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Developmental genetics of mouse Tail-short(Ts)

mutant.
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Mice with the Tail-short (Ts) mutation have a shortened, kinky tail
and numerous skeletal abnormalities, including a homeotic
anteroposterior patterning problem involving the axial skeleton. The
phenotype is variable on different genetic backgrounds as is seen in
many other mouse mutants. The viability of Ts heterozygotes varies
dramatically, depending on the mouse strain crossed with the mutant
strain. At the extremes, the heterozygotes are viable or lethal
prenatally. This indicates that some genes play critical roles in mouse
embryogenesis in cooperation with Ts mutant gene, and that they are
functionally polymorphic among inbred strains.

In this study, outcross experiments between the original Ts stock
and several inbred strains clearly indicated that laboratory mouse strains
could be divided into two groups. A cross with strains from the first
group yields viable Ts heterozygotes, while a cross with strains of the
second group results in dominant lethality in utero. On the basis of that,
I planned to map gene(s) that controls strain differences in the viability
of the Ts heterozygotes. Detailed linkage analysis indicated that a single
chromosomal region, genetically inseparable from the Ts locus, is
responsible for the difference. This result suggests that there exists
polymorphism at Ts locus among inbred strains, and the allelism affects
the viability of the Ts heterozygotes.

The different manifestations of the phenotype of Ts heterozygotes
between these two crosses were useful to understand the function of the
Ts gene in different stages of mouse embryogenesis. [ investigated the
phenotype of the Ts mutation in crosses with the two groups of strains,
which give viable and lethal Ts embryos respectively. Some defects,
represented by the developmental retardation, were common to embryos
both in the viable and the lethal crosses, and were generally emphasized
in the lethal cross. Morphological and histological analysis indicated
that Ts embryos from the lethal cross exhibit more severe developmental
defects from the gastrulation stage through to the early fetal stage. In
particular, the umbilical vein does not develop properly, which may be
the cause of the lethality of the Ts heterozygotes around 12.5 dpc.

Morphological anomalies of the Ts heterozygotes in the lethal cross
were observed in as early as neural plate stage. The embryonic region
was poorly developed compared with the extraembryonic region. The
phenotype was due to formation of excess mesoderm in the
extraembryonic region, which is derived from the posterior primitive
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streak. The excess mesoderm was accompanied by the ectopic
expression of Brachyury (T) gene in the proximal embryonic region. At
the fetal stage, the derivatives from distal embryonic region, notochord
and tail-gut, showed hyperplasia in the most caudal region of Ts
heterozygotes. On the other hand, the tail-bud mesenchyme was poorly
formed, which explains the cause of the caudal truncation, the phenotype
of Tail-short, in Ts heterozygotes. The inappropriate allocation of the
mesodermal cells at the early gastrulation stage in Ts heterozygotes may
cause shortage of progenitors of the embryonic mesodermal cell in the
primitive streak, and results in the defect in the tail-bud formation.

In the later developmental stage, several lines of evidence for the
disturbance in establishment of the segmental identity were observed in
Ts heterozygous embryos, which is associated with alternations of
expression pattern of marker genes. Among neural tube defects,
malformation of the hindbrain was common phenotype of Ts
heterozygotes. When segmentation in the hindbrain of Ts heterozygotes
was examined, the boundary of Krox20 expression was altered.
Additionally, in the viable cross Ts heterozygous mice showed several
homeotic transformations in the axial skeletal formation with high
reproducibility. Most characteristic two phenotypes were posterior
transformation of the cervical vertebra to the thoracic vertebra, and an
additional vertebra in the wupper thoracic region with anterior
transformation of all the prevertebrae caudal to the additional vertebra.
Overexpression of Hoxcé6 gene in the posterior segments of Ts
heterozygotes was associated with the anterior transformation.

From study of the phenotypes of Ts heterozygous embryos, I
hypothesized that there are two major functions of Ts gene in normal
mouse embryogenesis in two different developmental stages. In early
embryonic stage, Ts gene plays an important role in mesodermal
patterning in primitive streak along anterior-posterior axis. In addition,
Ts gene is also involved in specification of the segmental identity of
hindbrain and prevertebrae. Considering these two putative functions,
Ts gene plays a crucial role in establishment of mouse axial body plan
from early gastrulation stage through to early fetal stage. Ts mutation
disturbs its normal functions and causes numerous anomalies in mouse
embryogenesis. This study suggests that the variable manifestations of
the mutant phenotype depends on allelic forms at the Ts locus of mating
partners.
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