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Abstract

Background: We describe a comprehensive whole genome
sequencing (WGS) study using the Illumina and Complete
Genomics (CG) sequencing platforms for one family containing
two affected male brothers, aged 10 and 12, with severe
intellectual disability and very distinctive facial features. High
accuracy and sensitivity is of particular importance in the context
of detecting or discovering the genetic influencers of human
diseases.

Methods: WGS was performed on ten members of this family
using the Il-lumina HiSeq2000 platform, with four (the two
affected boys and their parents) being additionally sequenced
using the CG WGS platform. CG data analysis was performed by
CG, using their version 2.0 pipeline. Multiple variant calling
pipelines were used to detect SNVs, INDELs, STRs and CNVs.
Disease variant prioritization was performed using ANNOVAR,
Golden Helix SVS v8.1.4 and GEMINI v0.9.1, and VAAST v2.0.

Results: CG WGS covered >85% of the genome and >90% of the
exome, both with 20 or more reads. Illumina WGS covered >90%
of the genome with 30 reads or more and with >80% of the bases
having a quality score of >30. On average, we find a 2.4 to 14.0
mean fold difference in the number of variants detected as being
relevant for various disease models when using different sets of
sequencing data and analysis pipelines. We found a number of
putative genetic variants and archive them here.

Presentation of the phenotype

The two affected male brothers have severe intellectual disability,
autism-like behavior, attention deficit issues, and very distinctive
facial features (Fig. 1C), including broad, upturned nose, sagging
cheeks, downward sloping palpebral fissures, relative
hypertelorism, high-arched palate, and prominent ears.

The mother of the two affected (Fig. 1A, II-2) was shown to have
99:1 x-chromosome inactivation (Fig. 1B).
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Fig. 1 (A) Pedigree structure of all individuals in the family that
were sequenced during the course of this study. Individuals with a
star next to their number indicates that their whole genomes were
sequenced with both the Complete Genomics sequencing and
analysis pipeline as well as with Illumina sequencing.

1bp ~110200bp

~110.200bp 200bp to 100mb

Fig. 2 A conceptual map of human sequence variation, and a list
of the bioinformatics programs we used during the course of our
study.
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Bioinformatics analysis

* Human sequence variation ranges in manifestation from
differences that can be detected at the single nucleotide level, to
whole chromosome differences (Fig 2).

* We sought to identify variants following de-novo, autosomal
recessive and x-linked models of transmission that may be
contributing, together or alone, to the disease phenotype. We used
several methods to prioritize and identify possible disease-
contributory germ-line variants, in-cluding VAAST, Golden Helix
SVS v8.1.4, ANNOVAR (2013Aug23 version), and GEMINI
v09.1.
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* We found a 2.4 to 14.0 mean fold difference in the number of
variants detected as being relevant for various disease models when
using different sets of sequencing data.

Results

14 unique INDELS and SNVs were discovered using two different
prioritization (Fig. 3A).

The TAF1 variant arose in this family as a de-novo variant on the
X-chromosome of the mother (Fig. 1A, II-2) of the two affected
children (as it is not found in any of the other members of the
family) and was then transmitted to both of them. The mother also
is the only female in the family to exhibit extreme X-chromosome
skewing.

The transcription factor initiation complex TF11D has recently
been implicated in playing a role in intellectual disability and
developmental delay, and TAF1 represents the largest known
subunit of this multi-protein complex, and this variant falls within
a conserved region of the protein (Fig 3B).
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Conclusions: Analyzing multi-generational pedigrees using
multiple orthogonal bioinformatics pipelines using two sequencing
platforms can reliably reveal human sequence variants that may be
important in rare disease. We have found a number of sequence
variants that may play a role in the rare disease described here and
highlight a variant in TAF1. Our findings are consistent with the
literature on the importance of the TFIID complex in
developmental delay and ID.
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INDELSs, especially those disrupting protein-coding regions of the Simulation and experimental data show that assembly based callers are Lastly, homopolymer A/T INDELSs are a major source of low-quality
genome, have been strongly associated with human diseases. However, significantly more sensitive and robust for detecting large INDELs (>5bp) than  INDEL calls, and they are highly enriched in the WES data. Overall, we
there are still many errors with INDEL variant calling, driven by li based callers, i with published data. The da of  show that accuracy of INDEL detection with WGS is much greater than
library preparation, sequencing biases, and algorithm artifacts. We INDEL detection between WGS and WES is low (52%), and WGS data uniquely ~WES even in the targeted region. We calculated that 60X WGS depth of
characterized whole genome sequencing (WGS), whole exome identifies 10.8-fold more high-quality INDELs. The validation rate for WGS-  coverage from the HiSeq platform is needed to recover 95% of INDELs
sequencing (WES), and PCR-free sequencing data from the same specific INDELS is also much higher than that for WES-specific INDELs (84%  detected by Scalpel. While this is higher than current sequencing
samples to investigate the sources of INDEL errors. We also developed vs. 57%), and WES misses many large INDELSs. In addition, the concordance for  practice, the deeper coverage may save total project costs because of the
a classification scheme based on the coverage and composition to rank  INDEL detection between standard WGS and PCR-free sequencing is 71%, and  greater accuracy and sensitivity. Finally, we investigate sources of
high and low quality INDEL calls. We performed a validation standard WGS data uniquely identifies 6.3-fold more low-quality INDELs. INDEL errors (e.g. capture deficiency, PCR amplification,
experiment on 600 loci, and find high-quality INDELS to have a Furthermore, accurate detection with Scalpel of heterozygous INDELs requires homopolymers) with various data that will serve as a guideline to
substantially lower error rate than low quality INDELSs (7% vs. 51%).  1.2-fold higher coverage than that for homozygous INDELs. effectively reduce INDEL errors in genome sequencing.
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Figure 9. Pcmcmagc of poly-A. poly/c poly-G, poly-T, other-STR, and non- STR i three call sets.

Figure 6. Coverage distributions of the WGS-specific INDELS regions in (A) the WGS data, (B) the WES data

Figure 3. Percentage of poly-A, poly-C. poly-G, poly-T, other-STR. and non-STR in three call set.
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‘Table 2. Validation rates of WGS-WES intersection INDELs, WGS-specfic, and WES-specific INDELs. We also —
A 8 calculated the validation rates of large INDELS (>5 bp) in each category. The validation rate, positive predictive value %4
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Figure 10. Sensitivity performance of INDEL detection with eight WGS datasets at different mean
coverages on lllumina HiSeq2000 platform.
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Introduction. Autism spectrum disorders (ASD) are a group of
developmental ~disabilities that affect social interaction,
ication and are ized by repetitive behaviors.
There is now a large body of evidence that suggests a complex
role of genetics in ASD, in which many different loci are
involved. Although many current population scale studies have
been demonstrably useful, these studies generally focus on
analyzing a limited part of the genome or use a limited set of
bioinformatics tools. These limitations make it difficult to see the
complete and panoramic picture of each ASD case. To address
this problem, here we describe an integrative bioinformatics
pipeline used to get a more complete and reliable set of candidate
ASD-variants for validation and further functional analysis.

. e e

‘amily, it has to be composed of one affected
child and at least one unaffected sibling, and both
parents do not have obvious autism. Probands and
siblings can be cither males or females. For this study,
two of the families have male probands and unaffected
male siblings, whereas the other family has a male
proband and a female unaffected sibling.

resulting alignments were converted to binary format, then sorted and indexed using SAMtools version
0.1.19-44428cd. Duplicated reads were marked and read groups were assigned to each lane using
Picard tools v1.84. The GATK Indel realigner v3.0-0 was used o correct initial mapping artfacts due
10 reads aligning to the edges of INDELS, which often map with mismatching bases that may ook like
evidence for SNPs, while they are not. The GATK Base Quality Score Recalibrator was also used to
correct known systematic errors of sequencing technologies. Finally all lanes were merged by sample
with Picard tools to generate a ready-to-use alignment. Various algorithms were used to call SNPs and
Indels, all resulting variants were filtered and prioritized with different methods.
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Methods. We studied three simplex Autism Families, two of which belong to
the Simon’s Simplex Collection (SSC), and all probands and families were
clinically evaluated and extensively phenotyped. The third family, recruited
at the Utah Foundation for Biomedical Research, had extensive clinical
evaluations performed, along with fragile X and Chromosomal Microarray
Analysis (CMA) on the proband and mother, with no obvious disease-
contributory mutations found. All family members were genotyped using an
Tlumina Omni2.5 Array and/or WGS was performed using the Illumina
HiSeq 2000 to ~40-75X coverage. WGS reads were aligned to the GRCh37/
hgl19 human reference genome using BWA-MEM software, with variant
calling for SNVs and INDELs using the GATK HaplotypeCaller and
FreeBayes. To better support de novo calls, we used Scalpel for INDEL
detection and the Multinomial Analyzer. The ERDS software was used to call
CNVs from WGS data. Microarray data were used to call CNVs with the
software package PennCNV using the joint-calling algorithm.

Results. The resulting set of candidate variants include three small
heterozygous CNVs (~22, ~36 and ~50 Kb). All of the CNVs were only
found by ERDS, and despite the fact that the K21 pedigree had
microarray data, PennCNV did not detect any CNV in those regions. A
heterozygous de novo nonsense mutation in MYBBPIA was found in
one of the quads (K21) located within exon 1, and a second de novo
variant was also among the final results from another quad (SSC_2),
this time a missense mutation in LAMB3, which also has not yet been
observed in any other ASD proband.
Having blished a more prehensive WGS pipeline, we are
moving to implement our framework for the analysis and study of
families from Utah and from the SSC .
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igure 4. Copy Number calling pipeline. Using the same ready to use alignment described in
Figure 2 plus the union of variants called by Freebayes and GATK. the Estimation by Read Depth with
Single Nucleotide Variants (ERDS) software was used to call CNVs. PennCNV was used in the samples
where Microarray data was available and both calls sets were compared.
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e Mark Yandell will visit CSHL from Utah and

give a seminar about the Utah Genome
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in Hawkins.
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Age 54

Age 25 Age 24 Age 19
prodromal, at risk

Collected ~100 DNA samples from the extended family, due to very large excess
of major depression, bipolar, Tourette and OCD.



Case Presentation

€ Male, age 55 currently.

@ Psychotic break at age 20 with bipolar features.

@ Evolution into schizoaffective disorder over next 25 years.

@ Also with severe obsessive compulsive disorder and severe Tourette Syndrome

@ At least two very severe suicide attempts at age 22, including throwing self
under a truck one time and then driving head-on into another car (with death
of two passengers in other car, found not guilty by reason of insanity).

€ Extensive medication trials over many years, along with anterior capsulotomy
with very little effect for the OCD.

& Current meds:

Klonopin Lithium
Nicotinamide Seroquel
Lunesta Lamictal
Ativan Luvox
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Low concordance of multiple variant-calling
pipelines: practical implications for exome and
genome sequencing
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Accurate de novo and
transmitted indel detection
in exome-capture data
using microassembly
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DBS lead » ' Extension

Thin, insulated, coiled “—==> Aninsulated wire that
wires, each ending ina = T connects the lead to
1.5 mm electrode, that 3 o\ the neurostimulator.

deliver stimulation to
the targeted areas.

The clinician can
program and adjust
the settings of the
neurostimulator
externally via a
hand-held device,

Neurostimulator

A paccmakcr-!zc device
that contains a battery

and circuitry to generate T

electrical signals that are |‘ /

delivered by the leads to N sy

the targeted structures

deep within the brain.
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Human genetics and clinical aspects of neurodevelopmental
disorders

Gholson J Lyon and Jason O'Rawe

bioRxiv first posted online November 18, 2013
Access the most recent version at doi: http://dx.doi.org/10.1101/000687

“There are ~12 billion nucleotides in every cell of the human body, and there are
~25-100 trillion cells in each human body. Given somatic mosaicism, epigenetic
changes and environmental differences, no two human beings are the same,
particularly as there are only ~7 billion people on the planet”.
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The Genetics of Neurodevelopmental
Disorders
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Discovering idiopathic orphan
diseases: Ogden Syndrome and the Nt-
acetylation of proteins.

ARTICLE

Using VAAST to ldentify an X-Linked Disorder
Resulting in Lethality in Male Infants
Due to N-Terminal Acetyltransferase Deficiency

Alan F. Rope,! Kai Wang,21° Rune Evjenth,3? Jinchuan Xing,4 Jennifer J. Johnston,s Jeffrey J. Swensen,6.7
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The American Journal of Human Genetics 89, 1-16, July 15, 2011
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1 4 2\ s 7 a 5/ -1

We found the SAME mutation in two unrelated families, with a very similar
phenotype in both families, helping prove that this genotype contributes to the
phenotype observed.



These are the Major Features of the Syndrome.

Table 1. Features of the syndrome

Growth post-natal growth failure

Development | global, severe delays

Facial prominence of eves, down-sloping palpebral fissures, thickened lids
large ears

beaking of nose, flared nares, hypoplastic alae, short columella
protruding upper lip

micro-retrognathia

Skeletal delayed closure of fontanels
broad great toes

Integument | redundancy / laxity of skin
minimal subcutaneous fat
cutaneous capillary malformations

Cardiac structural anomalies (ventricular septal defect, atrial level defect, pulmonary artery stenoses)
arrhythmias (Torsade de points, PVCs, PACs, SVtach, Vtach)
death usually associated with cardiogenic shock preceded by arrythmia.

Genital inguinal hernia
hypo- or cryptorchidism

Neurologic hypotonia progressing to hypertonia
cerebral atrophy
neurogenic scoliosis

Shaded regions include features of the syndrome demonstrating variability. Though variable findings of the cardiac,
genital and neurologic systems were observed, all affected individuals manifested some pathologic finding of each.




Textbook Chapter on Ogden Syndrome in pending 3™ Edition
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This is the mutation we found... one nucleotide change
out of 6 billion nucleotides in a diploid genome.

Pro37
C CC

Ser37
C T T T CcC T 6 G

A

T
\ /\ A A .'/\\
/ \/ a,\ // \\ / ' \'\ /‘} \\

/\\\ N\ A c /\\

Mutation

WT

Unaffected
Brother

Proband



The mutation is a missense resulting in
Serine to Proline change in NaalOp

- Ser 37 is conserved from yeast to human

- Ser37Pro is predicted to affect functionality
(SIFT and other prediction programs)

- Structural modelling of hNaa10p wt (cyan) and
S37P (pink)




The mutation disrupts the N-terminal
acetylation machinery (NatA) in
human cells.

NatA NatB NatC NatD NatF
Ser hiNaa20p Acet 4 rafet ggr Q‘;t
hNaa 10pf NatE hNaasa:Naassp,

Naa50p Fimem
hNaa15p e - -
Ribosome Ribosome Ribosome Ribosome
Ribosome

Ser Met Leu Met-Asp Met-Leu Ser Met-Lys
Ala Met-Glu Met-lle (HZA/H4) Met-Ser
Thr Met-Asn Met-Phe Met-Ala
Gly Met-GIn Met-Met
Val Met-Leu
Asp/Glu*

Slide courtesy of Thomas Arnesen



function of N*-terminal acetylation

Yeast
Unacetylated
N-termini P-,MG-,MK- etc.
general .
* most abundant protein modification in eukaryotes T
c- -’ -l

NatA

* NatAis the major NAT e,
NAT function

* protein function (hemoglobin, actin/tropomyosin...) _—

Human

e protein stability

* proteasomal degradation via ubiquitin ligase Doal0 Unacetylated NaiA
N-termini
e avidity enhancer P-,G- efc.
26.5%

* protein targeting to ER

Ac-ML-,MI-,MF-

MK-,etc.

14.5%
NatC/E/F

NatB

Trends in Biochemical Sciences April 2012, Vol. 37, No. 4



N“-terminal acetyltransferases

R R O
(!: Ac-CoA CoA ({: g
H H
/N N awaN
C NH.* . > C NH CH;
-00C [ Ne-acetyl transferase -0O0C g

human NATs
* NatA-NatF
e associated with ribosome

e act co-translationally
e distinct substrate specificity

ribosomal subunit
small large




ribosomal subunit
small large







NAT activity of recombinant hNaalOp
WT or p.Ser37Pro towards synthetic
N-terminal peptides
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Q

Product formation
(pmol acetyl prod * min-' * pmol hNaa10™")

400 800
- Bl hNaa10 WT l T Bl Naal0 WT
300 - T hNaa10 S37P . [ ] hNaa10 S37P
200 —
_ g & T
1 =
100 — Z 400 -
_ !E i
025
0,2 _
0,15 = <08 ==
0,1 i
0,05
05 5 — |
EEEI STPD AVFA EEEI STPD Ac-CoA
C EEEI STPD Ac-CoA
WT S37P WT S37P WT S37P
Km (uM) 326,5 + 667,0 + 310,9 + 4783 + 189,2 + 175,6 +
46,4 91,5 28.9 34,7 31,8 24,1
keat/Km 13,1¥10°  3,2*10° 6,3 1,8 28.6%10°  15,4*10°
M= ¢ +2,0%10°  +0,5%10° +0,5 +0,2 +53%10°  +2,2%10°
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Big Questions though:

Simulated structure of S37P mutant

What is the molecular basis of Ogden syndrome?
* NaalO/Naal5 complex

* NaalO localisation

* NaalO function

what can we learn from Ogden syndrome?

» characterizing different model systems (fibroblasts, iPS cells, yeast, mouse)



X-chromosome skewing

skewing analysis on B-cells
« from wt and S37P carriers females

genomic DNA

Sample Allele-1 (% Allele-2 (% Pedigree Sample # | Mutation
S v :? :? ]A :? n G & G & 10060 #1 o.sa( A o.oz( o B
& EEEEE ¢.109T>C (S37P) 3 10060 #2 0.99 001 -5 carrier
H X-inactivated ® 90797 (10060)#3| 0.8 002
! ) 10061 #1 096 004
CpG islands =) \ 10061 #2 1.00 000 13 Carrier
5 g /\ 90531 (10061) 3 0.97 003
> 5 70062 #1 089 011
& ! 10062 #2 0.88 012 12 Carrier
o 10062D_F2R1 Fragmem-?ase 8449 .Gﬂase6355 o& 5. | 90528 (10062)#3 0.89 0.11
: G G A G 10063 #1 097 003
Smal digest % 7 1 1T 1 d 31 1 1 1 10063 #2 0.99 001 -2 Carrier
c © 89324 (10063) #3 1.00 0.00
9 90527 #1 0.21 0.79 s wr
g \ 90527 #2 020 080
- - 70064 #1 073 027
X-inactivated 2 /\/\/x\ /\/\/\ oot or post . .
/\/\ /\ 90530 (10064) #3 0.70 0.30 -
90530 (10064) #4 071 029

% activated allele

11-3 -2 -2 - 3

. carrier
lsequencmg

100 -+
PCR 90 +-
80
70 4
60 -
PNV
PP 50 - m Allele-2
X-inactivated £ 40+
30 - u Allele-1
20
10 -
0 -
11-5 -7
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Lamin and tubulin staining in primary fibroblasts

e staining for lamin and tubulin

* pictures were taken on Applied Precision DeltaVision (wide-field fluorescence
microscope with deconvolution)

control boy (BJ) Ogden boy (MC)




NaalO S37P Mutation Validation in iPSCs

WT Genomic Locus Ogden Genomic Locus

I CCTTICCT 1 CCTT@T

MMMMMA A&M

H-3 M-3

PN e

Sanger sequencing results of genomic DNA from WT HDFn-iPSCs (left) and Ogden
MC-iPSCs (right). The ¢.109T>C mutation in exon 2 of Naa10 is indicated by the red
asterisk, and the codon change from Serine to Proline is illustrated respectively.



Characterization of iPSCs

HDFn—iPSCs Ogden—iPSCs
Sox2 Oct4 Nanog Sox2 Oct4 Nanog

S/O/N

TRA-
1-60

DAPI

Merge

Immunofluorescence analysis of the indicated pluripotent markers in HDFn-iPSCs (left) and
Ogden-iPSCs (right). Nuclei were visualized with DAPI stain (blue). Scale bar, 150 pum.




Cardiac Lineage Differentiation

WT iCM on Day 41 Ogden iCM on Day 38

Initial cardiac differentiation assay showed wave-like beating
sheets of cells derived from WT and Ogden iPSCs when plated on
matrigel on Day 41 and Day 38, respectively. Scale bar, 250 um.



Proteomics Analysis of EBV-transformed cell lines

and fibroblasts fron;r

I O 4

1.

family members

carrier

2.

Wt MUT carLier

B. A.

2.
V‘LT V\I’T MLT/ MUT uT
I” o N mﬁ | mut |
6.

1. 2. 3. ‘.

r

carrier

carrier MUT V‘/T wrt

@ +/mut H +/+ +|

B. 4, . 6. 7. 8.

5. 7.

=male d

O = female Q
= FFPE DNA (for patient I1l.7.) or DNA from blood available (and for
some of them: EBV transformed cell lines available + skin fibroblast of

patient 111.6.)
SB  =stillborn
T = proband

= patient samples analyzed by N-terminal COFRADIC analyses (#1 to #5)

= patient samples prepared for N-terminal COFRADIC analyses (but still
to be analyzed) (#8 and #9)

proband hemizygous, mutant (89323) (#1a) (#1b)
mother of proband, carrier (89324) (#2)
[I.A. married-in father of proband, WT(89325)
brother of proband, WT(90526) (#3)
sister of proband, WT (90527) (#4)
1.2. grandmother of proband, carrier (90528)
married-in grandfather of proband, WT(90529) (#5)

aunt of proband, WT (90530) (#6)
I1.3. aunt of proband, carrier (90531)
II.B. married-in uncle of proband, WT(90532) (#8)
11.8. uncle of proband, WT(90688) (#9)

aunt of proband, carrier with deceased boy (90797) (#7)




Proteomics Strategy
With Thomas Arnesen,
Petra van Damme

And Kris Gevaert

yNat y[hNatA] yNatA-A
nCoarg ) wCoarg M) nCoN-Ag
6 Da 4 Da
Cell lysates mixed
NH, ﬂ NH,
In vivo N-at- AC COOH
awtylated NH. NH.
NH, " NH, SH .
In vivo free Hx(\/‘\/\/\]/\/K/K/Y\/\COOH

NH, NH,

g

Cys alkylation (##) / a) D3-acetylation OR b) propionylation (N-
Prop-) of all free amines (A)

In vivo N-a-

acetylated MM}VT‘A o
In vitro D3- COOH
Ac-or N-Prop-

4

Trypsin digestion followed by SCX and primary HPLC run

M/\lh H?"\f\/\ COOH
y\lR H, COOH
e

TNBS modification of free amines and secondary HPLC run

o o
N . oo

N-terminal peptides (ldentical retention time): collected
and analyzed by LC-MS/MS

Internal peptides: hydrophobic shift: discarded
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VA

Affected NatA N-termini

Nt-free
Affected NatE N-termini 18 %
(S37P)

NatC/NatE/NatF
5%
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Table 1: Overview of N-termini less acetylated in Naal10-S37P B-cells, fibroblasts and siNatA
Hela cells.

NAT significant | significant | siNatA
type P1 | P1' | P2’ B-cells | fibroblasts | (HeLa) Description
NatA M Y N v v v Peptidyl-prolyl cis-trans isomerase A
NatA M A A ) ) v Translational activator GCN1
NatA M A A v v v Transcription elongation factor B polypeptide 3
NatA M A Vv ) ) v Ribonuclease P protein subunit p30
NatA M G A v v THO complex subunit 7 homolog
Dolichyl-diphosphooligosaccharide--protein

NatA M S A glycosyltransferase subunit DAD1
NatA M T M 14-3-3 protein beta/alpha
NatA M A G v v 39S ribosomal protein L15, mitochondrial
NatA M A A ' ' E3 ubiquitin-protein ligase RNF5
NatA M T K v v Leucine-rich repeat-containing protein 59
NatA M A \Y v v Ras GTPase-activating protein 3
other - M Vv ) ) Peptidyl-prolyl cis-trans isomerase A
other - M Vv v v SUMO-activating enzyme subunit 1
NatA M A E ) ) 60S ribosomal protein L13a
NatA M Y E v v SUMO-activating enzyme subunit 1
NatA M A L ' 26S protease regulatory subunit 8
NatA M A Q v Serum response factor-binding protein 1
NatA M Vv E v Protein LCHN
NatA M S G v Transmembrane protein 50A
NatA M T A v Transmembrane protein 85

NatC or
other - M L ) Kinesin-like protein KIF21A

NatC or
other - M L ' p53 and DNA damage-regulated protein 1
other - M Vv ) Deoxyhypusine hydroxylase
other - M M v Uncharacterized protein C11orf46
NatA M A A ) ) Epidermal growth factor receptor substrate 15

Mediator of RNA polymerase Il transcription

NatA M S T ) subunit 30
NatA M A A ) AN1-type zinc finger protein 5
NatA M G A v RNA-binding protein 7




IP and mass spec of NAA1O

5 x 106 HEK293 cells were seeded in 10 cm dish and
transfected after 24 h with pcDNA3.1 V5/His hNaa10
wt, pcDNA3.1 V5/His hNaa10 S37P or corresponding
empty vector. Cells were lysed after 48 h .

S ®o a» e e
1(? .% aaaaaaaa o For IP, 40 mg total protein were incubated with 400 pl
S g anti-V5-coupled magnetic beads (Invitrogen) for 2 h at
e N 4°C under constant agitation.
\\ LY ) O
s
é{ *5, Proteins were digested with trypsin off the beads
| and labelled with distinct isobaric iTRAQ reagents.

The samples were combined and subjected to
standard 2D MudPIT LCMS and analyzed using a
Thermo Velos Orbitrap mass spectrometer.

The relative enrichment in the samples were
calculated as a ratio of the intensities between the
samples and the empty-vector control. The whole
experiment was done twice.
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ribosomal subunit
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% t t:
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Same data, just presented differently.

yeast growth

YPDA media (Clonetech, #630464)

Yeast minimal SD base (Clonetech, #630411)
supplemented with drop out mix —Ura
(Clonetech, #630416)

A 5 ml overnight culture was grown in SD-YURA
at 30°C. Cells were diluted to an ODg, of 0.1
and either spotted in 1:5 serial dilutions on
plates for 48 h (upper panel) or grown in 2 mi
cultures at 30°C or 39°C under constant
agitation for 24 h (lower panel). Optical
density was plotted

n=11
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hNatA
S37P



Endogenous, single-copy genes in
yeast.

Optical density as a measure of
growth was normalized to the W303
wt strain for every independent
experiment and plotted (X). The
median of all experiments is shown
as a short line

n=22 for S39P
n=11 for all other strains
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Conclusions
Expanding Utah Genome Project significantly.

Making good progress on many new rare,
orphan diseases.

Working toward highly accurate whole genome
sequencing.

Elaborating the mechanistic basis of Ogden
Syndrome in molecular detail.






