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The latest advances in understanding the composition and organization of the soybean
genome have culminated in its publication. This, in conjunction with the development of
next-generation sequencing or high-throughput sequencing technologies, is opening new
doors into the field of molecular biology studies in soybean. Among the major applications of
next generation sequencing is RNA-Seq applied to gene expression profiling with several
advantages over hybridization-based methods like microarrays. The background error rate is
extremely low; the capacity for data collection is greater; the results are digital and use a
discrete distribution; the dynamic range of expression levels is greater; and transcripts can be
detected without the prerequisite of pre-existing probes.

Here we present a case study on using Soybean Gene Express, a database system for
managing, analyzing, visualizing, and extracting useful information from RNA-Seq data. The
system  supports  Brazilian = Soybean @~ Genome  Consortium (GENOSOQJA,
http://bioinfo.cnpso.embrapa.br/genosoja/) researchers, going from raw data to visual reports
comparing the levels of gene expression between pairs of samples or multiple samples
following different biological samples/conditions. Also, it allows exploring the power of link-
based integration with other sources of biological meaning information and databases such as
ontologies, KEGG pathways, Pfam, Smart, Panther and others, to uncover the biological
meaning of these data. Several criteria are available in the system to explore what the data are
telling us about the biological conditions being investigated. For example, using filtering
thresholds we can identify groups of genes that are differentially expressed among several
conditions. The ultimate goal is to facilitate the discovery of new biological insights into
fundamental molecular processes as responses to biotic and abiotic stresses in soybean.
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Soybean (Glycine max) is one of the most important crop plants for seed protein and oil content, and for its capacity to fix
atmospheric nitrogen through symbioses with soil-borne microor We ed the 1.1-gigal g by a
whole-genome shotgun approach and integrated it with physical and high-density genetic maps to create a
chromosome-scale draft sequence assembly. We predict 46,430 protein-coding genes, 70% more than Arabidopsis and
similar to the poplar genome which, like soybean, is an ancient polyploid (palaeopolyploid). About 78% of the predicted
genes occur in chromosome ends, which comprise less than one-half of the genome but account for nearly all of the genetic
recombination. Genome duplications occurred at approximately 59 and 13 million years ago, resulting in a highly duplicated
genome with nearly 75% of the genes present in multiple copies. The two duplication events were followed by gene
diversification and loss, and numerous chr rearr An accurate soybean genome sequence will facilitate
the identification of the genetic basis of many soybean traits, and accelerate the creation of improved soybean varieties.

Legumes are an important part of world agriculture as they fixatmo-  high-quality draft whole-genome shotgun-sequenced plant genomes

spheric nitrogen by intimate symbioses with microorgani The  (Suppl y Table 4). A total of 8 of the 20 chromosomes have
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soybean in particular is important worldwide as a predominant plant
source of both animal feed protein and cooking oil. We report here a
soybean whole-genome shotgun sequence of Glycine max var.
Williams 82, comprised of 950 megabases (Mb) of assembled and
anchored sequence (Fig. 1), representing about 85% of the predicted
1,115-Mb genome' (Supplementary Table 3.1). Most of the genome
sequence (Fig. 1) is assembled into 20 chromosome-level pseudomole-
cules containing 397 sequence scaffolds with ordered positions within
the 20 soybean linkage groups. An additional 17.7 Mb is present in
1,148 unanchored sequence scaffolds that are mostly repetitive and
contain fewer than 450 predicted genes. Scaffold placements were
determined with extensive genetic maps, including 4,991 single nuc-
leotide polymorphisms (SNPs) and 874 simple sequence repeats
(SSRs)*. All but 20 of the 397 sequence scaffolds are unambiguously
oriented on the chromosomes. Unoriented scaffolds are in repetitive
regions where there is a paucity of recombination and genetic markers
(see Supplementary Information for assembly details).

The soybean genome is the largest whole-genome shotgun-
sequenced plant genome so far and compares favourably to all other

telomenc repeats (TTTAGGG or CCCTAAA) on both of the distal
scaffolds and 11 other chromosomes have telomeric repeats on a
single arm, for a total of 27 out of 40 chromosome ends captured
in sequence scaffolds. Also, internal scaffolds in 19 of 20 chromo-
somes contain a large block of characteristic 91- or 92-base-pair
(bp) centromeric repeats®” (Fig. 1). Four chromosome assemblies
contain several 91/92-bp blocks; this may be the correct physical
placements of these sequences, or may reflect the difficulty in assembling
these highly repetitive regions.

Gene composition and repetitive DNA

A striking feature of the soybean genome is that 57% of the genomic
sequence occurs in repeat-rich, low-recombination heterochromatic
regions surrounding the centromeres. The average ratio of genetic-
to-physical distance is 1 <M per 197 kb in euchromatic regions, and
1cM per 3.5 Mb in heterochromatic regions (see Supplementary
Information section 1.8). For reference, these proportions are similar
to those in Sorghum, in which 62% of the sequence is heterochro-
matic, and different than in rice, with 15% in heterochromatin®. In
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