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We report the localization of two genes expressed in 
anterior pi tui tary thyro t rope  cells, thyrotropin-  
releasing hormone receptor (Trhr) and thyrotroph em- 
bryonic factor (Tey'), on mouse Chr 15. Trhr is a G-pro- 
tein-coupled receptor that activates the inositol phos- 
phol ip id-ca lc ium-prote in  kinase C transduct ion 
pathway upon the binding of the hypothalamic factor, 
thyrotropin-releasing hormone (TRH; Straub et al. 
1990). TRH increases the production and secretion of 
thyroid stimulating hormone (TSH) by anterior pitu- 
itary thyrotrope cells. TSH is necessary for growth 
because of its role in the development of the thyroid 
gland and the production of thyroid hormone. Tefis a 
leucine zipper transcription factor that is related to the 
bZIP family (Drolet et al. 1991). While Tefis expressed 
broadly in the adult, expression in the embryo is con- 
fined to the developing thyrotrope cells of the anterior 
pituitary (Drolet et al. 1991). This expression follows 
the same temporal and spatial pattern of the beta sub- 
unit of TSH (Tshb). Moreover, Tefhas been shown to 
bind three sites in the mouse TSHb promoter and stim- 
ulate Tshb promoter activity in transiently transfected 
CV-1 cells (Drolet et al. 1991). 

Using an interspecific backcross provided by The 
Jackson Laboratory, (C57BL/6J x M. spretus)F1 x M. 
spretus, we localized Trhr and Tel on mouse Chr 15. 
We first linked Trhr and Tefto mouse Chr 15 by hap- 
lotype analysis with two simple sequence repeat mark- 
ers that were previously characterized on this cross, 
D15Mit3 and D15Mit16 (The Jackson Laboratory, un- 
published results). We then confirmed the localization 
of Trhr and Tef with D15Mit10. 

Trhr and Tef were typed with RFLPs that were 
detected by Southern blot analysis, performed as pre- 
viously described (Lossie et al. 1993). A 980-bp 
EcoRV to BstXII fragment, which corresponds to 
amino acids 371 to 393 plus 900 bp of 3' untranslated 
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region, was isolated from the mouse Trhr cDNA clone, 
pBSm TRHR (Straub et al. 1990), labeled by the ran- 
dom hexanucleotide method (Feinberg and Vogelstein 
1982), and hybridized at 65~ to blots prepared from 
genomic DNA digested with TaqI. This detected a 
C57BL/6J specific allele of 14.2 kb and an M. spretus 
specific allele of 6.3 kb. Southern blots of genomic 
DNA digested with BgllI were hybridized at 57~ to an 
800-bp TefcDNA clone. The TefcDNA fragment was 
prepared by reverse transcription of mRNA from 
mouse thyrotropic tumor cells and subsequent PCR 
amplification with oligonucleotide primers. The prim- 
ers were designed from the rat sequence to span the 
start and stop codons, thus amplifying the open read- 
ing frame (Drolet et al. 1991). The 30 mer oligonucle- 
o t ide  p r i m e r  5 ' - G C G G A T C C A T G G A G A A C -  
CCCCCGCGCGAGA-3' spans the starting ATG and 
introduces a BamHI site. The 36 mer oligonucleotide 
primer 5'-GCGAATTCTTACAAGGGCCCGTACT- 
TGGTCTCATAC-3' spans the termination codon and 
adds an EcoRI site. The resulting amplification prod- 
uct was purified and cloned into pGEM11 (Promega). 
The identity of the clone was verified by DNA se- 
quencing. Tef cDNA hybridized to fragments of 6.1, 
5.5, and 3.5 kb in C57BL/6J DNA and to fragments of 
7.2, 5.5, and 3.2 kb in M. spretus DNA. 

D15MitlO was mapped by PCR with 100 ng of 
mouse genomic DNA in a 10-txl reaction as previously 
described (Lossie et al. 1993). The resulting polymor- 
phic amplification products were separated on a 2% 
agarose gel and yielded bands of 230 bp for the C57BL/ 
6J DNA and 170 bp for the M. spretus DNA. 

We established the unambiguous gene order on the 
basis of haplotype analysis of 86 backcross progeny 
(Fig. 1). The intergenic distances (cM) were deter- 
mined, and standard error was calculated with these 
and additional animals: D15Mit10-lO.1 + 3.2-Trhr- 
13.2 + 3.6-D15Mit3-8.6 +_ 2.9-Tef-ll .O +- 3.3- 
D15Mitl6 (Fig. 2). The relative positions of the anchor 
loci, Myc and Gdc-1, were estimated from data previ- 
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DISMitlO �9 [] [] �9 [] �9 [] �9 [] �9 �9 [] 
rrhr �9 [] �9 ~ ~ �9 [] �9 f ]  �9 [] �9 

DISMit3 �9 [] �9 [] �9 [] [] �9 [] �9 [] �9 
Tel �9 ~ �9 ~ �9 ~ �9 ~ [] �9 ~ �9 

Dl5~'tla �9 [] �9 [] �9 [] �9 [] �9 [] �9 [] 
28 22 3 5 7 5 3 5 3 4 0 1 

Fig. 1. Haplotype distribution of 86 backcross progeny. Each col- 
umn represents a chromosomal haplotype. The number of animals 
observed with each haplotype is given below the column. Animals 
were scored at each locus (left) as heterozygous for the M. spretus 
and C57BL16J alleles (m) or homozygous for the M. spretus alleles 
(~). 

ously reported (Brannan et al. 1992; Dietrich et al. 
1992; Domalik et al. 1991; Eicher and Lee 1991). The 
ordering of the simple sequence repeat markers is con- 
sistent with the previous report (Dietrich etal .  1992). 
The genetic distances between loci on proximal and 
distal Chr 15 are known to vary significantly between 
crosses (Brannan et al. 1992; Dietrich et al. 1992; 
Domalik etal .  I991; Eicher and Lee 1991; Mock et al. 
1991). Variability between crosses is not uncommon 
(Reeves et al., 1990). 

Genes from human Chr 5, 8, 11, 22, and 12 have 
been assigned to mouse Chr 15 (Mock et al. 1991). Our 
localization of Trhr places it close to two genes that 
have been mapped to human chromosome 8q, Myc 
and Tgn. The assignment of TRHR to the long arm of 
human Chr 8 (Eidne et al. 1993) is consistent with our 
localization and extends the previously observed syn- 
teny conservation between human Chr 8 and mouse 
Chr 15. 

Both Trhr and Tel are expressed in nonpituitary 
tissues in adults (Drolet et al. 1991; Straub et al. 1990), 
suggesting that lesions in these genes could produce 
pleotropic effects or lethality. However, the expres- 
sion and expected role of these genes in thyrotrope 
function suggest that lesions in Trhr or Tel would di- 
rectly affect the function of the thyroid gland, leading 
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Fig. 2. Genetic map of Chr I5. This linkage map of mouse Chr 15 
was constructed on the basis of the haplotype analysis of loci re- 
ported here. The map distances, in cM, were calculated from the 
recombinant fraction observed for each interval (left). The approx- 
imate positions of the anchor loci Myc and Gdc-1 are indicated. 

to hyper- or hypothyroidism. In such a case, we would 
expect animals to be normal sized at birth but exhibit 
a subsequent increase or decrease in growth. Two 
mouse mutations on Chr 15 are characterized by small 
size, miniature (mn) and congenital goiter (cog; Lyon 
and Searle 1989). Evaluation of the endocrinology of 
cog~cog mice suggested that the synthesis or process- 
ing of thyroglobulin (Tgn) is defective, resulting in pri- 
mary hypoythyroidism (Beamer et al. 1987). This hy- 
pothesis is strongly supported by the demonstration 
that Tgn and cog cosegregate (Taylor and Rowe 1987), 
although the molecular basis for the defect has not 
been described. Mice homozygous for mn are 25% 
smaller than their normal littermates at birth, but have 
normal body proportions (Bennett 1961). They exhibit 
a dorsal-ventral flattening of the skull and unusually 
high rates of mortality, especially in early develop- 
ment (Bennett 1961). The mn mutation has been linked 
to Ca, N, and bt on Chr 15, but the lethality of mn/mn 
mice complicated the determination of gene order 
(Wallace and Mallyon 1972). Thus, further mapping 
studies are necessary to determine the localization of 
mn in relation to Tef and Trhr. 
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