APPENDIX
SUPPLEMENTAL MATERIALS AND METHODS
Single and paired-end library construction for whole genome sequencing
Genomic DNA was extracted from peripheral blood leukocytes using the Gentra® Puregene®
whole blood extraction kit (1042606; Qiagen, Valencia, CA). A single-end enriched whole
genomic DNA library was prepared using the single-read seq DNA prep kit according to
manufacturer’s instructions (FC-102-1001; Illumina, San Diego, CA). Briefly, 25 µl of patient
genomic DNA in water was mixed with 700 µl of nebulization buffer (Illumina, San Diego, CA)
and nebulized at 50 psi for 2-8 min (2 min repeated 1-4x) in order to achieve fragment lengths of
<800 bp. After end repair, attachment of 3’-dA overhang and following ligation of adapters but
before PCR enrichment, sheared DNA fragments were size selected using agarose gel
electrophoresis; 150-300 bp and 300-500 bp fragments were excised and purified using
QIAquick PCR purification kit (Qiagen, Valencia, CA). The Agilent DNA 7500 Chip kit
(Agilent Technologies, Santa Clara CA) was used to analyze the sheared DNA. DNA was
recovered and sequenced. Adapter primer sequences were 5’ PGATCGGAAGAGCTCGTATGCCGTCTTCTGCTTG 3’ and 5’
ACACTCTTTCCCTACACGACGCTCTTCCGATCT 3’. PCR amplification primers were 5’
AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGACGCTCTTCCGATC
T 3’ and 5’ CAAGCAGAAGACGGCATACGAGCTCTTCCGATCT 3’.
The paired-end DNA sample prep kit (PE-102-1001; Illumina, San Diego, CA) was used
to generate paired-end enriched DNA products according to manufacturer’s instructions
(Illumina, San Diego, CA) through the University of Michigan DNA Sequencing Core. Both
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paired- and single-end DNA samples were sequenced at the UM DNA Sequencing Core using
the Illumina Genome Analyzer IIx (Illumina, San Diego, CA).

Whole exome sequence capture
Genomic DNA was extracted from peripheral blood leukocytes using the Gentra® Puregene®
whole blood extraction kit (1042606; Qiagen, Valencia, CA) and 3 µg of patient genomic DNA
was used to generate a library for sequencing. The DNA was fragmented using Bioruptor
(Diagenode, Denville, NJ) at high intensity. Sheared DNA fragments were size selected using
agarose gel electrophoresis and 200-300 bp fragments were excised and purified as before. EndIt™ DNA End-Repair Kit (Epicentre Biotechnologies, Madison, WI) was used to polish the
genomic fragments. dATP was added to the 3’ ends followed by purification using Qiagen
MinElute PCR Purification Kit (Qiagen, Valencia, CA). Single end adaptors were ligated to the
DNA fragments and the sample was amplified using Phusion polymerase (Finnzymes, New
England Biolabs, Ipswich, MA) over 6 cycles of PCR. The SureSelect™ Human All Exon Kit
version 1 (Cat #: G3362B; Agilent Technologies, Santa Clara, CA), which is based on
CCDS2008, was used for exome target-capture. Enriched fragments were amplified over 12
cycles of PCR and purified as before. Captured amplified samples and genomic DNA were
compared by qRT-PCR to measure enrichment of the target regions. The enriched DNA sample
was sequenced at Hudson Alpha Institute for Biotechnology (Huntsville, AL) using the Illumina
Genome Analyzer II (GAII; Illumina, San Diego, CA).
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X chromosome exome microarray-based genomic selection (MGS)
We used the Microarray Oligonucleotide Probe Designer (MOPeD) web service
(http://moped.genetics.emory.edu/) to design a custom MGS array capable of capturing the
human X chromosome exome.1 Targeted sequences included all coding and non-coding (3’ and
5’ UTR regions) exons. The target region was pre-processed to remove fragments <25 bases and
repeat regions >25 bases. The MOPeD design was generated using the following criteria: probe
size ranged from 55 to 65; probe Tm range was 65°C to 75°C; number of SNPs per probe was
limited to 2; the synthesis cycle limit was 192. The selected probes were further filtered to
remove probes with more than 33% repeat content. The total reference sequence, consisting of
7,429 fragments with a total size of 2,477,787 bases, was used to design capture microarrays
using MOPeD. MOPeD successfully selected oligonucleotide probes for 95.1% (7,061) of the
targeted fragments.
Experiments were carried as before with the following changes to the microarray-based
genomic selection (MGS) protocol.2 Instead of 20-25 µg of fragmented DNA, 5 µg of
fragmented DNA was used while repairing DNA ends. After purification of the adaptor-ligated
product, samples were run on Invitrogen 2% SizeSelect gels (Cat #: G6610-02; Invitrogen,
Carlsbad, CA). A 300-bp band was selected and placed in a plastic tube. The entire 300-bp sizeselected DNA was then amplified with high-fidelity polymerase using primers: 5'
AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGACGCTCTTCCGATC
T 3' and 5' CAAGCAGAAGACGGCATACGAGCTCTTCCGATCT 3'. This pre-capture PCR
product was purified, and 1 µl of the purified product was run on a Bioanalyzer DNA 7500 chip
for DNA quantitation and also for ensuring that most of the DNA fragments fell between 250350 bp. To 1 µg of the pre-captured PCR-purified sample, a 100-fold amount (in µg) of Human

3

Cot-1 DNA (Invitrogen, Carlsbad, CA) was added. Samples were then dried down to a pellet in
a Speed-Vac at medium heat (75ºC). To each pellet, 2.8 µl of water and 1 µl each of two
hybridization-enhancing oligonucleotides (5'
AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGACGCTCTTCCGATC
T 3' and 5' CAAGCAGAAGACGGCATACGAGCTCTTCCGATCT 3') were added followed by
8 µl of 2X SC hybridization buffer (Roche NimbleGen, Madison, WI) and 3.2 µl of SC
hybridization component A (Roche NimbleGen, Madison, WI). The sample pellet was then
gently resuspended, and hybridization on a 385K chip followed by elution was performed
following Roche NimbleGen’s SeqCap User’s Guide version 3.2. Each eluted sample was split
into 10 tubes, and post-capture PCR amplification performed using primers 5'
AATGATACGGCGACCACCGAGA 3' and 5' CAAGCAGAAGACGGCATACGAG 3'.
After amplification, the products were pooled from 10 tubes and DNA purified using the
QIAquick PCR Purification Kit (Qiagen, Valencia, CA). We then analyzed 1µl of the purified
products on a Bioanalyzer DNA 7500 chip. More than 1 µg of DNA was obtained for each
sample. PCR products were then subjected to quantitative PCR using a KAPA Library Quant
Kit (Cat. #: 4852; Kapa Biosystems, Inc., Woburn, MA). Based on the qPCR quantification,
each sample was diluted to 10 nM using water. Samples were then denatured using NaOH, and
120 µl of 8 pM of each sample were loaded onto each lane of the flow-cell on the Illumina
Cluster Station. Following cluster amplification, the flow-cell was transferred to an Illumina
Genome Analyzer. A 76-cycle single-end step-wise sequencing-by-synthesis using four-color
nucleotides was performed according to the manufacturer’s instructions (Illumina, San Diego,
CA).
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Phylogeny Analysis
The NCBI reference sequences for the various organisms used in the phylogenetic analysis are
indicated:
Human (Homo sapiens): RAB40A NP_543155.2, RAB40AL NP_001027004.1, RAB40B
NP_006813.1, and RAB40C (isoform 1) NP_001166134.1; Chimpanzee (Pan troglodytes):
RAB40A iso 1 XP_001137221.2, RAB40AL XP_001136104.1 (record removed in NCBI),
RAB40B XP_511769.3, and RAB40C XP_001171880.2; Rhesus Macaque (Macaca mulatta):
RAB40AL NP_001185633.1; Mouse (Mus musculus): Rab40b NP_631886.2 and Rab40c
NP_631893.1; Xenopus laevis: Rab40b NP_001087313.1 and Rab40 (Rab40c)
NP_001088189.1; Zebrafish (Danio rerio): Rab40b NP_001002524.2 and Rab40c
NP_001035438.1; Drosophila melanogaster: Rab40 iso A, NP_572800.2; cow (Bos Taurus):
ENSBTAP00000020449; giant panda (Ailuropoda melanoleuca): EFB29981.1; and lizard
(Anolis carolinensis): ENSACAP00000017093.

Control Samples
Neurologically normal control male samples were obtained from the National Institute of
Neurological Disease (NINDS) and Coriell Institute for Medical Research (Panel numbers
NDPT079, NDPT082, NDPT084, NDPT090, NDPT093, and NDPT094) (all Caucasians) and
from the Greenwood Genetic Center (Caucasians and non-Caucasians).
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Supplemental Figure 1. RAB40AL sequence coverage using the three next-generation
sequencing strategies. Shown are percent GC content (top panel) and depth of sequence
coverage (middle panel) for the entire RAB40AL region (for individual III-5, Figure 1A), with
genomic coordinates indicated on the x-axis (hg 18). The bottom three panels show the range of
RAB40AL exons, and the regions captured by whole exome and X-specific exome sequencing.
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Supplemental Figure 2. C-terminal GFP-tagged fusion protein localization in COS7 cells.
Cells transiently transfected with C-terminal GFP-tagged vector constructs (vector control,
RAB40AL, and RAB40AL D59G) and stained with anti-mitochondrial monoclonal antibody (Mito
Ab) and DAPI are shown. Neither RAB40AL-GFP nor RAB40AL-D59G-GFP localize to the
mitochondria or found diffusely throughout the cytoplasm (panels I and L). Instead, C-terminal
tagged fusion proteins appear accumulated or clustered within the nucleus, nucleolus, and/or
perinuclear region (panels H and L). Representative transfected cells are shown (arrows).

11

