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Abstract Eragrostis curvula is an important forage
grass in marginal regions for its capacity to grow and
develop in sandy, not very fertile soils and for its
drought tolerance. However, its widespread use for
animal production is limited at present since it has low
forage quality. In forage species, lignin content has
been recognized as one of the main factors that affects
this parameter. The O-methylation at the C3 position
of the phenolic ring of caffeic acid constitutes a key
step in the lignin biosynthetic pathway. The enzyme
caffeoyl-CoA 3-O-methyltransferase (CCoAOMT)
catalyzes such methylation and is thus considered an
interesting target for molecular breeding programs.
Here we report the isolation of the full-length
CCoAOMT cDNA from the E. curvula inflorescences
library. Primers based on this sequence led to the
amplification of seven unigenes from genomic DNA
from cvs. Tanganyika, Don Pablo and Kromdraai.
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Since the major differences were located in the intron
regions, these seven sequences resulted in four pos-
sible allelic forms. We further evaluated the allelic
expression per tissue in cv. Tanganyika, the most
variable genotype. The four alleles predicted by the
genomic sequences were found to be expressed. Three
of them were common to inflorescences, roots and
leaves, while the other one seemed to be specific for
inflorescences. The statistical analysis showed that the
expression was not organ-independent. The informa-
tion reported here constitutes a valuable tool for
E. curvula breeding programs, aiming to alter lignin
biosynthesis to improve forage quality without
causing undesirable effects.
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Introduction

Weeping lovegrass, Eragrostis curvula (Shrad.) Nees
is a member of the Poaceae, subfamily Chloridoidea.
The genus Eragrostis is composed of more than 250
species, characterized by a basic number of x = 10
chromosomes (Streetman 1963). Cultivars are highly
polyploid and reproduce by apomixis. It is a valuable
forage resource in marginal regions, able to grow in
sandy, not very fertile soils, with high tolerance to
drought and extreme pH conditions. Like other forage
species with summer growth, it tends to have higher
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fiber and lower protein contents when compared to
those of temperate climates. This results in lower
digestibility and lower animal production. For these
reasons, forage quality is one of the main aspects to
be considered in an E. curvula breeding program.

Lignification of plant cell wall has been identified
as the major factor responsible for lowering digest-
ibility of forage tissues as they mature (Buxton and
Russell 1988; Vogel and Jung 2001). Lignin is the
major structural component of secondarily thickened
plant cell walls and provides mechanical support to
plant tissues. The metabolic routes and enzymes
involved in lignin biosynthesis have largely been
described, and representative genes have been cloned
from several plant species (De Melis et al. 1999;
Grimming and Matern 1997; Heath et al. 1998;
Larsen 2004; Osakabe et al. 1995; Tsuruta et al.
2007) and genetically manipulated in model species
like tobacco (Pincon et al. 2001) and poplar (Lu et al.
2004; Meyermans et al. 2000) and in forages like
alfalfa (Guo et al. 2001; Marita et al. 2003).

The methylation catalyzed by caffeic acid 3-O-
methyltransferase (COMT) and caffeoyl-CoA 3-O-
methyltransferase (CCoAOMT) constitutes key steps
of lignin biosynthesis (Do et al. 2007; Goujon et al.
2003; Inoue et al. 1998; Rastogi and Dwivedi 2008;
Ye et al. 2001; Zhong et al. 1998). It has been
reported that a CCoAOMT transgenic alfalfa exhib-
ited a dramatic decrease in lignin content, although
lignin composition remained unaltered (Marita et al.
2003). In Arabidopsis CCoAOMT [ mutants, the
lignin content decrease was accompanied by a change
in lignin quality. Authors also reported that expres-
sion was organ-specific, being restricted to vascular
tissues, except in seedlings where it seems to be
constitutively expressed (Do et al. 2007).

In several plant species, CCoAOMTs constitute a
gene family. Three genes were identified in rice
(Zhao et al. 2004), four were cloned in tobacco
(Martz et al. 1998) and five to ten in Zinnia (Ye et al.
1994). However, in other species the situation is less
complex, such as in parsley and alfalfa where only
one gene was reported (Grimming and Matern 1997;
Inoue et al. 1998) or poplar, with two genes (Chen
et al. 1998).

The potential of E. curvula as a valuable forage
resource reveals the importance of directing breeding
efforts to improve its digestibility. The characteriza-
tion of E. curvula genes involved in lignification opens
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up the possibility of improving forage digestibility by
genetically modifying lignin biosynthesis. In the
present paper, E. curvula CCoAOMT cDNA isolated
from a cDNA inflorescence library was used as an
efficient tool for the extended characterization of the
corresponding genes in three E. curvula cultivars,
which allowed an organ-specific expression analysis.

Materials and methods
cDNA libraries’ construction and characterization

Details of libraries’ construction and characterization
were reported by Cervigni et al. (2008). Briefly, total
RNA from cv. Tanganyika (2n = 4x = 40) immature
inflorescences was extracted using the RNeasy total
RNA isolation kit (Promega). cDNAs were obtained
using the SMART PCR synthesis kit (Clontech),
cloned into the pGEM®-T Easy Vector(Promega) and
used for transformation of XL.10-Gold Ultracompe-
tent E. coli cells (Stratagene). Each insert was
characterized by a single read using a MegaBACE
4000 sequencer. BLASTX algorithm (Altschul et al.
1994) against the SwissProt/Trembl databases of the
sequences from library EC02 (from inflorescences)
was used for the detection of ESTs related to the
lignin biosynthetic pathway.

Sequencing and analysis of variation
in the CCOAOMT gene of E. curvula

Genomic DNA was isolated from leaves of 50-day-old
plants from cultivars Tanganyika, Don Pablo INTA
(2n = 7x = 70) and Kromdraai (2n = 6x = 60) using
a CTAB protocol (CIMMYT 2005). Primers were
designed based on the identified CCoAOMT
sequence. The sequence and positions of the primers
(CCoAOMT 3 and CCoAOMT 4) along the cDNA are
indicated in Fig. 1. PCRs were carried out in 25 pl
reaction mixture containing 5 pl Tag DNA polymer-
ase buffer (5x), 1 ul of each primer (10 uM), 2 pl
dNTP (2.5 mM), 1.25 U of Taqg DNA polymerase
(Promega) and 150 ng of genomic DNA. After an
initial denaturation at 95°C for 3 min, the reaction
mixture was subjected to amplification in a thermal
cycler (My Cycler™, BIORAD) for 35 cycles
consisting of 1 min at 95°C, 30 s at 56°C and 1 min
at 72°C, followed by 10 min incubation at 72°C.
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Fig. 1 Nucleotide and 3 GGA TTT GGG CAG CCT AAA CAG CCA GAT CCC CTC GCA GAC TCG TIC 47
deduced amino acid
fE . 48 GTC ACC CGT AAA CTG TCG GCA ATG GCG TCC ACA GCA ACC GAG GCG 92
sequence of Eragrostis 1 M A& s © a 1T B a 3
curviula CCoAOMT cDNA.
The nucleotide sequence is 93 GCG GTG GCG CAG CCG GAG CAG CAG CAG CAG GCC AAC GGC AAC GGC 137
9 A VvV A Q P E QO O O Q@ A N G N G 23
numbered from the 5’ end
of the cDNA. The first 138  GAG CAG AAG ACG CGC CAC TCC GAG GTC GGA CAC AAG AGC CTG CTC 182
methionine of the open 24 E Q x T R H S§ E VvV 6 H K S L L 38
reading framehls deslgnated 183  AAG AGC GAC GAC CTC TAC CAG TAC ATC CTG GAG ACG AGC GTG TAC 227
as the first amino acid of the 39 XK S D D L Y © Y I L E T S V Y 53
putative polypeptide. D
Underlined A B 228  CCG CGG GAG CCG GAG AGC ATG AGG GAG CTG CGC GAG GTC ACC GCC 272
nderiined sequences A, 54 P R E P E S M R E L R E V T A 68
and C represent putative D
SAM.-binding motifs; D, E, 273  AAG CAC CCC TGG AAC CTG ATG ACG ACG TCG GCG GAC GAG GGC CAG 317
69 K H P W N L M T T S A D E G O 83
F, G and H represent
additional CCOAOMT 318  TTC CTC AAC ATG CTG CTC AAG CTC ATC GGC GCC AAG AAG ACC ATG 362
signature motifs (Joshi and 84 F L N M L L K L T G A K K T M 98
. E
Chiang 1998). ] 363 GAG ATC GGC GTC TAC ACT GGC TAC TCC CTC CTC GCC ACC GCG CTC 407
Polyadenylation signal is 99 E I ¢ VvV Y T G Y s L L A T A L 113
indicated in bold. Darkened E
sequences represent the 408  GCC ATC CCC GAA GAC GGC ACG ATC TTG GCC ATG GAC ATC AAC CGC 452
qu pres 114 A 1 P E D G T I L A M D I N R 128
sequences of primers
CCoAOMT 3 and 4 453  GAG AAC TAC GAG CTC GGC CTG CCC TGC ATC GAG AAG GCC GGC GTC 497
29 E N Y E L G L P C I E K A G VvV 143
F
498  GCC CAC AAG ATC GAC TTC CGT GAG GGC CCC GCG CTG CCC CTC CTC 542
144 A H K I D F R E G P A L P L L 158
F
543  GAC CAG CTC CTC GAA GAC GAG GCC AAC CAC GGA TCG TTC GAC TTC 587
9 b @ L L E D E A N H G S F D F 173
G
588  GTG TTC GTG GAT GCC GAC AAG GAC AAC TAC CTC AAC TAC CAC GAG 632
174 v _F VvV D A D K D N Y L N Y H E 188
G
633 CGC CTG ATG AAG CTC GTG AAG ATG GGC GGC CTC GTC GGC TAC GAC 677
189 R L M K L Vv K M G G L V G Y D 203
A
678  AAC ACC CTC TGG AAC GGC TCC GTC GTG CTC CCC GCC GAC GCG CCC 722
2040 N T L W N G S V V L P A D A P 218
B
723 ATG CGC AAG TAC ATC CGC TAC TAC CGC GAC TTC GTG CTC GAG CTC 767
209 M R K Y I R Y Y R D F V L E L 233
B
768  AAC AAG GCG CTC GCC GCC GAC GAC CGC GTC GAG ATC TGC CAG CTC 812
234 N XK A L A A D D R V E I C Q L 248
C
813  CCC GTC GGC GAC GGC ATC ACC CTC TGC CGC CGC GTC AAG TGA AAA 857
209 P VvV 6 D G I T L C R R V K * 262
858  AGA AAT GAA ATG TTG ATC GCC GCC GCC GAC GGC GCC GCT TTC CTA 902
903 CTC CCA TTG TAG GCG CCT AAA GGA AAA TTA ATT AAT CAC GGG TGT 947
948  TTT TTT TGC TGC TCT ATT TTT TTT TTT CTC CTG GGC CTG TAT CCT 992
993  CCT GGA AAT CGT CCC CCT TTT CTA CGT AAA TGG GGA GGA CCA AAT 1037
1038 AAT ATA TAA ATT TTC CCG GGT TAA TCC AAA AAA AAA AAA AAA AAA 1082
1083 AAA AAA AAA AGA AAA AAT ATT CTG GGT GTG GAT ACC CCG GGT TAA 1127
1128 TTC AAA TTC TCC GCG GGC CCC CGG GGG GGG CGG GGG AGC AGG GGG 1172
1173 AGC ATC GGG CCC AAT CTC TCC CCC TAA AAG GGG GAG CCA AAT TAA 1217
1218 TAA ATT ATT TGG GGC GCG CCT TTT TTA TAA AAA CTT AGG GGG AGG 1262
1263 GGG GGA AAA AARA CAC GGG GAG GTG TAG CCC ACA GAA ATA ATA TAG 1307
1308 GGC GCG TGG TGG GAG AAC CCA CAC CCC GCA TCC TTT TCT TTT TCC 1352
1353 CTA GGC GGG AGG GGG 1367
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The amplification products were cloned using the
pGEM®-T Easy Vector kit (Promega) and 11, 16 and
18 clones from the cvs Tanganyika, Kromdraai and
Don Pablo, respectively, were sequenced. Contig
assembly was done using the CAP3 software (Huang
and Madan 1999), with a high stringency level
(sequence identity P = 90) and overlapping lengths
of O = 40. The SSR Discovery program (Robinson
et al. 2004) was used for the identification of SSR
markers. For the SSR selection, a minimum of 5
repeats for di-, 4 for tri- and 5 for tetranucleotide
arrays were considered.

Southern hybridization

Twenty micrograms of genomic DNA from cv.
Tanganyika were digested separately with EcoRlI,
Hindlll and Apal. The restriction fragments were
separated by electrophoresis on a 0.8% agarose gel
and blotted onto a nylon membrane by capillarity
transfer. The DNA was fixed onto the membrane by
1 min UV irradiation followed by 2 h incubation at
80°C. The filter was prehybridized for 2 h at 63°C in
prehybridizing solution (5x SSC, 0.02% SDS, 0.01%
S-lauryl-Sarcosine) and 0.2% of blocking solution
(0.1 M maleic acid, 0.15 M NaCl, 0.2% casein p/v;
pH 7.5) and subsequently hybridized overnight at
63°C with the dig-dUTP labeled probe (5-25 ng/ml).
Prior to autoradiography, it was washed four times
for 15 min. Two washes were performed with 2x
SSC, 0.1% SDS at room temperature and the others at
60°C using a 0.25x SSC and 0.1% SDS.

Expression studies
RT-PCR and CCoAOMT expression profile

Total RNA was isolated from different tissues of cv.
Tanganyika plants (leaves and roots of 12-day-old
plants and immature inflorescences of mature plants
growing in the glasshouse) using the SV Total RNA
Isolation System Kit (Promega). The RNA was
resuspended in DEPC-treated water and the concen-
tration in each sample was determined by the
absorbance at 260 nm. For all the samples, reverse
transcription was performed with 3 pg of total RNA
using the First-Strand cDNA Synthesis Kit (Amer-
sham Biosciences) with oligo Not 1-d(T),g according
to the manufacturer’s instructions.
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PCR amplification of the cDNA was performed
using two specific primer pairs based on the E.
curvula CCoAOMT cDNA sequence: CCoAOMT 1
(5’-AAGAGCGACGACCTCTACCA-3') and CCoA
OMT 2 (5-AACACGAGTCGAACGATCC-3). The
PCR program consisted of a denaturation step at 95°C
for 3 min, followed by 25 cycles of 1 min at 95°C,
30 s at 59°C and 1 min at 72°C, followed by an extra
extension step of 10 min at 72°C. As an internal
control, the expression of the actin gene from
E. curvula (EH189703.1) was used. The primers
Actl  (5-GGATCGTTCGACTTCGTGTT-3’) and
Act2 (5-CACATCTGCTGGAATGTGCT-3') were
designed for this purpose. cDNA synthesis and PCR
reactions were repeated twice.

RT-PCR and organ-specific CCoOAOMT allele
identification

In order to search for organ-specific allele expression,
one of the replicates of the single strand DNA
obtained in the previous section was amplified by
PCR using the primers CCoAOMT 3 and CCoAOMT
4 (Fig. 1). The PCR program consisted of a denatur-
ation step at 95°C for 3 min, followed by 30 cycles of
1 min at 95°C, 30 s at 56°C and 1 min at 72°C,
followed by an extra extension step of 10 min at
72°C.

Competent DHSo E. coli bacteria were trans-
formed with the amplification products cloned into
pGEM®-T Easy Vector (Promega) and plated in
X-Gal/IPTG LB-agar with ampicillin (100 mg/L).
Plasmids from white colonies were purified (Wizard
Plus SV Minipreps DNA Purification System,
Promega) and sequenced. A total of 21 sequences
from inflorescences, 25 from leaves and 22 from
roots were obtained. For each tissue, white colonies
were selected from plates with more than 100 eligible
colonies. The sequence alignment was performed
with the Clustal W program. Data were statistically
analyzed using the InfoStat (2006) software.

Phylogenetic trees construction

The multiple sequences alignments were performed
with the Clustal W program using the Neighbor-
Joining (NJ) method (Saitou and Nei 1987) with
MEGA4 software (Tamura et al. 2007). Sites con-
taining alignment gaps were removed before the final
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analysis (complete-deletion option). Consensus trees
and confidence values for the nodes were calculated
using 1,000 bootstraps. Trees were drawn to scale,
with branch lengths in the same units as those of the
evolutionary distances used to infer the phylogenetic
trees.

Results
Analysis of weeping lovegrass CCoOAOMT cDNA

The BLASTX algorithm allowed the detection in the
library of one EST, the EC02_d_2916.ab1l (GenBank
accession no. EH189157.1), corresponding to the
E. curvula CCoAOMT gene. The clone was com-
pletely sequenced, and the full-length cDNA was
obtained. It consisted of 1,367 bp with an open
reading frame (ORF) of 786 bp, a 5’ noncoding region
of 68 bp and a 3’ noncoding region of 513 bp,
including a poly(A) tail (Fig. 1). The GC content of
the coding region was 65.26%, which is similar to the
observed values in other monocot species, like rice,
maize and Brachypodium. Contrastingly, GC content
reported for dicots species ranges between 40.81 and
51.83% (Campell and Gowri 1990). The polypeptide
predicted by the coding region consisted of 261 amino
acids, with an estimated molecular mass of 29.3 kDa.

Comparison of the E. curvula CCoAOMT cDNA
with other methyltransferases: identification of
conserved motifs and evolutionary relationships

The comparison between weeping lovegrass
CCoAOMT cDNA allowed the construction of a
phylogenetic tree that showed the expected division
between the two most important taxonomic groups,
monocots and dicots (Fig. 2). Group I included dicots
and the CCoAOMT from a gymnosperm, and Group
II included only monocots sequences. This suggests
that the CCoAOMT gene might remain conserved
during the evolution of the monocots. Contrastingly,
two of the three rice CCoAOMT genes proved to be
species-specific (Zhao et al. 2004).

The proposed structure for CCoAOMT protein
consists of three putative SAM-binding motifs (A, B
and C) and five other regions (D, E, F, G and H), that
may serve as CCoAOMT signatures in plants (Joshi
and Chiang 1998). Accordingly, the CCoAOMT

CCoAOMTMS
CCoAOMTVYV
CCoAOMTAT
CCoAOMTNT

CCoAOMTPC

CCoAOMTPT

100 CCoAOMTZM 1
u 4|—— CCoAOMTZM 2
100 CCoAOMTEC
—%:cm\owos

——
0.02

Fig. 2 Evolutionary relationship of the 10 CCoAOMT amino
acid sequences aligned in Fig. 2, using the Neighbor-Joining
method (Saitou and Nei 1987). The optimal tree with the sum
of branch length = 0.63762624 is shown. The percentages of
replicate trees in which the associated taxa clustered together in
the bootstrap test (1,000 replicates) are shown next to the
branches (Felsenstein 1985). The tree is drawn to scale, with
branch lengths in the same units as those of the evolutionary
distances used to infer the phylogenetic tree. The evolutionary
distances were computed using the Poisson correction method
(Zuckerkandl and Pauling 1965) and are in the units of the
number of amino acid substitutions per site. There were a total
of 240 positions in the final dataset

protein sequence predicted here revealed the presence
of the eight mentioned motifs (A—H) with conserved
spatial relationships (Fig. 1). Moreover, the E. curv-
ula CCoAOMT protein sequence exhibits the com-
plete conservation of the key residues identified
previously by X-ray crystallography in alfalfa by
Ferrer et al. (2005), such as Lys21 and Arg206,
involved in the interaction with the CoA, and Met61,
Aspl65, Trpl193, Tyr208 and Tyr212, related to
substrate recognition.

Analysis of the variation in the CCoAOMT gene
of E. curvula

A single band of ~ 1,300 bp was amplified by PCR
from cvs. Tanganyika, Don Pablo and Kromdraai
with the primer pair CCoAOMT 3/CCoAOMT 4,
based on the cDNA sequence (Fig. 1).

The genomic sequence of the gene is arranged into
five exons separated by four introns of 128, 104, 85
and 92 bp (Fig. 3). Comparison of the three geno-
types at the predicted amino acid sequences level
showed differences at seven positions, being only two
non-equivalent substitutions. However, these substi-
tutions did not involve key residues of the protein.

The 45 sequences were analyzed with CAP3
software, resulting in 42 assembled in 4 contigs and
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Fig. 3 Schematic ATG
representation of the

TGA

structure of the E. curvula

CCoAOMT (EcCCoAOMT) EcCCoAOMT ~ —

gene. Five exons with their
initial and final nucleotides
are shown

3 sequences remaining as singletons (Table 1). The
major differences that govern this segregation reside
in the intron regions. In contig #4, assembled with 25
sequences, a microsatellite in the first exon was
identified. It consisted of a trinucleotide (CAG)
repetition at position 70 and led to an additional
amino acid residue, a glutamine (Gln). The low
number of sequences assembled in the other three
contigs hampered a statistically valid analysis of the
occurrence of microsatellites.

Determination of the copy number of CCOAOMT
gene by Southern hybridization

Cultivar Tanganyika genomic DNA was digested
separately with the restriction enzymes Apal, EcoRI
and Hindlll. Clone EC02_d_1042 (GenBank acces-
sion no. EH187122) was used as probe. It consisted of
a partial sequence of 1,070 bp of the E. curvula
CCoAOMT cDNA, having a restriction site for the
enzyme Apal and no internal sites for EcoRI and

Table 1 E. curvula CCoAOMT contigs and singletons
assembled using the CAP3 software

Assembled Sequences Sequences origin

unigenes included

1 8 Kromdraai (5)
Tanganyika (3)

2 3 Tanganyika (2)
Kromdraai (1)

3 7 Don Pablo (7)

25 Tanganyika (4)

Don Pablo (11)
Kromdraai (10)

5 1 Tanganyika

6 1 Tanganyika

7 1 Tanganyika

Assembled unigenes (contigs or singletons) are numbered
consecutively from 1 to 7 in the first column. The second
column shows the quantity of sequences included, whereas the
last one shows the cultivar from which the sequences were
obtained with the individual contribution in brackets
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exon | exon |l
(1-269)

exon V
(1043-1197)

exon Il exon |V
(637-782) (868-959)

(398-532)
Hindlll. The complete cDNA has an additional Apal
restriction site near the end of the cDNA clone, at
1,147 bp. The most plausible interpretation of the
restriction profiles observed with HindlIll and Apa 1
(Fig. 4) suggested the existence of at least two copies
of the CCoAOMT gene, with the HindlIll site posi-
tioned between both copies of the gene and thus
leading to two bands. If there was only one copy per
homologue chromosome, the presence of two Apal
sites (Fig. 4) would result in two bands, since the last
portion of the gene would not be detected by the probe.
The highest band corresponds to the first portion of the
gene and the other one, a ~600 bp band, is framed by
the Apal sites. The existence of two copies gave a
~600 bp band and two other bands, each one
corresponding to the first portion of the gene. Finally,
the absence of EcoRlI restriction sites between both
copies of the gene, evidenced by the presence of a
single band, suggests that both copies are relatively

6000
4300
2770
2000

= 900

= 600

Fig. 4 Southern hybridization of E. curvula cv. Tanganyika
genomic DNA digested with EcoRI (E), HindIll (H) and Apal
(A), separated on a 0.8% agarose gel, and blotted onto
nitrocellulose filters. The estimated band sizes are indicated in
bp. The 1,070 bp CCoAOMT clone (H7) was used as
hybridization probe
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close. The additional bands may not reflect the
presence of different allelic forms, considering that
they showed the same restriction pattern.

Expression of CCOAOMT gene in different
tissues

The expression pattern of the CCoAOMT gene in
different tissues was explored by RT-PCR, using the
primer pair CCOAOMT 1/CCoAOMT 2. This study
was carried out in cv. Tanganyika plants because it
proved to be the most variable cultivar, as judged by
the number of unigenes revealed from its genomic
sequences. The CCoAOMT gene was expressed in
inflorescences, leaves and roots of E. curvula plants,
the former showing the strongest expression signal
(Fig. 5a). A possible source of genomic DNA con-
tamination was discarded, since a single band of
1,100 bp would be expected to be amplified from
genomic DNA (Fig 5b).

The amino acid sequence deduced from cv.
Tanganyika’s unigenes (genomic sequences) (see
Table 1) revealed the existence of six polymor-
phisms, arranged in a way that leads to the identi-
fication of four alleles (Figs. 5, 6, 7). The number of
expressed alleles is lower than expected from the
observed unigenes since, as was mentioned in the
previous section, the major polymorphisms were
located in the introns. We further analyzed the
expression of these alleles in different tissues. Thus,
one of the cDNA replicates per tissue of cv.
Tanganyika was subjected to PCR amplification with
the primer pair CCoAOMT 3/CCoAOMT 4. The
amplification products were further cloned and
sequenced, obtaining 21, 25 and 22 sequences from
inflorescences, leaves and roots, respectively.

A M 1 2 3 4

500 bp
300 bp

Fig. 5 a RT-PCR of mRNA from different tissues of
Eragrostis curvula. Lanes 1, 3 and 5 correspond to RT-PCR
products amplified with specific CCoAOMT 1 and 2 primers
from immature inflorescences, leaves and roots of 12-day-old
plants, respectively. Lanes 2, 4 and 6 correspond to RT-PCR
products amplified with specific E. curvula actin primers (Actl

The translated sequences of the 68 cDNA clones
revealed the expression of the four alleles predicted
by the genomic sequences, named CCoAOMTI.I,
CCoAOMTI1.2, CCoAOMT2.1 and CCoAOMT?2.2.
The statistical analysis of the contribution of the
individual alleles to the different organ expression
demonstrated that such expression was not organ-
independent (y> =27.36, 6 df, P = 0.0001)
(Table 2). Since the CCoAOMT?2.1 allele was absent
in leaves and roots, it was removed from the further
analysis that showed differences in the expression of
the remaining alleles (* = 10.28, 4 df, P = 0.0359).

Discussion

In this study we reported the characterization and
expression pattern of the E. curvula CCoAOMT gene.
The cDNA identified in the library and the deduced
amino acid sequence showed a high homology with
other CCoAOMTs from different plant species, dem-
onstrating at the same time that this gene is highly
conserved among species and that the clone effec-
tively codes for this enzyme. The alignment with the
corresponding sequence from maize (Q9XGD6 and
Q9XGDS5.1) and bamboo (ABO26812.1) showed a
high homology level (90-95%, e-value < 4e-126)
with the E. curvula predicted protein sequence.
Furthermore, the conserved motifs and their charac-
teristic spatial relationships for plant S-adenosyl-L-
methionine-dependent methyltransferases (Joshi and
Chiang 1998) were identified. Finally, the residues
involved in the active site and other key sites of
alfalfa caffeoyl coenzyme A 3-O-methyltransferase
(Ferrer et al. 2005), essential for SAM-binding pocket
formation (Ferrer et al. 2005; Lepelley et al. 2007),
were identified in the present sequence.

5 6 B M

1375 bp
947 bp

and 2) from immature inflorescences, leaves and roots of 12-
day-old plants, respectively. Lane M contained a 100-bp ladder
(Promega). b PCR product amplified from E. curvula genomic
DNA using primers CCOAOMT 1 and 2. Lane M contained a
MEcoRI HindIll ladder (Promega)
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Fig. 6 Multiple alignment EcCCoAOMT1 .1 MASTATEAAVAQPEQQQQ-ANGNGEQKTRHSEVGHKSLLKSDDLYQYILETSVYPREPES 59
of the translated amino acid EcCCOAOMTI . 2 MASTATEAAVAQPEQQQQQANGNGEQKTRHSEVGHKSLLKSDDLYQYILETSVYPREPES 60
sequences of . curvula PoCCOROHT?. 2 NASTATEAAVAQPBUa0OANONGR QK TRHS BV OHK L LRSDDL YQY TLETOVYPRERES €0
C O. .
CCoAOMT as deduced OPEQOOOO © ©
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Fig. 7 a Evolutionary relationship of the 11 sequences
obtained from cv. Tanganyika E. curvula (T1-11) (linearized).
The optimal tree with the sum of branch length = 0.02966018
is shown. The percentages of replicate trees in which the
associated taxa clustered together in the bootstrap test (1,000
replicates) are shown next to the branches (Felsenstein 1985).
The phylogenetic tree was linearized assuming equal evolu-
tionary rates in all lineages (Takezaki et al. 2004). The tree is
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drawn to scale, with branch lengths in the same units as those
of the evolutionary distances used to infer the phylogenetic
tree. There were a total of 1202 positions in the final dataset.
b Schematic representation of the origin of E. curvula
CCoAOMT alleles. Arrows indicate the possible recombination
events. Amino acid polymorphisms are shown in the original
sequences. The minus sign (—) indicates the absence of a
glutamine residue in the sequence
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Table 2 Alleles of E. curvula cv. Tanganyika CCoAOMT
(EcCCoAOMT) genes expressed in three different organs

Allele Organ Total
I L R
EcCCoAOMTI.1 2 9 14
EcCCoAOMTI.2 9 8 23
EcCCoAOMT2.1 7 0 7
EcCCoAOMT2.2 3 8 13 24
Total 21 25 22 68

The first column numbers the identified alleles. The following
columns indicate the quantity of sequences for each allele
identified in each tissue, i.e., inflorescence (I), leaf (L) or root
(R). The last row shows the total sequences analyzed by tissue
whereas the last column indicates the frequency of individual
alleles in the total analyzed clones

The copy number of CCoAOMT gene exhibits a
great variation among species, even among those
related, like maize and rice. As inferred from the
Southern hybridization analysis, two copies of the
CCoAOMT gene were identified in E. curvula cv.
Tanganyika (4x) (Fig. 4).

Based on the analysis of 45 genomic sequences
obtained from the three different cultivars included in
this study, it was demonstrated that E. curvula
CCoAOMT genes are organized in five exons and
four short introns (Fig. 3), in concordance with the
maize CCoAOMTI gene intron—exon arrangement
(Guillet-Claude et al. 2004). In contrast, three introns
were identified in rice CCoAOMT (AY644636) and
maize CCoAOMT2 (AY279035.1) genes (Guillet-
Claude et al. 2004). The analysis performed with the
CAP3 software of the genomic DNA sequences of the
three cultivars led to the discovery of seven different
alleles (Table 1).

An unexpected variability was detected in cv.
Tanganyika (4x) genomic sequences, assembling
three contigs, whereas three sequences remained as
singletons. A phylogenetic tree performed with the
genomic sequences obtained from this cultivar
revealed the existence of two ancestral EcCCoAOMT
genes, EcCCoAOMTI and EcCCoAOMT2, as pre-
dicted by the Southern hybridization, each one
leading to three different sequences (unigenes)
(Fig 7a). The predicted proteins coded by these
genomic sequences would result in four allelic forms,
called EcCCoAOMTI.1, EcCCoAOMTI.2, Ec-
CCoAOMT2.1 and EcCCoAOMT2.2, identical to

those obtained from the expression studies (Fig 7a,
b; Table 2). The most plausible explanation of such
findings could be that a duplication in the Ec-
CCoAOMT gene occurred at the diploid stage of the
species by unequal crossing-over or rearrangement of
this genomic region. The observed allelic variants
resulted from recombination events among the gene
copies (Fig. 7b) and then, probably in tetraploid
apomictics, insertion/deletions in the intron region
resulted in the six reported unigenes.

We further evaluated the organ distribution of the
EcCCoAOMT expression. The selection of cv. Tang-
anyika for these studies was based on the fact that it is
the best candidate to be genetically manipulated, as
justified by many criteria. First, its genetic variability,
since it was the cultivar that showed the highest
number of unigenes, possessing six of the seven
identified alleles. Second, Tanganyika, as well as Don
Pablo, is a fully apomictic cultivar, particularly
interesting for in vitro manipulations. Third, cv.
Don Pablo (7x) is highly polyploid, having also a
high content of silica that could alter its digestibility
and also palatability (unpublished data).

The RT-PCR analysis demonstrated that Ec-
CCoAOMT gene(s) is/are being expressed in the
tissues under consideration, i.e., inflorescences,
leaves and roots (Fig. 5a). The detailed analysis of
the expressed sequences revealed that: (a) the four
predicted alleles were expressed, (b) the expression
of allele EcCCoAOMT2.1 was restricted to inflores-
cences, and (c) alleles EcCCoAOMTI.1, Ec-
CCoAOMTI.2 and EcCCoAOMT?2.2 were expressed
in inflorescences, leaves and roots. However, statis-
tical analysis of the expressed sequences revealed
that the expression pattern was not independent of the
considered tissue. The expression of more than one
allelic form in all the analyzed tissues is an advantage
since: (a) the EcCCoAOMT genes’ downregulation
strategies could be allele-specific, improving forage
quality without the drastic effect that could result
from a single allele being suppressed: this could lead
to reduced pathogen resistance, increased winter
mortality and reduced biomass, among other unde-
sirable effects; and (b) the fact that allele expression
is unbalanced between tissues offers the additional
benefit of directing the suppression in a way that
predominantly affects one tissue over the others.
Considering the alleles expressed in leaves at equal
level, EcCCoAOMT?2.2 is not a good candidate to be
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downregulated considering that it is highly expressed
in roots. The manipulation of EcCCoAOMT!.2 may
cause an undesirable alteration in inflorescences,
essential for breeding programs, even taking into
account that panicle production is detrimental to
digestibility. The allele EcCCoAOMT1.1 constitutes a
potential candidate considering the high expression
level shown in leaves compared to other organs. We
strongly believe that the idea presented is very
relevant for forage breeding purposes.
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