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Location of the 9257 and ataxia mutations on mouse Chromosome 18

A.J. Griffith, 2?* G.L. Radice,>* D.L. Burgess;! D.C. Kohrman,* G.M. Hansen;* M.J. Justice;* K.R. Johnson?
M.T. Davisson® M.H. Meisler?

IDepartment of Human Genetics, 4708 Medical Science II, University of Michigan School of Medicine, Ann Arbor, Michigan 48109-0618, USA
“Department of Otorhinolaryngology, University of Michigan School of Medicine, Ann Arbor, Michigan 48109-0618, USA

*Department of Obstetrics & Gynecology, University of Pennsylvania, Philadelphia, Pennsylvania 19104, USA

“Division of Biology, Kansas State University, Manhattan, Kansas, USA

5The Jackson Laboratory, Bar Harbor, Maine 04609, USA

Received: 19 December 1995 / Accepted: 29 January 1996

Abstract. The location of three mutations on proximal Chromo- The balding backcross [(C57BL/@kl/bal x CAST/Ei)F, x C57BL/6J-
some (Chr) 18 was determined by analysis of the offspring ofbal/bal was described by Davisson and associates (1994). The ataxi
several backcrosses. The results demonstrate that ataxia and ﬂpﬂgtoi;o[écaﬁvgg&db;ng tﬁgﬁﬂlgi)sgcr]U(;gztSBl[r{lg‘tji;si-'.o}lv-?:cﬂflgfgéy b
insertional mutation TgN9257Mm are separated by less than 1 ¢ ; ) .

and are located approximately 3 cM from the centromere, while 'S%a/‘ﬁécg' -I;r;?bbe'sg};\'lza:'nrgazzgfsjégisggfﬁﬁgtiae‘ g';pgg%sl

the balding locus is 7 ¢cM more distal. Previous data demonstrated 9 9 P Y ' '

that the twirler locus also maps within 1 cM of ataxia. The cor-

rected locations will contribute to identification of appropriate can- Microsatellite markers.Cosmid clones were isolated from libraries of
didate genes for these mutations. Two polymorphic microsatellitel 99257 DNA by colony hybridization with a transgene probe (Ting et al.
markers for proximal Chr 18 are describeB18Umil and 1_994)‘. P1 clon_es (Plercg et al. 1992) from thg region of the T992_57 inser
D18Umi2.TheLama3locus encoding tha3 subunit of nicein was tion site were isolated with PCR primers derived from the cosmid clones

. . . : (Genome Systems, St. Louis). Primers were synthesized by the Oligo
mapped distal to ataxia and did not recombine Wig9257. nucleotide Facility of the University of Michigan or purchased from Re-

search Genetics (Huntsville, Ala.). PCR amplification was carried out as
previously described (Ting et al. 1993). One primer from each pair was
Introduction end-labeled with T4 polynucleotide kinase (Boehringer-Mannheim) and
. . . . [y-*3P]-ATP (Amersham; Sambrook et al. 1989). Reaction mixtures were
Four interesting mutations have been mapped to the most prox'mﬁ:(cubated at 94°C for 3 min, and subjected to 30 cycles of 55 s each a
10 cM of Chr 18: ataxiadx; Lyon 1955), baldinglfal; Davisson  94°C, 60°C, and 72°C with a model PTC-150 thermal cycler (MJ Re-
et al. 1994), twirler Tw; Lyon 1958), and the transgene induced search). Products were detected by autoradiography after electrophore:
mutation TgN9257Mm Tg9257 (Ting et al. 1994). The ataxia on 6% polyacrylamide/urea gels. In some cases, microsatellite marker
mutation causes a generalized retardation of central nervous sy#ere detected with nonradioactive assays, as previously described (Liu ¢
tem development with progressive paralysis and deathxiax al. 1994).
animals (Lyon 1955). Balding causes hair loss and immunological
anomalies in affected animals (Davisson et al. 1994). Twirler andDther genetic markersThe Cdh2 (cadherin 2) locus (formerljcad
Tg9257produce bidirectional circling behavior due to abnormal was detected by digestion of genomic DNA witied and hybridization
development of the vestibular apparatus of the inner ear. The innevith a 3.5-kbHindlll fragment from the mouse N-cadherin cDNA (Miya-
ear defects observed in twirler af@9257include hypoplasia of ~ tanietal., 1989). DBA/2J contains strain-spectiidh2fragments of 8.1 kb
the semicircular canals, with the lateral canal most severely afénd 3.4 kb which were typed on tlex backcrossEvi3 (ecotrophic viral

: ; P : : insertion 3),Egrl (early growth response 1rl1 (glucocorticoid receptor
fected, and flattening or invagination of the crista ampullaris (Lyonl)’ and the Tg9257 transgene were analyzed as previously described (Jt

1958; Ting et al. 1994). The related phenotypes of twirler andtice et al. 1994; Ting et al. 1994).ama3was assayed by digestion of

T992575u99e5t_ that_ these mUtat'or_‘S may be alleles _Of the S"’,‘m&anomic DNA withTad or Msp and hybridization with MN97, a 2.0 kb

locus, or mutations in two closely linked genes affecting cranio-mouse cDNA encoding the3 subunit of laminin-5 (Aberdam et al.

facial development. 1994b). An RFLP at the Tg9257 insertion site was assayed by hybridiza
To map the transgene insertion in lilg9257more precisely, tion with the AT1 probe (Ting et al. 1994), which detected a 6.8Fklof

we have developed two microsatellite markers from DNA flanking fragment in strain SB/Le and a 5.4-kb fragmentMn spretusDNA.

the insertion site. The position @99257relative to ataxiagx) and

balding pal) has been determined. The results will be importantResults

for future consideration of candidate genes for these mutations. In

addition, the hypothesis of allelism of twirler aindg9257has been

supported by the demonstration that the transgene insertion site

located within 1 cM of ataxia.

olymorphic microsatellite markers for the transgene insertion.A
F&A)n repeat (D18Umiland a (GA)n repeatd18Umi2d were
identified by partial sequencing of a P1 clone that spans the 925
transgene insertion site (Table I)18Umil and D18Umi2 are
separated by approximately 20 kb of genomic DNA and can be
considered as markers for tB@57insertion site. Interstrain varia-
Genetic crossesThe 9257 transgene backcross [(C57BL/6J-Tg/+ x tion in the dinucleotide repeat length was used to follow the seg:
SPRET/Ei)f x C57BL/6J] was previously described (Ting et al. 1994). regation of thed257 locus in genetic crosses.

Materials and methods

* The first two authors contributed equally to this work. Close linkage of ataxia and Tg925The ataxia mutation arose on
Correspondence taWl.H. Meisler the kreisler strain (Lyon 1955) and has been maintained as a cor
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Table 1. Polymorphic microsatellite markers from the Tg9257 insertion site. The was previous|y mapped 3 cM distal to the centromere (Dietrich e

primers for amplification oD18Umilare, from 3 to 3: F, (ATG GTG AAT GTG . ; i
CAT TCC ATT TAG GAA TCT C) and R, (GCA ATC CAG CCA CTC AGT CTT al. 1994; Johnson and Davisson 1994), the locatiof g8257

AGC AGT GC). The primers for amplification @18Umi2are: F, (AGA GTG CAA  ClOSe to the centromere was confirmed.
CTC TGAATA GTG TCT CAG TGG), and R, (TTC TTT TCT GGC TTG ATT TGT
AGT GTG CAC).

Balding locus. The mutation balding was mapped to proximal Chr

Locus Repeat Strain Allele (bp) 18 (Davisson et al. 1994) and placed within 1 cMTaf on the
D18UMIL (CA)., CAST/Ei 260 consensus map (Johnson and Davisson 1994). To measure t
CASA/Rk 260 distance betweefg9257and balding, a balding backcross was
C57BL/6J 275 typed for D18Umil, D18Mit19, D18Mit20and D18Mit30 (Fig.
D18Umi2 (GA)n SPRETIEI 190 1D). The observed gene order and distances were: (centromere
coraLiel 1o RNri8-(1.1 + 1.0D18Mit19-(2.1 + 1.5}D18Umit(2.1 + 1.5)—
kreisler 200 D18Mit30-(3.2 + 1.8)-D18Mit20-(2.1 + 1.5)bal(11.6 + 3.3)-
DBA/2J 204 Grll. These results confirm the location of the transgene marke
CASTIEI 208 D18Umilapproximately 3 cM from the centromere and indicate
that balding is located approximately 7 cM distal to the/ax/
Tg9257cluster.

genic strain by backcrossing to C57BL/6J for more than 40 years.
We detected two alleles @18Umi2in the ataxia congenic line, | 3ma3. The Lama3locus encoding the3 subunit of laminin-5

the 196-bp allele from C57BL/6J (Table 1) and a 200-bp alleleyyas recently mapped cytogenetically to proximal Chr 18 (Aber-

derived either from the original kreisler strain or by mutation. gam et al. 1994a).ama3is known to be expressed in epithelial

Retention of a kreisler allele would suggest tR¥I8Umi2was  gryctures and in the floorplate of the developing neural tube, ani

located within a few cM of ataxia. For direct determination of the \ya5 suggested as a candidate genebédy Tw,andax (Aberdam

distance between these loci, 262 animals from an ataxia backcrogg 5|, 1994b). No recombinations were observed betweena3

were typed forD18Umi2 (Fig. 1A). The observation of a single 43ng D18UmMI1 (0/95) or the Tg9257 transgene (0/68), while a

recombinant indicates that the distance betweeandD18Umi2  gingle recombinant placdcama3distal to ataxia (Fig. 1)Lama3

s 0.4 + 0.4 cM. _ is thus closely linked tar'g9257and may be eliminated as a can-
A subset of 28 backcross animals were also typeddoh2.  gigate gene fomx andbal.

The haplotype of one recombinant animal (Fig. 1A) demonstrated

the gene orderax—D18Umi2—CdhZFigure 1A). The orientation ) )

of the gene cluster with respect to the centromere was determinggd!Scussion

by analysis of the markegvi3, which was reported to be 0.5 cM

proximal to Cdh2 (Justice et al. 1994). RFLP analysis 149257

on a beige-satin backcross that was previously type&¥is (Fig.

1B) demonstrated th&tg9257is proximal toEvi3. SinceTg9257

andD18Umi2are physically linked, the combined data from Fig.

1A and 1B indicate that the gene order is: (centromere)

Tg9257, D18Umi2—-Evi3—CdhZlhe data indicate thaax and

Tg9257are among the most proximal loci on Chr 18.

Genetic mapping data from four backcrosses are consistent wit
placement of th@'g9257insertion and the ataxia locus at a posi-
tion 2-3 cM distal to the centromere of Chr 18. This is more
proximal than the assigned positions on recent consensus ma
(Fig. 2A; Johnson and Davisson 1994). Since the twirler locus wa:
previously mapped to a position less than 1 cM from the ataxia
locus (Lyon 1958, 1975; Lane et al. 1981), its position on the
consensus map should also be changed to reflect the more pro»
mal location of ataxia. The previously reported distance of 3.9 +
Analysis of additional microsatellite marker3o confirm that 3.7 cM (n = 70) between twirler and the centromeric marker
Tg9257 is located close to the centromere, we mapped it relativ®p(18Hc) (Lane et al. 1981) is consistent with the new location.
to three additional microsatellite markers from proximal Chr 18 The higher estimate of 9.6 + 4.1 cM (A 52) between twirler and
(Dietrich et al. 1994; Fig. 1C). The observed gene order and disanother centromeric markedRb6RmaLane et al. 1981) does not
tances are: (centromere)g9257, D18Mit19(2.9 + 2.0)— differ significantly. A revised map consistent with all of the avail-
D18Mit20, D18Mit36-(5.9 + 2.9)Egrl, Grll. Since D18Mit19 able data is presented in Figure 2B. The revised mapping infor

Fig. 1. Gene order on proximal Chr 18.
The crosses are described in Materials
and methods. Each column represents
an observed haplotype; the number of
mice with each haplotype is indicated
at the bottom of each columih) Only
affectedax/axbackcross progeny were
typed. Solid box, kreisler or C57BL/6J
allele; open box, DBA/2J allelB)
Beige-satin backcross progeny. Solid
A. ataxia cross B. beige cross C. Tg9257 cross D. balding cross bOX, SB a||e|e; open bO)M. spretus

a I W W oremiss 190257 W] W] W] oremitss, Tes2s7, Lames W T T MO e O] @O BO O O O WO a”ele(c) T99257 backcross progeny.
ooumz WM O] W owmicoevis W] CIM WO]  oemitzo, Dramitao Om Wm0 oremirs m] B =l |uN |u D18Mit20 and D18Mit30 were typed on
Lamas Ol ow O OEON cort/Grr ML) C1M L] Moveunit, Lames ON N N0 WO the recombinant animals that were
Cdh2 BOO 830 01 4 1 313 11 31 D18Mit30 m] Em] E=] B = A . . "
mazs 11 oo WO CIM CJM CJN OW WO mo  Previously identified (Ting et al. 1994).
t MO COM COMONONOE BO Solid box, C57BL/6J allele; open box,
cr MO CMOMOIN CIM W O® V. spretusallele. (D) Balding
backcross progenyp18Umiil,
- ® * e D18Mit19, and D18Mit30 were typed
D18UmI2, Lama3 199257, D18Mit64 199257, D18Mit19, Lama3 D18Umi, Lama3 . . e f
canz EVi3, DigMitz0 D1amitz0, D1amitso oramice on previously identified recombinant
1 10 i [y S 10 bal animals (Davisson et al. 1994). Solid
7 s ! 7 box, C57BL/6J allele; open boii.m.

T castaneusllele.
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