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Abstract Eragrostis curvula (Schrad.) Nees is a forage

grass native to the semiarid regions of Southern Africa, which

reproduces mainly by pseudogamous diplosporous apomixis.

A collection of ESTs was generated from four cDNA

libraries, three of them obtained from panicles of near-iso-

genic lines with different ploidy levels and reproductive

modes, and one obtained from 12 days-old plant leaves. A

total of 12,295 high-quality ESTs were clustered and

assembled, rendering 8,864 unigenes, including 1,490 contigs

and 7,394 singletons, with a genome coverage of 22%. A total

of 7,029 (79.11%) unigenes were functionally categorized by

BLASTX analysis against sequences deposited in public

databases, but only 37.80% could be classified according to

Gene Ontology. Sequence comparison against the cereals

genes indexes (GI) revealed 50% significant hits. A total of

254 EST-SSRs were detected from 219 singletons and 35

from contigs. Di- and tri- motifs were similarly represented

with percentages of 38.95 and 40.16%, respectively. In

addition, 190 SNPs and Indels were detected in 18 contigs

generated from 3 to 4 libraries. The ESTs and the molecular

markers obtained in this study will provide valuable resources

for a wide range of applications including gene identification,

genetic mapping, cultivar identification, analysis of genetic

diversity, phenotype mapping and marker assisted selection.

Keywords cDNA libraries � Eragrostis curvula �
ESTs � Gene index � Genic markers

Abbreviations

EST Expressed sequence tags

2,4-D 2,4 Dichlorophenoxyacetic acid

BAP 6-Benzylamino purine

DMSO Dimethyl sulfoxide

IPTG Isopropyl-beta-D-thiogalactopyranoside
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Introduction

For the past two decades, random sequencing of cDNA has

provided a simple and efficient method for the identifica-

tion of many genes from different organisms (Adams et al.

1991). Large-scale EST/cDNA discovery and analysis are

widely used for the study of gene expression and the

identification of candidate genes for biological processes

and phenotypic analysis (Hatey et al. 1998) and also pro-

vide the means to study processes of gene evolution (Van

der Hoevent et al. 2002). ESTs are also a valuable source

of highly polymorphic genetic markers, like simple

sequence repeats (SSRs) (Lazo et al. 2004; Thiel et al.

2003; Eujayl et al. 2002; Gao et al. 2004) and single

nucleotide polymorphisms (SNPs) (Garg et al. 1999; Yu

et al. 2006). These markers are useful for genetic mapping,

in which genes can be associated with variation for mul-

tiple pleiotropic traits (Ma et al. 2002; Rostoks et al. 2005;

Xu et al. 2004; Ravel et al. 2005). SSRs, also known as

microsatellites, have been shown to be one of the most

powerful of genetic marker systems in biology. They are

common, readily identified DNA features consisting of

short (1–6 bp), tandemly repeated sequences, widely and

ubiquitously distributed throughout eukaryotic genomes

(Tóth et al. 2000) and have been found in all prokaryotic

and eukaryotic genomes that have so far been analyzed

(Katti et al. 2001). SSRs are highly polymorphic, due to the

mutation affecting the number of repeat units. This

hypervariability among related organisms makes them

highly informative for a wide range of applications

including high-density genetic mapping, molecular tagging

of genes, genotype identification, analysis of genetic

diversity, paternity exclusion, phenotype mapping and

marker-assisted selection (MAS) of crop plants (Tautz

1989; Powell et al. 1996).

Very little basic information is available about weeping

lovegrass [Eragrostis curvula (Schrad.) Nees]. It is a

member of the family Poaceae, subfamily Chloridoideae

(Wartson and Dallwitz 1992), native to Southern Africa

and an important cultivated forage resource for semiarid

regions (Covas and Cairnie 1991). Understanding the ori-

gin of crop plants is important because it can provide

valuable information for plant breeders. Eragrostis pilosa

is considered to be the immediate progenitor to Eragrostis

tef (Ingram and Doyle 2003) but wild ancestors of

E. curvula were not identified. Size genome of E. curvula

was not reported but the content of DNA per haploid

nucleus was 0.35 pg for the genus Eragrostis (Bennett and

Smith 1976). Weeping lovegrass has small chromosomes,

ranging from 2 to 3 lm, with a variable ploidy level

(Poverene and Curvetto 1991). Related to the auto- or

allopolyploid origin, Poverene et al. (1986), based on the

meiotic behavior of 12 Eragrostis curvula cultivars stated

that cv. Tanganyika shows a high frequency of multiva-

lents. Based on this observations these authors concluded

that it is autopolyploid.

The most useful cultivars as forage are tetraploid

(2n = 4x = 40) and reproduce by pseudogamous diplos-

porous apomixis (Voigt et al. 2004). This mode of asexual

reproduction by seeds is typical of some grass species,

where a non-reduced megaspore originates directly from

the reproductive cell itself following a lack or a failure of

meiosis. All progeny of a given plant genotype, conse-

quently constitutes a maternally derived clone.

In previous work, a series of related Eragrostis curvula

lines with different ploidy levels and reproductive modes

was obtained through in vitro culture of inflorescences

followed by colchicine treatment (Cardone et al. 2006;

Mecchia et al. 2007). The series consists of a natural

apomictic tetraploid cultivar Tanganyika (T) (2n = 4x =

40), a diploid sexual line (cv. Victoria = D) (2n = 2x =

20) obtained from T after a tissue culture procedure, and a

tetraploid sexual strain (cv. Bahiense = M) originated

from D by colchicine treatment. These plants provide a

suitable system for the identification of gene(s) involved in

diplosporous apomixis, ploidy level-regulated expression

and forage quality candidate variation using a transcrip-

tomic approach, as well as the development of potential

markers for genetic mapping. The aim of this work was to

construct, sequence and analyse four cDNA libraries of

Eragrostis curvula constructed from inflorescences and

leaves of the near-isogenic plant series. Categorization of

E. curvula genes, the first gene index for the species and

the development of a group of SSRs and SNPs/indels

molecular markers useful to construct genetic maps is

described here. In a parallel (see this issue) study a com-

parison between the ESTs profiles in order to identify

genes associated to apomixis and ploidy level gene

expression control was conducted.

Materials and methods

Plant material

Plants were obtained as previously reported (Echenique

et al. 1996; Cardone et al. 2006). Briefly, inflorescences

from plants of the apomictic cultivar Tanganyika (T)

(2n = 4x = 40) just emerging from the flag leaf were

cultured on Murashige and Skoog’s (1962) medium sup-

plemented with 2,4-dichlorofenoxiacetic acid (2,4-D) and

6-bencilaminopurine (BAP). One of 23 R0 plants—first

generation of plants obtained from in vitro culture—had

half of the normal chromosome number (2n = 2x = 20)

(cv. Victoria = D). In order to duplicate the chromosome

number, 500 seeds of one diploid R1 plant were treated
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with a solution of 0.05% colchicine and 2% dimethyl

sulfoxide (DMSO). A plant with 40 chromosomes

(2n = 4x = 40) and sexual reproduction was obtained

(UNST1131- cv. Bahiense = M) (Cardone et al. 2006).

cDNA library construction and sequencing

Four cDNA libraries were constructed: three were derived

from panicles at the same developmental stage; one from

T (2n = 4x = 40, apomictic, EC02); one from plant

M (2n = 4x = 40, sexual, EC04); and one from plant

D (2n = 4x = 20, sexual, EC01). The fourth library was

constructed using leaves of 12 days old plants

(2n = 4x = 40, apomictic, EC03). The appropriate pre-

cautions were taken to minimize the risk of false positive

detection: all plants were located together, treated under

identical conditions and samples were all collected at the

same time of the day (4 pm). Total RNA was extracted

from inflorescences or leaves using the RNeasy total RNA

isolation kit (Promega). cDNAs were obtained using the

SMART PCR synthesis kit (Clontech) which allows

maintenance of original transcript levels, cloned into the

pGEM-T easy vector (Promega) and used for transforma-

tion of XL10-Gold Ultracompetent E. coli cells

(Stratagene). The cDNA libraries were amplified by adding

4 ml of NZY media and incubated for 3 h at 37�C, with a

rotation of 250 rpm. Subsequently, 5 ml of 50% glyc-

erol were added, mixed, aliquoted (200 ll/tube) and stored

at -80�C. For titering, 50, 75 and 100 ll of each amplified

cDNA library were plated onto LB media containing

ampicillin (10 mg/ll). IPTG (isopropyl-beta-D-thiogalac-

topyranoside) (0.5 mmol/l) and X-Gal (5-bromo-4-chloro-

3-indolyl-beta-D-galactopyranoside) (50 mg/l). Plates were

incubated overnight at 37�C and the titer was calculated by

measurement of number of white colonies (which contain

the processed insert).

To isolate the plasmids for sequencing, bacterial cul-

tures were performed in 96-well blocks using LB media

supplemented with ampicillin (10 mg/ll). DNA isolation

was performed by using a QIAprep 96 turbo Miniprep kit

Qiagen Biorobot 9600. Twelve plasmids from each library

were chosen at random in order to estimate the average size

of the inserts: 2 ll of plasmid DNA were digested with

0.5 ll of Eco-RI (10 U/ll) during 30 min at 37�C. Frag-

ments were run in 1% (w/v) agarose gels and visualized

with ethidium bromide (0.5 lg ml-1). A total of 12,600

randomly selected clones from the libraries were

sequenced from the 30 end using a MegaBACE DNA

sequence analyzer performing an average read of 300–

500 bp from each clone.

For EST sequencing 300–500 bp of the inserts were

amplified using the SMART primer (50-TAA CAA CGC

AGA GTA CGC GG-30) (BD Bioscience) using a Big Dye

Terminator kit (Applied Biosystems) with Ampli-Taq FS

DNA polymerase (Applied Biosystems). Each insert was

characterized by a single read using a MegaBACE 4000

sequencer. Sequences were deposited in Gen Bank (Nos:

EH183417 to EH195711).

ESTs analysis and annotation

EST sequences were cleaned from vector and polyA tail

using Seqclean software (TGIR, the Institute for Genomic

Research, Rockville, MD, USA). Sequences containing

more than 100 bases with Phred quality 20 (Ewing et al.

1998) were stored in fasta format, together with the cor-

responding quality file Phred. Sequences were assembled

using CAP3 software (Huang and Madan 1999) with a high

stringency criteria (sequence identity P = 90) and over-

lapping lengths (O = 40). The actual number of unigenes

and the redundancy level for each cDNA library, both

independently and considering the ESTs of the four

libraries combined were estimated. This process was car-

ried out as follow: (i) the gene cluster profile for each

library and the combined one were obtained using the

ESTstat program (Wang et al. 2004) adjusted for partial

50cDNA libraries and Type III error correction by cluster-

ing and (ii) the actual number of unigenes and the

redundancy level were estimated with the ESTstatCF pro-

gram (Wang et al. 2005). The number of new genes to be

captured and the redundancy level simulating the addition

of a proportional sample of ESTs (S: 0.5, 1.0, 1.5 and 2.0–

referred to the initial number of ESTs) to each one and all

the four combined libraries was also calculated.

All unique sequences were queried against the SwissProt/

Trembl databases using the BLASTX algorithm (Altschul

et al. 1994) with a E-value B1 9 10-5. Annotations were

based on the Gene Ontology (GO) (http://www.

geneontology.org/) terms using the program Blast2GO

(Conesa et al. 2005). Sequences comparisons against Plant

Gene Index (GI) such as: wheat (Triticum aestivum–TaGI),

maize (Zea mays—ZmGI), oat (Avena sativa—OGI), barley

(Hordem vulgare—HvGI) and Arabidopsis thaliana (AtGI)

from TIGR (http://compbio.dfci.harvard.edu/tgi/tgipage.html)

were performed locally using the BLASTN algorithm

(Altschul et al. 1994).

Development and detection of genic molecular markers

EST-derived simple sequence repeats (EST-SSRs)

Consensus sequences taken from the total number of high

quality ESTs (12,295) from all the four libraries) were used
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to develop EST-SSR loci. The SSR Discovery program

(Robinson et al. 2004) was used for the identification of

SSR for design of the primers. For EST-SSR selection a

minimum of six repeats for di-, 5 for tri- and 4 for tetra-

and pentanucleotide arrays were considered. Sixty primers

were synthesized (AlphaDNA, Canada) in order to deter-

mine amplification efficiency in E. curvula cv. Tanganyika.

Primer design criteria were selected as follows to obtain

amplification products of 200–500 bp, annealing tempera-

ture 56–62�C, CG content of 40–60%, 18–25 bp. Genomic

DNA was extracted from leaves of different cultivars of

E. curvula (DW: Don Walter, DJ: Don Juan, DP: Don

Pablo, DE: Don Eduardo, K: Kromdraii, DA: Don Arturo,

M: Morpa, E: Ermelo, T: Tanganyika, V: Victoria, and

B:Bahiense) and from line UNST1112 using the protocol

described at the CIMMYT Molecular Genetics Applied

Laboratory protocols, CIMMYT, Mexico (http://www.

cimmyt.org). PCR conditions were as follows: a final

volume of 20 ll containing 50 ng of genomic DNA,

1 lmol/l of each primer, 2.5 mmol/l MgCl2, 0.125 mmol/l

of each dNTP, 1X reaction buffer and 2.5 U Taq poly-

merase (Invitrogen). A touchdown program consisting in a

denaturation step of 4 min at 94�C, 15 cycles of 30 s at

94�C, 30 s at 65�C (-1�C/cycle) and 1 min at 72�C and 30

cycles of 30 s at 94�C, 30 s at 50�C and 1 min at 72�C was

used. The final extension step was of 5 min at 72�C. PCRs

were performed in a MJ Research thermocycler. Samples

were mixed with denaturing loading buffer, treated for

5 min at 95�C and separated in a 6% polyacrylamide gel.

Amplification products were silver-stained following the

DNA silver staining system procedure (Promega).

EST-derived single nucleotide polymorphisms (EST-SNPs)

SNPs were identified in the ESTs using the SNP Dis-

covery program (Barker et al. 2003), where for each

candidate SNP two measures of confidence are calcu-

lated, the redundancy of the polymorphism at a SNP

locus and the co segregation of the candidate SNP with

other SNPs in the alignment. ESTs from each of the four

libraries were aligned and SNPs with a minimum

redundancy of 10 and a co-segregation of five were

considered.

Results and discussion

Characterization of cDNA libraries

Table 1 provides a description of the main characteristics

of each library, including the RNA source, titer, the aver-

age size of the inserts and the average EST read length. The

estimated insert size for all four libraries was similar and

ranged from 500 to 3,500 bp and the insert average read

length per library fall into 354 to 544 bp. The partial insert

read accomplished allowed a fast and comprehensive

sampling of the transcripts present in the different libraries

at a reasonable cost, nevertheless, the SMART technology

used here yield larger inserts. This kit provides cDNA

libraries enriched of full-length transcripts when high-

quality starting mRNA is used. The representation of full

coding clones in the libraries cannot be informed because it

is out of the scope of this study. A similar strategy for

library construction and EST analysis was used by other

authors like Sawbridge et al. (2003a, b) and Ji et al. (2006).

The accessibility of large insert cDNA collection will allow

in the near future the complete characterization of those

transcripts differentially expressed in relation to ploidy

level or reproductive mode in E. curvula. In order to

evaluate the differential expression among developmental

stages, the representative cDNA libraries were built

avoiding any step of normalization and/or enrichment.

EST assembly and establishment of unigene sets

After cleaning of low-quality and vector sequences, 12,295

ESTs were retained from the original 12,425 that had been

generated from the four cDNA libraries. Those sequences

included 3,650 from library EC01; 3,644 from library

EC02; 1,609 from library EC03 and 3,392 from library

EC04. After clustering and assembly, 8,884 unigenes were

obtained, including 1,490 contigs and 7,394 singletons

(Table 2). The proportion of singletons, calculated in

relation to the total number of ESTs in each library, was

similar for the four libraries: 66.04% for library EC01

(2,427 ESTs), 74.09% for EC02 (2,700 ESTs), 65.69% for

EC03 (1,057 ESTs), 63.92% for EC04 (2,157) and 60.01%

(7,394) when the libraries were combined. A gene cluster

Table 1 Source materials and

characteristics of the Eragrostis
curvula cDNA libraries

Library designation Tissue Titer (colonies with

insert/ml)

Average insert

size (bp)

Average EST

length (bp)

EC01 Inflorescence 7,635 1,568 480

EC02 Inflorescence 8,720 1,922 544

EC03 Leaf 13,680 1,562 456

EC04 Inflorescence 7,152 1,427 354
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profile of each library and a general one, taking into

account all the sequences from Eragrostis curvula was

obtained using the ESTstat program (Wang et al. 2004).

The number of ESTs/contig ranged from 2–19 for library

EC01, 2–17 for EC02 and EC04 and 2–43 for EC03. The

main features of the libraries, such as number of ESTs,

unigenes, singletons, contigs, ESTs in contigs and redun-

dancy level, are shown in Table 2.

The eight most prevalent unigenes were constituted

from 14 to 46 ESTs. Among them, the gene for the

RuBisCO enzyme (46 ESTs and 1,678 bp length), involved

in CO2 fixation; enzymes from the energetic metabolism:

cytosolic glyceraldehyde-3-phosphate dehydrogenase (23

ESTs and 1,298 bp length), b-galactosidase (15 ESTs and

564 bp length), ATP synthase (14 ESTs and 1,417 bp

length); genes associated to protein synthesis: elongation

factor 1-alpha (18 ESTs and 1,582 bp length) and 60S

ribosomal protein (22 ESTs and 1,353 bp length) and two

genes involved in cell division, like tubulin b-2 chain (25

ESTs and 1,354 bp length) and the checkpoint protein 1

(CHK1) (30 ESTs and 1,066 bp length). Several of the

above-mentioned genes are typically expressed in tissues

and organs undergoing active division and growth, such as

young leaves and inflorescences.

In order to avoid extra sequencing efforts, an important

factor to estimate is the number of new genes that can be

discovered considering the level of redundancy that would

be reached after adding new sets of ESTs. This is an

important consideration to guide the selection of the

number of clones to be sampled from various cDNA

libraries in order to maximize the rate of gene discovery.

The redundancy level, estimated according to Wang et al.

(2005), was low for each library, indicating that new

sequencing runs can be conducted and new genes will be

captured (Table 2). As was expected from the singleton

ratios, the lowest value was obtained for library EC02. If a

typical plant genome contains 30–40,000 genes or less

(Bennetzen et al. 2004), each library and the pooled 8,884

unigenes would represent 5–10 and 22% of the Eragrostis

curvula genome, respectively. Table 3 shows the putative

number of new genes that can be discovered taking into

account the addition of a proportional set of ESTs.

Doubling the EST number (2S) would allow the identifi-

cation of 3,735 new genes from library EC01, 4,151 from

library EC02, 1,705 from library EC03 and up to 3,657

from library EC04. In all these cases the level of redun-

dancy will be similar to the actual one. This means that,

independently of the actual condition of each library, it will

be possible to identify up to 12,243 new genes from the

total number of ESTs, reaching a total of 21,127 genes

captured and an Eragrostis curvula genome coverage of

approximately 53%, while still maintaining a low redun-

dancy level.

Functional annotation of Eragrostis unigenes

Eragrostis unigenes were searched by BLASTX for

homology analysis against the protein sequences deposited

in public databases like SW/Trembl. These unigenes were

further annotated on the basis of existing annotation for the

proteome of other species, in which functions were cate-

gorized according to the Gene Ontology Consortium.

During the annotation, when multiple hits were found,

the one with the lowest E-value was selected. From 8,884

unigenes whose products showed homology (E-value B

1 9 10-5) to sequences present in the public databases

mentioned 3,358 (37.80%) significantly matched with

categorized proteins and putative functions were assigned

(Fig. 1). Twenty-two percent of the classified genes were

categorized in relation to the molecular function, 23%

related to the biological process and 21% to the cellular

component. The largest proportion of the functionally

categorized unigenes felt into six categories: catalytic

activity, nucleotide binding, protein metabolism, binding,

transport and energy pathways, with a high nuclear activ-

ity, typical from young tissues (Fig. 1). The biological

function of other 3,671 (41.32%) unigenes was assigned

taking into account the SW/Trembl databases, but it

was not possible to categorized them through GO

(Table 4). Combining both annotations a total 7,029

(79.11%) unigenes were functionally categorized. How-

ever, 1,855 (20.88%) unigenes gave no significant matches

in the databases mentioned above.

Table 2 Features of the

Eragrostis curvula cDNA

libraries: number of ESTs,

singletons, contigs, unigenes,

and redundancy level

Redundancy level: estimated

according Wang et al. (2005)

cDNA library

EC01 EC02 EC03 EC04 Combined libraries

ESTs 3,650 3,644 1,609 3,392 12,295

Unigenes 2,954 3,053 1,188 2,590 8,884

Singletons 2,427 2,700 1,057 2,157 7,394

Contigs 527 353 131 433 1,490

ESTs in Contigs 1,248 944 552 1,235 4,926

Redundancy 1.25 1.19 1.34 1.34 1.38
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In order to investigate gene conservation the Eragrostis

unigenes were compared with the available genes indexes

(GI) from maize (Zea mays), wheat (Triticum aestivum),

oat (Avena sativa), barley (Hordeum vulgare) and Ara-

bidposis thaliana using the BLASTN algorithm (Table 5).

Forty-three percent of the Eragrostis genes matched

sequences from wheat (391,939 annotated genes) and

barley (50,423 annotated genes), 49.25% from oat (89,147

annotated genes) and 46.48% from maize (58,582 anno-

tated genes). Despite the very different number of

annotated genes available for these grasses, the percentage

of E. curvula genes present in other plant species was very

close to 50%, reaching the highest value when the search

was made against the GI of maize, which is taxonomically

more related to Eragrostis than the other grass species

(Yeoh and Watson 1986). However, only 22.32% of the

E. curvula genes revealed some level of sequence simi-

larity with those from Arabidopsis, an anticipated result

considering the close taxonomic distance between these

species. As approximately 50% of the E. curvula genes

were represented in the gene index from cereals, the other

28% may represent unique genes from E. curvula or clo-

sely related species, making them candidates for traits not

present in the mentioned species. It is interesting to note

that gene representation is independent of the size of the

cereal GI used. The lack of correlation between the number

of genes in the GI and the matches with Eragrostis

sequences could be due to different factors such as: (1) the

number of genes in the GI could be overestimated.

According to Bennetzen et al. (2004), the total number of

genes in monocots genomes could be overestimated

because of the presence of retrotransposons, (2) unknown

function from Eragrostis genes and (3) some sequences

could correspond to non-functional transcripts.

Molecular markers development based on Eragrostis

ESTs

Molecular markers provide powerful methods for differ-

entiation of genotypes. A priority goal was to develop

molecular markers based on functional coding sequences

to be used for future mapping and taxonomic analysis.

Combining the ESTs from our four cDNA libraries from

E. curvula we identified two types of genic molecular

markers: EST-SSRs and SNP/indels.

ESTs-SSR were identified over the unigenes taking into

account minimal repeats of 6 for di-, 5 for tri- and 4 for

tetra- and pentanucleotides. 254 EST-SSRs were detected

from 219 singletons and 35 contigs. Unlike other grass

species including Eragrostis tef (Yu et al. 2006), in

E. curvula the di- and tri- motifs were equally represented

in the 254 EST-SSR, in a percentage of 38.95 and 40.16%T
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respectively. The tetra- and penta-nucleotides showed

significant lower values (12.04 and 8.33%, respectively).

However, the proportions of SSR-containing EST as well

as the frequency of in silico-detected SSRs even for the

same species has been reported as variable in the literature

(Peng and Lapitan 2005).

As was found for other species (Nicot et al. 2004), the

most abundant dinucleotide motifs were (GA)n and (AC)n,

representing 63.37 and 27.72% of the total, respectively.

As in the case of wheat (Nicot et al. 2004), the GC motif

was poorly represented (1.98%). Although (AT)n micro-

satellites are thought to be very abundant in the genomic

sequences of plants (Lagercrantz et al. 1993; Morgante and

Olivieri 1993), this was not the case for Eragrostis ESTs

(4.95%) . Similar results were found by Nicot et al. (2004)

in wheat. These authors suggested that the self-comple-

mentation existing for (AT)n microsatellites makes them

difficult to isolate. Kantety et al. (2002) suggested that the

high occurrence of (GA)n motifs is related to the potential

for translation into polyAla or polyLeu, depending on the

reading frame, which are very frequent aminoacid motifs in

proteins (Lewin 1994).

Among the trinucleotide combinations, the predominant

types were (CCG)n and (CCT)n, representing the 25,71 and

23,81% of the total microsatellites, respectively. In wheat

and rice these motifs represent 83 and 79% of the total

(Kantety et al. 2002). La Rota et al. (2005) showed that in

wheat, barley, and rice the di- tri-, tetra- and penta-motifs

vary in relation to the length of the repeat. In this study,

only in rice the di- and tri-nucleotides ratio were similar,

but in those cases in which the length of the sequence was

higher than 30 bp. In our study only 5 di- and 1 tri- motif

EST-SSR were longer than 30 bp. This difference with our

results may depend on the number of unigenes detected in

both cases, 8,884 in E curvula and the complete gene index

of rice.

Primers were designed for the 254 EST-SSRs found in

the 8,884 unigenes from E. curvula. Sixty were synthesized

and amplified for validation using template DNA from

cultivar Tanganyika. From these, 58% (35) were effec-

tively amplified under our experimental conditions. As was

mentioned by Nicot et al. (2004) the lack of amplification

could be due to several reasons: (1) one of the primers

designed from EST sequences could overlap two exons; (2)

the amplicon may contain a long intron producing a PCR

product that could not be visualized on the electrophoretic

profile; (3) sequence errors or problems during primer

synthesis could occur; (4) as consensus sequences obtained

Table 5 Singletons and contigs with positive hits against SW or

Trembl, not included in GO classification

Databases

Unigenes SW Trembl Totala

Singlets 171 2,504 2,675

contigs 643 353 996

Totalb 814 2,837 3,671

a Singletons and contigs annotated against SW/Trembl
b Total number of unigenes
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Fig. 1 Functional classification of weeping lovegrass unigenes according to Gene Ontology, E-value B1 9 10-5 as the cut-off threshold

Table 4 Eragrostis curvula unigenes annotated against TIGR Gene

Index of wheat, oat, maize, barley and Arabidopsis

Gene Index (GI) GI size E. curvula annotated genes

Wheat 391,939 3,823 (43.03%)

Oat 89,147 4,508 (49.25%)

Maize 58,582 4,130 (46.48%)

Barley 50,453 3,846 (43.21%)

Arabidopsis 81,826 1,983 (22.32%)
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from the compilation of several ESTs were used, some of

them may result from the addition of different copies of the

same gene (homoeologs or paralogs). Fifty two per cent

(13) of the selected primer pairs were polymorphic for at

least one of the 12 cultivars tested. Figure 2 shows one of

the polymorphic primers used in this work.

The EST-SNP/Indel identification was performed using

the sequences from all the four libraries. Alignment of 10

or more ESTs and a minimum co-segregation of five were

analyzed with this objective. A total of 190 SNP/Indel were

detected in 18 contigs from 3 to 4 libraries.

Conclusions and perspectives

Four cDNA libraries containing full length cDNAs were

constructed and 12,295 high quality ESTs sequences were

obtained and analyzed. These ESTs sequences were

assembled into 8,884 unigenes (1,490 contigs and 7,394

singletons). From these unigenes, 7,029 (79.11%) were

functionally categorized and deposited in public databases,

but only 37.80% could be classified according to Gene

Ontology. Twenty-two percent of the classified genes were

categorized in relation to the molecular function, 23%

related to the biological process and 21% to the cellular

component. The largest proportion of the functionally

categorized unigenes felt into six categories: catalytic

activity, nucleotide binding, protein metabolism, binding,

transport and energy pathways, with a high nuclear activ-

ity. Forty-three percent of the Eragrostis unigenes matched

sequences from wheat and barley, 49.25% from oat and

46.48% from maize.

These cDNA libraries will provide important tools for

gene identification and molecular breeding in Eragrostis

curvula. EST characterization and comparison of cDNA

libraries from different genotypes with variable ploidy

levels and reproductive modes will allow the identification

of genes related to apomixis and ploidy-regulated gene

expression. These candidate genes will be completely

sequenced and characterized. In addition, the 254 SSR and

190 SNP markers developed from the libraries will facili-

tate the mapping on populations segregating for apomixis

or forage quality traits. Markers co-segregating with the

mentioned traits could be used as probes for positional

cloning and genomic landmarks to identify these genomic

regions. Comparison between mapping results and

expression studies can also help to identify candidate

genes. Alternatively sequences identified here can be used

to improve forage quality. In this regard, one of the most

important parameters to be considered is the lignin profile,

which strongly influences dry matter digestibility (Span-

genberg et al. 1998). The availability of sequences

involved in this pathway will allow molecular breeding by

down-regulating lignin biosynthetic enzymes through

antisense and sense suppression.
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