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Abstract. We describe the genetic mapping of hyperphenylal-ing: 50 mv KCI, 10 mwv Tris-HCI, 0.1% Triton X-100, 2 na MgCl,, 0.05
aninemia 2 liph2), a recessive mutation in the mouse that causegnv dNTPs, 0.0924wm each primer, 0.25 unit Tag DNA polymerase (Pro-
deficient amino acid transport similar to Hartnup Disorder, a hu-w:g%e'\r’][g:’nifggyir\]’vg angle-ﬁ:'eggﬁ t?gﬁﬁ-fyvélé??&&:{;@?\lﬁ'ifﬁgﬂgg it
man genetic amino acid transport disorder. Fph2 locus was : |GV . o ! o
mapped in three separate crosses to identify candidate genes fgf ZfOL?x""r;%fg%fgre'zgéir%Yf(;rzoscn;'c:}' 73?n?r¥’dle§ogf f(09r41Cmfi?1r_ 1A?nsplliin51gr§
hph2and a region of h(_)mology in the _human genome Where W&yere resolved on agarose gels (3—-4%) and visualized by ethidium bromid
propose the Hartnup Disorder gene might lie. The mutation mapgtajning.

to mouse Chromosome (Chr) 7 distal of the simple sequence The SSLP markers employed a@7Mit7, D7Mit12, D7Mit71,
length polymorphism (SSLP) mark&7Mit140 and does not re- D7Mit140, D7Mit141, D7Mit189, D7Mit223, D7Mit293, D7Mit36and
combine withD7Nds4,an SSLP marker in the fibroblast growth D7Nds4.These will be referred to by the MIT number, e B7Mit12 will
factor 3 Fgf3) gene. Unexpectedly, the mutant chromosome af-be indicated as2. Each marker has been mapped to distal Chr 7 (see

fects recombination frequency in tBEYMit12 to D7Ndsdinterval. Dietrich et al. 1994 and Mouse Genome Database 1996). Allele sizes fo
BTBR and 129/Sv Pas have been entered in the MIT database.

SSLP allele sizingeach PCR amplification reaction was spiked with a
small amount of alph&2P dCTP (Dupont-NEN, Boston, Mass.). Amplim-

. . . - - rs were resolved on 8% denaturing polyacrylamide gels (BioRad, Her
Several recessive, N-ethyl-N-nitrosourea-induced mutations in th%ules‘ Calif.) and visualized by autoradiography with Fuji Medical X-Ray

mouse affecting phenylalanine catabolism have previously beefym (ry;i Film Co, Japan). BTBR and 129 amplimers were sized with a
isolated and analyzed (McDonald and Bode 1988; McDonald et alsequencing ladder run in adjacent lanes. In addition, amplimers from B6

1990; Shedlovsky et al. 1993). Another mutatibph2,isolated in DBA/2J, and AKR/J or A/J were used as standards.

the same screen affects amino acid transport rather than phenyl-

alanine catabolism. The mutant phenotype (SYm”'a et al. 1996&alculation of genetic distanc&Recombination frequency between
resemble_s Hartnup Dls_order (B_aron etal. 1956; I__evy 1995). Her%djacent markers was converted to genetic distance in cM, assuming r
we describe the genetic mapping of theh2 mutation to mouse  j5,ple recombinants.

distal Chr 7. Analysis of these data revealed thathle2 mutant

chromosome unexpectedly affected recombination in the region

when inherited in one mating orientation. This genetic phenom-Results

enon deserves further investigation.

Introduction

Mapping hph2.The hph2mutation, induced in the inbred BTBR
Materials and methods mouse strain, was identified in mice of mixed BTBR and 129
genetic background. In an initial mapping cross, homozygous mu

tant males from this outbred stock were matedvtospretus and

Animals. Mice were bred and maintained by standard methods of mous ; .
husbandry (Les 1966). SWR/J (SWR) and C57BL/6J (B6) mice were obT: daughters were backcrossed to their homozygous mutant fé

tained from The Jackson Laboratory (Bar Harbor, Me.); BTBR/PastherS' Twenty-four progeny were tested for r.nUtant phenotype, an
(BTBR) and 129/Sv/Pas-Sl/+ (129) were bred in our laboratory. All mice DNA was prepared from tissues of each animal. The approximat
were bred and maintained on Purina 5001 feed (Purina Mills, RichmondmMap position ofhph2was determined by genome scanning with
Ind.). HPH2 mice were congenic on BTBR (N 13). The HPH2 pheno- SSLP markers polymorphic between the two laboratory inbrec
type was determined by delayed clearance of an injected load of phenyktrains andVl. spretusEach marker could be employed to scan 22
alanine as described by McDonald and associates (1990). Mutants wesM at 95% confidence (Silver and Buckler 1986), and approxi-
distinguished from heterozygotes by elevatetb{fold) blood phenylala-  mately 95% of the genome was scanned (data not shown). Th
nine 2 h after challenge. mutation mapped to Chr 7 and cosegregated with markerd 2,
andNds4at map positions 60, 66, and 72 cM from the centromere,
DNA isolation. DNA was prepared by a scaled-down modification of respectively (Mouse Genome Database 1996).
Phillips and Nadeau (1984). To confirm and refine the map position, two larger crosses
were constructed with HPH2 mutant mice congenic with BTBR.
Several SSLP markers on distal Chr 7 were polymorphic betwee
BTBR versus strains SWR and B6 (Dietrich et al. 1994). There-
_— fore, the latter two strains were chosen for large mapping crosse
* Present addressLawrence Berkeley Laboratory, Berkeley, California that were carried out both by intercrossingdhimals to produce
94720, USA. an F, generation and by backcrossing to the BTBR mutant line.
Correspondence tdw.F. Dove BTBR-hph2/hph2females breed poorly; therefore, Fmales were

PCR. Amplification of SSLP markers was performed in buffer contain-
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backcrossed to BTBRph2 + females, and Ffemales were back-
crossed to BTBRyph2/hph2males. Mutant phenotypes were de-

termined by delayed phenylalanine clearance (McDonald et al.

1990). From the Fintercross, progeny were first screened for

mutant phenotype. Among the non-mutant class only heterozy-11p15
gotes were further screened. These were distinguished from non-

carriers by their genotype at the linked markiér From the SWR

crosses, 453 progeny were obtained, and DNA from each was

screened for recombination events distal to marké&3 cM from
the centromere. Initially, animals were genotyped#@ndNds4,

99

Distance (cM) t Marker

66 D7Mit12
[ 69 H19, Igf2 (D7Mit46),
Ins2, Mash2
71 D7Mit140
11q13[ 72 hph2, Cend1, Fis1,

D7H11S814, Fgf4,
Fgf3 (D7Nds4)

one of the distal markers in these crosses (Dietrich et al. 1996). _ _ _ _ N
Recombinants in this interval were then genotyped for a number ofig. 2. A linkage map of thenph2region of distal Chr 7, with positions
additional markers in the region. It became clear after scoring onlyaken from the Mouse Genome Database, 1996. The positidptu is

18 animals from the SWR crosses thgth2 mapped distal to

marker71, which was then used for all subsequent recombinan

screening. Next, recombinants in th&to Nds4interval (52 total)
were genotyped fof2; recombinants distal td2 (19 animals)

shown relative to genes mapped to this region. Regions of the huma
enome that are homologous to mouse distal Chr 7 are indicated by th
rackets at the left of the chromosome (see Debry and Seldin 1996). Not

that hph2 may be proximal or distal t®7Nds4.No markers have been

reliably mapped distal t®7Nds4exceptFgf4 andCcnd1,which lie within

were then analyzed for mark&d0. The number of recombinants several hundred kb of this marker.
in each interval is shown in Figure 1la. Among animals recombi-

nant bewveerl‘"(.) and Nd.S4.‘ markers189, 223, 293and 362 .a” Table 1. Summary of recombination frequencies in D@Mit12 to D7Ndsdinterval
cosegregated witNds4.Similarly, from the B6 cross, 107 animals i, the mapping crosses and crosses between wildtype BTBR and SWR.
were first screened for recombination betwd@andNds4.Thir-
teen recombinants were identified (see Fig. 1b) and genotyped for

Recombinants/total

141, 189,and293(140was not polymorphic in this cross). All of = Cross meioses
these markers cosegregated witis4. _ _ (SWR x BTBR) K, hph2+ x BTBR-hph2/hph2 2174
In summary, thdph2mutation mapped to distal Chr 7 in both (BTBR x SWR) F, hph2+ x BTBR-hph2/hph2 6/53
the B6 and the SWR crosses, confirming the results ofMhe (SWR x BTBR) K +/+ x BTBR-+/+ 3/46
spretusbackcross. Further, the mutation did not recombine with(BTBR x SWR) f +/+ x BTBR-+/+ 3/41

Nds4.In the crosses with SWRiph2mapped distal to markdi0.

No double recombinants between markétsand Nds4were ob-

served among approximately 200 animals in the SWR crosses (Fig.o determine whether this difference required the mutant chromo
1 and data not shown). These loci are presented in a linkage magome or was a property of the two wild-type strains, crosses be
of distal Chr 7 along with distances in cM from the centromeretween non-mutant BTBR and SWR were performed. In the ab-
(Fig. 2). sence of théhph2 mutation, no differences in recombination fre-
quency were observed.

The effect on recombination in;Females (not males) that
inherited thenph2mutation from their fathers suggested an effect
%f maternal imprinting (see Barlow 1994). Therefore, the mapping
crosses and the BTBRph2/hph2pedigree records were reviewed
for evidence of skewing of the phenotypic ratios, another indica-
tion of imprinting. The phenotypic ratios of mutant to non-mutant
were consistent with those expected from standard Mendelian in
Vheritance (Table 2, lines 1-5 and 7). We note, however, the dra

matic excess of mutants in Table 2, line 6. This observation mus
be pursued separately.

of recombination in thel2 to Nds4 region depended upon the
parental orientation of the,Fhybrid animals. This phenomenon is
illustrated in Table 1. In total, eight recombinants betw#&2mand
Nds4 were recovered among 227 progeny gf fEmales of the
SWR backcross. Strikingly, six of these recombinants were reco
ered among the 53 progeny of (BTBR x SWR)h2 + F;s, and
only two among the 174 progeny of (SWR/J x BTB#h2 + F;s.

A.

t hph2/hph2 hph2/s Discussion
¥ p7mitz1
10.1£2.0 ) D . . . I:l D I:l . Mapping hph2.The hph2 mutation was mapped to mouse distal
soxial D7Mit12 D . . D D . Chr 7, 0.6 cM distal of market40.In approximately 600 meioses
1 o7mita0 D . D - from three different crossebph2did not recombine witiNds4,a
06+04 polymorphism in the fibroblast growth factor df3) gene, nor
- D7Nds4 D D I:l [:l . . . . with any other SSLP marker distal 440 (Fig. 2 and data not
135 14 13 0 2 4 19 140 =327 total shown). Thushph2lies within 0.8 cM ofFgf3 (either proximal or
B. t hph2/hph2 hph2/s distal) with 90% confidence. Determining thph2map position is
\--\D7Mil12 D . D an important step in the genetic characterization of the mutation
117432 . The hph2 map position also provides a candidate region in the
human genome (see below) against which Hartnup Disorder can k

b OO W M
42 6 7 52 =107 total

Fig. 1. Chromosomes recovered in the SWé& &nd B6 b) crosses and

map position ohph2.Marker names are at the left along with distances, in
cM, between them, phenotypes are above, and the numbers recovered : i f -
each class are beneath the chromosomes. Filled boxes indicate hetero ation of such additional loci must a".Va't f‘ﬁfther study. . .
gosity for BTBR and SWR or B6 for that marker, open boxes homozy- .Severfal human genes have been identified that are involved i
gosity for BTBR. Only genotypes of animals displaying mutant phenotypes@Mino acid transport. Among those that are unmapped, none h:
or those known to be mutant carriers owing to heterozygosity at the linkedhe physiological activity associated witiph2,and thus they are

markers are presented. not good candidates for this gene. Two others involved in aminc

mapped and allows explicit testing for genetic heterogeneity in
human pedigrees. It seems that more than one gene must be i
volved in this condition, since among affected Hartnup Disorder
fsiblings the niacin deficiency is variable (Scriver 1988). Identifi-
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Table 2. Phenotypic ratios of progeny recovered in the mapping crosses and irsuch indications of imprinting were observed from the ratio of

maintenance crosseslgbh2on the BTBR background. Phenotype was determined by mutant to non-mutant progeny of crosses involvl'rpghz
phenylalanine clearance. :
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