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Plant genomes are among the most complex and large

ones of our planet, with high levels of redundancy when

compared to other eukaryotic groups, leading to intricate

processes for gene regulation and evolution. Such a com-

plexity demands interdisciplinary and multidimensional

approaches in order to allow a better understanding of the

processes able to exploit the whole potential of the existing

genes in different species, including crop plants. Among

cultivated plants, soybean [Glycine max (L.) Merr.] occu-

pies an outstanding position due to its importance as source

of protein and oil that may also be converted into biodiesel.

The seeds are rarely consumed in natura, but many tradi-

tional food products have been consumed, as soymilk, and

tofu, as well as fermented products as soy sauce, and soy

paste among others, besides its wide use for animal feed.

Soybean cultivation has been highly concentrated

geographically, with only four countries (USA, Brazil, Ar-

gentina and China) accounting for almost 90% of world

output. Asia (excluding China) and Africa, the two regions

where most of the food insecure countries are located, ac-

count for only 5% of production. Among countries classi-

fied as ‘undernourished’, only India and Bolivia are

significant producers of soybeans (FAO, 2009).

Available evidences indicate that the cultivated soy-

bean was domesticated from its wild relative Glycine soja

(Sieb. and Zucc.) in China about 5,000 years ago (Carter et

al., 2004). Since then, soybean has been grown primarily in

temperate regions for thousands of years, first in Northern

Asia and in more recent years in North America and coun-

tries of the Southern Cone of Latin America (FAO, 2009).

The remarkable success of this crop in temperate zones is

well known, but the crop presents also an important role in

cropping systems of the tropics and subtropics, also in low

fertile regions, as the Brazilian cerrado savannah (Spehar,

1995). The actual area cultivated worldwide with soybean

is estimated to cover 103.5 millions of hectares, from which

24.2 only in Brazil, with considerable increases in the pro-

duction achieved without significant increase in the

cultivated area (Embrapa Soybean, 2011).

As a legume, soybean is able to develop symbiotic in-

teractions with rhizobia, allowing the fixation and assimila-

tion of atmospheric N2, bearing quite specific mechanisms

to coordinate this complex interaction (Oldroyd and

Downie, 2008), absent in most angiosperm groups. Besides

this peculiarity, soybean presents 2n = 40 chromosomes

and was early characterized as an ancient polyploid (paleo-

polyploid) through genetic mapping studies that identified

homeologous chromosome regions based upon duplicate

RFLP markers (Shoemaker et al., 1996; Lee et al., 1999;

2001). Due to its allopolyploid nature, the first approaches

regarded the generation of expressed sequences from dif-

ferent library tissues and conditions, including mainly

ESTs (Expressed Sequence Tags; Nelson et al., 2005) par-

tially in annotated databases, including ca. 40.000 full

length cDNA clones available (Umezawa et al., 2008, see

also RIKEN Soybean Full-Length cDNA Database), be-

sides analyses regarding RNAseq under different tissues

and development stages, as well as under different stressing

situations (e.g. Libault et al., 2010; Severin et al., 2010).

Also a complete shotgun genome sequence of the soybean

cultivar Williams 82 was released, comprising 1.1-giga-

base genome size allowing the integration of physical and

high-density genetic maps, including 46,430 predicted pro-

tein-coding genes (Schmutz et al., 2010).

The total amount of data publicly available at

GenBank (NCBI) includes more than 120,000 nucleotide

sequences (mainly mRNA), ~1,460,000 ESTs, ~368,000

genome sequences, ~80,000 proteins, 118 deposited struc-

tures and more than 6,2 million SNPs. Such numbers show

that working with soybean is a very challenging task. By

the other hand, despite of the wide data availability, most

data regard cultivars from temperate regions (as Williams

82), not adapted for cultivation under tropical conditions,

as it is the case of central Brazil and many other tropical

countries that are subjected to distinct environmental

stresses.

The proposition of creating the GENOSOJA consor-

tium was submitted in 2007 to the National Council for Sci-

entific and Technological Development (CNPq), an agency
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linked to the Brazilian Ministry of Science and Technology

(MCT), starting its activity in March 2008 with the partici-

pation of nine Brazilian institutions from different regions

(Figure 1).

The proposal aimed to study the soybean genome

from its organization into the structural level, seeking to

characterize and sequence important genomic regions and

their products, thus contributing to the identification of

genes using transcriptional and proteomic methods, espe-

cially considering the plant response to different biotic and

abiotic stresses that affect the culture in the Southern hemi-

sphere. Still, the GENOSOJA network aimed to approach

not only whether a gene is induced or suppressed under a

given condition, but also to determine the levels at which it

is expressed, the interactions with other genes, their physi-

cal location and products, allowing the identification of

important genes and metabolic pathways, vital for the de-

velopment and study of plants tolerant to challenging situa-

tions.

The GENOSOJA project is still in course and is struc-

tured into six Project Components (Figure 2), including

management and addressing of different aspects of the soy-

bean genome:

• I. Project management – responsible for the project

administration, organization of meetings, group in-

tegration and research reports, among others.

• II. Structural Genomics – includes research activi-

ties related to the genomic physical architecture,

including BAC anchoring (in the cultivar Conquis-

ta), promoter analysis and sequencing of gene-rich

regions, also in comparison with other wild rela-

tives of the genus Glycine, allowing studies of

synteny and indication of regions important for

ressequencing. This component is also responsible

for the identification of single base polymorphisms

(SNPs), very important for mapping purposes and

marker assisted selection.

• III. Transcriptomics - comprises the largest research

group, responsible for various expression profiling

approaches using different strategies to access tran-

scripts generated under different biotic (Asian rust:
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Figure 1 - The members of the GENOSOJA consortium and their geo-

graphic distribution in Brazil, including nine institutions: Embrapa Soja

(Londrina, Paraná), Embrapa Recursos Genéticos e Biotecnologia (CE-

NARGEN, Brasília, Federal District), Universidade Estadual de Campi-

nas (UNICAMP, Campinas, São Paulo), Universidade Estadual Paulista

Júlio de Mesquita Filho (UNESP, Botucatu, São Paulo), Universidade

Federal de Pernambuco (UFPE, Recife, Pernambuco), Universidade Fed-

eral do Rio Grande do Sul (UFRGS, Porto Alegre, Rio Grande do Sul),

Universidade Federal de Viçosa (UFV, Viçosa, Minas Gerais) and

COODETEC (Cooperativa Central de Pesquisa Agrícola, Tecnologia da

Nossa Terra), a representative of the private initiative.

Figure 2 - Functional organization of the GENOSOJA consortium, including six project components, all composed by interinstitutional groups.



Phakopsora pachyrhizi, CPMMV: Cowpea mild

mottle virus, nematodes: Meloydogyne javanica and

Pratylenchus brachyurus) and abiotic (water defi-

cit) stresses. In this workgroup different strategies

were used, including:

a) Subtractive cDNA libraries (76 bp tags, Solexa

Illumina® sequencing) using contrasting materi-

als submitted to biotic interactions, including

diseases (~40 million tags; Asian rust and virus

inoculation) and beneficial interactions (~10

million tags; inoculation with Bradyrhizobium

japonicum), as well as water deficit (~42 million

tags, comparing tolerant and susceptible acces-

sions).

b) SuperSAGE comprising ~3,2 Solexa Illumina®

26-bp tags distributed in six libraries generated

under biotic (water deficit) and abiotic (Asian

rust) stress comparisons.

c) MicroRNA libraries (Solexa Illumina®, 19-

24 bp) including four libraries regarding water

deficit (~4,8 millions miRNAs) and other four

regarding Asian rust (~7,9 million miRNAs).

d) cDNA sequences (2,112 sequences, Sanger

method) from roots infested with the nematode

M. javanica compared with non stressed control.

The three first above mentioned experiments were

carried out using the same experimental condi-

tions, generating an extensive comparable

dataset to allow the understanding of the gene

expression dynamic (Subtractive cDNA and

SuperSAGE libraries), including biotic and

abiotic cross-talk responses as well as the post

transcriptional control (miRNA).

• IV. Proteomics - aimed to study the protein profile

of soybean plants, low-mass protein and peptides

identification and protein-protein interactions, us-

ing the same accessions and biological conditions

established for the transcriptomic analyses to en-

sure complementarity and reduction of experimen-

tal variability, and thus, allowing the integration of

both datasets in the functional characterization of

the soybean genome.

• V. Expression Assays (transgenesis) - considering

the results of transcriptomics and proteomics, most

valuable gene candidates are being transformed in

order to infer about their effects or biological func-

tion. Members of this group are also evaluating the

vicinity of genes (UTRs) for the identification of

regulatory regions (promoters, enhancers, cis-ele-

ments, etc.) that control their expression.

• VI. Bioinformatics - this workgroup developed the

GENOSOJA database (see web resource) that in-

cludes a set of tools integrating the entire project

data as compared with available sequences from

other public data banks.

The present issue represents the starting point of an

extensive catalogue of products generated by the GENO-

SOJA consortium, since all members agree that many addi-

tional inferences will be soon mature for publication and

application to breeding projects. Thousands of candidate

genes differentially expressed have been identified and are

being validated using quantitative real time PCR, many re-

garding strongly induced genes in contrasting libraries (e.g.

stressed against control or tolerant against sensible in the

same condition). Many of them refer to uncharacterized

genes, with no given function, representing relevant data to

be worked out in future functional studies, since they may

represent not yet described genes, some possibly unique to

legumes and important for plant breeding.

Finally, the present volume does not represent a mile-

stone for completion of the GENOSOJA project, but an an-

nouncement of its birth, crowned with solid growth, inte-

gration and consolidation prospects. The data generated by

the GENOSOJA consortium will also join the worldwide

effort to study the soybean genome through the participa-

tion in the International Soybean Genome Consortium

(ISGC). In this sense, the next step involves the public re-

lease of the generated data, which shall be available for the

world community, allowing the effective integration with

other networks throughout the world.
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