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Abstract

A new recessive mutation that causes impaired balance has been characterized and
identified as a point mutation of the gene roundabout homolog 3 (Robo3) by its map
position on Chromosome 9, neurological phenotype, and Sanger sequencing based
determination of mutation.

Origin and Description

A new spontaneous recessive mutation was discovered by Helen Tracey in a colony of
C57BL/6]J at The Jackson Laboratory in 2002. Mice homozygous for this new mutation
are noticeable by wean age by their impaired balance. They lean to one side and have
difficulty maintaining an upright position. Homozygous mice are fertile and live a normal
life span.

Genetic Analysis

A homozygote was mated with BALB/cByJ producing only non-affected F1 progeny,
proving this mutation to be recessive. Intercrossed F1 progeny generated affected F2
animals for linkage analysis. Using our standard mapping procedure this mutation was
mapped to Chromosome 9, between DIMit247 (NCBI 37 position 36.9 Mb) and
DIMit129 (NCBI 37 position 43.6 Mb).

Based on neurological phenotype and location within the mapped critical interval,
roundabout homolog 3 (Robo3), which functions in axon guidance, was considered a
plausible candidate gene. Sequence analysis revealed a single nucleotide substitution in
exon 2 on Chromosome 9 in Robo3. Primers were generated that were predicted to
produce from controls a 461 base pair product flanking Robo3 wild type allele: primer
Exon2 Left (CTCTTCAGAGCAAACCTGGTC) and primer Exon2 Right
(CAACTTTCTGTTGGCCTTCC). Sequence analysis of mutant DNA identified a single
nucleotide transition from A to G at position 37237171 in Robo3. This is a missense
mutation and predicted to change amino acid from histidine to Arginine at protein
position 130, which is within a putative immunoglobulin domain.



mutant

control

CCTTCTTCTC CAGGGTCAMG AGTTGGGCCA GAAGATGCCA
PSSP GSR VGP EDAN
TGCCACGCAT CGTGGAGCAG CCGCCAGATC TGATGGTTTC
PRI VEQ PPDL VVS
CAGGGGCGAG CCGGCTACTC TGCCCTGTCG TGCAGAAGR
RGE PATL PCR AEG
CGGCCTCGAC CCAACATCGA GTGGTACAMG AATGGGGCGC
RPRP NIE WYK NGAR
GTGTGGCGAC TGCACGGGAG GATCCGCGTG CTCACCGTCT
VAT ARE DPRA HRL
GCTGCTGCCC AGCGGCGCCC TCTTCTTICC CCOCATTGIG
LP SGAL FFP RIV
GGGCGTC GCTCTCGGCC TGACGAGGGT GTCTACACCT
BG6rRR SRP DEG VYTC
GTGTGGCTCG CAACTACCTG GGAGCAGCGG CTAGCAGAM
VAR NYL GAAA SRN
COCCTCTCTG GAAGTAGCTG GTAAGAGAGT TCGTCAGCTG
ASL EVAG KRY RQL
ATGCTTCTAG AACCTGOGGC ACTCCC
MLLEPGA'L

L

CCTTCTICTC CAGGGTCAYG AGTTGGGCCA GAAGATGCCA
PSSP GSR VGP EDAM
TOCCACGCAT CGTGGAGCAG CCGCCAGATC TGGTGGTTTC
PRI VEQ PPDL VVS
CAGGOGOGAG CCGGCTACTC TGCCCTGTCG TGCAGAAGGL
RGE PATL PCR AEG
COGCCTOGAC CCAACATCGA GTGGTACAAG AATGGGGCGC
RPRP NIE WYK NGAR
GTGTGGIGAC TGCACGGGAG GATCCGCGTG CTCACCGTCT
VAT ARE DPRA HRL
GCTGCTGOCC AGCGGCGCCC TCTTCTTTCC CCGCATTGTG
LLP SGAL FFP RIV
GOGCGTC GCTCTCGGCC TGACGAGGGT GTCTACACCT
(BGcrR SRP DEG VYTC
GTGTGGCTCG CAACTACCTG GGAGCAGCGG CTAGCAGAAA
VAR NYL GARA SRN
CGCCTCTCTG GAAGTAGCTG GTAAGAGAGT TCGTCAGCTG
ASL EVAG KRY RQL
ATGCTTCTAG AACCTGGGG
MLLEPG

A portion of the protein coding region of Robo3. The control DNA sequence and its

. . . . 1
amino acid translation are shown on the right, and the Robo3"

J .
mutant DNA and its

translation on the left. A single nucleotide transition is enclosed by a blue box in the
mutant sequence and a green box in the control sequence. The mutation that is predicted
to change amino acid 130 from histidine to arginine is enclosed by a red box in the

control and mutant sequence.

66 6CGETCECGETCTC GGG

S PU3_5332.264006..1 Rebel_Ex2_L_heme 04126404 _Ex2_1_heme_2011-08-08_4Im Fragment base #242. Base 242 ¢
ICCECBCHITGTGCG
A

homozygote

00638522
I £ C € C

¢

Dot _2011-08-08_5Im Fragrmeat bise *244 Bage 244 of 353
[

G

I € 6 C 1 € 1 C G G

heterozygote

——
_— N
gloe
(Td;
B
e
"\"3;
.
-“—\ -
T——
Bne— g
r—"‘"’" .
—
._o:)

o
—

/\ \N\/\f\/\f VA /\ p\/\/\

trol

. 1
Comparison of DNA sequence chromatograms from a Robo3" g

homozygote,

heterozygote and wild-type control. The red boxed region corresponds to the green and
blue boxed regions shown in the sequence figure.



Pathology

A routine pathological screen of one mutant at the age of 4 weeks showed macrophages
in the lungs and central lobular congestion in the liver, but an electroretinogram (ERG)
found the eyes to be normal. One mutant at 23 weeks of age and two mutants at 45 weeks
of age were also assessed and found to have no significant lesions. Hearing, assessed by
auditory brainstem response testing (ABR) of one mutant and one control mouse, showed
normal hearing at 8 weeks of age. The eyes of one mutant and one heterozygote at 4
weeks of age were tested by electroretinography and found to be normal.

Discussion

Combinations of a floxed Robo3 allele and specific Cre recombinase deleting transgenes
has allowed characterization of the impact of localized ablation of ROBO3. A targeted
deletion of Robo3 results in complete perinatal lethality with defective axonal guidance
that results in failure of commissural axons to cross the midline and failed left-right
synchronization of the pre-Botzinger complex. The point mutation described here, which
was identified from aberrant phenotype, results in a much less severe phenotype of
impaired balance with normal viability and fecundity. This offers an alternative model for
assessing a defect in a specific domain of this protein rather than its systemic or targeted
ablation.
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Addendum
Prior to its characterization, this mutation was inadvertently transmitted from a recessive

carrier in the C57BL/6J foundation stock into the strain B6.Cg-Lep0b/J where it

was isolated, backcrossed away from LepOb by breeding to pure C57BL/6J, and
cryopreserved as Stock #013532.



