcCCoAOMT1 (c¢DNA in pcccliball)
<400> PreSequenceString
gtctgtccaa agctccctca aactaaaaga gaaagaaaga aaaaaaaagc cccagaaatc 60
taatctccaa acaacaatta tggcccagaa tggagaagga aaggatagcc aaaatctcag 120
gcatcaagaa gtaggccaca aaagccttct gcaaagtgat gecactctacc agtacatcct 180
ggaaaccagc gtgtatccaa gagagccaga gcccatgaaa gagctgagag aactgacage 240
aaagcatcca tggaatatta tgactacatc tgctgatgaa gggcagttct tgaacatgat 300
tatcaagttg atcaatgcca agaaaaccat ggagattgga gtttacactg gttactcget 360
tctggetaca gctctegete ttccagaaga tgggaagata ttggecatgg atattaacag 420
agaaaactac gaattgggtc tgcccgtgat cgaaaggget ggtgtgtcecce ataaaattga 480
cttcagagaa ggccctgett tgccagtget tgatgagttg attgaagatg acaagaacca 540
tggaagtttt gatttcatct tcgtggatgc tgacaaggac aactatctca actaccacaa 600
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gaggataatc gagttggtca aggttggggg aatgattggg tacgacaaca ccctatggaa 660
cggcteegtg gtggccccac cagatgetce aatgaggaag tacgtgaggt actacaggga 720
cttegtettyg gagectcaaca aageectgge cgetgatcee aggatcgaga tctgeatget 780
cccegttgge gacggtatca ccctgtgceg cocgegtcage taattaattt ccctactaaa 840
cccetgegga aagttgggaa tcaaatgcaa atgaaaaata gcccaacacc tacttetttt 900
gctteccteet cttttttgtt tttgggacce tttgtatttt actactgcta tttgtttatt [ 960
ctgtgggaca cgctgttata tttgtaattt tctttgtact gagaataatt attactatat 1020
gaatctccocct gtttacggca actagcaagg actagttgct tttaaaaaaa aaaaaaaaaa 1080
aaaaaaaaaa aaaaaaaaaa aaaaaadaaa aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa 1140
aaaa 1144
Sequence (SEQ ID NO:7)
<213> OrganismName Coffea arabica
<212> Type DNA
<211> Length 713

SequenceName CaCCoAOMT-L1 (cDNA in pNT8)
Feature
Sequence: CaCCoAOMT-L1 (cDNA in pNT8) :
<221> FeatureKey CDs
<222> LocationFrom : 1
<222> LocationTo 690

Other Information bp 1 to 690 = complete ORF

CDSJoin No
Custom Codon
Sequence Name CaCCoAOMT-L1 (cDNA in pNTS8)
<400> PreSequenceString
atggaaaaca agggattgtt gcagagtagg gaactctatc agtacctcct ggagactagt 60
gtctatccac atgaactgca gcctctcaag gagctaaggg atgttactge aagtcatccg 120
tgggccacta tggcaactgc cccagatgct ggtcagttga ttgccatget cttgaaacta 180
ataagtgcca aaaagacaat agagattggt gtctttactg gatactccct actgcttact 240
gcccttacaa taccagatga tggcaggatt gtagcaattg accagaacag agatacatat 300
gagataggge tgccaattat aagaaaagct gecagttgage ataagatcga cttcattgag 360
tccgaggete ttccagttcet tgataaacte cttgaagaaa atcttaacca tgaagecttt 420
gactttgctt tcegttgatge ggacaaatta aattatctga agtaccatga gaaactgttg 480
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aaattgttaa
gccttgeegg
ttcaacaaat

gggattacta

Sequence (SEQ ID NO:8)

agcttggtgg

aatagttgta

aagaatctgt ggctgaggaa

tgctagctge

tttgtaagceg

<213> OrganismName

tgatacccga

tctccactaa

tacgacaaca
atgaaagcag
gttcaaatat

atcttatgcet

Coffea canephora

cactttgggg
gcaggcattt
ccecaggttce

ggagtactta

(cDNA in pNT4)

<212> Type DNA
<211> Length : 727
SequenceName CcCCoAOMT-L2
Feature
Sequence: CcCCoOAOMT-L2 (cDNA in pNT4) :
<221> FeatureKey CDS
<222> LocationFrom
<222> LocationTo 717
Other Information bp 1 to 717 =
CDSJoin No

Custom Codon

Sequence Name

CcCCoAOMT -L.2

<400> PreSequenceString
atggccaagg aaggaggttc taaaatgaag

tacatcttga
gagactgcca
ttectgtcta
actggctatt
atagaccctg
gagaacaaaa
aatgaagcta
atccagtacc
aatactctat
gtcaacagaa
atctctecagg

acatgat

Sequence (SEQ ID NO:9)

atactagcac
ggaaatatgg
tgtttttgaa
ctcttcttac
atcaaggagc
tcaaattcat
gtgaagcaac
atgaacaact
acggtggata
aagccatcat

ttectatagg

atacccaaaa
tgccagggcet
agtaatgaat
tactgectett
atttgaagtt
caaatcagat
attcgacttt
aataaagctg
tgttgtcagt
acaattcaac

agatggtgtt

(cDNA in pNT4)

acaattctcecc
gagcatgaac
attataggtg
gccaagaaga
gcacttectg
ggtctgaaat
ggcatttctg
gcatttgtgg
gtgaagattg
gaagaaattyg
aactatatag

acattgtgta

-85-

complete ORF

agagtgaggc
aactgaagga
tgccacctga
cactggagat
atgatggcca
tcatcaagaa
ctctaaatga
atgcagacaa
gaggaattat
aaatgcacga
cctceggatcece

ggcgcatcat

PCT/US2006/039618
aggattggtg 540
cacaattgag 600
tctgggtgat 660
ctt 713
cctceccagaag 60
gctaagagaa 120
tgaggggcetc 180
tggtgttttt 240
gatagttgca 300
agctggtgtg 360
tttgttgaac 420
gccaagctac 480
cgcttacgat 540
aggatccact 600
gcgagttgag 660
cgcttagetg 720
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<213>
<212>
<211l>

Type

Length

OrganismiName

PRT
434

SeguenceName

<400>
MKIEVKESTM

SRALVPFYPM

VDYSQGISSY

PFIDRTLLRA

AKSKEDGNTI

NVIFTATPIA

TFKCPNLGIT

GEHMKLFQSF

VRPAQETPGR

AGRLKRDEDG

ALLVLQVTYF

RDPPQPQFQH

SYSSYEMLAG

TIAGDLEFKPV

SWVRLPIHDA

LYDI

Coffea canephora

CcHCT (Protein encoded

PreSequenceString

NLWNSNVDLV

RIEIECNGEG

KCGGVSLGVG

IEYQPPPALK

HVWRCACKAR

WYAASKIHDA

DFGWGRPIFM

Sequence (SEQ ID NO:10)

VENFHTPSVY

VLFVEAESDG

MRHHAADGFS

VSPQTAKSDS

GLEVDQGTKL

LARMDNDYLR

GPGGIAYEGL

(Protein encoded

<213> OrganismName Coffea arabica
<212> Type PRT
<211> Length : 434
SegquenceName CaHCT
<400> PreSequenceString

MKIEVKESTM VRPAHETPRR NLWNSNVDLV VPNFHTPSVY

SRALVPFYPM
VDYSQGISSY
PFIDRTLLRA
AKSKEDGNTI
NVIFTATLIA
TFKCPNLGIT

GEHMKLFQSF

AGRLKRDEDG
ALLVLQVTYF
RDPPQPQFQH
SYSSYEMLAG
IAGDLEFKPV

SWVRLPIHDA

LYDI

RIEIECNGEG

KCGGVSLGVG

IEYQPPPTLK

HVWRCACKAR

WYAASKIHDA

DFGWGRPIFM

Sequence (SEQ ID NO:11)

VLFVEAESDG
MQHHAADGFS
VSPQTAKSDS
GLEVDQGTKL
LARMDNDYLR

GPGGIAYEGL

by cDNA in

FYRPTGSSNF
VVDDFGDFAP
GLHFINSWSD
VPETAVSIFK
YIATDGRARL
SALDYLELQP

SFILPSPTND

by cDNA in

FYRPTGSSNF
VVDDFGDFAP
GLHFINSWSD
VPETAVSIFK
YIATDGRARL
SALDYLELQP

SFILPSPTND

PCT/US2006/039618

PML1) :

FDAKVLKDAL
TLELRRLIPA
MARGLDVTLP
LTREQISALK
RPSLPPGYFG
DLKALVRGAH

GSMSVAISLQ

pML5)

FDAKVLKDAL
TLELRRLIPA
MARGLDVTLP
LTREQISALK
RPSLPPGYFG
DLKALVRGAH

GSMSVAISLQ

CcHQT (Protein encoded by cDNA in pML2)

<213> OrganismName Coffea canephora
<212> Type PRT
<211> Length 430
SequenceName
<400> PreSequenceString

MKITVKETAM VRPAQPTPTK RLWNSNLDLL VARIHILTVY FYKPNGSANF FDTRVLKEAL
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SNVLVSFYPM

VDCSGDISSY

PFIDRTLIRA

KAKANNEGST

TATPIAESSN

PNLNINSWTR

PLFQRFLYDF

AGRLARDEEG

PLVIFQVTRF

RDPPVPVFEH

YETILAAHIWR

LOSEPLTNSA

LPFHDADFGW

RIEIDCNGEG

KCGAAALGAG

VEYYPPPQLK

TACKARGLTN

KRIHNALARM

GRPIHIGPAT

Sequence (SEQ ID NO:12)

<213> OrganismName

<212> Type

<211> Length

PRT
430

SequenceName

Feature

Sequence:
<221>
<222>
<222>

<400>
MKITVKETAM

SNVLVSFYPM
VDCSGDISSY
PFIDRTLIHA
KAKANNEGST
TATPIAESSD
PNLNINSWTG

PLFQKFLYDF

FeatureKey
LocationFrom
LocationTo

Other Information
CDSJoin

No

VRPAQPTPTK
AGRLARDEEG
PLVIFQVTRF
RDPPVPVFEH
YEILAAHIWR
LOSEPLTNSA

LPFHDADFGW

PreSequenceString

RLWNSNLDLL

RIEIDCNGEG

KCGAAALGAG

VEYYPPPQLK

TACKARGPTN

KRIHNALARM

GRPIHIGPAI

Sequence (SEQ ID NO:13)

Type

Length

OrganismName

PRT
508

SeqguenceName

<400>

PreSequenceString

VLFVEAESDS
VQHNLSDGVS
SDSRIQELKT
DQSTKLYVAT
DNDYLRSALD

ILYEGTVYVL

Coffea arabica

Unknown amino acid

VARIHILTIY

VLFVEAESDS

VQHNLSDGVS

SDSRIQELKT

DXSTKLYVAT

DNDYLRSALD

ILYEGTVYVL

Coffea canephora

SVDDFGDFAP
SLHFINTWSD
GPRASTTAVL
DGRSRLIPPL
YLETIQPDLSA

PSPGKDRTLS

CaHQT (Protein encoded by cDNA in pML3) :

MISC FEATURE
272

272

(X)

FYKPNGSANF
SVDDFGDFAP
SLHFINTWSD
GPRASTTAVL
DGRSRLIPPL
YLEIQPDLSA

PGPGKDRTLS

PCT/US2006/039618
SLELRRLIPT 120
IARGLTIAVP 180
KITPEQLSQL 240
PPGYLGNVVF 300
LVRGPRHFAS 360
LAVCLDADHM 420

430

CaHQT (Protein encoded by ¢DNA in pML3)

FDTRVLKEAL

SLELRRLIPT

IARGLTIAVP

KITPEQLSQL

PPGYLGNVVF

LVRGPRHFAS

LAVCLDADHM

CcC3H (Protein encoded by DNA in pcccl20d10)

MALLLILLPV AFIFLAYSLY ERLRFKLPPG PRPKPVVGNI YDIKPVRFKC YAEWSKLYGP
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IFSVYFGSQL

KVRKLCNLEL

NITRLTFGKR

KHNARRDKLT

MDTTTISVEW

HPPTPLMLPH

IKGHDYRLLP

VTYMRTPLQA

NTVVNTAELA

FTPKRLEGLR

FMNSEGVVDE

RMIMEEHTLA

AMAELVKNPR

RANANVKIGG

FGAGRRICPG

VATPRLPAHL

KEVLKDNDQQ

PLREDEVTAM

QGQEFKGIVS

ROQKSGNTKQH

VQQKAQEELD

YDIPKGSIVH

AQLALNLVTS

YNRVPVEL

LADRYRSRPS

VDSIFKDCTK

NGIRIGAKLS

FVDALLTLQK

RVIGSDRIMT

VNVWAIARDP

MLGHLLHHFT

ARMSRNGQDL
PENKGKSLLM
VADHIPWLRW
QYELSDDTVI
EADFAKLPYL
AAWKNPLEFR

WSPPPGVRPE

PCT/US2006/039618
IWADYGPHYV 120
RNYLGSVAFN 180
MFVGENEDLD 240
GLLWDMITAG 300
QCVAKEALRD 360
PERFLEEDVD 420
EIDLEESPGT 480

508

Sequence (SEQ ID NO:14)
<213> OrganismName
<212> Type PRT
<211> Length 247
SequenceName

Coffea canephora
CcCCoRAOMT1 (Protein encoded by c¢DNA in pcccllball)

<400> PreSequenceString

MAQNGEGKDS QNLRHQEVGH KSLLQSDALY QYILETSVYP REPEPMKELR ELTAKHPWNI 60
MTTSADEGQF LNMIIKLINA KKTMEIGVYT GYSLLATALA LPEDGKILAM DINRENYELG 120
LPVIERAGVS HKIDFREGPA LPVLDELIED DKNHGSFDFI FVDADKDNYL NYHKRIIELV 180
KVGGMIGYDN TLWNGSVVAP PDAPMRKYVR YYRDFVLELN KALAADPRIE ICMLPVGDGI 240
TLCRRVS 247
Sequence (SEQ ID NO:15)
<213> OrganismName Coffea arabica
<212> Type : PRT
<211> Length 229

SequenceName CaCCoAOMT-L1 (Protein encoded by c¢DNA in pNT8)
<400> PreSequenceString
MENKGLLQSR ELYQYLLETS VYPHELQPLK ELRDVTASHP WATMATAPDA GQLIAMLLKL 60
ISAKKTIEIG VFTGYSLLLT ALTIPDDGRI VAIDQNRDTY EIGLPIIRKA AVEHKIDFIE 120
SEALPVLDKL LEENLNHEAF DFAFVDADKL NYLKYHEKLL KLLKLGGIVV YDNTLWGGLV 180
ALPEESVAEE MKAGRHFTIE FNKLLAADTR VQISQVPLGD GITICKRLH 229

Sequence (SEQ ID NO:16)
<213> OrganismName
<212> Type PRT

<211> Length 238

Coffea canephora
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SequenceName : CcCCoOAOMT-L2 (Protein encoded by cDNA in pNT4)

<400> PreSequenceString

MAKEGGESKMK TILQSEALQK YILNTSTYPK EHEQLKELRE ETARKYGARA IIGVPPDEGL 60
FLSMFLKVMN AKKTLEIGVF TGYSLLTTAL ALPDDGQIVA IDPDQGAFEV GLKFIKKAGV 120
ENKIKFIKSD GISALNDLLN NEASEATFDF AFVDADKPSY IQYHEQLIKL VKIGGIIAYD 180
NTLYGGYVVS EEIEMHEGST VNRKAIIQFN NYIASDPRVE ISQVPIGDGV TLCRRIIA 238
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What is Claimed:

1. A nucleic acid molecule isolated from coffee (Coffea spp.), having a coding
sequence that encodes a phenylpropanoid pathway enzyme selected from
hydroxycinnamoyl-CoA shikimate/quinate hydroxycinnamoyltransferase,
hydroxycinnamoyl-CoA quinate hydroxycinnamoyltransferase, p-coumaroyl 3’

hydroxylase and caffeoyl-CoA 3-O methytransferase.

2. The nucleic acid molecule of claim 1, wherein the coding sequence encodes a

hydroxycinnamoyl-CoA shikimate/quinate hydroxycinnamoyltransferase.

3. ' The nucleic acid molecule of claim 2, wherein the hydroxycinnamoyi-CoA
shikimate/quinate hydroxycinnamoyltransferase has an amino acid sequence

greater than 86.9% identical to SEQ ID NO:9 or SEQ ID NO:10.

4. The nucleic acid molecule of claim 3, wherein the hydroxycinnamoyl-CoA
shikimate/quinate hydroxycinnamoyltransferase has an amino acid sequence

comprising SEQ ID NO:9 or SEQ ID NO:10.

5. The nucleic acid molecule of claim 2, wherein the coding sequence is greater than

78.5% identical to SEQ ID NO:1 or SEQ ID NO:2.

6. The nucleic acid molecule of claim 5, wherein the coding sequence comprises
SEQ ID NO:1 or SEQ ID NO:2.

7. The nucleic acid molecule of claim 1, wherein the coding sequence encodes a

hydroxycinnamoyl-CoA quinate hydroxycinnamoyltransferase.

8. The nucleic acid molecule of claim 7, wherein the hydroxycinnamoyl-CoA
quinate hydroxycinnamoyltransferase has an amino acid sequence greater than

78.1% identical to SEQ ID NO:11 or SEQ ID NO:12.
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10.

11.

12.

13.

14.

15.

16.

17.

18.

The nucleic acid molecule of claim 8, wherein the hydroxycinnamoyl-CoA
quinate hydroxycinnamoyltransferase has an amino acid sequence comprising

SEQ ID NO:11 or SEQ ID NO:12.

The nucleic acid molecule of claim 7, wherein the coding sequence is greater than
72.1% identical to SEQ ID NO:3 or SEQ ID NO:4.

The nucleic acid molecule of claim 10, wherein the coding sequence comprises

SEQ ID NO:3 or SEQ ID NO:4.

The nucleic acid molecule of claim 1, wherein the coding sequence encodes a p-

coumaroyl 3’ hydroxylase.

The nucleic acid molecule of claim 12, wherein the p-coumaroyl 3’ hydroxylase

has an amino acid sequence greater than 82.9% identical to SEQ ID NO:13.

The nucleic acid molecule of claim 13, wherein the p-coumaroyl 3° hydroxylase

has an amino acid sequence comprising SEQ ID NO:13.

The nucleic acid molecule of claim 12, wherein the coding sequence is greater

than 69.4% identical to SEQ ID NO:5.

The nucleic acid molecule of claim 15, wherein the coding sequence comprises
SEQ ID NO:5.

The nucleic acid molecule of claim 1, wherein the coding sequence encodes a

caffeoyl-CoA 3-O methytransferase.

The nucleic acid molecule of claim 17, wherein the caffeoyl-CoA 3-O
methytransferase has an amino acid sequence greater than 86.3% identical to SEQ

ID NO:14, SEQ ID NO:15 or SEQ ID NO:16.
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19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

The nucleic acid molecule of claim 18, wherein the caffeoyl-CoA 3-O
methytransferase has an amino acid sequence comprising SEQ ID NO:14, SEQ ID
NO:15 or SEQ ID NO:16.

The nucleic acid molecule of claim 19, wherein the coding sequence comprises

SEQ ID NO:6, SEQ ID NO:7 or SEQ ID NO:8.

The nucleic acid molecule of claim 1, wherein the coding sequence is an open

reading frame of a gene.
A mRNA molecule produced by transcription of the gene of claim 21.

A cDNA molecule produced by reverse transcription of the mRNA molecule of

claim 22.

An oligonucleotide between 8 and 100 bases in length, which is complementary to

a segment of the nucleic acid molecule of claim 1.
A vector comprising the coding sequence of the nucleic acid molecule of claim 1.

The vector of claim 25, which is an expression vector selected from the group of
vectors consisting of plasmid, phagemid, cosmid, baculovirus, bacmid, bacterial,

yeast and viral vectors.

The vector of claim 25, wherein the coding sequence of the nucleic acid molecule

1s operably linked to a constitutive promoter.

The vector of claim 25, wherein the coding sequence of the nucleic acid molecule

is operably linked to an inducible promoter.

The vector of claim 25, wherein the coding sequence of the nucleic acid molecule

is operably linked to a tissue specific promoter.

-92 .



WO 2007/044751 PCT/US2006/039618

30.

31.

32.

33.

34.

35.

36.

37.

38.

The vector of claim 29, wherein the tissue specific promoter is a seed specific

promoter.

The vector of claim 30, wherein the seed specific promoter is a coffee seed

specific promoter.
A host cell transformed with the vector of claim 25.

The host cell of claim 32, selected from the group consisting of plant cells,

bacterial cells, fungal cells, insect cells and mammalian cells.

The host cell of claim 33, which is a plant cell selected from the group of plants
consisting of coffee, tobacco, Arabidopsis, maize, wheat, rice, soybean barley, rye,
oats, sorghum, alfalfa, clover, canola, safflower, sunflower, peanut, cacao,
tomatillo, potato, pepper, eggplant, sugar beet, carrot, cucumber, lettuce, pea,

aster, begonia, chrysanthemum, delphinium, zinnia, and turfgrasses.

)

A fertile plant produced from the plant cell of claim 34.

A method of modulating flavor or aroma of coffee beans, comprising modulating
production or activity of one or more phenylpropanoid pathway enzymes within
coffee seeds, wherein the phenylpropanoid pathway enzymes are selected from
hydroxycinnamoyl-CoA shikimate/quinate hydroxycinnamoyltransferase,
hydroxycinnamoyl-CoA quinate hydroxycinnamoyltransferase, p-coumaroyl 3’

hydroxylase and caffeoyl-CoA 3-O methytransferase.

The method of claim 36, comprising increasing production or activity of the one

or more phenylpropanoid pathway enzymes.

The method of claim 37, comprising increasing expression of one or more

endogenous phenylpropanoid pathway enzyme genes within the coffee seeds.
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39.  The method of claim 37, comprising introducing a phenylpropanoid pathway

enzyme-encoding transgene into the plant.

40. The method of claim 36, comprising decreasing production or activity of the one

or more phenylpropanoid pathway enzymes.

41. The method of claim 40, comprising introducing a nucleic acid molecule into the
coffee that inhibits the expression of one or more of the phenylpropanoid pathway

enzyme-encoding genes.
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