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Although B cells are implicated in multiple sclerosis (MS) pathophysiology,
apredictive or diagnostic autoantibody remains elusive. In this study, the
Department of Defense Serum Repository (DoDSR), acohort of over

10 millionindividuals, was used to generate whole-proteome autoantibody
profiles of hundreds of patients with MS (PwMS) years before and
subsequently after MS onset. This analysis defines a unique clusterin
approximately 10% of PwMS who share an autoantibody signature against
acommon motif that has similarity with many human pathogens. These
patients exhibit antibody reactivity years before developing MS symptoms
and have higher levels of serum neurofilament light (sNfL) compared to
other PWMS. Furthermore, this profile is preserved over time, providing
molecular evidence for animmunologically active preclinical period years
before clinical onset. This autoantibody reactivity was validated in samples
from a separate incident MS cohort in both cerebrospinal fluid and serum,
where itis highly specific for patients eventually diagnosed with MS. This
signature is a starting point for furtherimmunological characterization of
this MS patient subset and may be clinically useful as an antigen-specific
biomarker for high-risk patients with clinically or radiologically isolated
neuroinflammatory syndromes.

Multiple sclerosis (MS) isa chronicinflammatory autoimmune disease ~ MS>*.MSis often disabling when untreated; it affects women more often
that primarily affects the white matter of the central nervous system  than men; and it appears to have increased in frequency, with nearly
(CNS)™. Although traditionally thought to be T cell mediated®*, the 1 million individuals currently affected in the United States alone’®.

widespread success of B-cell-depleting therapiesinhumans hasfocused In the large majority of patients with MS (PwMS), MS presents
attentiononacentralrole of Bcellsinthe etiology and progressionof  as a bout or relapse: a neurological symptom complex suggestive
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Fig.1|Overview of MS biomarker study. a, Schematic of DoDSR cohort and
collection. b, Age and time to symptom onset for MS cases (data are presented
as median values; box edges are 1st and 3rd quartiles; and whiskers represent
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of demyelination, such as optic neuritis, partial myelitis, brainstem
syndrome or multifocal onset"**. Magnetic resonance imaging (MRI)
of the CNS performed shortly after clinical onset often shows acute
demyelinating plaques that enhance after intravenous contrast
administration’. In addition, there are often one or more chronic
demyelinating lesions’, suggesting that neuroinflammation precedes
symptomatic onset*. The recognition of the ‘radiologically isolated
syndrome’ (RIS) demonstrated that plaques could be identified on
brain and spinal cord MRI before symptom onset when these scans
were performed for other reasons'. Histopathologically, demyeli-
nating plaques are heterogeneous and are populated by complex and
varying immune cell populations, including CD4* and CD8" T cells,
activated macrophages and B cells, and deposition ofimmunoglobulin
and complement®*,

Several retrospective studies that assessed clinical records found
that non-specific neurologic episodes occur more frequently in indi-
viduals who received an MS diagnosis later in life, suggesting that MS
prodrome involves an ongoing inflammatory process'". Given that
MS lesions are thought to develop after demyelinating events, it may
be that these neurological episodes are indicative of ongoing neuro-
inflammatory process in the preclinical period™. Although molecular
evidence for this has been limited, the theory that neuronal tissue
injury precedes clinical onset is supported by recent studies showing
elevated serum neurofilament light (sNfL), indicating axonal damage
several years before MS diagnosis™ .

Studies in several autoimmune diseases—systemic lupus ery-
thematosus", type 1 diabetes mellitus'® and rheumatoid arthri-
tis'’, among others—indicate that diagnostic autoantibodies can
appear years before the onset of symptoms®. In MS, by contrast,
no such validated diagnostic autoantibodies exist. Indeed, the
role of autoantibodies in MS*??, and their link to pathogenesis***,
has proven notoriously difficult to ascertain, with studies suggest-
ing myelin or potassium channel (KIR4.1) as putative antigenic tar-
gets?>??¢_ A hallmark of MS is the presence of unique oligoclonal
bands in the cerebrospinal fluid (CSF) of almost all PwMS™**?”, which
impliesintrathecal antibody synthesis®®. However, no clearly predic-
tive or diagnostic autoantigen has been identified”. The need for

prospectively ascertained cohorts of sufficient size to study this
heterogeneous disease makes prospective autoantigen identifica-
tion exceptionally challenging°.

To assess autoantibody signatures, we used a large, prospective,
incident MS cohortassembled during the Gulf War era (GWEMSC) from
over 10 million individuals in the active duty United States military
population®. From this group of cases, the Department of Defense
Serum Repository (DoDSR) staff retrieved the earliest serum aliquot
fromentryintoactive duty, an average of 5 years before their first clini-
cal symptom (Fig. 1a,b), and then another serum sample on average
1year after thisfirst attack. Control samples, without an MS diagnosis,
were selected and matched to cases on age, sex, race/ethnicity and
dates of serum collection (year). After a whole-proteome autoanti-
body screen and sNfL measurements on these samples (Fig. 1c,d),
autoantibody results were orthogonally validated on both serum
and CSF using a gold standard, prospective, incident MS cohort at
the University of California, San Francisco (ORIGINS) that enrolled
patients at clinical onset.

Results

DoDSR and ORIGINS MS cohorts

The DoDSR cohort contained 250 PWMS 5 years before (5.0 +,s.d. 3.3)
and 1year after (1.2 +, s.d. 0.4) first symptom onset and 250 controls
who were matched for age, sex, race/ethnicity and serum collection
dates (Extended Data Table1). The UCSF ORIGINS cohort, comprising
untreated patients presenting with their first-ever attack, consisted
of103 patients who were ultimately diagnosed with relapsing-remitting
multiple sclerosis (RRMS) (Extended Data Table 2). Other neurologic
disease (OND) controls included 14 patients who enrolled in ORIGINS
butwere ultimately found to have anon-MS diagnosis (varicellazoster
virus meningitis n =1, neuromyelitis optica spectrum disorder
(NMOSD) n =4, vitamin B12 deficiency n =2, Leber’s hereditary optic
neuropathy n =2, neurosarcoidosis n =2, primary CNS vasculitisn=1
andlymphoman =1) as well as nine additional OND controls (migraine
n =4, brainstem stroke n =1, anti-phospholipid antibody syndrome
n=1,brainstem demyelinating syndrome n =1, idiopathic spastic para-
paresis n=1and peripheral neuropathy n=1).
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Fig. 2| Profiling DoDSR MS cohort. a, UMAP of autoantigen enrichmentsin
PhIP-Seq screen of DoDSR sera, showing distinct immunogenic clusters (IC1and
1C2). sNfL levels across DoDSR cohort sera with respect to time before onset

(b) and grouped by timepoint for cases and controls (c) (data represented as
geometric means and standard factors; P values shown above; evaluated via t-test
comparing log-transformed NfL values; first timepoint: n =236 for HC and n = 217

for MS; second timepoint: n =234 for HC and n = 212 for MS). Sum of normalized
reads (d) and individual fold enrichments (e) of top 192 peptides, with IC patients’
pre-onset and post-onset samples highlighted on left grouped by hierarchical
clustering. f, Blowout of top 26 most enriched peptidesin 27 IC patients grouped
by gene and respective enrichments in their non-MS matched controls.

Immunologic signature present early in DODSR cohort
Molecular profiling of both autoantibody repertoire and neuronal
damage were carried out on the longitudinal samples acquired from
the DoDSR (Fig. 2). sNfL, a marker of axonal injury, was measured in
cases and controls at both timepoints. Among the preclinical serum
samples, NfL levels were higher at timepoints closer to date of diagnosis
(Fig.2b). Consistent with arecent study™, sNfL levels were significantly
higherinpost-onset samples compared to their pre-onset counterparts
for PwMS (Fig. 2¢).

In patients ultimately diagnosed with MS, sNfL levels were higher
even many years before their first clinical flare when compared to the
matched control cohort (Fig. 2¢c). Significant differences in sNfL levels

across timepoints were not observed in the control cohort. Together,
these data provide evidence that at least some PwMS exhibit early signs
of neuroaxonalinjury long before onset of symptoms.

A whole-human proteome seroreactivity approach called Phage
Immunoprecipitation Sequencing (PhIP-Seq)** was employed to deter-
mine if an antigen-specific signature of future disease accompanied
elevated sNfL levels. This technique uses a T7 phage display library to
probe antibody-antigen interactions by immunoprecipitation from
patient serumor CSF and has been used for antibody-based biomarker
detection in diseases of unknown etiology** .

Thelongitudinal nature of this cohort with its well-matched con-
trolsamples allows for detection of changes in the antigenic repertoire
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n=490for HC, n =433 for MSno-IC and n =44 for MSIC). ¢, Serum levels of

NfL in patients with MS within IC clusters as compared to those without and
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shown above; evaluated via ¢-test with Bonferroni correction comparing log-
transformed NfL values; n = 470 for HC, n = 395 for MSno-IC and n = 34 for MSIC).
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before and after clinical onset. The collection of peptides enriched
by immunoprecipitation using sera from patients (the autoantibody
signature) inthe cohort was consistent over time (Extended DataFig.1).
Whenblinded, timepoints from the same patient could be unambigu-
ously associated with nearly 96% accuracy across the 500 individuals
assayed (Extended DataFig. 2). This consistency over time was present
regardless of diagnosis. No compelling enrichment of antigens specific
for PwMS after diagnosis was observed.

We then asked whether there might be a serologic signature
in patients who went on to develop MS compared to those who did
not. To visualize the differences between the overall PhIP-Seq results
across all samples, a uniform manifold approximation and projection
(UMAP) was generated using the fold change (FC) enrichment for each
peptide relative to the control cohort (Methods). In this projection,
a distinct immunogenic cluster (IC) emerged that included PWMS
before and after disease onset (Fig. 2a). We specifically looked for

previously identified putative targets of molecular mimicry, such
as GlialCAM*° and anoctamin-2 (ref. 41), and identified them in rare
instances (Extended DataFig. 3).

After unsupervised clustering of this cohort of samples, serum
antibodies from this group of patients enriched several of the same
peptidesthat were preferentially found in patients who developed MS
(n=27) as opposed to controls without MS (n = 3). These cases sepa-
rated into two clusters: IC1, with a more polyspecific profile, and IC2,
whichappearedtobereactive toasubset of IC1 peptides (Fig. 2d). These
patients were grouped into an MS,. category for the purpose of further
analysis compared to those who did not exhibit reactivity (MS,,.c)-

Patientsinthese clusters were defined by aclear but disparate group
ofenriched peptides derived from 54 different proteinsin both pre-onset
and post-onsetsamples (Methods). Most striking about this result wasits
longitudinal stability (Fig. 2e). Analysis of all ICsamples, both before and
after disease onset, clearly shows that this class of antigens is enriched
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sera. Sum of normalized reads for previously identified top 26 peptides (a)
and PhIP-Seq fold enrichments of ORIGINS patient sera and CSF for peptides
mapping to same regions of ICs from the DoDSR cohort, relative to controls

(n=22)

(b). ¢, Blowup of IC signature patients with all OND controls with CSF and serum
for each patient grouped by column. d, UMAP of PhIP-Seq enrichments for all
ORIGINS patients, shaded by sum RPK levels from a. Arrows indicate where IC
clusters lie on UMAP.

inbothtimepointsinthe majority (17/26, 65%) of cases (one case did not
meet sequencing depth cutoffin respective pre-onset sample).

Alignment of peptides preferentially enriched by serafrom the IC
subset of individuals revealed a characteristic protein motif (‘1C motif”)
described by the regular expression P-(SA)-x-(SGA)-R-(SN)-(LRKH), with
the initial proline being the most conserved (Fig. 3a). This motifis
broadly represented in the human proteome (Fig. 3a). Although the
motif-bearing peptides derive from diverse coding sequences, proteins
containing splicing activation and mRNA-binding domains, due to their
characteristic arginine-serine repeat sequences* **—that is, SRSF4,
SRRM3 and CLASRP—were highly represented in the enriched set.

Searching the PROSITE database® using the IC motif regular
expression and not simply a most-probable collapsed sequence dis-
closed the motif’s presence across many phyla. In addition to humans,
the IC motif'is presentin several human pathogens, including Epstein-
Barrvirus (EBV) (bothinthe BRRF2 tegument protein and the envelope
glycoprotein M), hepatitis C virus (NS3 protease), Pseudomonas aerugi-
nosa (NosR), Escherichia coli(HTH-type transcriptional repressor) and
Aspergillus fumigatus (RNA-binding protein vts1) (Fig. 3a).

Neither patient demographic nor clinical features (for example,
time to symptom onset, MS subtype and gender) distinguished these IC
reactive patients fromthe larger cohort (Extended Data Table 3). Never-
theless, patients with enriched signal across peptides described by the
IC motif had significantly higher sNfL levels than PwWMS not assigned

tothis cluster as well as the controls (Fig. 3b—d). The difference in SNfL
was preserved at both pre and post timepoints (Extended Data Fig. 4).

ICsignature present in both CSF and serum in the ORIGINS
cohort

Although the longitudinal stability of this signatureisimportantinthe
context of surveillance, we sought to replicate this finding in patients
with incident MS or clinically isolated syndrome (high risk for MS)
within 30 d of their first symptomatic episode, where its diagnostic
value would be more apparent. Here, 126 paired CSF and serum samples
were analyzed from a completely independent incident MS cohort of
treatment-naive patients (UCSF ORIGINS study) of whichmost (n =104,
83%) were eventually diagnosed with MS after radiologic and clinical
follow-up. A similar fraction of patients with confirmed MS (8/104)
expressed the same signature as those of IC reactive patients in the
DoDSRlongitudinal cohort, with characteristicenrichment of peptides
containing the IC motif (Fig. 4a,b). These patients similarly splitinto
IC1and IC2 type profiles, clustered together via UMAP (Fig. 4d) and
demonstrated enrichment of these peptides in both compartments
(Fig. 4¢). Interestingly, this signature was highly specific for MS cases,
where only one patient was diagnosed with NMOSD, having low-level
enrichment in their serum but not in CSF, out of 22 confirmed OND
controls. Additional OND CSF controls (n = 20) without matching serum
also lacked this signature (Extended Data Fig. 5).
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This result was orthogonally validated using a bead-based
(Luminex) multiplexed indirect immunofluorescence assay featur-
ing six distinct peptides that were highly enriched across the MS,¢
patient samples (Fig. 5a). Relevant peptides from proteins RIMS2,
KRT75, SRSF4, CLASRP, SRRM3 and TRIO were included, each of which
contained variations of the IC motif (Table1). After testing all ORIGINS
paired CSF and sera using this assay, only patients exceeding the cutoff

were ultimately diagnosed with MS (Fig. 5b-e). Similar to the PhIP-Seq
results, some degree of heterogeneity was observed across the peptide
combinations, but samples from the same group of patients yielded
enrichment of the IC motif (Fig. 5b-e and Extended Data Fig. 6). A met-
ric of the summed mean fluorescence intensity (MFI) (Fig. 5f) across
these peptides confirmed and extended the PhIP-Seq findings. Specifi-
cally, seroreactivity to peptides bearing the IC motif was highly specific
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Table 1| Peptides used in the Luminex assay

Protein name Amino acid sequence Type
Keratin 75 (KRT75) SRRGFSTTSAITPAAGRSRFSSVSVARSAAGS Human
Regulating synaptic membrane exocytosis 2 (RIMS2) PSLMTGRSAPPSPALSRSHPRTGSVQTSPSST Human
Serine/arginine-rich splicing factor 4 (SRSF4) SRSRSNSKSKPNLPSESRSRSKSASKTRSRSKSR Human
Trio Rho guanine nucleotide exchange factor (TRIO) GAPSTSRSRPSRIPQPVRHHPP Human
Serine arginine repeat matrix 3 (SRRM3) SPGPHPRSWSSSRSPSKSRSRSAEKRPHSP Human
CLK4-associating serine/arginine rich protein (CLASRP) SRSLTRSRSHSPSPSQSRSRSRSRSQSPSP Human
Epstein-Barr virus (BRRF2) CPIASPAASRSKQHCGVTGSSQAAPSSSSV Pathogen
Epstein-Barr virus (envelope glycoprotein M) RPSRTPSPGRNRRRSSTSSSSSRSTRRQRP Pathogen
Hand, foot and mouth disease virus (NSP2C) CKVVAPAPSRSRPEPVVVCLRGKSGQGKSF Pathogen
Pseudomonas (NosR) ALLNPPAVGRS| L GDNQYRELMASLKPGEY Pathogen
E. coli(NanR) TEDSSPAIGRNLRSRPLARKKLSEMVEEEL Pathogen
Aspergillus (VTS1) SSLRPPSSSRNLGSHQLRASADMSGFPSPL Pathogen

Bold text refers to a motif segment that maps to regular expression.

for PwMS at the time of symptom onset, were not found in OND controls
and were nearly always present in both CSF and serumin each case.
We also investigated whether peptides from sequence-aligned
pathogens (as seen in Fig. 3a) had cross-reactivity in patient sera and
CSFin PwMS with and without this signature (Table 1). We saw that the
IC1 patients had the highest cross-reactivity across the cohort to two
key peptides from EBV BRRF2 and HFM NS2PC (Extended Data Fig. 7).
To evaluate whether human leukocyte antigen (HLA) variation
may contribute to the unique phenotype observed in MS,c patients,
the classical HLA genes HLA-A, HLA-B, HLA-C, HLA-DPBI1, HLA-DRB1
and HLA-DQB1 were fully sequenced and genotyped (Supplemen-
tary Table1). Due to limited sample size, formal analysis to determine
whetherany HLA locus or allele exhibited a significant association with
MS,. status was not possible. Qualitative assessment of allele frequen-
cies shows that some HLA alleles were found at higher frequencies in
the MS,.group relative to the remaining ORIGINS MS cohort; however,
it must be noted that many alleles in the MS,c group were present as
only single copies (Supplementary Table 2). Interestingly, all but one
of the MS,¢ individuals carry the HLA-DPB1*04:01 allele (Supplemen-
tary Table 1). This high carrier frequency of 83%, relative to the 67%
observed inthe remaining cohort, suggests a possible enrichment for
the HLA-DPB1*04:01allelein the MS,. subset. However, these observa-
tions must be considered strictly speculative, asamuchlarger sample
will berequired to determine whether any observed differencesin HLA
frequency distributions between these groups is significant.

Discussion

In this study, an MS-specific autoantibody signature was identified ina
subset of patients years before their first clinical MS attack. This same
signature was validated using two different methodsin anindependent,
prospective cohort of patient samples (serum and CSF) collected near
the time of their first MS relapse (UCSF ORIGINS cohort).

This study presents some of the first prospective autoantigen-
specific biomarkers found in the preclinical phase of MS, whichis con-
sistent with prior clinical analyses that MS pathophysiology may begin
years before symptom onset and diagnosis. The evidence includes
numerous studies that thoroughly investigated clinical and indirect
markers of this phase via chart review of healthcare claims™***¢, Docu-
mented symptoms range from fatigue and headache to mental health
dysfunction, including anxiety and depression, and prescriptions for
antispasmodics, all of which have elevated odds ratios in patients who
went on to develop MS. Evidence from a similar prospective military
cohort found that poor cognitive performance was found at a higher
rate in patients who wentonto receive an MS diagnosisin the following
2 years compared to controls®.

This work validates and adds to prior evidence of neuro-axonal
injury occurring in patients during the MS preclinical phase', as sNfL is
arobustbiomarker thatis likely specific to neuro-axonal damage and is
elevatedinthe serum of PwMS compared to healthy controls (HCs)"**5™",
Elevated levels are associated with faster progression to Expanded
Disability Status Scale (EDSS) scores higher than 4, and reduction in
sNfL concentration is associated with initiation of disease-modifying
therapy®. In the present study, significantly elevated sNfL levels in
the pre-onset group of patients compared to matched controls were
observed, especially inthe distinctimmunogenic cluster that we identi-
fied, supporting the notion that neurodegeneration is already occur-
ringasaresult of underlyingimmune-mediated neuroaxonal pathology
inthe preclinical phase of MS. We cannot completely exclude the impact
of other CNSinsultsonthereported sNfL concentrations (for example,
trauma and infection). Although dataregarding these factors were not
available for correction, our control group included randomly selected
age-matched and sex-matched participants from the same population.
Therefore, it is unlikely that trauma or other similar events was more
commoninthe MS,. group compared to the MS,,,c group or HCs.

Therole of autoantibodies in MS remains unclear; many candidate
autoantigens have not survived validation studies®. However, other
raredemyelinating diseases of the CNS, suchas NMOSD or myelin oligo-
dendrocyte glycoprotein antibody-associated disease (MOGAD), were
originally part of the MS spectrum and were definitively separated only
after the identification of disease-specific autoantibodies”, findings
that also informed subsequent therapeutic development™>,

Remarkably, prior studies screening smaller numbers of MS
patient serum or CSF samples on human and viral antigen libraries
uncovered a similar motif as described here in MS,c patients**. The
identification, corroboration and orthogonal confirmation of this
autoantibody signature in two distinct, large patient cohorts across
three different disease epochs (that is, preclinical, initial flare and
after diagnosis) strongly suggests that the MS,. signature has clinical
diagnostic potential, especially in the context of early MS detection.
Givenits specificity for MS both before and after diagnosis, an autoan-
tibody serology test against the MS,. peptides could beimplementedin
asurveillance setting for patients with high probability of developing
MS or, crucially, at afirst clinically isolated neurologic episode.

The similarity of this motifto domains contained inabroad array
of infectious agents, including two EBV proteins®~°, as well as lim-
ited cross-reactivity within the IC1 patient cluster, suggests that it
is possible that infection by one or several of these agents contrib-
utes to an autoreactive response and disease pathogenesis, perhaps
via molecular mimicry*®*”. The role of infection as the temporally
initiating event in MS etiology is the focus of current work'>*® and is
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crucial to the differentiation of causal versus spuriously associated
features of the MS prodrome. However, this remains challenging given
near-ubiquitous seropositivity for many of the implicated viruses,
including EBV, whereas only a small fraction of individuals infected
develop MS. Nonetheless, EBV infection, and infectious mononucleosis
in particular, represents the most compelling epidemiologic link to
MS>*¢°, including from the DoDSR studied here®. Given the degree of
polyspecificity of this motifin the human proteome, it will be important
toelucidate the precise origins of the MS,. signature, with special atten-
tion to past exposures, genetic risk factors and temporal dynamics of
disease manifestation.

This study has several limitations. The small number of patients
identified in this cluster makes genetic or other associations difficult.
Although similarity exists with this motif and those found in other
humaninfectious agents, suchasEBV, this study measured antibodies
toonly alimited set of antiviral antigens. Two MS,¢ patients identified
by PhIP-Seqwere notidentified by our Luminex validation panel. Sen-
sitivity would likely be improved by adding more candidates to the
multiplexed assay, as the validation panel used in the Luminex assay
consists of only six peptides that encompass the motif.

Conclusion

This work identifies a longitudinally stable autoantibody profile that
ispresent before, during and after the time of first symptom onset for
asubset of PwMS. Taken together with elevated sNfL levels, this hall-
mark patient cluster is an attractive target for furtherimmunological
and clinicopathologic study. This study, along with other evidence
of ongoing neurodegeneration during MS prodrome, suggests that
additional evaluations of these patients beyond sNfL and autoanti-
bodies might bear additional insight into underlying immunological
processes during this crucial disease phase and stratify patients with
differentimmunological features.

Online content
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maries, source data, extended data, supplementary information,
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Methods

Patient cohort details

Informed consent. Where applicable, allnecessary participant consent
was obtained. To maximize privacy, samples were de-identified and not
tied to sensitive metadata.

DoDSR cohort. The incident Gulf War Era MS cohort (GWEMSC,
n=2,691) was used as the source for identifying US military MS casesin
this study®. The GWEMSC cohort was drawn from the broader US mili-
tary population that served during the Gulf War era (1990-2007), with
relevant demographic and clinical data abstracted from Department
of Defense (DoD) and Department of Veterans Affairs (VA) records®.
This cohort is population based within the US military and, thereby,
hasamale preponderance and race and ethnicity subgroups that mir-
ror the US Census. All veterans in this cohort are service connected
for MS, which requires evidence of clinical signs upon examination
attributable to MS during or within 7 years after active duty military
service. Additionally, all cases were adjudicated by the VA MS Center
of Excellence study team and met the McDonald MS criteria®.

The DoDSR MS cohort (Veterans Affairs Medical Center, institu-
tional review board (IRB) no.1624644-4) was created using the clinical
information on cases from the GWEMSC and linking serum aliquots
before and after first symptom onset from the DoDSR. To build the
DoDSR MS cohort, astratified, population-based sample was created
within the GWEMSC. Based on pre-specified demographic strata, the
DoDSR staff identified a group of MS cases (n =250) that had at least
one serum aliquot in the repository before MS onset and one aliquot
after. The earliest serum sample obtained before onset of MS symptoms
fromeach veteran with MS was identified by DoDSR staff along with a
second sample within 2 years after initial MS symptoms. For each MS
case,onenon-MSHC (n = 250) was randomly selected and matched on
year of entry to the military, age, sex, race, ethnicity and dates of blood
collection (within 180 d). Although we cannot exclude the possibility
that some controls went on to develop MS or another autoimmune
condition later in life, we have a high degree of confidence in their
health status at the time of their blood draw.

ORIGINS cohort. All patients with RRMS or clinically isolated syn-
drome (CIS) were participantsin the University of California, San Fran-
cisco (UCSF; IRB no. 14-15278) ORIGINS study and were diagnosed
according to the 2017 McDonald criteria®. Patients were not onimmu-
nomodulatory or immunosuppressive disease-modifying therapy at
the time of sample collection.

Additional CSF experimental reference controls for ORIGINS
PhIP-Seq analysis were generated from 22 healthy or non-MS partici-
pants enrolledinabiobanking study, Immunological Studies of Neuro-
logic Subjects’. Additional serum experimental reference controls for
ORIGINS PhIP-Seq analysis were generated from 95 reference donors
provided by the New York Blood Center.

Nfl measurements

NfL values were measured in duplicate from sera samples with suf-
ficient volumes (n = 944) using the Simoa NF-light Advantage Kit
(Quanterix) on an HD-X analyzer by laboratory assistants blinded to
the clinical characteristics of the included patients. Samples with a
coefficient of variation (%CV) >20% or where duplicate values were
not available were excluded from the final analysis (n = 14). The mean
intra-run %CV of the included samples was 5.02% (+3.9%) (n = 930), and
theinter-run%CV for the quality control samples were 9.42% and 9.02%
for low and high concentrations, respectively.

PhIP-Seq protocol

PhIP-Seq was performed using a high-throughput protocol®. First,
96-well, 2-ml, deep-well polypropylene plates were incubated with
a blocking buffer (3% BSA in TBST) overnight at 4 °C to prevent

non-specific binding. Blocking buffer was then replaced with 500 pl
of freshly grown phage library (at 10" plaque-forming units per mil-
liliter) and 1 pl of human sera or 10 pl of CSF in 1:1 storage buffer (PBS
supplemented with 0.04% NaN,, 40% glycerol, 40 mM HEPES). To
facilitate antibody-phage binding, the deep-well plates with library
and sample were incubated overnight at 4 °C on a rocker platformin
secondary containment. Then, 20 pl of each of Pierce Protein A and
G Beads (Thermo Fisher Scientific, 10002D and 10004D) slurry were
aliquoted per reaction and washed three times in TNP-40 (140 mM
NaCl, 10 mM Tris-HCL, 0.1% NP40). After the final wash, beads were
resuspended in TNP-40 in half the slurry volume (20 pl) and added to
the phage-patient antibody mixture and incubated on the rocker at4 °C
for1h.Beadswerethentransferred to a vacuum manifold compatible
filter plate® and then washed five times with RIPA (140 mM NaCl, 10 mM
Tris-HCI,1% Triton X, 0.1% SDS) using an Integra VIAFLO 96 to add RIPA
each time and using the vacuum to remove the supernatant. In each
wash, beads were incubated for 5 min with gentle rocking at 4 °C. After
thefifth wash,immunoprecipitated solution was resuspendedin 150 pl
of LB-Carb and then added to 0.5 ml of log-phase BL5403 E. coli for
amplification (ODgy, = 0.4-0.6) until lysis was complete (approximately
2 h) onan 800-r.p.m. shaker. After amplification, sterile 5 M NaCl was
added to lysed E. coli to a final concentration of 0.5 M NaCl to ensure
completelysis. The lysed solution was spun at 3,220 relative centrifugal
force (rcf) for 20 min, and the top 500 pl was filtered through 0.2 mM
PVDF filter plates (Arctic White, AWFP-F20080) to remove remaining
cell debris. Filtered solution was transferred to a new pre-blocked
deep-well plate where patient serawas added and subjected to another
round of immunoprecipitation and amplification. The final lysate
was spun at 3,220 rcf for 30 min, with supernatant then filtered and
stored at 4 °C for subsequent next-generation sequencing (NGS)
library prep.

Phage DNA from each sample was barcoded and amplified (Phu-
sion PCR, 18 rounds) and subjected to NGS on an Illumina NovaSeq
instrument at an average read depth of 1 million reads per sample.
Two post-onset MS samples and one second timepoint control sample
library did not pass sequencing quality control and were excluded
fromanalysis.

Luminex assay

Peptides containing the relevant motif from TRIO, KRT75, RIMS2 and
SRSF4 (Table 1) were synthesized by LifeTein and conjugated to BSA via
SMCC coupling to cysteines on BSA at a1:1final mass ratio. Spectrally
distinct Luminex beads were conjugated in separate 1.5-ml protein
LoBind tubes to their corresponding BSA-peptide antigen. A control
bead population was made by conjugating BSA only (Sigma-Aldrich,
10735094001). Each bead conjugation was performed at a concentra-
tion of 5 pug of protein per 1 million beads in a 0.5-ml reaction volume.
Conjugation was done via an EDC/sulfo-N-hydroxysuccinimide cou-
pling strategy to free amines using an Antibody CouplingKit following
the manufacturer’s instructions (Luminex, 40-50016)%*.

All serological analyses were performed in duplicate, and beads
were pooled onthe day of use. Thawed serum samples were diluted in
PBS + 0.05% Tween 20 (PBST) containing 2% non-fat milk and mixed
with pooled protein-coated beads (2,000-2,500 beads per protein) ata
final serumdilution of 1:250 or final CSF dilution of 1:20. Samples were
incubated for1hatroomtemperature at 250 .r.p.m, washed three times
with PBST and then stained with 1:2,000 phycoerythrin-conjugated
anti-human IgG Fc antibody (BioLegend, 637310) in PBST for 30 min
at room temperature. Beads were washed twice with PBST and ana-
lyzed in a 96-well plate format on a Luminex LX 200 cytometer. The
net MFI for each peptide antigen was calculated for each sample by
dividing by the MFI of that sample’s corresponding intra-assay BSA
negative control and averaging across duplicate wells. A cutoff of
log(MFI) > 3 for each CSF sample was chosen to maximize the specificity
of the assay.
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Sequencing and HLA genotyping

Foreachsample, 100 ng of high-quality DNA was fragmented with the
Library Preparation Enzymatic Fragmentation Kit 2.0 (Twist Biosci-
ence). After fragmentation, DNA was repaired, and poly(A) tails were
attached and ligated to lllumina-compatible dual index adapters with
unique barcodes. After ligating, fragments were purified with 0.8x ratio
AMPure XP magnetic beads (Beckman Coulter). Double size selection
was performed (0.42x and 0.15x ratios), and libraries of approximately
800 bp wereselected, at which point libraries were amplified and puri-
fied using magnetic beads.

After fluorometric quantification, each sample was pooled (30 ng
persample) via ultrasonic acoustic energy. A Twist Target Enrichment
Kit (Twist Bioscience) was then used to perform target capture on
pooled samples. Sample volumes were then reduced using magnetic
beads, and DNA libraries were bound to 1,394 biotinylated probes.
Probes were designed specifically to target all exons, introns and regu-
latory regions of the classical HLA loci, including HLA-A, HLA-B, HLA-C,
HLA-DPBI1, HLA-DRB1 and HLA-DQBI. Then, streptavidin magnetic
beadswere used to capture fragments targeted by the probes. Captured
fragments were then amplified and purified. Bioanalyzer (Agilent) was
thenusedto analyze the enriched libraries. After evaluation, enriched
libraries were sequenced using a paired-end 150-bp sequencing proto-
col on the NovaSeq platform (Illumina). After sequencing, HLA geno-
types were predicted using HLA Explorer (Omixon).

Statistics and analysis

sNfL analysis. Independent samples Student’s ¢-test (equal variance
not assumed) was applied to compare log-transformed NfL concen-
trations between samples collected from PwMS and age-matched
and gender-matched HCs at each timepoint separately. To compare
between longitudinal NfL concentration in MS,c and MSy,.,c groups,
mixed linear models assessed log-transformed NfL concentrations
asdependent variablesin the three groups (HC, MS,c and MSy.,c) cor-
recting for age at sampling (fixed effects). All reported P values were
Bonferroniadjusted.

Predicted NfL concentrations used to plot their dynamics in the
three groups over the duration between the first and second sam-
ples were fitted using a linear mixed model of NfL concentration
(log-transformed) accounting for the group (HC, MS,c and MSyg.c)
and duration between samples in relation to documented MS onset,
with anadditionalinteractionterm (groups x duration). The statistical
analysis was conducted with SPSS (version 28) and JMP Pro (version16)
software.

PhIP-Seq. Raw sequencing reads were aligned to a reference library
using Bowtie 2 (ref. 64). To correct for differences in sequencing depth,
read counts for each peptide within a sample were normalized to the
total reads expressed asreads per 100,000 (RPK). FC for each peptide
was generated from the mean RPK of the controls, and a z-score was
calculated from the background distribution.

A custom bioinformatics pipeline was used to generate a list of
candidate peptides enriched in the MS group. For each peptide, FC
values for all MS samples were calculated by dividing the RPK value
by the mean RPK of all matched HC samples. FC values were then
used to calculate z-score values. The first round of filters identified
enriched peptides with a minimum RPK >1and an FC >10. Among
enriched peptides, more stringent cutoffs were applied to identify
candidate peptides. Thisincluded FC =100 and z-score > 10. Mutually
enriched peptides from the same gene were also added to the can-
didate peptide list if they had FC =100 and z-score > 3. Additionally,
peptides from given genes were included in the candidate list only if
they had asumRPK > 50. A seven-amino-acid (7AA) k-mer analysis was
performed onall enriched peptides. Enriched peptides that shared an
identical 7AA sequence with at least one other peptide were kept for
further analysis.

Because a bona fide autoantibody would likely target the same
epitope on multiple enriched peptides, the candidate list was further
narrowed by filtering out peptides without k-mer overlaps. Given the
size of the cohortand the tendency of individuals to enrich highly per-
sonalized epitopes, we further narrowed the candidate list requiring
peptides to have an FC > 10 in at least 15 0f 250 MS cases™.

Defining patient clusters for the DoD cohort. When we performed
hierarchical clustering of the resulting candidate peptides, we found
thatasubset of PwMS and two HCs (n =18) enriched several peptides
bearing anearly identical epitope. Unsupervised clustering with UMAP
was used to further define patient clustersamongenriched candidate
peptides. Among samples in the DoD cohort, all MS and HC samples
were clustered using only 192 enriched peptides from151 proteins that
were aproduct of the cutoffs stated above. Separately, asmaller panel
ofenriched peptides was used to further define subclusters. To assem-
ble this panel of peptides, for each peptide both the sum RPK across all
PwMS and sum RPK across allHC samples was calculated. These values
were used to calculate asum RPK ratio of MS to HC. Peptides withasum
RPK >800 across all samples and an MS-to-HC ratio greater than 6 were
keptin our smaller target panel of 13 peptides (nine proteins). For each
sample, both the sum RPK of our target panel as well as the sum RPK for
all 119 peptides bearing the characterized motif were used.

Unsupervised clustering with UMAP (n_neighbors =20, n_com-
ponents =3, learning_rate =1, init = ‘random’, n_epochs =100,000)
revealed one outlier cluster of 49 samples that contained increased
expressioninboth of our target peptide panels. This subset of samples
wasre-clustered under the same parameters, which created two patient
clusters. Cluster 1 contained 30 samples (n =18) that showed higher
sum RPK values among our target panel relative to the 19 samples in
cluster2(n=12).

Defining patient clusters for the ORIGINS cohort. The same custom
bioinformatics pipeline was used to identify enriched peptides among
CSF and serum samples within the ORIGINS cohort. To identify the
top enriched peptides in the CSF and serum, the sum FC of samples
with FC > 10 was calculated. In total, this filtered out 2,307 peptides
inthe CSF (sum FC >10) and 289 peptides (sum FC >12) in the serum.
Apanel of 26 peptides that were enriched in nine or more DoD samples
(Fig.1b) was used to identify patient clusters. The sum RPK of this panel
was calculated across all samples. Hierarchical clustering was used to
identify a subset of 16 samples (n = 8) with the highest sum RPK. Only
samples with a sum RPK >200 in our panel were kept. This subset of
samples was divided into two clusters due to the difference in the FC
expression profile among the panel of 26 peptides. Cluster1(n=4)
showed more pronounced expressionin RIMS2, TRA2B, KRT75, SRRM3
and TRIO. Cluster 2 (n =4) showed more pronounced expression in
CLASRP and SRSF4.

We used the following cutoffs in our analysis code (package,
PairSeq) to generate the candidate list of peptides:

MIN_RPK =1
ZSCORE_THRESH1=3
ZSCORE_THRESH2 =10
FC_THRESH1=10
FC_THRESH2 =100
SUM_RPK_THRESH =50

Reporting summary
Further information on research design is available in the Nature
Portfolio Reporting Summary linked to this article.

Data availability
The PROSITE database used for this study is freely available
(https://prosite.expasy.org/). All data produced in the present
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study are available online at https://github.com/UCSF-Wilson-Lab/
MS_DoD_and_ORIGINS study data.

Code availability

All analysis code can be found in the following publicly available
repository: https://github.com/UCSF-Wilson-Lab/MS_DoD_and_
ORIGINS study_data. PairSeq package source code canbe foundinthe
following publicly available repository: https://github.com/cmbartley/
PairSeq.
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Peptides

Extended Data l-'ig 1| Heatmap of logRPK values from whole proteome. PhIP-Seq data on MS patient sera from DoDSR cohort. Top peptides shown with peptide
enrichment. blowout to demonstrate similarity between pre and post onset sample enrichments over time.
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Extended DataFig. 2| We investigated the similarity between different
timepoints from the from the DoDSR cohort (n = 500). (Top Left) Unfiltered
normalized read counts (rpK) were log transformed, and a correlation matrix
was computed using the Euclidean distance measure. The similarity between
any two samples was defined by their n-dimensional Euclidean distance, where
each peptideinthe library was treated as a dimension. The rows and columns of
this matrix are ordered such that the early timepoints are followed by the late
timepoints. The central diagonal stripe in the heatmap represents a distance of
zero where the distance was computed between the same sample. However, the

test dist =56 +0.72- interval, ¥ = 0.043

Time Difference Between samples (years)

diagonal stripes represent distances calculated between different timepoints
ofthe same sample. (Top Right) Box plots of the Euclidean distance between
timepoints, with a trend towards increasing distance at longer intervals.
However, patterns of self-reactivity remain stable for more than 15 years. Notches
approximate 95% confidence intervals. (Bottom) Aboxplot demonstrates the
significant difference (two-sided t-test) in Euclidean distance between two
timepoints of the same sample versus the distance between two unrelated
samples. Notches approximate 95% confidence intervals.
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previously identified putative targets of molecular mimicry such as GlialCAM they did not meet the predefined cutoffs for this analysis. (Bottom) HC samples
and anoctamin-2. (Top) MS patient samples are ordered so as to preserve the IC demonstrating background levels of enrichment.
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Extended Data Table 1| DoDSR cohort demographics

MS Cases Healthy Overall
Controls
(N=250) (N=250) (N=500)
Gender
Female 84 (33.6%) 84 (33.6%) 168
(33.6%)
Male 166 (66.4%) 166 (66.4%) 332
(66.4%)
Race and Ethnicity
White 159 (63.6%) 159 (63.6%) 318
(63.6%)
Black 86 (34.4%) 86 (34.4%) 172
(34.4%)
Hispanic Ethnicity 5(2.0%) 5(2.0%) 10 (2.0%)
Birth year
Mean (SD) 1970 (8.0) 1970 (8.0) 1970
(8.0)
Time between samples (years)
Mean (SD) 6.18 (3.3) 6.07 (3.4) 6.12 (3.3)
MS Subtype
Relapsing Remitting 192 (76.8%) 0 (0%) 192
(38.4%)
Secondary Progressive 43 (17.2%) 0 (0%) 43 (8.6%)
Primary Progressive 14 (5.6%) 0 (0%) 14 (2.8%)
Progressive Relapsing 1 (0.4%) 0 (0%) 1 (0.2%)
Post Onset Serum Sample Collection (years*)
Mean (SD) 1.2 (0.4) NA 1.2 (0.4)

*Time in years from first symptom onset to
serum collection
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Extended Data Table 2 | ORIGINS cohort demographics

ORIGINS cohort

MS (n=104) OND (n=22)
Sex
Female, n (%) 67 (64.4%) 14 (63.6%)
Male, n (%) 37 (35.6%) 8 (36.4%)
Age, yrs (mean = SD ) 341+£74 40.0+13.7
Race and Ethnicity
White, n (%) 66 (63.5%) 16 (72.7%)
Black, n (%) 4 (3.8%) 2 (9.1%)
Asian, n (%) 5 (4.8%) 1 (4.5%)
Biracial White and Asian, n (%) 4 (3.8%) 0 (0%)
Hispanic, n (%) 19 (18.3%) 3 (13.6%)
Other, n (%) 6 (5.8%) 0 (0%)

EDSS (median [IQR] {Range})

2[1.5,2.9] {0-6.5)

Disease duration, months (median [IQR]
{Range})

1 [0, 1] {0-19}
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Extended Data Table 3 | MS,; demographic analysis

MSic MSho-ic P-value
(N=27) (N=223)

Race and Ethnicity
White 21 (77.8%) 138 (61.9%) | 0.164
Black 5(18.5%) 81 (36.3%)
Hispanic Ethnicity 1 (3.7%) 4 (1.8%)

Sex
Female 9(33.3%) 75 (33.6%) | 1.0
Male 18 (66.7%) 148 (66.4%)

Age at First Symptom Onset (years)
Mean (SD) 28.6 (7.0) 29.7 (6.8) 0.5
Median [Min, Max] 29.0 [18.0, 29.0[18.0, 49.0]

42.0]

MS Subtype
Relapsing Remitting 24 (88.9%) 168 (75.3%) | 0.5
Secondary Progressive 2 (7.4%) 41 (18.4%)
Primary Progressive 1 (3.7%) 13 (5.8%)
Progressive Relapsing 0 (0%) 1 (0.4%)

Most Recent DSS score
Mean (SD) 3.11(1.7) 3.57(2.3) 0.2
Median [Min, Max] 3.0 [0, 7.0] 3.00 [0, 9.0]

Post Onset Serum Sample Collection (years*)
Mean (SD) 1.3 (0.5) 1.2 (0.4) 0.5
Median [Min, Max] 1.0 [1.0,2.0] | 1.00[1.0,2.0]

*Time in years from first symptom onset to

serum collection

For numeric variables, P values were calculated using a standard two-sided t-test. For categorical variables, we performed a chi-squared test of independence.
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Policy information about availability of computer code

Data collection  We did not use software to collect data in this study.

Data analysis Response: sNfL data analysis was performed using SPSS v28 and JMP Pro v16. HLA genotypes were predicted using HLA Explorer (Omixon,
Budapest, Hungary). All data analysis for PhipSeq and Luminex assays were performed using R v4.3.0 on studio server 2021.09.1-372 and
visualized using ggplot2 v3.4.4. Alignment of raw sequencing data utilized PEAR vO.9.11, bowtie2 v2.4.2, and samtools 1.9 as described before
and cited in the manuscript (Zamecnik, C. R. et al. ReScan, a Multiplex Diagnostic Pipeline, Pans Human Sera for SARS-CoV-2 Antigens. Cell
Reports Medicine (2020)) and in the Methods. UMAP was performed using the R package uwat v0.1.16 using the parameters listed in the
Methods. Figure panels were assembled using Affinity Designer2.

For manuscripts utilizing custom algorithms or software that are central to the research but not yet described in published literature, software must be made available to editors and
reviewers. We strongly encourage code deposition in a community repository (e.g. GitHub). See the Nature Portfolio guidelines for submitting code & software for further information.
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Data

Policy information about availability of data
All manuscripts must include a data availability statement. This statement should provide the following information, where applicable:

- Accession codes, unique identifiers, or web links for publicly available datasets
- A description of any restrictions on data availability

- For clinical datasets or third party data, please ensure that the statement adheres to our policy

The Prosite scan was performed using the publicly available Prosite database (https://prosite.expasy.org/). All data produced in the present study are available
online at: https://github.com/UCSF-Wilson-Lab/MS_DoD_and_ORIGINS_study_data

Research involving human participants, their data, or biological material

Policy information about studies with human participants or human data. See also policy information about sex, gender (identity/presentation),
and sexual orientation and race, ethnicity and racism.

Reporting on sex and gender It was necessary to consider sex in this study given the male bias in the DoDSR, the female predominance in Multiple
Sclerosis, and possible biological differences in the immune system. Sex from the DoDSR was obtained from DOD medical
records prior to discharge. Sex data for the UCSF ORIGINS cohort was obtained from the electronic medical record and is
often patient entered. Findings can be generalized to both sexes, since our motif was enriched in roughly the same
proportion in two cohorts with different sex ratios.

Socially constructed and socially relavent categories

Reporting on race, ethnicity, or | In our study, the only socially constructed variable used was self-identified race and ethnicity, which were not employed as

other socially relevant proxies for any other variable. These identifications were provided by participants during enrollment. For the Department of

groupings Defense Serum Repository (DoDSR) analysis, samples from patients with Multiple Sclerosis (MS) were meticulously matched
with controls based on these self-identified categories, which would help to minimize confounding.

Population characteristics Response: Patient demographics can be found in Tables 1 and 2. Briefly, the DoD cohort is 66.4% male, 33.6% female, 63.6%
White, 34.4% Black, and 76% Relapsing Remitting MS. The healthy controls for the DoD cohort were carefully matched for
criteria such sex, age, race, and year of entry into active duty. The ORIGINS cohort has a greater proportion of female
participants (64.4%), and a lower proportion of Black patients (3.8%).

Recruitment The DoDSR MS cohort is selected from the incident Gulf War Era MS cohort based on service-connected Multiple Sclerosis
adjudicated by the VA MS Center of Excellence study team as meeting the McDonald MS criteria. In addition, they must have
had blood draws before and after the time of diagnosis. The controls were matched by the DoDSR staff and pulled based on
matching criteria such as sex, age, race, and year of entry into active duty. The ORIGINS study recruits Multiple Sclerosis
patients who are presenting early in their disease course and not on immunomodulatory or immunosuppressive disease
modifying therapy at the time of sample collection. These patients undergo routine collection of both blood and CSF. For
control serum we used a panel of 95 reference donors from the New York Blood Center. For control CSF we used serum from
22 healthy or non-MS participants enrolled in a biobanking studv called "Immunological Studies of Neurologic Subjects".

Ethics oversight IRB of University of California, San Francisco gave ethical approval for this work (14-15278 and 13-12236) IRB of Veterans
Affairs Medical Center gave ethical approval for this work (IRB-1624644-4)

Note that full information on the approval of the study protocol must also be provided in the manuscript.

Field-specific reporting

Please select the one below that is the best fit for your research. If you are not sure, read the appropriate sections before making your selection.

Life sciences |:| Behavioural & social sciences |:| Ecological, evolutionary & environmental sciences

For a reference copy of the document with all sections, see nature.com/documents/nr-reporting-summary-flat.pdf

Life sciences study design

All studies must disclose on these points even when the disclosure is negative.

Sample size We did not perform a power calculation. We analyzed as many samples as we had access to.

Data exclusions  From the DoDSR, two post onset MS samples and one second time point control sample library did not pass sequencing quality control and
were excluded from analysis.

Replication Given cost and labor associated with the size of our cohorts, it was only feasible to perform a single replicate. Our initial findings in the DoDSR
were independently replicated in the UCSF ORIGINS cohort. We then validated our results using a Luminex panel containing the relevant
peptides conjugated to spectrally coded beads
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Randomization  Samples were not randomized.
Since allocation was not random, describe how covariates were controlled OR if this is not relevant to your study, explain why.

Blinding Experimenters were not blinded, as this was not a clinical trail. However, samples were randomly arrayed on 96-well plates.

Reporting for specific materials, systems and methods

We require information from authors about some types of materials, experimental systems and methods used in many studies. Here, indicate whether each material,
system or method listed is relevant to your study. If you are not sure if a list item applies to your research, read the appropriate section before selecting a response.

>
Q
]
(e
D
1®)
O
=
o
c
-
(D
1®)
O
=
5
(@]
wn
(e
3
=
Q
A

Materials & experimental systems Methods
Involved in the study n/a | Involved in the study
Antibodies |Z |:| ChiIP-seq
|:| Eukaryotic cell lines |Z |:| Flow cytometry
|:| Palaeontology and archaeology |:| MRI-based neuroimaging

[] Animals and other organisms
[] clinical data

|:| Dual use research of concern

|:| Plants

XX XXX X[ 5

Antibodies

Antibodies used Goat anti-Human IgG Fc Secondary Antibody, PE (Thermo Scientific, 12-4998-82)

Validation Per the manufacture's website the antibody has " been tested by flow cytometric analysis to detect purified human Fc gamma-tagged
recombinant proteins. This can be used at less than or equal to 1 pg per test. A test is defined as the amount (ug) of antibody that
will stain a cell sample in a final volume of 100 pL."

Plants

Seed stocks n/a

Novel plant genotypes  n/a

Authentication n/a
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