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• A semi-automated sample processing
platform for brain tissue samples has
been developed and applied to a large
sample set.

• Samples from 109 different genotypes
were analyzed from the hybrid mouse
diversity panel (HMDP) along with ten
biological replicates from an inbred
mouse model to assess the technical
variability.

• We found that the technical variability of
our platform was 22%, while the
variability of the HMDP was 28%.  Thus,
we estimate that 38% of the variance
observed  is due to biological variability.

• 109 samples are processed from start
to finish in 1.5 working days.

• Samples were processed  in a single
batch to minimize batch effects.

• Using biological  replicates  of  an
inbred mouse strain as quality control
allows the assessment of sample
handling variability.

• Technical variability for the entire
sample handling process from
dissection through to analysis was
limited to 22%.

• Minor variations in the genome can be
detected at the proteome level using
this platform.

• Throughput and reproducibility are critical for
achieving studies with sufficient statistical power
for examining the complexities of mammalian
biology.1

• To achieve increased throughput, a 96-well plate
format was used.

• All liquid handling steps are performed by a robot
to prevent intermittent human error in reagent 
additions and facilitate tedious manipulations (e.g. 
concentration normalization for hundreds of 
samples).2

• The technical reproducibility of the  analysis
process was evaluated using 10 biological
replicates from the same inbred mouse strain.

• The HMDP is a panel of inbred and recombinant
inbred strains possessing a large number of
breakpoints, permitting high resolution mapping of
genetic traits.

• An important advantage of the HDMP is its genetic
stability, precluding the need for repeat genotyping
and allowing unlimited phenotyping.

• The large, high-quality dataset will be combined
with transcriptome measurements to develop a
broad understanding of how the transcriptome and
proteome mediate the relationship between
genotype and phenotype in mammals. www.omics.pnl.gov 
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1. Frozen, dissected tissue was loaded into a homogenization plate leaving the
outermost wells empty to reduce  variation from edge effects.

2. Samples were homogenized in a denaturing buffer using a TissueLyser
(Qiagen).

3. Sample yield was measured by Coomassie assay and protein concentration
was normalized using a custom script and an EpMotion liquid handler.

4. Sample denaturation, alkylation and digestion were carried out on the
EpMotion with an external plate incubator customized to uniformly distribute
temperature in well plates.

5. SPE was achieved using a positive pressure manifold (SPEware) and SPEC
tips (Agilent).

6. Peptide concentrations were measured using the BCA assay and normalized
using a custom script and an EpMotion liquid handler.

7. Samples were separated with a 100-minute, reverse-phase gradient on a
Waters nanoACQUITY LC and analyzed using a Velos Orbitrap MS
(ThermoScientific).

x 109 

1 2 3 4 5 6 7 8 9 10 11 12

A -1.53 -1.52 -1.51 -1.48 -1.52 -1.50 -1.52 -1.50 -1.55 -1.48 -1.48 -1.60

B -1.64 8.09 7.61 10.29 8.64 11.07 7.55 8.71 11.09 10.44 -1.58 -1.70

C -1.71 7.56 17.64 7.05 10.90 7.93 9.90 8.11 10.03 10.61 -1.64 -1.68

D -1.75 9.91 8.74 7.75 12.20 13.02 14.23 12.10 9.65 10.85 -1.67 -1.76

E -1.70 7.67 5.55 9.93 11.85 18.55 10.54 8.24 7.38 10.71 -1.72 -1.78

F -1.77 4.51 10.63 8.97 11.18 7.86 10.89 9.13 6.96 8.16 -1.73 -1.75

G -1.69 5.51 10.40 8.43 9.01 8.68 8.68 7.13 9.52 7.74 -1.71 -1.69

H -1.66 -1.67 -1.64 -1.67 -1.62 -1.55 -1.55 -1.67 -1.64 -1.63 -1.64 -1.61

1 2 3 4 5 6 7 8 9 10 11 12

A -0.88 -0.91 -0.88 -0.88 -0.99 -0.94 -0.92 -0.92 -0.91 -0.90 -0.95 -0.93

B -1.03 4.72 8.50 10.20 7.49 7.52 7.16 11.00 9.51 5.20 10.11 -1.05

C -1.09 5.79 6.41 4.83 7.64 7.75 8.16 7.44 6.71 7.90 -1.06 -1.06

D -1.16 5.37 6.88 8.83 10.17 7.35 5.73 13.23 6.42 8.07 -1.16 -1.11

E -1.17 6.16 5.09 9.91 9.97 10.02 11.20 6.07 8.72 11.43 -1.14 -1.15

F -1.15 7.40 6.15 7.09 8.18 8.92 7.15 7.82 4.55 6.86 -1.15 -0.99

G -1.10 6.75 5.69 7.22 9.73 8.10 7.83 8.22 7.46 6.45 -1.14 -1.10

H -1.02 -1.18 -1.10 -1.10 -0.99 -0.91 -1.01 -1.05 -1.14 -1.11 -1.07 -1.10

1 2 3 4 5 6 7 8 9 10 11 12

A 0.07 0.05 0.06 0.06 0.01 0.03 0.02 0.04 0.07 0.04 0.06 0.06

B 2.49 0.62 0.67 0.65 0.72 0.87 0.97 0.90 0.69 0.92 0.01 0.01

C 2.04 0.61 0.71 0.88 0.66 0.76 0.67 0.92 0.68 0.68 -0.01 -0.01

D 1.59 0.65 0.57 0.53 0.40 0.58 0.61 0.57 0.74 0.64 -0.04 -0.04

E 1.05 0.57 0.66 0.63 0.62 0.51 0.64 0.69 0.45 0.99 -0.06 -0.05

F 0.52 0.58 0.87 0.57 0.85 0.75 0.64 0.79 0.71 1.02 -0.07 -0.03

G 0.23 0.58 0.63 0.81 0.63 0.68 0.63 0.98 0.91 0.92 -0.05 -0.03

H -0.01 -0.04 -0.03 -0.05 -0.02 0.06 0.00 -0.05 -0.04 -0.06 -0.04 0.01

1 2 3 4 5 6 7 8 9 10 11 12

A 0.04 0.01 0.03 0.02 -0.02 -0.01 -0.02 -0.01 0.01 0.00 0.01 0.03

B 2.42 0.58 0.83 0.85 1.13 1.38 0.69 0.75 0.85 0.73 0.69 -0.03

C 2.02 0.87 0.72 1.21 1.13 0.66 0.80 0.94 1.08 0.97 -0.04 -0.04

D 1.70 0.87 0.70 0.67 1.06 0.68 0.94 0.58 0.91 0.78 -0.07 -0.07

E 1.00 0.73 0.75 0.63 0.72 1.00 0.69 0.60 0.52 0.81 -0.11 -0.08

F 0.50 0.58 0.48 0.70 0.72 0.79 0.70 0.64 1.10 0.63 -0.10 -0.06

G 0.20 0.73 0.91 0.83 0.67 0.73 0.53 0.82 0.82 0.55 -0.07 -0.07

H -0.04 -0.05 0.00 -0.06 -0.05 0.00 -0.01 -0.09 -0.07 -0.08 -0.07 -0.01

1. Dissection 2. Homogenization

3. Normalize Protein
Concentration 

4. Alkylation and
Trypsin Digestion 

5. Positive
Pressure SPE 

6. Normalize Peptide
Concentration 

Measurement Variability 

Analysis of  Single Nucleotide Polymorphisms (SNPs) 

Figure 1. Peak matching to an AMT tag 
database resulted in 4732 unique 
peptides, mapping to 1123 protein 
groups, observed across a minimum of 
55 datasets. A)  Mass error histogram 
for peptides  across all 109 samples. 
B) Normalized elution time (NET) error
histogram across all 109 
measurements.  The narrow width 
and normal distribution of these 
measurements demonstrate the 
robust performance of the LC-MS 
analysis, performed using a 
nanoACQUITY (Waters) and Orbitrap 
Velos (Thermo Scientific). 

Figure 2. Peptide abundances were 
calculated as the area under the curve.  
Labeling errors deriving from pipetting and 
assay variance were corrected for by 
adjusting the median log2(light/heavy) to 
0.  A) Boxplot displaying the distribution of 
coefficient of variance (CV) expressed as a 
percentage. Controls are displayed in red 
and individual strains (Samples)  in purple.   
B) Peptide CV’s in Control vs. CV’s in the
sample set.  In all, 2914 peptides showed 
higher variance across strains than the 
within strain control.  

Figure 3. Fast LMM was used to map 
genetic variation that potentially 
affects expression of the 4732 unique 
peptides. Altogether ~194,000 SNPs 
were informative and used in the 
analysis.  This analysis resulted in > 
150 pQTL’s with a significant 
correlations. A,B) Manhattan plot 
showing fast LMM results for two 
different peptides.  Location of the 
protein gene is denoted by the blue 
dot. A) Peptide with a single 
correlated SNP. B) Peptide with many 
strongly correlated SNPs in the same 
gene region as the SNP. 
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