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and the height and length of the pelvis (Figure 1). PelvicReduce Your Pelvis
reduction is hypothesized to evolve in locations charac-in 10,000 Years or Less terized by low calcium and the presence of dragonfly
naiad predators that grab the fish by their spines (Bell
et al., 1993). The two parents in the current QTL analysis
were a marine female with a large pelvis and long spines

While the avid dieter obsesses about reduction of dif- and a benthic, or freshwater, male with no spines and a
ferent body parts, permanent reduction of many struc- reduced pelvis. An F2 population was made and progeny
tures seems to be achieved relatively effortlessly individuals genotyped for many genetic markers. Five
(though much more slowly) throughout evolution. In a QTL were found for the traits of reduced pelvic struc-
recent article in Nature, Shapiro et al. examine one tures—one accounting for the majority of the variance
such example, the genetic basis of pelvic reduction in and four with minor inputs. Pitx1, a candidate gene
the threespine stickleback fish (2004). They conclude known to be involved in hindlimb but not forelimb devel-
that a regulatory mutation in the Pitx1 gene is respon- opment, mapped to the location of the major QTL, in-
sible for the pelvic reduction. creasing the LOD score to 80 (a LOD score of 3 is consid-

ered significant). In the F2 cross, all 70 individuals that
showed complete lack of pelvic spines were homozy-An amazing diversity of forms can exist within species
gous for the benthic alleles in the Pitx1 marker showingor between closely related species, for example the Ga-
no recombination between the phenotype of pelvic re-lapagos finches with different beak sizes and shapes,
duction and Pitx1.the lizard Hemiergis with different numbers of digits,

Further support for the hypothesis that changes inand the African cichlids with different jaw shapes, tooth
Pitx1 are responsible for pelvic reduction comes fromshapes, and behaviors. Until recently, comparative stud-
comparisons between the pelvic reduced sticklebacksies of different species remained descriptive. With the
and the Pitx1 knockout mouse. In this mouse, the fore-advent of new molecular tools, it is now possible to
limbs are normal and the hindlimbs are reduced (withexamine evolution of diversity from the perspectives of
the reduction more severe on the right side). Similarly,modern developmental biology and genetics.
in pelvic reduced sticklebacks, the right side of the pelvisNot all systems are equally conducive to genetic and
and the right pelvic spine are more reduced than thedevelopmental analyses; studies can be severely ham-
left side, and this difference also is linked to Pitx1.pered by complex inheritance systems, difficulty in rai-

If Pitx1 is indeed the causative gene of pelvic reduc-sing an organism, large size of an organism, or inacces-
tion in sticklebacks, in principle, there could be eithersibility of embryos. In particular, vertebrates have been
a coding mutation or a regulatory mutation in this genedifficult to examine. Fortunately, a few very interesting
in the derived benthic form. No coding differences werevertebrate species or species groups have properties
found between the marine and benthic form, which isthat make them amenable to studies of a genetic and
not surprising, because complete loss of this gene indevelopmental nature. One such system, the threespine
sticklebacks would probably cause lethality. Addressingstickleback, contains thousands of different populations
the possibility of a regulatory mutation by sequencethat occur in marine, brackish, and freshwater locations
comparison was not feasible because of the large areaexhibiting differences in body size, number of spines,
in which a regulatory mutation could be located. How-number of plates, pectoral fin size and shape, size of
ever, the experimenters did examine the expression ofpelvis, size and shape of snout, number of gill rakers,
Pitx1 by in situ hybridization in the marine and benthicnumber of vertebrae, and number of ribs (Bell and Fos-
forms, assuming that a regulatory mutation would onlyter, 1994). In recent years, a genetic map and cDNA
affect certain domains of Pitx1 expression. Pitx1 waslibraries have been made of the threespine stickleback
expressed in the marine form in many areas includingand quantitative trait analyses have been performed
the thymus, olfactory pits, neuromasts, caudal fin, andshowing multiple quantitative trait loci (QTLs), chromo-
pelvic region. In the benthic form, there were two differ-somal locations of genes, for a number of traits (Peichel
ences: the pelvic region expression was absent (Figureet al., 2001; Colosimo et al., 2004). These genetic tools,
1) and the caudal fin expression was reduced. Thus, itand the amazing diversity within the group of stickle-
is likely that a Pitx1 regulatory mutation, perhaps in abacks, allow researchers to address previously inacces-
pelvic fin/caudal fin enhancer, is responsible for the mor-sible evolutionary questions.
phological difference in pelvises between the marineThe trait focused on by Shapiro et al. (2004) is pelvic

reduction, which includes the length of the pelvic spines and benthic forms.
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Figure 1. Pitx1 Expression Differences be-
tween the Marine and Benthic Forms Corre-
lates with the Level of Pelvic Reduction

The marine species has a more developed
pelvic region than the benthic species (draw-
ing from Cole et al., 2003). Pitx1 is expressed
in the pelvic region of the st. 29 marine spe-
cies (A, C, D). (C) and (D) are enlarged lateral
and ventral views, respectively, with the
arrows showing Pitx1 expression. Pitx1 ex-
pression is absent in the st. 29 Paxton benthic
individual (B, E, F). (E) and (F) are enlarged
lateral and ventral views showing absence
of Pitx1 expression (reprinted by permission
from Nature, Shapiro et al., 2004, copyright
2004 Macmillan Publishers Ltd. [http://www.
nature.com]).

This study brings us closer to answering many ques- us to address questions about the evolution of body
tions about evolution of the pelvic reduction in the Pax- form that naturalists would never have thought possible
ton benthic population. A second interesting question and that dieters can only fantasize about.
is whether pelvic reduction evolved in the same way or
different ways in other populations. Fortunately, be-

Meredith E. Protas and Clifford J. Tabincause of the wealth of isolated populations of stickle-
Department of Geneticsbacks, Shapiro et al. were able to examine an Icelandic
Harvard Medical Schoolpopulation with the reduced pelvic phenotype. When an
77 Avenue Louis PasteurIcelandic individual was crossed to a Paxton individual,
Boston, Massachusetts 02115the pelvic reduced phenotype was not complemented.

Therefore, it is possible that mutations in the same gene
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into apicomplexan biology and evolution, as well asReduction and Compaction in
the general process of genome reduction in parasites.the Genome of the Apicomplexan The genome is globally compacted, but gene loss
seems to be focused, in particular in relation to or-Parasite Cryptosporidium parvum
ganelles. Massive losses of mitochondrial genes have
taken place and there is no evidence of any plastid-
related genes, providing a useful tool for examining
putative plastid proteins in Plasmodium and other api-The complete genome of the apicomplexan parasite

Cryptosporidium parvum reveals many new insights complexans.


