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Confirmation and refinement of an autosomal
dominant congenital motor nystagmus locus
In chromosome 1g31.3—q32.1

Lin Li"2, Xueshan Xiao!, Changxian Yil, Xiaodong Jiao?, Xiangming Guo!, James Fielding Hejtmancik2

and Qingjiong Zhang!

Congenital motor nystagmus (CMN) is characterized by early-onset bilateral ocular oscillations. To identify the disease locus for
autosomal dominant CMN in a Chinese family 86001, clinical data, including slit lamp and funduscopic examination and blood
samples were collected from family. Genomic DNA was prepared from leukocytes, and a genome-wide linkage scan was
performed using 382 polymorphic microsatellite markers and two-point linkage analysis using the logarithm of odds (LOD)
score method as implemented in the LINKAGE program package. Maximum two-point scores were calculated using ILINK, and
LINKMAP was used for multipoint analysis. All nine affected individuals in the family showed typical phenotypes for CMN.
Maximum two-point LOD scores (3.61 at § =0) were obtained with D1S2619, D1S2877 and D1S2622.The 24.6 cM

(28.07 Mb) linked region is flanked by markers D1S218 and D1S2655, placing the disease locus on chromosome 1g25.2-
1g32.1. Multipoint analysis confirmed linkage to the region of D1S218 and D1S2655 with Maximum two-point scores of 3.61.
The linkage interval overlaps with that of a newly reported CMN locus on 1q31-q32.2 and narrows down the linked region to
5.90cM (5.92 Mb). This study confirms and refines a novel locus for autosomal dominant CMN to chromosome 1q31.3-q32.1
(5.90 cM) and demonstrates its presence in the Chinese population.
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INTRODUCTION
Nystagmus is rhythmic and repetitive oscillation of the eyes, usually
conjugate and horizontal. The prevalence of nystagmus in the general
population was estimated to be 1 in 1000 to 1 in 1500.! Nystagmus is
usually associated with other ocular or systemic diseases, such as
congenital cataract, albinism, Leber congenital amaurosis, aniridia,
cone or cone-rod dystrophy, macular coloboma and optic nerve
dysplasia that significantly impair vision early in life.> However, in
rare cases, nystagmus occurs in the absence of other diseases, termed
congenital motor nystagmus (CMN) or idiopathic congenital
nystagmus,>® in which case the primary defect presumably lies with
ocular motor control regions of the brain rather than the normal
anatomic ocular structures.

CMN s genetically heterogeneous and can be transmitted as
autosomal dominant (NYS2, MIM 164100, 6pl2; NYS3, MIM
608345, 7p11; NY4, MIM 193003, 13q31-q33; and a novel CMN

locus 1q31-q32.2%), autosomal recessive (MIM 257400) or X-linked
(NYS1, MIM 31700, Xq26—q27; NYS5, MIM 300589, Xp11.4-11.3;
and NYS6, MIM 300814, Xp22.3) trait. To date, at least seven genetic
loci for CMN have been suggested>® but only one gene has been
identified, FRMD?7, for an X-linked form of CMN.? Therefore, there
are probably other genes remaining to be discovered in CMN.

Recently, a novel locus for autosomal dominant CMN has been
mapped to 1q31-g32.2* in a Chinese family. In search for new
genes responsible for CMN, we recruited one non-consanguineous
Chinese family with CMN. In this study, we have mapped
autosomal dominant CMN in a Chinese family to chromosome
1925.2-1q32.1, a 24.6cM interval flanked by markers D1S218
and D1S2655. This locus confirmed our previous finding of a
novel CMN locus at 1q31-q32.2 and further narrowed down the
linkage region to1q31.3—q32.1, a 5.90cM (5.92Mb) region with
48 genes.
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MATERIALS AND METHODS

Family ascertainment

Family 86001 with autosomal dominant CMN was recruited from the Pediatric
& Genetics Clinic of the Zhongshan Ophthalmic Center, Sun Yat-sen University,
Guangzhou, China. This study was approved by Institutional Review Board of
Zhongshan Ophthalmic Center and National Eye Institute of NIH. Written
informed consent conforming to the tenets of the Declaration of Helsinki and
following the Guidance of Sample Collection of Human Genetic Diseases (863-
Plan) by the Ministry of Public Health of China was obtained from the
participating individuals or their guardians before the study. Diagnostic criteria
for CMN are the same as we described in our previous study.* Genomic DNA
was prepared from leukocytes of peripheral venous blood.

Genotype analysis and linkage analysis

Genotyping for all participating family members was performed using
5" fluorescently labeled microsatellite markers. A genome-wide linkage scan
was performed with 382 highly polymorphic fluorescent markers from the ABI
PRISM Linkage Mapping Set MD-10 (Applied Biosystems, Foster City, CA,
USA). Multiplex PCR was carried out in a GeneAmp PCR System
9700 thermocycler (Applied Biosystems). Briefly, each reaction was carried
out in a 5 pl mixture containing 20 ng genomic DNA. Initial denaturation was
carried out for 5min at 95 °C, followed by 10 cycles of 15s at 95°C, 15s at
55°C, and 30s at 72 °C, and then 20 cycles of 15s at 89°C, 155 at 55 °C, and
30s at 72°C. The final extension was performed for 10 min at 72°C. PCR
products for a panel subset of markers from each subject were pooled and
mixed with HD-400 size standards (Applied Biosystems). Alleles were
separated using an ABI 3130 DNA analyzer (Applied Biosystems) and then
assigned using GeneMapper (version 4.0; Applied Biosystems). Two-point
linkage analyses were performed using the MLINK from the LINKAGE
program package.!®!! Maximum logarithm of odds (LOD) scores were
calculated using ILINK, and LINKMAP was used for multipoint analysis.
Autosomal dominant congenital idiopathic nystagmus (CIN) was analyzed as a
fully penetrant trait with an affected allele frequency of 0.0001. Marker allele
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frequencies were estimated from 50 control chromosomes. The marker order
and distances between the markers were obtained from the Généthon database.
For fine mapping around the candidate linkage region, additional markers
were selected according to the National Center for Biotechnology Information
(NCBI, http://www.ncbi.nlm.nih.gov/unists/) map. An M13-tailed primer PCR
method was used to genotype the additional markers.!> Haplotypes were
generated using the Cyrillic 2.1 program (Cyrillic Software, Wallingford,
Oxfordshire, UK) and confirmed by inspection. The criteria for establishing
linkage have been described previously.'?

Candidate gene screening

A candidate gene known to cause ocular disease in the linked region, CRBI, was
analyzed by Sanger Sequencing. PCR amplifications were carried out in 10 pl
reactions containing 40ng genomic DNA. Touchdown PCR amplification
consisted of a denaturizing step at 96 °C for 5min, followed by decreasing
the annealing temperature from an initial 64 °C in a stepwise fashion by 0.5°C
every second cycle for 15 cycles, then an annealing temperature of 57 °C for
20 cycles and finally a prolonged elongation step at 72°C for 10min.
Sequencing results were assembled using an ABI PRISM 3130 automated
sequencer (Applied Biosystems) and analyzed with Seqman software (DNAStar
Lasergene 8, Madison, WI, USA) and Mutation Surveyor (SoftGenetics,
State College, PA, USA). A missense mutation is considered to be damaging
as judged by the position specific independent counts algorithm of Polyphen2'*
and SIFT score (which distinguishes tolerated variants from those that are not
tolerated) equal to or <0.05, as well as being absent from 192 ethnically
matched control chromosomes. Splicing changes were predicted using
Automated Splice Site Analyses (https:/splice.uwo.ca/).

RESULTS

Family 86001 was from the Guangdong province, China. Fifteen
individuals, including nine affected and six unaffected participated
in this study. In the family, four males and five females are
affected with male-to-male transmission, suggesting an autosomal
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Figure 1 Pedigree and haplotype construction of family 86001. The haplotypes are composed of nine adjacent microsatellite markers from chromosome
1g25.2-1g32.1. Long black bars indicate the chromosome region with disease allele that is shared by patients, while the other bars represent normal

alleles.
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dominant pattern of inheritance (Figure 1). All patients had
nystagmus since infancy. Clinical examination of all patients
demonstrated horizontal pendular nystagmus, clear corneas, nor-
mal irises without pigmentary anomalies, transparent lenses and
normal fundi and foveal reflexes. All patients showed normal color
vision in recognizing color photos of Ishihara plates. None of the
patients had photophobia or night blindness. No systemic abnorm-
alities were observed in the patients.

Linkage to three known loci for autosomal dominant CMN,
including NYS2 (MIM 164100, 6p12),5> NYS3 (MIM 608345, 7p11)
and NYS4 (MIM 193003,13q)” were initially excluded by genotyping
closely flanking markers and subsequent two-point linkage analysis.
Then a genome-wide linkage scan was performed for the family,
yielding LOD scores greater than 1.0 for markers D1S238, D15413
and D4S406 at 0 = 0. Of these markers, D45406 had closely flanking
markers D4S1572 and D4S402, yielding LOD scores of minus infinity
(the distances with D4S406 is 9.5 and 7.7 cM, respectively) and
haplotype analysis excluding true linkage to the region. In contrast,
D1S238 and D1S413 are adjacent markers in the MD-10 mapping set,
yielding LOD scores of 3.57 and 2.11 at 0 =0, respectively.

Fine mapping with closely spaced markers was carried out in order
to refine the linked region around D1S238 and D1S413 further.
Maximum LOD scores of 3.61 were obtained for both markers
D1S2619, D1S2877 and D1S2622 at =0 (Table 1). Haplotype
analysis further supports the results of the linkage analysis
(Figure 1) recombination between D1S218 and D1S2619 in unaffected
individual 16 sets indicates the proximal boundary of the linked
region, while recombination between D1S2622 and D1S2655 in
affected individual 13 sets indicates the telomeric boundary. Eight
of 9 markers between D1S218 and D1S2655 gave positive LOD scores
greater than 2.0 at 0=0 and all patients shared a haplotype
comprising these 9 markers. These results strongly suggest that the
disease gene is located in a 24.6cM region (28.06 Mb) between
markers D1S218 and DI1S2655 on chromosome 1q25.2-1q32.1.
Multipoint linkage analysis carried out with overlapping sets of three
markers from the Genethon database confirmed linkage to this
24.6cM (28.07Mb) region located between markers D1S218 and
D1S2655 with maximum LOD score of 3.61 (Figure 2).

DISCUSSION
In this study, autosomal dominant CMN in a Chinese family was
mapped to a 24.6 cM region (28.06 Mb) between markers D15218 and

D1S2655 on chromosome 1q25.2-1q32.1. This region overlaps that of
a recently identified locus for autosomal dominant CMN in chromo-
some 1g31.3-q32.2 between D1S2816 and D1S2692, a 12.1cM
(11.39 Mb) region.* The overlapping linked intervals shared between
the current study and that of Xiao et al* resides between D1S2816
and D1S2655, a 5.90 cM (5.92 MDb) region on 1q31.3—q32.1 (Figure 3).
Although both Chinese families are of Han nationality and are from
Guangdong province, they are unrelated and live in different areas
separated by a distance of about 450 km.

There are 48 genes situated in the common interval between
D1S2816 and D1S2655. CRBI was selected for analysis based on
nystagmus that is usually associated with Leber congenital amaurosis.
We sequenced all coding exons but did not identify any potential
disease causing mutations in this gene. Neither did exome sequencing
in the family described by Xiao et al.,* mapped to this region, detect
causative mutations. Further analysis of the candidate genes in the
shared linkage interval may lead to identification of the gene
responsible for CMN. Identification of additional loci and
refinement of known loci will provide important value toward the
understanding the genetic basis of CMN, while eventual elucidation

Multipoint Lod Score

[ |

2 / \
| / \
0

2 3 o 0
4 R A R A
d FF o 3° O P ¢° &

-1 I \
-2
=== MULTIPOINT LOD

SCORE

Figure 2 Multipoint linkage analysis in family 86001. The genetic
distances (in cM) are taken from the Genethon database chromosome 1
map. A full color version of this figure is available at the Journal of Human
Genetics journal online.

Table 1 Two points LOD scores of chromosome 1q microsatellite markers for family 86001

Position LOD score at 6=
Markers cM? Mb 0 0.01 0.05 0.1 0.2 0.3 0.4 Zmax 0 max
D1S218 196.50 174.50 —w 0.05 0.65 0.81 0.80 0.64 0.37 0.81 0.1
D1S2619 203.00 182.27 3.61 3.56 3.32 3.02 2.35 1.60 0.76 3.61 0
D1S240 204.40 185.19 2.05 2.02 1.90 1.73 1.38 0.99 0.53 2.05 0
D1S444 205.10 185.76 2.80 2.74 2.51 2.23 1.66 1.07 0.47 2.8 0
D1s238 206.70 188.15 3.57 3.562 3.29 2.98 2.32 1.57 0.74 3.57 0
D1S2877 209.90 189.34 3.61 3.56 3.32 3.02 2.35 1.60 0.76 3.61 0
D1s412 213.20 194.07 1.20 1.19 1.12 1.02 0.82 0.58 0.32 1.2 0
D1S2816 215.20 196.65 3.44 3.39 3.16 2.87 2.22 1.50 0.70 3.44 0
D1S413 216.50 198.62 2.11 2.08 1.95 1.79 1.43 1.02 0.55 2.11 0
D1S2622 218.20 200.11 3.61 3.56 3.32 3.02 2.35 1.60 0.76 3.61 0
D1S2655 221.10 202.57 —w 1.56 2.04 2.06 1.75 1.23 0.59 2.08 0.08

Abbreviation: LOD, logarithm of odds.

aGénéthon (Build 37.3) Chrl primary assembly.
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Figure 3 Diagram of the chromosome 1 showing the critical region for
autosomal dominant CMN. a and b denotes linked regions in this study
and Xiao (2011), respectively. The linkage interval shared by the two
families is between D1S2816 and D1S2655, a 5.90cM (5.92 Mb) region
on 1931.3—g32.1.

of the molecular mechanisms of CMN will provide insight into the
nature of ocular motor control.
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