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UC Davis Proteomics Core

• Established 2005

• Averages between 3-5 Staff Scientists and 3-5 undergraduate students

• Over 150 Authored publications by core scientists
• Many more non authored (= acknowledged) 

• 3 successful NIH S10 grants

• Generates typically between 600-800K a year in revenue

• Offers Online and in person (hands on classes) almost every year
• https://video.ucdavis.edu/playlist/details/0_4jkc4swu - Online Videos

• Usually involved and spearheads several international proteins studies a year though the 
ABRF Proteomics Research group
• 2020-2021 Pandemic Proteomic Beer Study
• 2021-2022 Prote”omlet” egg glycopeptide study

• Only academic lab in the world that still does Edman sequencing and Amino Acid analysis

https://video.ucdavis.edu/playlist/details/0_4jkc4swu


UC Davis Genome Center
proteomics.ucdavis.edu



Some of the samples in our Core Facility in 
the last year or so

• Human Hair & Skin & Fingermarks & 11K year 
old human teeth!

• Grape Sap
• Bull sperm cells
• Ferret Sperm
• Yeast/Beer
• Egg Whites
• All sorts of BioID experiments 
• All sorts of PTMS (phospho, Sumo, ubiq) 
• All sorts of livers ,Fish, mouse, human
• Walnut Bark and Pellicle (walnut skin) 
• Tardigrades 

• Horse Lung Lavage (horse snot) 
• Dog tissue
• Sea Otter hearts (diseased cardiomyopathy, very 

fibrotic)
• Brain inclusion bodies
• Bovine uterine fluid
• Isolated HDL particles from serum
• Wheat
• Milk - human, cow, formula
• Plasma, human, mouse
• Mouse Knee tissue
• Covid Nasal Swabs
• Some weird sample that was green!



Horse Snot 
Collaboration 
with the 
Proteomics Core 
Here at OHSU



You want me to 
put this in my 
mass spec?



2023 course was last month



Sample 
prep/ LCMS 
/ analysis



Virtual Class

• We did a virtual Pandemic Class 
available here

https://video.ucdavis.edu/playlist/details/0_4jkc4swu

https://video.ucdavis.edu/playlist/details/0_4jkc4swu


Proteomics Community Building

Every other week clubhouse 
chat

Our Proteomics radio hour 
has been getting more 
popular



The 2021 ABRF Beer Study: Beer Proteomics at the 
Global Scale

Brett Phinney, Andrew Marcus, Glen Fox, Hua Ding, Laura E Herring, Pratik D. Jagtap, Joanna 
Kirkpatrick, Vikas Kumar, Mukul K Midha, Leroy Martin, Magnus Palmblad, Baozhen Shan, Paul 
M Stemmer, Yan Wang, Dan Polasky, Austin Carr, Michael Shortreed, Benjamin A. Neely

The Fundemic Beer Project

357 
injections

Ø Preprint with 74 of co-authors is soon to be out!

Ø Largest beer proteomics resource ever (we 
think) 



Complexity & Variation: Isoforms and Proteoforms



A typical workflow in bottom-up proteomics experiment

Homogenization/ 
Cell lysis

Protein
precipitation

Proteolytic 
digestion

LC-MS/MS

Database
search

Cell cultures,
Primary cells,

Frozen tissues,
FFPE,

Biofluids,
Exosomes, 

Secretome, etc.

Denature,
Reduce,
Alkylate.

Raw data



Shotgun 
Proteomics

Complex Mixtures (10^3) of 
proteins are digested using a 
protease into peptides (10^6)

Peptides are Separated and fed into a Mass Spectrometer



Zoomed 
in. Tons of 
peptides!!



From : https://www.sciencedirect.com/science/article/pii/S2667237521000035

https://www.sciencedirect.com/science/article/pii/S2667237521000035


Courtesy Mike MacCoss



Parker Lab UC Davis
https://parkerlab.ucdavis.edu

 

https://parkerlab.ucdavis.edu/


ProteoGenomics

































(B) “Fur product” does not include any of the following:
(i) A dog or cat fur product, as defined in Section 1308 
of Title 19 of the United States Code, as that section 
read on January 1, 2020.
(ii) An animal skin or part thereof that is to be converted 
into leather, which in processing will have the hair, 
fleece, or fur fiber completely removed.

Hybrid cat







Sidebar: Felidae Phylogenetics

• Forensic Challenge
• Related species

• Eg. Lion and Leopard
• How good can you resolve a 

population with proteomics?



Identify Species Origin of Felidae Fur 

• 5 fur Species Samples
• Panthera leo  (tiger)
• Panthera pardus  (leopard)
• Panthera tigris  (tiger)
• Puma concolor  (puma)
• Acinonyx jubatus (cheetah)

• 6 samples
• 3 skin
• 3 fur hair

1. Process using an optimized 
hair protocol.

2. Proteomic mass spectrometry
3. Search raw data with species- 

specific reference protein 
databases

4. Measure PSM



0

20

40

60

80

100

Lion Leopard Tiger Canada
Lynx

Cheetah Domestic
Cat

Mouse Platypus

%
 C

ov
er

ag
e

% Coverage of Proteins in Lion Paw

KRT14

KRT39

KRT80

KRT82

CDSN

DSP (Hair)

DSP (Skin)



Example of Protein Coverage
Proline

Alanine



Identify Species Origin of Felidae Fur 

Other Factors?
• More stringent searches = no effects
• Protein coverage vs total peptides = no effect
• Human contamination = has an effect



Summary: Phylogenetic Proteomics

• Resolve Lion and Leopard (just)
• Changes can be more 

pronounced at the protein level
• Species specific peptides can be 

identified and detected!

• Peptide Sequence Matching is 
reliable for faster analysis, with 
no need for development of 
targeted assays.

• Future work 
• Targeted assays 
• Species specific QQQ assay.

• More unknown samples!



Statement of Problem: Proteomic Sex Estimation
• Skeletons mostly do not have sexually 

dimorphic markers
• Non-adults: male/female skeletons alike
• Degraded: pelvis bone is fragile, other 

markers ambiguous.
• Together most skeletons cannot be 

sexed.
• DNA:
• X-/Y-chromosome Markers 
• Sensitive, but DNA is often missing
• Low copy number → error rate

process of identifying peptides and proteins from MS data, the
resulting data analysis challenges, and the existing computa-
tional methods, with a focus on data generated using the
shotgun proteomics strategy.

2. Shotgun proteomics strategy

The shotgun proteomics approach is presently the method of
choice for identifying proteins in most large-scale studies,
with many excellent reviews available describing this tech-
nology and its biological applications (e.g. see [16–18]). This
strategy involves several major steps (see Fig. 1), which are
summarized below to provide the necessary background for
subsequent discussion of the computational strategies and
data analysis issues related to these data.

2.1. Protein digestion and separation

A key step in shotgun proteomics is digestion of proteins into
peptides using proteolytic enzymes such as trypsin (option-

ally, using multiple different enzymes). In the example of
trypsin, the enzyme cleaves peptides after arginine and
lysine residues (unless followed by proline), and thus the
majority of the resulting peptides are expected to conform to
the trypsin cleavage rules on both ends of the sequence
(“tryptic peptides”). They should also have no or just a few
internal trypsin cleavage sites (“missed cleavages”).
Performing protein digestion has many advantages over
methods of analysis based on MS/MS sequencing of intact
proteins. As a drawback, since each protein digested with
trypsin produces multiple peptides (on average about 50), the
resulting peptide mixtures can be very complex. Thus, prior
to digestion, a protein separation procedure may be
employed, e.g., using 1-D SDS-PAGE or organellar based
separation, to divide the total protein content of the sample
into sub-fractions to reduce the sample complexity. The
protein digestion step is often followed by a selective peptide
enrichment (depletion) strategy designed to capture pep-
tides having certain specific properties of interest (e.g. N-
linked glycosylated peptides, phosphorylated peptides, etc.
[19]). Resulting peptide samples are then further separated

Fig. 1 – Overview of shotgun proteomics. 1) Sample proteins are digested into peptides using enzymes such as trypsin.
Resulting peptidemixtures are optionally processed to capture a particular class of peptides (e.g. phosphorylated peptides), and
then separated using a liquid chromatography (LC) system coupled online to a mass spectrometer. 2) Peptides are subjected to
tandemmass spectrometry (MS/MS) analysis that results in the acquisition of MS/MS spectra. 3) The correct assignment of MS/
MS spectra to peptide sequences is the first step in proteomic data processing.
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1. Sex-Estimation
Pelvic Morphology

Fig 1. Three Approaches to Sex Estimation
Currently sex estimation requires either 1) Osteological 
markers, such as the ventral arch (*), or 2) DNA-typing of X-
and Y-chromosome amelogenin genes. We propose a third 
approach (3), where the sex-specific amelogenin-Y protein is 
detected and used to estimate sex. (White TD et al, 2012; 
Butler JM,  2010; Nesvizhskii AI, 2010.)

60 to 95% 100%

*

3.



Amelogenin Genes are Expressed in Enamel

The most characterized sex-
chromosome markers are expressed 
in the most robust tissue!
• Amino acid differences occur 

between them
• AMELX_HUMAN
• AMELY_HUMAN

• Amelogenin peptides can be 
extracted from enamel tissue

• AMELY_HUMAN
• CA-ALA-554 B85D, ~1000 BP



Amelogenin Genes are Expressed in Enamel

• Pep$des can be measured
• Total Ion Current (TIC)

• Combine all pep$de signals that are 
specific to AMELX_HUMAN or 
AMELY_HUMAN
• Male (◼) and Female (●) teeth 

separate into two popula$ons.
• Signal ranges over 2 orders of magnitude
• AMELY is about 10% of AMELX
• 2 outliers
• Unsexed samples parEEon as well
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Amelogenin Genes are Expressed in Enamel

• Pep]des are very stable
• Over 10,000 years no change in 

signal!
• Male (◼) and Female (●) teeth 

separate into two popula]ons.
• AMELY is about 10% of AMELX
• 2 outliers
• Unsexed samples pareeon as well
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Amelogenin Genes are Expressed in Enamel

• How does Proteomic Sex Estimation 
compare to other methods?
• Genomic Sex Estimation contradicts 

some Proteomic Sex Estimates
• Who is at fault?: Protein, DNA or Both
• Contradictions only occur in low quality DNA 

samples! 
• no pattern in protein quality!

• Therefore when estimating sex
• Proteomic sex estimation > High read 

(>100K) genomic estimation > Osteology sex 
estimation. 

100K reads

Total Matched Human Sequences

Figure 4. Conflicts between Genomic and Proteomic Sex Estimation. 
A) Datapoints were plotted based on the ratio of sex chromosome reads (RY) as a function of 
total reads. Conflicting estimates are in grey. Indeterminate estimates are white. Conditional 
estimates have confidence intervals that cross into the middle zone. There is a clear pattern 
of conflicting estimates with lower quality DNA. B) The same samples were plotted onto 
proteomic data (AMELY CI/mg vs. AMELX CI/mg), to see if there was also a pattern. 
However, conflicting estimates that did occur did not have a pattern and occurred across the 
range of data quality.

A B

100K reads

Total Matched Human Sequences

Figure 4. Conflicts between Genomic and Proteomic Sex Estimation. 
A) Datapoints were plotted based on the ratio of sex chromosome reads (RY) as a function of 
total reads. Conflicting estimates are in grey. Indeterminate estimates are white. Conditional 
estimates have confidence intervals that cross into the middle zone. There is a clear pattern 
of conflicting estimates with lower quality DNA. B) The same samples were plotted onto 
proteomic data (AMELY CI/mg vs. AMELX CI/mg), to see if there was also a pattern. 
However, conflicting estimates that did occur did not have a pattern and occurred across the 
range of data quality.

A B

Genomic Sex Estimation is NOT reliable
< 100K reads



Summary: Proteomic Sex Estimation

• Pros:
• Partitions male and female 

samples
• Highly sensitive and stable

• No change over 10K years
• More reliable than DNA methods, 

where DNA read < 100K.
• Potentially much cheaper!

• Cons:
• DNA genotyping is being conducted 

anyway.
• If >100K ancient reads, no difference.

• Osteological sex estimation
• Only good for ~50% of samples
• BUT very cheap and fast
• confident estimates are reliable (>95%).
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