High-throughput plasma proteomics to identify diabetes associated protein biomarkers and pQTLS
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Deep and unbiased plasma proteomics for disease cohort studies at scale Deep proteomics enhances disease classification and biomarker discovery
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Nanoparticle-based sample preparation coupled with liquid chromatography—mass spectrometry (LC—MS) enables -
untargeted measurement of the proteome from biofluids at unprecedented depth.! Deep assessment of the proteome e
enables previously inaccessible applications such as phenotype diagnosis, biomarker discovery, and proteogenomics [
analysis from easy to obtain sample types, like plasma. We used Seer Proteograph™ workflow to build a classifier to
distinguish diabetics from controls and regressors to predict clinical markers. Additionally, we integrated the proteomics

Root Mean Squared Error Mean Absolute Error Median Absolute Error Mean Absolute % Error R? coefficient of determination
17.5

15.0 0.4

o
g 2500

t'-'i; 2000 125
) 0.3

® 1500

10.0
1000

500 75 0.2
measurements with genotype data to identify protein quantitative trait loci (pQTLs) that are robust to potential epitope I N N N U S N T i 050 50
. . . . 0.1
effects due to coding variations in the proteome. Figure 1. Library Performance Across Cohort. 025 v
lerary free and “brary free Wlth MBR Identlfy more prOteIn groups Wlth 000 Library Free Library./Free MBR QDIAB DDA ‘ Library Free Library./Free MBR QDIAB DDA ‘ Library Free Library./Free MBR QDIAB DDA 00 Library Free Librar).(Free MBR QDIAB DDA 00 Library Free Librar).(Free MBR QDIAB DDA
Novel aspect better sequence coverage than the QDIAB DDA cohort-specific library. Library Library Library Hbrary Hbrary
- . E e ody temperature e riglycerides (mmol/L)
= Integrated unbiased and large-scale proteomic data generated from Proteograph™ Assay to detect biomarkers ey emperre O & T )
. . . o Data Completeness Across Libraries e Distribution of Biological CV (%) in Proteins found in =0.25 Samples MCHC I! Hematocrit (%)
assoclated with diabetes. . Lirary catsam oy | B Chol /HOL ratio
- . - - o o o i —— Library Free . e
= Developed method for using protein alternating variation in mass spectrometry data (MS-PAV) when performing pQTL — Lbrary Fres MBR Corrected calclum (mmol/L) | F reatinine ot/
{ o —— QDIAB DDA 800 Albumin (g/L) i‘ AST (U/L)
2 —_ Hematocrit (%) X}
analysis. § w000 : omantoom (o/d) | s, ¥ Hemoglobin (o/c)
g 2500 5 0 mev | HE HbATc (%)
5 B RDW s N BMI
% 2000 _g 400 RBC E Eosinophils (%)
S . % @ Potasium (mmol/L) EE Cholesterol (mmol/L)
Methods ldentification of MS-PAV pQTLs ‘ o |  Amintl)
g 1000 Mean diastolic blood pressure (mmHg) ~&immo
MPV E-E-,' Neutrophils (10"3 /ulL) +
Cohort-specific library (QDIAB) generated by Liquid " ’ BM = RBC
Genome/Proteome 2 ) z : : A = S A s 0 50 100 150 200 250 300 350 Library Free Library Free MBR QDIAB DDA . ' eutrophils (%
Chromatography couple d to Data Depen dent Analysis MS-PAV identification MS-pQTL identification Biological interpretation Number of Samples With Protein Groups Library Mean systoncb|og:o;|:;:ts:;rﬁr§:nn;|;g = I :’Béﬂ%'j;/f‘i ;
ISIi " - ss-Spectrometry de: erform n wi ap w m affin . e . Creatinine (umol/L) ron (umol/L)
Q ACQUISIt-IOI"I, DDA _Mass Spectrometry DIA LC MS) / QMDiab Study \ g?i:dA'z:ﬁn:xr;nts(ayS?Pfs‘:fm CV:x:Iusl:ﬁ&:wa;ﬁ:tlﬂramm\ e %rg;top:lztssgodiesam Ity\ Figure 2. Data Completeness of Identified Protein Group. HbAlc (%) 2 ric acid (umol/L) '
. was built by running 90-minute grad|ent DDA of 7 ® PAV-inclusive library quantification at MS-PAV loci at MS-PAVs loci % Neutrophils (%) S HDL-C (mmol/L) oo
: : ; A) The QDIAB DDA cohort- ific library shows lower pr m h mor e 2 Lymphocytes (10°3 /uL)
pools of 16 samples each searched using ﬂ S g R | s B 9 . awAS ) The QU + cohort-specific library shows lower proteome depth, but more & oL 5 iean AF score
MSEraager? BT e R Y s catalogue complete (i.e., protein groups measured in more samples) data compared to library £ - £ Lymphooytes (4
gger=. SO Daetl Dcctype - et - free search and B) potentially captures more biological variation. Library free LDL-C (mmol/L) Patelet
iacdaipiiosdigio ik o Add PAV-affected peptides prior to Remove PAV-affected peptides prior to . . - WBC (10"3 /uL) Body temperature (C
quantification quantification Proje search with MBR improves the data completeness for library free search. S Urea (mmol/L) .
Cohort was analyzed with DIA-NN3 v1.8.1 in Genotype % Uric acid (umol/L) Alkaline phosphotase (U/L) *
. . . & : ) Mean systolic blood pressure (mmHg)
separate group-runs in library free mode, library free : * Find overlap wi other GWAS studies A N %oo s I ke yetlicteod presaure i)
: € e’ " t ifi aine prospnotase ean diastolic blood pressure (mm
mode with match between runs (MBR) enabled, and ] » £ = us. . Dbt NEETEE arvetor sassier Ao ) e oo resur (o)
: Y o § v .n_—'-—-—..- Urea mmOVL
with a cohort-specific DDA . MS-based proteomics % ; * . 10 T y— ibrary ey i Library
Pempmransmarrom | 2 BB e — ams & > Lymphf;“::“;?'/;;; BN Library Free Monocytes (%) BN Library Free
| S mim wmAm @A W - s 08 mphocytes {7 [ Library Free MBR orrected calcium (mmo [ Library Free MBR
e : : 1= Fisher, < 0.05 / 2,341 Linear Model, < 5x10* , : 2 Triglycerides (mmol/L) — QDIAr;DDA ¢ ,tzd. | i {(10'3 ,Il:j ! — ODIAr;DDA
For all classification and regression analysis the (6 || dentity MS-PAVS which significanty affect || Identiy MS-pQTLs with significantly || SWAS | X 2 ALT (U/L) e o) .,
d at a log ( 1 4 in tens l tle S ) SC al e d an d Z7ero \ -y / \ variant peptide detection J vﬂec(ed protein intensities in-cis / k | B : » / % 0.6 Mean reflecftance’ score e '
o Neutrophils (10*3 /uL)
imputed. The regularization parameters were tuned 8 04 ool e i
using 10-fold CV and the model performance was 3 — A Eosinophils (%) =——————— Sogum ey S
. . . 1 osinophils (10"3 /uL) — aciumimmo
estimated using 10-fold CV bootstraps. We developed a novel bottom-up proteomics approach that _ o 07 Ly Free(090 £ 006) Ly Froo(099 002 sosnepnie OB — 400 o7 050 _ o2 o000 oz os o
. . . . . E%E —— Library Free MBR(0.89 = 0.06) —— Library Free MBR(0.99 + 0.01) Mean Absolute % Error R? coefficient of determination
accounts for protein altering variants in the detection of pQTLs. # ! 0.0 — QDIABDDA(O1 £ 0.08) —— GDIABDDA (0.9 £ 0.02)
: , Using this approach, we identify novel protein altering variants in ol 00 02 04 06 08 10 00 02 04 06 08 10 Figure 4. Regression Performance of the Different Spectral Libraries.
MS-PAV pQTL analysis was generated using custom : ¢ clinical rel N b bl .. O] - 1- Specificity 1- Specificity
: logic to identify variant peptides and the pQTL protelnslo clinical relevance that may not be accessible to_a |n!ty J Pt | - | | _ A) Five different metrics of model performance for predicting HbA1lc values (a good clinical indicator of Diabetic status). B) Mean absolute percentage error and C)
: search was done using PLINK. Refer to Suhre et al proteomics. For more details on our MS-PAVs work to identify — Suhreetal Figure 3. Classification Performance of the Different Spectral Libraries. The R? value of 43 different regression models to predict clinical phenotypes. The two metrics indicate the need for multiple metrics since although some values
o bioRxiv 2023.04.20 537640 for more detailed PQTLs free of bla§es in measurement due to epitope effects please  DioRxiv 2025, A) Classification performance across the three search modes for Diabetic status ~ SUch as body temperature are predicted with low percentage error that is primarily due to low variability of that measurement, while R2 providers a better indicator
methods? refer at our pre-print. and B) Sex. Minimal to no difference is seen in classification accuracy across the ~ Of predictor fit and identifies measurements such as triglyceride levels are those that can be strongly predicted. Across the various regressors we see the cohort-
' three different library searches. specific library slightly outperforming the Library Free options.

The library free search with MBR appears to marginally outperform library free ! Blume et al. Nat. Comm. (2020)

@ search without MBR suggesting the additions from MBR may outweigh the laxer References 2 Yu et al. Molecular & Cellular Proteomics. (2020)
FDR control. Additionally, the shallower cohort-specific library seems to outperform 3 Demichev et al. Nat Comm. (2020)
both suggesting cohort-specific libraries may better capture the relevant signals. 4 Suhre et al., bioRxiv 2023.04.20.537640

Library free with MBR increases data completeness for library The different search modes don’t seem to improve classification,

Conclusion @ free search and cohort-specific libraries potentially capture possible due to these classification tasks being "too easy".
more biological variation.
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