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Abstract Advances in our understanding of genome struc-
ture provide consistent evidence for the existence of a core
genome representing species classically defined by pheno-
type, as well as conditionally dispensable components of the
genome that shows extensive variation between individuals
of a given species. Generally, conservation of phenotypic
features between species reflects conserved features of the
genome; however, this is evidently not necessarily always
the case as demonstrated by the analysis of the tunicate
chordate Oikopleura dioica. In both plants and animals,
the methylation activity of DNA and histones continues to
present new variables for modifying (eventually) the phe-
notype of an organism and provides for structural variation
that builds on the point mutations, rearrangements, indels,
and amplification of retrotransposable elements traditionally
considered. The translation of the advances in the
structure/function analysis of the genome to industry is
facilitated through the capture of research outputs in “tool-
boxes” that remain accessible in the public domain.

Keywords Genes . Genome .Methylation . Conditionally
dispensable genome regions

Introduction

This mini-review is based on presentations and summaries
presented at Plant and Animal Genome (PAG) XXI, in San
Diego in January 2013. We note that where unpublished
information is cited, permission to include the information
in this manuscript was obtained from the presenters. The
PAG meeting covers a very broad range of data exchange

through many workshops and industry exhibitions, and the
invited plenary lectures within a particular domain provide a
particularly good snapshot of areas that are exciting and
have relevance across the broader plant and animal disci-
plines. In the area of genome evolution and population level
studies, plenary lectures were provided by Michele
Morgante (University of Udine, Italy), Greger Larson
(Durham University, UK) and Daniel Chourrout (Centre
for Marine Biology, Norway); in the area of translating
genomics to industry and modifying specific traits, Gary
Muehlbauer (University of Minnesota, USA) provided in-
sights into the cereals; in the area of analysing changes in
gene expression of organs, Steven Jacobssen provided an
extensive overview; in the area of informatics technology
and communication, Eric Perakslis (US FDA, USA),
Michael B Eisen (UC-Berkeley, USA) and Goncalo
Abecasis (University of Michigan, USA) presented their
views and achievements.

Analysing the basis for change in gene expression

The plenary lecture by Steven Jacobssen reviewed the status
of epigenetic modification in chromatin and the general
issue of gene silencing in plants. The methylation of cyto-
sine (Cm, the “fifth base”) residues is now recognised as a
major variable in the control of gene expression and
assaying Cm can be carried out as a part of a genome
sequencing project using bisulphite sequencing (Cokus et
al. 2008). The Cm-containing genome sequences include
CG, methylated by METHYLTRANSFERASE 1 (MET1);
CHG, methylated by CHROMOMETHYLASE3 (CMT3);
and CHH methylated by DOMAINS REARRANGED
METHYLASE 2 (DRM2)1. The DRM2 enzyme is required

1 The H designation represents the bases A, C or T
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for the methylation of the cytosines in all the sequences. The
methyltransferase, kryptonite (KYP/SUVH4), is responsible
for the dimethylation of histone H3 and also binds to meth-
ylated DNA to provide an association between DNA and
histone methylation that is similar to that observed in ani-
mals (Johnson et al. 2007). Specific regions of the genomic
DNA such as retrotransposable elements can be methylated
through an RNA directed pathway involving RNA poly-
merases IV and V, plus small interfering RNAs (Zhong et
al. 2012). Demethylation of histones (Krichevsky et al.
2011) and specific loci in genomic DNA (Penterman et al.
2007) are additional variables in the control of gene expres-
sion. In a genome-wide analysis, Stroud et al. (2013) mapped
the variation in methylation at the single nucleotide level
within the Arabidopsis genome, in response to mutations in
a set of 86 genes involved in the gene silencing pathway. As
expected, mutation in MET1 eliminated CG methylation
wh i l e mu t a t i o n s i n t h e g e n e s VAR IANT IN
METHYLATION (VIM1, VIM2 and VIM3) dramatically
affected methylation but showed functional redundancy with-
i n the g roup . The gene DECREASE IN DNA
METHYLATION 1 was associated with methylating mainly
DNA in heterochromatin. The methylation of CHG, again as
expected, was depleted by mutation in CMT3. Mutations in
KYP, SUVH5 and SUVH6 showed similar effects when com-
pared to each other. The mutations did not however show a
uniform loss of CHG methylation and it was evident that the
DRM1/2 genes also defined sites of methylation that did not
overlap CMT3 targets. Themethylation of the CHHmotif was
found to be closely linked to methylation of CHG but differ-
entiation between the sites was found in that KYP SUVH5/6-
regulated CHH methylation in a RNAi-dependent manner.
The gene networks controlling DNA methylation included
genes controlling the RNAi pathway as well as those modify-
ing chromatin structure. It was evident that new factors and
gene networks controlling DNA methylation remain to be
discovered (Berdasco et al. 2008; Stroud et al. 2013).

Changes in DNA methylation in response to biotic stress
(Dowen et al. 2012) and in the tissue culture of cells (Cheng
et al. 2006) have been reported. In rice, the Tos17-LTR
retrotransposable elements that are activated by the tissue
culture process are undermethylated, in contrast to plants
regenerated from tissue culture where the Tos17 elements
are successively methylated again with each generation
(Cheng et al. 2006). Loss of function of the SET
DOMAIN GROUP PROTEIN (Baumbusch et al. 2001;
Caro et al. 2012) in rice (SG714) decreases DNA methyla-
tion and increases the transposition of Tos17 elements (Ding
et al. 2007). In the case of leaf cells of Arabidopsis reacting
to the biotrophic pathogen Pseudomonas syringae, the fine
mapping of changes in methylation of the genome (Dowen
et al. 2012) has provided evidence for localised changes in
methylation. A prominent phenotype is cell death in

response to the pathogen. Although the overall distribution
of Cm across the genome was similar before and after
infection, a detailed analysis showed that changes in meth-
ylation occurred differentially in gene-rich regions com-
pared to the rest of the genome with a peak in
differentially methylated sites within 1 kb upstream from
the start of transcription. A feature of the distribution was
the differential methylation of transposable elements near
protein coding genes (Dowen et al. 2012). The response of
tissue to salicylic acid, rather than P. syringae, included
more transposable elements and suggested that, on a broad
scale, the programming of DNA methylation is integral to
the control of gene expression.

Genome evolution and population level studies

Daniel Chourrout discussed the coastal marine planktonic
chordate Oikopleura dioica in his plenary lecture. The ge-
nome and transcriptome resources for this organism are well
established in the form of OikoBase (Danks et al. 2012) and
early studies on ribosomal protein, EF-1a, Hox proteins and
tubulin gene families (Edvardsen et al. 2004) indicated that
these invertebrates have a very compact genome (18,020
predicted genes in 70 Mb, Denoeud et al. 2010) with short
introns at variable positions within genes. The Hox genes,
important in development, were not clustered as in most
organisms studied to date (Seo et al. 2004). The genome is
housed within three chromosomes plus an X and Y chro-
mosome and has been found to be under-methylated com-
pared to other species. The striking feature of O. dioica is
that key elements of its genome, in an evolutionary context,
are unique to the species even though its phenotype provides
the basis for its unambiguous classification as a tunicate
chordate (Stach et al. 2008). Most transposable superfam-
ilies of retrotransposable elements are missing from the O.
dioica genome and synteny in chromosomal gene order to
organisms such as Amphioxus, Ciona, Caenorhabditis, and
sea anemone that are related in phenotype has been lost
(Denoeud et al. 2010). A striking contrast exists within the
O. dioica genome between the basic compact structure of
most of the genome and the structure of the Y chromosome
which shows very large introns in the genes housed within
this chromosome (Denoeud et al. 2010). The studies high-
light the significant gaps in our understanding in relating
genome structure to function/phenotype in an organism.

DNA repair genes are missing in the O. dioica genome
which is consistent with the high mutation rates deduced
from a comparison of the genome sequences from
populations from the eastern Atlantic and eastern Pacific
oceans (Denoeud et al. 2010). Mutations in non-silent sites
of genes were low compared to changes in silent sites in
genes, consistent with strong selection pressures (Denoeud
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et al. 2010). It appears that in the context of the core and
conditionally dispensable regions of genome discussed be-
low (following paragraph), the core elements of the O.
dioica genome have changed extensively and that new
DNA sequences have been recruited from the variable,
conditionally dispensable, regions of the genome to provide
the basis for retaining the evolutionary conserved pheno-
types that characterise tunicate chordates.

Genome level of analysis of individuals within
populations of higher eukaryotes has also modified the
way genomes are perceived. In the human genome (PAG
2010 in Appels et al. 2010), the analyses to complete linear
DNA sequences for each chromosome has demonstrated
that a representative single reference genome sequence is
not feasible and, instead, a more complex view is required to
show INDEL polymorphisms, small inversions and dupli-
cations in order to provide a template for analysing SNPs. In
his plenary lecture at the PAG, Michele Morgante discussed
the pan-genome concept developed first in bacteria (Tettelin
et al. 2005) as a basis for considering a genome as consisting
of core and conditionally dispensable elements (Morgante et
al. 2007). In bacteria, Tettelin et al. (2005) compared the
genome sequences of six strains of Streptococcus agalactiae
to those available in databases and found that 80 % of the
genome sequences could be assigned to a core genome. The
remaining 20 % (referred to as dispensable) was found to be
highly variable and included strain-specific genes, and was
suggested to provide a reservoir of genes for modifying the
pan-genome. Mobile and extrachromosomal elements were
found to be prominent in the dispensable part of the ge-
nome. Based on the frequency of discovery of unique genes
in this dispensable part of the genome, Tettelin et al. (2005)
suggested that the total gene complement of a species may
in fact be difficult to determine because new genes can be
continually acquired into this part of the genome through
lateral gene transfer.

In eukaryotes, the properties of the conditionally dispens-
able elements of the genome were classically illustrated in
the control of gene expression by heterochromatin in
Drosophila (Hilliker and Appels 1982). Regions of chromo-
somes defined, by cytology, as heterochromatin contain
long intergenic tracts of simple sequence repeats and can
moderate gene expression depending on their position with-
in the genome (Hilliker and Appels 1982). The long tracts of
gene-free genome sequences are not actually essential for
life as demonstrated experimentally by generating large de-
letions in mice (Nobrega et al. 2004) and can therefore be
defined as conditionally dispensable. A property of condi-
tionally dispensable parts of the genome noted by Morgante
would include the co-option of DNA sequences which con-
tribute to differentiating individuals within a species. These
regions of the genome that differentiate individuals could
also contribute to heterosis/hybrid vigour (reviewed in

Springer and Stupar 2007a) since hybrids show non-
additive gene expression, outside the range of the parents.
If the elements and strain-specific genes within conditional-
ly dispensable regions of the genome contribute to heterosis
through processes of complementation, it would be as part
of a suite of molecular mechanisms ranging from new
protein–protein interactions to new epigenetic states within
the hybrids (Springer and Stupar 2007a, b).

The database of DNA sequence information from the
genomes of plants and animals is rapidly expanding and in
his plenary lecture Morgante showed how this provides a
detailed view of the conditionally dispensable parts of the
genome focused on the analysis of Zea mays (maize) and
Vitis vinifera (grape) genomes. The whole genome compari-
son between the maize lines Mo17 and B73 (Brunner et al.
2005; Morgante et al. 2005) provided evidence for extensive
differences between the two genomes driven by changes in the
retrotransposable element component of the genome, even
though crosses between lines are fertile. The regions of the
genome not shared between the lines amounted to 50 % of the
total sequence space. The fragments of genes in these highly
polymorphic regions included sequences located in helitron
transposable elements that were distributed among the differ-
ent maize chromosomes, as determined from analysing oat–
maize chromosome addition lines (Morgante et al. 2005).
Regions of gene clusters tended to be restricted in their distri-
bution within the genome compared to single exons. Themore
detailed comparison of specific loci on chromosomes 1S, 1L,
2S, 7S and 9S by Brunner et al. (2005) between Mo17 and
B73 showed that colinearity between the genome regions was
fragmented due to the insertion of long terminal repeat (LTR)
retrotransposons and gene fragments. The age of these
inserted LTRs was more recent than that of the colinear parts
of the genome. The effective population size of the non-
colinear or dispensable, sequence segments have been noted
to differ from that of the core genome regions (Brunner et al.
2005) and where they are linked closely to genes affecting
agronomically important traits would be expected to have
significant effects on breeding. In addition to qualitative dif-
ferences between related chromosome regions, quantitative
differences in sequences >1 kb in size (CNVs) relative to
B73, for 13 maize lines (including Mo17), have been deter-
mined using an array-based comparative genome
hybridisation approach (Belo et al. 2010a). Approximately
half of the 2,109 dispersed and clustered CNVs occurred in
only one of the maize lines and have been considered to be
potential contributors to heterosis (Belo et al. 2010b).

The advances in the DNA sequence-based characterization
of the 14 varieties of grapes discussed by Morgante was aided
by the availability of an extensive description of the grape
genome (Jaillon et al. 2007; http://www.genoscope.cns.fr/
externe/GenomeBrowser/Vitis/). The 19 Vitis chromosomes
are represented today by a genome assembly of 33 mapped
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ultracontigs (N50=23 Mb) that provide a 91.2 % coverage of
the genome. Historically, the domestication and development
of grape varieties is closely linked to human settlement and
agricultural practises, from the southern borders of the Black
and Caspian seas to Afghanistan, ca 4000 BC (Olmo 1976).
The transfer of grape plants to environments beyond this
natural range led to hybridisation to wild Vitis species and
produced new lines better adapted to the local environment
(Cipriani et al. 2010). It is estimated that 10,000 varieties
derive from the V. vinifera species originally domesticated in
the Middle East (Olmo 1976). Genetic heterozygosity is a
feature of this crop (Scalabrin et al. 2011). The resequencing
analysis of the 14 grape varieties reported by Morgante used
paired end sequencing and software such as BreakDancer
(Chen et al. 2009) and DNACopy (Venkatraman and Olshen
2007), for analysing structural variation between the genome
sequences. A total of 36,000 INDELS, 1–25 kb in length,
were identified and it was deduced from the analyses that
these were mainly due to transposition events resulting from
the movement of Copia and Gypsy elements. The LINE
elements were particularly polymorphic and it was found that
these polymorphic elements were prominent in introns. An
additional 147 Mbp of large deletions were identified with a
depth of coverage approach. The genes in the stilbene
(Vannozzi et al. 2012), terpene (Martin et al. 2010) and flavo-
noid pathways (Falginella et al. 2010) were used to illustrate
the variation found. In the anthocyanin pathway, Kobayashi et
al. (2004) for example demonstrated that a retrotransposon
(Gret1, 10,422 bp) insertion into the promoter region of the
transcription factor VvmybA1, was associated with the loss of
pigmentation in white cultivars of V. vinifera. This character-
ization of the red vs white skin colour of grapes was consistent
with the importance of transposition events in the domestica-
tion of grapes. A recent transcriptome analysis of V. vinifera
cv Corvina (Venturini et al. 2013) identified 180 genes in the
conditionally dispensable space of the genome, with 50 being
differentially expressed.

The role of introgression to build up the conditionally
dispensable regions of genomes, in the way indicated above
for maize and grapes, throughout the history of domestica-
tion was discussed in detail by Greger Larson. The avail-
ability of a large, and rapidly expanding, databases of plant
and animal species used as a food source provide a basis for
defining the role of introgression in the history of domesti-
cation. In particular, Larson discussed the use of the DNA
sequence databases to quantify variation and estimate the
start of the domestication process while accepting that the
process does not have an end and continues to this day
(Larson and Burger 2013). Three separate domestication
pathways have been defined by Zeder (2012) and have
facilitated the development of population models that define
the duration of the early capture period, the presence and
size of bottlenecks, and the number and geographic

distribution of potential ancestral populations. In the “com-
mensal pathway”, a close link to the advent of agriculture is
usually evident followed by increasing degrees of deliberate
human action as the relationship between humans and the
respective plants and animals increased (Larson and Burger
2013). Animals that were initially predated upon by people
are included in the “prey pathway” where animals that were
first hunted away from human settlements were subsequent-
ly more directly managed as they were brought into closer
proximity with people. The population structure most often
indicates a major bottleneck and short time frame for
change. Plants and animals that followed the “directed path-
way” tended to do so after a long time within the agriculture
system and the process bypasses the early phases of habit-
uation and management and begins with the collection of
plants and the capture of wild animals with the deliberate
intention of controlling their breeding. This directed path-
way is accompanied by a dramatic bottleneck.

In the commensal and prey pathways, admixtures of
populations are an important feature of the domestication
process. The establishment of a high quality (BAC-based)
genome reference sequence for pigs (Groenen et al. 2012)
has allowed the analysis of the features of their domestication.
Studies using nuclear DNA sequences (Groenen et al. 2012)
and mitochondrial DNA sequences from both ancient DNA
and present-day samples by Larson et al. (2010) have provid-
ed evidence consistent for the early evolution of Sus scrofa in
the Island South East Asia (ISEA) region followed by migra-
tion into the rest of the Asia region and Eurasia. The Chinese
domestic pig was argued to be a direct descendant from this
ISEA centre of diversity (Larson et al. 2010). Evidence for
other centres of domestication in the Indo-Burma and moun-
tainous South East Asia regions (Larson et al. 2010;
Charoensook et al. 2011) and a number of centres in Eurasia
(Groenen et al. 2012) form the basis for the network of
domestication. Bottlenecks in the pig lineages due to climatic
change also need to be considered together with extinction
events such as that of a Pacific clade haplotype in South East
Asia (Larson et al. 2010). Admixture analyses carried out by
Groenen et al. (2012) on nuclear DNA sequences within S.
scrofa lineages demonstrated gene flow between the northern
Chinese and European populations and varying degrees of
exchange between domesticated pig lineages and their wild
relatives. The latter was consistent with the semi-managed
state in which pigs were kept in the early agricultural commu-
nities (Groenen et al. 2012).

The analyses of other species closely associatedwith human
societies (Larson et al. 2012; Larson and Burger 2013) consis-
tently indicate that initial domestication processes are clearly
distinguishable from subsequent movement and admixture
with local wild populations. It was also evident that large-
scale genome sequence analyses will continue to impact on
defining the details of the co-evolution of human societies and
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groups of plants and animals. In rice and other cereals, the
extensive genome sequencing is leading to better utilisation of
wild relatives for crop improvement even though comparisons
between the different Oryza genomes (for example) have
demonstrated extensive DNA rearrangement in the colinearity
of genes (Tian et al. 2011). Comparisons between the D
genome donor to bread wheat and barley show conservation
of gene order (Fig. 1) against a background of structural
variation that is known to exist. For both rice and bread wheat,
the wild relatives provide an extensive array of new gene
alleles, and genes per se, for cultivar improvement (Kovach
and McCouch 2008; Trethowan and Mujeeb-Kazi 2008;
Appels et al. 2012) in the directed pathway category of the
domestication process discussed by Larson.

Translation of genomics to industry and modifying
specific traits

Genome sequencing of cereals is now maturing as the BAC-
based sequence assemblies for rice (rgp.dna.affrc.go.jp/IRGSP),
maize (www.maizegdb.org) and barley (International Barley
Genome Sequencing Consortium, IBGSC 2012) are being
utilised across a broad range of applications, with key outputs
being the projection of phenotypic traits important to the indus-
try onto the genome DNA sequence. For the hexaploid wheat
(IWGSC—www.wheatgenome.org; Brenchley et al. 2012) and
the A genome (Ling et al. 2013) and D genome (Jia et al. 2013;
see also Fig. 1) diploid genome donors, the whole genome
sequencing technology has provided an important step in
assigning genome sequences to molecular genetic maps and
traits of agronomic significance (Feuillet et al. 2012). In his
plenary presentation, Gary Muehlbauer provided a focus on
barley molecular genetics with particular reference to
Fusarium head blight (FHB) resistance and integrating geno-
mics resources and genetic variation in wild barleys into barley
breeding programmes. The current physical/sequence map for
barley comprises 4.98 Gb with 79,379 transcript clusters iden-
tified through alignments with cDNA and RNA-seq data. The
annotated genes include 26,159 genes that were supported by
homology to genes in other plant genomes (for example see
Fig. 1; Middleton et al. 2012). Based on RNA-seq data, 55% of
the genes classified as high confidence showed evidence for
alternative splicing (IBGSC 2012) and this was argued to
represent a significant variable in linking gene expression to
the final phenotype. The retrotransposable element/repetitive
sequence content of the genome was estimated to represent
84 % of the total DNA sequence. In addition to the mapping
of single nucleotide polymorphisms by sequencing (IBGSC
2012), surveys of wild and cultivated barleys by comparative
genome hybridisation arrays (Muñoz-Amatriaín et al. 2010)
have also demonstrated that a significant proportion (15 %)
of the barley genome is affected by copy number variation

(CNV) in DNA sequences. The telomeric regions of chromo-
somes were enriched for CNVs and correlated with an enrich-
ment of genes in these regions. It is possible that the CNVs
contribute to the phenotypic diversity of barleys (Muñoz-
Amatriaín et al. 2010) and may relate to the conditionally
dispensable regions of the genome discussed earlier.

In order to translate the basic findings of the barley genome
into industry, Muehlbauer argued that contemporary breeders
utilised molecular data to predict phenotypes that are of value
in novel germplasm for increasing the speed and efficiency of
their programmes as well as reducing costs (Waugh et al.
2010; Comadran et al. 2011; Okagaki et al. 2012; Blake et
al. 2012; Berger et al. 2012). The outputs from research and
germplasm analysis projects in barley are made available to
the industry through The Hordeum Toolbox (THT) which
integrates extensive phenotypic and genotypic data sets for
further downstream analyses (Szűcs et al. 2009; Blake et al.
2012). THT was argued to facilitate the sharing of data be-
tween breeding programmes. The analysis of a complex trait
such FHB has necessitated the analysis of a broad range of
variables ranging from defining resistance haplotypes in wild
germplasms through to defining QTL for FHB resistance on
chromosome 2H and 6H in new molecular marker genetic
maps (Huang et al. 2013). The analysis uncoupled FHB
resistance from head phenotype (two rows vs six rows,
Cuesta-Marcos et al. 2010) and identified novel alleles for
the known and robust FHB QTL and provided a good exam-
ple for the broad integration of technologies. Progressive use
of Genome Wide Association Studies (GWAS, Berger et al.
2013; Cuesta-Marco et al. 2010) expands the database of
molecular information linked to phenotype and THT provides
a valuable model for translating these data to industry.

Informatics technologies and communication

The plenary lecture by Goncalo Abecasis provided insights
into the computational analysis of complex disease loci and
finding rare variants associated with disease in human
populations. The ability to attribute or impute genome varia-
tion to a particular disease has improved as the data set of
genome sequences has increased (The 1000 Genomes Project
Consortium 2012). A specific example was discussed related
to macular degeneration (Li et al. 2006b; Rachauduri et al.
2011) and its association with a ca 70 kb deletion on the long
arm of chromosome 1 (CFHR1-CFHR3) and SNPs in a closely
linked complement factor H locus (CFH). Overall, the analysis
indicated that the CFHR1-CFHR3 deletion and CFH locus
accounted for “modest ” levels of variation in the phenotype,
consistent with the possibility of multiple susceptibility alleles
in the region of chromosome 1 that was analysed (Li et al.
2006a, b). In general, it is apparent that integrating additional
knowledge related to the ancestry of individuals analysed and
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Fig. 1 The advances in cereal genome sequencing provides the basis
for the alignment of genomes and the identification of candidate genes
underpinning significant agronomic traits. The alignment of the barley
and D genome donor of wheat (Aegilops tauschii) genome sequences is
based on the genes that are conserved between the species and illus-
trates the high degree of synteny between the barley and wheat

genomes that can now be exploited for studying specific agronomic
traits in detail. The image was kindly provided by M Pfeifer and K
Mayer (MIPS, Helmholtz-Zentrum Munich, Germany), and for a more
extensive comparison between the D genome and barley, see
Brenchley et al. (2012) and Jia et al. (2013)

6 Funct Integr Genomics (2013) 13:1–9



biological attributes of the trait studied (Li et al. 2006a;
Chasman et al. 2012) is important in utilising GWAS for
defining loci contributing to complex traits. In addition,
DNA sequence information from more individuals would in-
crease the power of detecting rare alleles. The challenge of
attaining a balance between cost of sequencing with respect to
genome coverage, genotype calling and statistical power of the
output data for GWAS was discussed by Abecasis from the
computation point-of-view through the use of the AbCD
(Kang et al. 2013) and Triocaller (Chen et al. 2013) software.

The plenary lectures by Eric Perakslis and Michael Eisen
debated different aspects of freedom to access information for
scientific research. In the Food and Drug Administration of
the USA, Perakslis described the large scale of the records that
are kept in relation to food and drug imports and the use of
PREDICT sof tware (www.fda .gov /For indus t ry /
Importprogram/ucm172743) to handle the risk-based screen-
ing procedures and anticipating innovation. The database
underpinning PREDICT required the details of contents in-
cluding points of origin of the different components within
food and drug products and was a potentially valuable re-
source for pre-competitive research related to food security. It
was noted by Perakslis that this level of data sharing required
an “honest broker” within the frame work of the Federal
Information Security Management Act. The issue of data
sharing and data access was also addressed by Michael
Eisen. The focus for Eisen was the contrasting situations that
related to DNA, RNA and protein sequence databases which
were free to access and the access to scientific text in the form
of publications that was generally only accessible after pay-
ment of a fee. The argument was made that in an area of
science such as represented by the PAG, sophisticated search
engines equivalent to BLAST for DNA, RNA and protein
sequences should be available for words/concepts in order to
enrich the interpretation of complex data sets and draw on
observations and conclusions from the analysis of organisms
outside a particular focused area of interest.
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