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SI Material and Methods

Nucleic acid sequence alignments.

Three new parameters were recently defined in Salse er al. (1) to increase the
stringency and significance of BLAST sequence alignment by parsing BLASTN results and
rebuilding HSPs (High Scoring Pairs) or pairwise sequence alignments. The first parameter,
AL (Aligned length), corresponds to the sum of all HSP lengths. The second, CIP (cumulative
identity percentage) corresponds to the cumulative percent of sequence identity obtained for
all the HSPs (CIP= ) nb ID by HSP / AL) x 100). The third parameter, CALP is the
cumulative alignment length percentage. It represents the sum of the HSP lengths (AL) for all
the HSPs divided by the length of the query sequence (CALP = AL / Query length). The CIP
and CALP parameters allow the identification of the best alignment, i.e. the highest
cumulative percentage of identity in the longest cumulative length, taking into account all
HSPs obtained for any pairwise alignment. These parameters were applied to all the BLAST
alignments that were performed in the present study.

Wheat, barley, rice, maize sorghum sequence databases.

The 6,426 wheat ESTs representing 15,569 non redundant loci that were assigned to
deletion bins by Qi et al. (2) were downloaded from the GrainGene web site
(http://wheat.pw.usda.gov/). Since some ESTs may correspond to non overlapping 3’ and 5’
ends of the same cDNA sequence, a unigene set of 5,003 mapped wheat ESTs was established
(1) and used in the current analysis. The barley data correspond to 1,015 mapped ESTs (3)
the 2,755 mapped ESTs downloaded from the ‘HarvEST’ web site [http://www.harvest-
web.org]. A unigene set of 3,423 non-redundant barley mapped ESTs was constructed from
these data set following the same method used for constructing the Wheat unigene set (with
95% CIP, 85% CALP as thresholds criteria). The sequences of the 12 rice pseudomolecules
(build 5) were downloaded from the ‘tigr’ web site (www.tigr.org) and the 41,046 genes
identified by the annotation were used for the analysis. The sequences of the 10 sorghum
chromosomes were downloaded from the ‘phytozome’ web site (www. phytozome.net) and
the 34,008 gene models identified by the annotation were used for the analysis. The sequences
of the 10 maize chromosomes were downloaded from the ‘genome arizona’ web site
(www.genome.arizona.edu/) and the 60,284 gene models (STS, Sequence Tag Sites)
identified by the annotation were used for the analysis as described in Wei et al. (4).

Identification of duplicated and syntenic regions.



Duplications were identified through intra-genomic sequence comparisons. Paralogous
pairs were identified with 70% CIP and 70% CALP cut off values after the alignment of the
annotated genes available for each genomes, (1). Syntenic regions were identified through
inter-genomic sequence comparisons. In this case, orthologous pairs were identified using
60% CIP and 70% CALP cut off values after the alignment of the annotated genes available
for each genome. (1). Paralogous pairs identified during the duplication analyses as well as
orthologous gene pairs identified from the colinearity analysis were statistically validated with
the CloseUp software (5) as described in Salse et al. (1). Two criteria were established to
define paralogous or orthologous regions taking into account the physical size (Size), number
of annotated genes (Gnumber) and number of orthologous or paralogous couples (Cnumber)
in the regions. The two criteria are the Density Ratio (DR) and the Cluster Ratio (CR) (3): DR
= [(Size 1+ Size 2) / (2x Cnumber)] x 100 and CR = [(2x Cnumber) / Gnumber 1 + Gnumber
2] x 100. The Density Ratio (DR) considers the number of links between two regions
(duplicated or syntenic) as a function of the size of the considered blocks. The Cluster Ratio
(CR) considers the number of links between two regions (duplicated or syntenic) as a function
of the number of annotated genes available in the considered blocks. Statistically significant
collinear or duplicated regions are associated with the highest Density Ratio and Cluster
Length values. The remaining collinear or duplicated regions were considered as artificial, i.e.
obtained at random considering the number of links between two regions (duplicated or
syntenic) characterized by a physical size and number of annotated genes available (1).

Graphical display

Colinearity was visualized graphically using the Genome Pixelizer software
(http://niblrrs.ucdavis.edu/GenomePixelizer/GenomePixelizer Welcome.html). Duplications
were visualized using the Circos software (http://mkweb.bcgsc.ca/circos/). Three data sheets
comprising (1) marker information (name, position on chromosome, chromosome number),
(2) link information (data obtained for the statistical identification of paralogous or
orthologous sequence pairs) and (3) graphical information (number, size of chromosomes)
were provided to the two softwares.

CIP/CALP distribution for paralogous and ortholougous gene pairs.

We classically performed the sequence divergence as well as speciation event analysis
based on the rate of nonsynonymous (Ka) vs. synonymous (Ks) substitutions calculated with
MEGA-3 (6). The average substitution rate (r) of 6.5 x 10" substitutions per synonymous site
per year for grasses is classically used to calibrate the ages of the considered gene (7, 8). The

time (7) since gene insertion is then classically estimated using the formula 7 = Ks /r (8). We



have recently performed this strategy to study the sequence divergence between paralogs and
orthologs for cereals species and subspecies (1, 9, 10). However, as it has been already
reported in cereal (1) and vertebrate genome (11) analyses, this strategy is not the most
appropriate when looking and comparing sequence divergence for old speciation events such
as the 7 shared cereal duplications dating back to more than 50-70 My in the current study. As
a consequence, here, sequence similarity has been accurately investigated based on sequence
alignment identity [see Jaillon ef al. (11) for teleost fish Tetraodon nigroviridis duplication
analysis]. In the current analysis we then investigated the sequence divergence among the
paralogous and orthologous gene pairs based on the average CIP/CALP value ranking from
70 to 100%. For example, an average CIP/CALP value of 100% corresponds to two
orthologous or paralogous sequences that have 100% identity over 100% of the entire
sequence length.

Ancestor genome reconstruction.

The dot plot (12) cluster approach was used to support ancestral genome
reconstruction by taking into account the syntenic and duplication relationships that were
characterized independently between the 5 cereal genomes. First, a series of dot plots was
created for each of the orthologous cereal chromosome segments using rice as a template (12
dot plots). Then, the dot plots were assembled into 5 non-redundant groups of duplicates
based on information from the 7 shared duplications. Dot plots were represented using the
SpotFire software, TIBCO (http://spotfire.tibco.com). The analysis resulted in the definition
of 22 blocks within the 5 ancestral proto-chromosomes delineated by the paleoduplication
boundaries. Within each chromosome blocks, the gene number was estimated as the non-
redundant number of genes (conserved between at least two genomes) present on the dot plot
diagonal. The size of the ancestral genome was then estimated on the basis of the longest
shared sequence conserved between at least two genomes.
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Table S1: Orthologous relationships and shared duplications between the rice, wheat,

barley, sorghum and maize genomes.

Colinear rice, wheat, barley, sorghum and maize chromosomes are displayed on the same
lines in the table. The number of orthologs identified between rice and the 4 other genomes is
indicated in brackets beside each chromosome. Intra-genomic Duplications (ID) are indicated
with black brackets while duplications identified with the Dual Synteny (DS) approach are
indicated with red brackets. Dotted black brackets illustrated the chromosome fusions
identified in maize and sorghum. Dotted and black squares represent lineage specific events in
the Triticeae (translocation between chromosomes 4-5) and maize (tetraploidisation event)
genomes, respectively. The 5 ancestral chromosomes (A5, A7, All, A8, A4) defined by the
shared duplications identified in the four genomes are displayed on the left side with the same
color code as used in the figures in the text. The 2 duplications shared between the Triticeae
and rice chromosomes that do not share a common ancestry but are found on orthologous
chromosomes in both species are indicated with black double arrows. The numbers of
orthologs, paralogs shared and lineage specific duplications are indicated at the end of the

table for the 5 genomes.
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Figure S1 : Enlarged resolution of Figure 1A.

Schematic representation of the 11,737 orthologs identified between the rice chromosomes (r1
to r12) used as a reference, and the barley (bl to b7), wheat (w1l to w7), sorghum (sl to s10),
and maize (ml to m10) chromosomes. Each line represents an orthologous gene. The 5
different colors used to represent the blocks reflect the origin from the 5 ancestral proto-

chromosomes (1).
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Figure S2 : Enlarged resolution of the article Figure 1B.

Schematic representation of the 4,382 paralogous pairs identified within the rice (rl to r12),
barley (bl to b7), wheat (w1 to w7), sorghum (sl to s10), and maize (ml to m10) genomes.
Each line represents a duplicated gene. The 5 different colors used to represent the blocks

reflect the origin from the 5 ancestral proto-chromosomes.
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Figure S3 : Enlarged resolution of the article Figure 2A.

The synteny between rice (r), considered as the reference sequence (vertical), and maize (m)
or sorghum (s) (horizontal) is shown as 12 dot-plots. The rice/sorghum synteny is depicted
with 12 red dot-plots. The synteny between rice and maize is displayed as 12 blue and green
dot-plots (reflecting the tetraploid nature of the maize genome). The seven paleo-duplications
are indicated by grey blocks within the dot plots. 22 ancestral proto-chromosome blocks
(from AS5S3 to A7L2) were identified with respect to paleo-duplication boundaries shown
with grey blocks on A5, All, A8, A4, A7 harboring different colored blocks reflecting the
origin from the 5 ancestral proto-chromosomes. The number of conserved genes (cumulative
diagonal dot-plots) as well as the physical size (cumulative coding sequence length) of each

proto-chromosome block is shown in parenthesis on the right end side of the figure.
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Figure S4 : Evolution of the cereal proto-chromosome gene functions.

Graphical representation of the number of genes (in log scale) identified for the 65 Gene
Ontology (GO provided on the left end side) classes established for the 41,046 rice genes
(http://gnn.tigr.org/tdb/e2k 1/osal/GO.retrieval.shtml). The pink distribution represents the
GO distribution for the rice genome and the blue distribution the number of genes for the
corresponding GO classes observed for the ancestral genome gene content, i.e. genes that are
conserved between at least two of the cereal genomes analysed in this work. Blue and pink
stars indicate the GO classes that are statistically underrepresented in the ancestor and in the

actual cereal genomes, respectively.
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