
The pan-genome represents the 
entire set of genes within a species, 
consisting of a core genome — con-
taining sequences shared between all 
individuals of the species — and the 
‘dispensable’ genome. The idea of a 
pan-genome was first conceived for 
bacterial species in 2005, when the 
genomes of six strains of Streptococcus 
agalactiae were sequenced, revealing 
a core genome containing 80% of 
S. agalactiae genes. Since then, there 
have been efforts to elucidate the 
pan-genome of many species beyond 
bacteria. Assembling and studying 
pan-genomes has shown that relying 
on a single reference genome for a 
species can have an adverse effect on 
our understanding of the genomic 
basis of diverse traits. For example, 
many agronomically important genes 
in plant species are most often found 
in the dispensable genome.

Putting together a pan-genome 
for a genome more complex than 
those of bacterial species was facil-
itated by improvements in genome 
sequencing technologies, particularly 
long-read sequencing. Larger 
genomes contain higher proportions 
of repetitive sequences (up to 50% of 
the human genome and up to 90% 
of plant genomes consist of repetitive 
DNA), which are more difficult to 
analyse using short reads.

The first plant pan-genome was 
published in 2014, in a study by 
Li et al. The authors sequenced seven 
accessions of Glycine soja, a wild 

relative of cultivated soybean (Glycine 
max). Cultivated soybean has lost 
much of its genetic diversity through 
domestication, and so G. soja repre-
sents a potential source of new genes 
for soybean improvement. The seven 
accessions used represent 87% of the 
genetic diversity found in G. soja. 
Performing de novo assembly of the 
genomes rather than resequencing, 
the authors found that approximately 
80% of the pan-genome is present 
in all seven accessions, representing 
the core genome of this species. 
However, the dispensable genome 
of G. soja contains more than 51% 
of gene families. Ultimately, this 
study concluded that having a single 
reference genome for a species does 
not adequately represent the genetic 
diversity across the population.

Subsequent plant pan-genomes 
have equally shown the importance 
of looking at the entire gene reper-
toire in a species. A study of 54 lines 
of the grass Brachypodium distachyon 
yielded a pan-genome containing 
twice the number of genes found 
in any single individual. Many of 
the genes found in the dispensable 
genome are involved in functions 
such as biotic stress response and 
development. Indeed, disease resist-
ance genes are among the 4,873 genes 
in the tomato dispensable genome. 
As climate change and decreases in 
arable land worsen, these pools of 
genetic diversity in the dispensable 
genome represent a promising 

avenue for introducing beneficial 
genes into important crop species.

The inadequacy of single ref-
erence genomes is not reserved to 
plants. A study by Sherman et al., 
published in 2018, sequenced a 
dataset of 910 human individuals of 
African descent, working towards 
assembling a human pan-genome. 
The authors estimated that up to 10% 
of the sequences in the total genome 
are missing from the reference, many 
of which fall within protein-coding 
genes. Having a human pan-genome 
— or the pan-genome of a subset 
of the human population — allows 
the discovery of variants that are 
missing from the reference genome 
but may be associated with specific 
phenotypes. Attempts to create a 
human pan-genome are relatively 
rare compared with other species, 
although efforts are underway to 
capture global diversity.

Major challenges remain. The 
studies by Li et al. and Sherman et al. 
were conducted using short-read 
sequencing. This requires increased 
sequencing coverage to ensure suf-
ficient coverage to identify variants 
with confidence. The complexity of 
human and plant genomes makes 
assembly of deep sequencing reads 
time-consuming and computationally 
expensive. For example, no compu-
tational tool exists that is powerful 
enough to assemble a pan-genome 
representing all human sequence 
variation. Advances in sequencing 
technology and computational tools 
to assemble genomes should facilitate 
the construction and study of pan-ge-
nomes from humans, plants and 
many other species.
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