
news  and  v iews

nature genetics | volume 46 | number 7 | july 2014 661

consequences1. On page 693 of this issue, 
Matthew Berriman and colleagues2 report 
the genome sequences of two Trichuris spe-
cies: Trichuris trichiura, a human pathogen, 
and Trichuris muris, its mouse counterpart. 
On page 701,  Aaron Jex and colleagues3 report 
the genome sequence of the pig whipworm 
Trichuris suis. According to the most recent 
estimates, T. trichiura alone infects more 
than 700 million people, mostly children4.  
T. muris, used as a model of the human dis-
ease, has been exploited to better understand 
the role of the host immune system in control 

the precise mutations involved in phenotypic 
variation that is not medically relevant5,6, 
questioning whether we learn anything 
other than ‘molecular details’. Despite the 
fact that there is an almost overwhelming 
amount of data documenting changes in gene 
expression—from comparative studies using 
approaches from in situ hybridization to high-
throughput RNA sequencing (RNA-seq)— 
in a wide range of species, we know little 
about the general mechanism by which these 
changes occur, especially in cases of adapta-
tion. And there are many possibilities: evo-
lution could result in the creation of new 

regulatory elements or the ablation of existing 
ones or might tinker with their effectiveness 
(as in the change in affinity for transcription 
factor binding shown here), to name a few. 
Although a general understanding of how 
gene expression evolves, especially in eukary-
otes, will require the accumulation of many 
empirical examples, this study represents a 
trusted data point.

Beyond blond: the next steps
The SNP identified by Guenther et al. is, of 
course, not the sole determinant of hair color. 
Change in KITLG expression in human hair 

follicles is one of many factors contributing to 
differences in hair pigment. But, interestingly, 
whereas many pigmentation-related genes 
affect both hair and eye color (explaining the 
strong but imperfect correlation between the 
two), this change in gene expression is associ-
ated with hair pigmentation alone. The next 
step in this research is to understand exactly 
how this small decrease in KITLG gene expres-
sion leads to the relatively large change in hair 
color phenotype. In mice, changes in Kitl 
expression can affect the number, size, den-
dricity, differentiation and pigment synthe-
sis of melanocytes, but as of now it remains 
unclear how the decrease in KITLG expression 
causes blond hair in Europeans. Nonetheless, 
it is precisely this type of detailed study that 
provides the necessary first step toward a com-
plete understanding of how changes in geno-
type translate to changes in phenotype and, 
at the same time, infuses some much needed 
optimism that, at least in some cases, we  
will be able to track down causal variants first 
suggested by GWAS analyses.
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Figure 1  Effect of a single SNP (rs12821256) on hair color. The distal upstream hair follicle enhancer 
of KITLG contains a predicted LEF-binding site overlapping the blond-associated SNP (underlined 
nucleotide). LEF strongly binds the ancestral allele, whereas weak binding of the derived allele reduces 
gene expression by ~20%, resulting in lighter hair color.
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Trichuriasis is one of the three major soil-
transmitted gastrointestinal helminth infec-
tions that cause chronic and debilitating 
diseases in an estimated 1 billion people world-
wide. Trichuriasis, together with ascariasis 
and hookworm, accounts for a major burden  
of global disease, with ensuing economic  
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of the infection5. Importantly, the ova of this  
T. suis are currently being investigated as a 
new therapeutic agent against autoimmune 
diseases6.

Map to new targets
Foth et al.2 and Jex et al.3, along with the recent 
report of the genome sequence of Trichinella 
spiralis7, provide substantial genomic infor-
mation for clade I parasitic nematodes. Foth 
et al.2 report the whole-genome sequencing 
and assembly of the mouse whipworm genome 
for T. muris, using multiple worms and a 
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important regulatory role in stage-specific 
differentiation and the sexual development 
of T. suis, providing another avenue for gene  
disruption. Although T. trichiura–specific 
antigens have not yet been identified for  
vaccine development as with other helminths8, 
the availability of these new genome sequences 
also provides an incentive to develop trichu-
riasis vaccines. 

Host-pathogen interactions
By combining genome sequence with tissue-
specific gene expression data, both Foth et al.2 
and Jex et al.3 give valuable insights into how 
these parasites potentially modulate the host 
response. Mammals become infected with 
Trichuris when they ingest embryonated eggs, 
which hatch in the small intestine and undergo 
larval development into adult worms (Fig. 1). 
The worms eventually penetrate the intestinal 
epithelium of the cecum, where they establish 
intimate contact with their hosts by transform-
ing the epithelial cells into a tunnel-like struc-
ture where the stichosome and bacillary band 
are embedded. Thereafter, the parasite is able 
to exchange molecules and nutrients directly 
with the cytoplasm of the transformed cells. 
Foth et al.2 and Jex et al.3 each identified ser-
ine proteases and serine protease inhibitors as 
being highly overexpressed in tissue-specific 
gene expression profiles for these special-
ized organs in both T. muris and T. suis. The  
protease inhibitors also appear to comprise 
protein domains (such as the WAP (whey 
acidic protein) domain) associated with 
immunomodulatory functions, indicating a 
likely role in controlling inflammation during 
invasion of the intestinal epithelium.

Low-dose infection of certain mouse 
strains with T. muris leads to chronic infec-
tion and reproduces the pathology seen in 
human ulcerative colitis. To investigate the 
host response during infection, Foth et al.2 
performed transcriptome analyses of mouse 
cecum and mesenteric lymph nodes from the 
same infected mice. Both tissues had simi-
lar gene expression profiles and, when com-
pared to tissues from naive mice, displayed an 
upregulation of immune-specific genes con-
sistent with a TH1 response, typical of chronic 
worm infections9,10. Worms like Trichuris 
remain remarkably persistent within their 
vertebrate host, suggesting that they employ 
immunomodulatory strategies to regulate 
host immunity in favor of parasite persistence, 
with minimal induction of immunopathology. 
The transcripts for two cytokines thought to 
control tissue damage in chronic infections 
(interleukin (IL)-10 and IL-22) were seen by 
Foth et al.2 to be upregulated in the infected 
host. Jex et al.3, conversely, propose a model of 

Foth et al.2 report whole-transcriptome 
analysis for T. trichiura and T. muris, and they 
used this dual-species transcriptome analysis 
to identify genes showing sex- or life stage–
specific expression. In addition, they charac-
terized the transcriptional landscape of the 
bacillary band and stichosome, specialized 
cellular structures found in the anterior region 
of whipworms. To explore the host-parasite 
interaction in more detail, they also looked 
at changes in host gene expression during 
the helper T 1 (TH1)-like immune response 
of whipworm-infected mice. Jex et al.3 report 
the whole-transcriptome analysis for T. suis, 
along with stage-, sex- and tissue-specific gene 
expression patterns.

Deworming—or anthelmintic treatment— 
is carried out primarily through mass 
administration of benzimidazole drugs, 
but there is a high rate of reinfection8. Foth 
et al.2 identify close to 400 genes and puta-
tive drug targets for anthelmintic treatment 
on the basis of their essentiality, expression 
patterns and inferred druggability. For a 
number of these genes, drugs already exist 
to treat other diseases. Jex et al.3 identify 
specific short noncoding RNAs that have an 

combination of complementary sequencing 
approaches. This high-quality T. muris refer-
ence map was then used to assemble the draft 
genome of a single T. trichiura male isolated 
from an infected patient in Ecuador. Jex et al.3  
sequenced to ~140× coverage the whole 
genomes from single adult male and female  
T. suis worms, estimating the genome sizes 
to be 83.6 Mb and 87.2 Mb, respectively. 
The haploid genome for the T. muris female, 
in contrast, at 106 Mb is 20% larger than its 
female counterpart in T. suis. Gene num-
bers across the three species vary widely 
from 9,650 in the 75-Mb T. trichiura draft 
genome to 11,000 in the T. muris genome and 
to more than 14,500 in the T. suis genome. 
Although intrachromosomal rearrangements 
were apparent in the comparison of T. muris,  
T. trichiura and T. spiralis2, gene content on 
homologous chromosomes appears largely 
conserved. Both studies found high conser-
vation of genes across the Trichuris species, 
with species-specific differences largely due 
to genes of unknown function. Surprisingly, 
no evidence was found for genes specific to the 
Y chromosome, which was shown to contain 
mostly repetitive sequence. 

Figure 1  The life cycle of the whipworm T. trichiura infecting a human host. Embryonated eggs are 
ingested by the human host as a result of soil-contaminated hands or food. In the small intestine, the 
eggs hatch into larvae that mature into adults, which eventually establish themselves in the mucosa of 
the cecum and ascending colon. Female worms can shed thousands of eggs per day.
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soybean genome because G. max experienced 
a whole-genome duplication (WGD) event 
independently of P. vulgaris4.

Second, because common bean and soybean 
differ in their WGD history, their comparison 
will provide an opportunity for evolutionary 
biologists to study the effects of WGD on 
genome fractionation and homolog expres-
sion5. In fact, an evolutionary comparison of 
the two species has already yielded an inter-
esting observation: Schmutz et al.1 document 
that rates of synonymous nucleotide substitu-
tion are ~1.4× greater in common bean than 
in soybean. The underlying cause of this dif-
ference is not immediately apparent, but it 
may reflect variation in current or historical 
generation times6.

Parallel domestication events
To investigate the domestication history of 
common bean, Schmutz et al.1 resequenced 
the genomes of 160 wild and cultivated acces-
sions, representing both the Mesoamerican 
and Andean domestication events. With these 
data, they applied demographic modeling to 

shifts occurred not once but twice, as com-
mon bean was domesticated independently 
in Mesoamerica (probably in what is now 
Mexico) and the Andes3. These independent 
domestication events provide a rare oppor-
tunity to assess the genetic effects of domes-
tication in what is, in essence, a replicated 
evolutionary experiment.

The common bean genome
Schmutz et al.1 sequenced a single P. vulgaris 
accession using a variety of sequencing plat-
forms. Sequences were assembled onto 11 
chromosomes and ultimately represent ~80% 
of the 587-Mb genome. The genome contains 
few surprises in terms of genomic content (it 
encodes 27,000 genes and has a high propor-
tion of recent transposon insertions), but at 
least two features are noteworthy. First, 91% 
of P. vulgaris genes are located within soy-
bean (Glycine max) synteny blocks; hence, the 
genome may prove useful not only to breeders 
of common bean but also to soybean geneti-
cists. An additional benefit is that the com-
mon bean genome is less duplicated than the 

Trichuris-driven immunomodulation in which 
the parasite secretes various molecules with 
relevant properties, including the ability to 
stimulate anti-inflammatory IL-10–producing 
T cells. 

Parasite products as immunomodulators
Many reports indicate that helminth-derived 
molecules have potent regulatory or stimu-
latory effects on the immune system of their 
mammalian hosts11 and that these effects could 
be harnessed as immunotherapeutics against 
diseases considered to primarily affect the 
developed world, such as type 1 diabetes and 
multiple sclerosis12. Jex et al.3 predict that more 
than 600 of the T. suis genes encode excretory-
secretory proteins. Significantly, whereas these 
secreted proteins make up 4% of the T. suis  
genes, they constitute 10% of the transcript 
abundance across all developmental stages. A 
key finding in both Foth et al.2 and Jex et al.3 is 
that many of the genes shown to have higher 

expression in the anterior region of the worm 
could have a central role in immunosuppres-
sion and in inhibiting inflammation during 
damage to the epithelium of the gut. Already, 
T. suis ova are licensed as a medicine and are 
largely considered to be a safe therapy because 
they are rapidly expulsed by the human host13. 
They have been administered to treat Crohn’s 
disease and ulcerative colitis, but their potential 
use in controlling inflammatory bowel diseases 
(IBD) recently suffered a setback when clini-
cal studies failed to demonstrate a statistically 
significant effect14. In contrast, clinical tests in 
multiple sclerosis are proving encouraging15. 
The analyses by Foth et al.2 and Jex et al.3  
of these three Trichuris genomes highlight  
specific molecules that could be considered 
to be immunomodulators with therapeutic 
potential for immune-mediated diseases. These  
are likely to become more popular in future 
clinical tests than the alternative, which 
requires the ingestion of a live parasite.
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Common bean (P. vulgaris) comes in a huge 
assortment of fresh and dried varieties, includ-
ing string beans, green beans, French beans, 
kidney beans and pinto beans. Together, these 
and other varieties provide a third of daily 
dietary protein in some cultures, particularly 
in Africa and the Americas. However, until 
now, there has been no reference genome 
for this critical crop. On page 707 of this 
issue, Scott Jackson, Jeremy Schmutz, Phillip 
McClean and colleagues1 report the genome 
of P. vulgaris and use it as a reference to study 
the complex domestication history of the  
common bean. 

Plant domestication is often associated 
with a suite of morphological changes2. In 
the case of common bean, domestication 
has led to increases in seed and leaf sizes, as 
well as to changes in growth habit and other 
features. Moreover, these morphological 

The complex domestication history of the common bean
Brandon S Gaut

a new study reports the genome of common bean (Phaseolus vulgaris) and genome-wide resequencing data from 
both wild and domesticated accessions. These data confirm that common bean was domesticated at least twice, in 
Mesoamerica and south america, and also provide a framework to identify genes that contributed to the phenotypic 
changes associated with domestication.
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