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The Vel antigen is present on red blood cells (RBCs) from all humans except rare Vel
negative (Vel-) individuals who can form anti-Vel in response to transfusion or
pregnancy. These antibodies may cause severe hemolytic reactions in blood recipients.
We combined SNP profiling and transcriptional network modeling to link the Vel-
phenotype to SMIM]I, located in a 97-kb haplotype block at chromosome 1p36. This
gene encodes a previously undiscovered, evolutionarily conserved transmembrane
protein expressed on RBCs. Remarkably, 35/35 Vel- individuals were homozygous for a
frameshifting 17-bp deletion in exon 3. Functional studies using antibodies raised
against SMIM1 peptides confirmed a null phenotype in RBC membranes, and SMIM1
overexpression induced Vel expression. Genotype screening estimated that ~1/17
Swedish blood donors are heterozygous deletion carriers, ~1/1,200 homozygous deletion
knock-outs, and identified new Vel- donors. Our results establish SMIMI as a novel

erythroid gene, and Vel as a new blood group system.

Human RBCs carry functionally important proteins/glycoproteins on their surfaces. Allelic
variation in the underlying genes determines the presence/absence of antigenic structures on
these molecules, and, in turn, transfusion and transplant compatibility between individuals.
The Vel- blood group phenotype was described in 1952 when Sussman et al. reported a
patient who suffered an acute intravascular hemolytic episode following a blood transfusion'.
The patient made antibodies that reacted with all RBCs tested except her own. The newly
defined antigen was named Vel. Subsequent reports of hemolytic reactions upon transfusion
of Vel+ RBCs to Vel- patients with anti-Vel, and of hemolytic disease in newborns of Vel—

mothers, have established Vel as a clinically important blood group antigenz’3 .



Since its description, Vel has eluded molecular identification. Population studies indicate a
prevalence of Vel— individuals at ~1/4,000 in Europe®, but somewhat higher (~1/1,700) in
northern Scandinavia®?. Family studies suggest that the Vel- phenotype is inherited as an
autosomal recessive trait, but no locus has been found*’. Similarly, efforts to identify a Vel
carrier molecule have been inconclusive®. Hence, identification of Vel- blood donors who
can provide compatible blood to Vel— patients with anti-Vel relies on typing with scarce
polyclonal sera from immunized individuals — monoclonal reagents do not exist.

Because of the presumed inheritance pattern and higher prevalence in northern
Scandinavia (a sparsely populated and historically isolated region), we hypothesized that the
Vel- phenotype could be caused by a homozygous founder mutation located in a
chromosomal region with an identifiable SNP signature. We therefore SNP-profiled 20 Vel—-
individuals (predominantly Swedish; Supplementary Table 1) using microarrays (2.44 x 10°
SNPs).

We identified SNPs that segregated with the Vel- phenotype by requiring a homozygous
and identical SNP genotype in five Vel— siblings from two families, and a different genotype
in their Vel+ siblings (Fig. 1a). This filter identified 8,780 SNPs distributed across the
genome. To test which of the segregating SNPs were enriched among Vel individuals, we
compared minor allele frequencies among the 15 remaining/non-related Vel— individuals to
background frequencies calculated across 379 whole-genome-sequenced individuals of
European ethnicity from the 1000 Genomes Project’. Strikingly, this revealed 25 highly
enriched SNPs in a 97-kilobase haplotype block at chromosome 1p36, where all 20 Vel—
individuals showed the same SNP signature (Fig. 1b and Supplementary Table 2).

The region at 1p36 contains 5 annotated genes (Fig. 1¢ and Supplementary Table 3). To
prioritize, we inferred a genome-wide gene-regulatory network from 2,096 pre-existing gene

expression profiles® of human bone marrow samples. Here, SMIMI (Small integral



membrane protein 1) stood out as its network neighborhood was dominated by known blood
group genes and erythroid genes (Fig. 2). Furthermore, SMIM1 has been predicted as a
transmembrane protein (www.uniprot.org), contains binding sites for erythroid transcription
factors like GATA-1° (Supplementary Table 4), is highly expressed in erythroleukemia cell
lines (Supplementary Fig.1), and is up-regulated in human CD34+ hematopoietic
progenitors cultured towards RBCs (Supplementary Fig.2). These results implicated
SMIMI1 as an erythroid transmembrane protein, an ideal candidate gene.

According to the current human genome annotation, SMIM1 has four exons and encodes a
78-amino-acid protein (calculated weight ~8.7 kDa). Computational sequence analysis
predicted a type 1 transmembrane protein with an extracellular portion of ~50-amino-acid
portion containing potential O-glycosylation sites, a transmembrane domain containing a
GxxxG motif, a short intracellular tail, but no other functional motifs (Fig.3a, b and
Supplementary Table 5). Interestingly, protein sequence alignment found no homologs in
humans, but 56 orthologs in 45 other species, from primates to sea squirt. Cross-species
genome sequence alignment uncovered a conserved GATA motif in primates and rodents,
suggesting that SMIM1 is expressed in the erythroid lineage in higher mammals (Fig. 3¢ and
Supplementary Fig. 3). Consistent with the informatics, we detected SMIM1 transcripts in
total blood RNA by qPCR, both from Vel+ and Vel- individuals (not shown).

Sequencing of SMIM1 revealed homozygosity for a 17-bp deletion in the coding region of
exon3 in all 20 Vel- individuals whereas Vel+ controls showed consensus sequence
(Supplementary Fig. 4). Because the deletion and its surrounding SNP signature is identical
in all cases, it is a likely founder mutation. To ascertain that the deletion is truly associated
with the Vel- phenotype, we collected DNA from 15 additional Vel- individuals
(predominantly European; Supplementary Table 1). Remarkably, all cases in this

independent validation cohort were homozygous for the same 17-bp deletion. Directed



genotyping (Fig. 3d) of 520 Swedish blood donors revealed 30 heterozygous deletion carriers
but no homozygotes. These results establish that the 17-bp deletion in SMIM]1 is associated
with the Vel— phenotype, and that it is not restricted to the Swedish population.

Assuming Hardy-Weinberg equilibrium, an estimated heterozygote frequency of 30/520
(~1/17) predicts ~1/1,200 homozygotes. Importantly, this figure does not differ significantly
from the reported prevalence of ~1/1,700 Vel individuals® (binomial test; P=0.26). Further,
while the deletion is not called in 1000 Genomes, the NHLBI Exome Sequencing Project
(ESP) lists allele frequencies of 57/5,763 in European Americans and 6/3,198 in African
Americans, yielding heterozygote frequencies of ~1/50 and ~1/267. While indel detection by
high-throughput sequencing has algorithm-dependent sensitivity, a lower frequency in
Europeans than in Swedes agrees with lower prevalences of Vel- individuals®. ESP lists the
17-bp deletion as the most common non-consensus coding variant in SMIMI
(Supplementary Table 6), although existence of alternative null alleles cannot be excluded.

The 17-bp deletion introduces a frameshift 5° of the encoded transmembrane domain.
With Vel+ blood, 5'/3'-RACE showed that the wildtype transcript contains the complete
coding sequence, and an unannotated non-coding exon 1 (Supplementary Fig. 5). With Vel-
blood, no capped and polyadenylated mRNA was captured despite repeated attempts. With a
known heterozygote, RACE yielded only the wildtype sequence. These data suggest that the
mutant transcripts could be subject to degradation by mRNA surveillance mechanisms, as
expected from the frameshift'®'".

To explore a null/knock-out phenotype, we synthesized peptides corresponding to the
predicted extracellular domain of SMIMI, and raised rabbit polyclonal antibodies. While
these sera did not hemagglutinate RBCs, Western blotting under reducing conditions showed

bands at ~9—10 and ~20 kDa with RBC membranes from Vel+ blood, and Glycophorin A

(GPA) positive bone marrow cells. Human anti-Vel showed similar reactivity with reduced



Vel+ membranes. Neither band was present in Vel- membranes or Vel+ non-erythroid bone
marrow cells (Fig. 4a—c). Hence, SMIMI is present on Vel+, but not Vel—, erythroid cells.
Moreover, analysis of microarray profiles of human tissues showed high SMIM] expression
in bone marrow, and lower levels in non-hematopoietic tissues (Supplementary Fig. 6).

The detection of two bands with anti-SMIM1 (at ~1x and ~2x the calculated SMIM1
weight) suggests that the protein forms reduction-resistant homodimers. This is consistent
with the presence of the GxxxG motif which mediates transmembrane dimerization via helix-
helix association'*"?, as shown for GPA'. Additionally, Western blotting under non-reducing
conditions showed broad reactivity, suggesting that SMIM1 forms disulfide-dependent
complexes with itself or other, as yet unidentified, proteins (Fig. 4c¢). Further biochemical
studies confirmed that SMIM1 orients its N-terminal extracellularly, and indicated that O-
glycans may not be involved in the Vel epitope (Fig. 5).

To wverify that Vel depends on SMIMI, we over-expressed its cDNA in the
erythroleukemic cell line K562. In multiple experiments, we observed increased cell surface
expression of Vel in SMIM [-transfected, but not mock- or mutant-transfected, cells by flow
cytometry with human anti-Vel, accompanied by increased protein expression as shown by
anti-SMIM1 (Fig. 4d,e). This confirms SMIMI as the gene underlying Vel antigen
expression.

Finally, we compared Vel expression on RBCs from individuals heterozygous or negative
for the deletion. Consistent with the transfections, this revealed a strong correlation between
Vel expression and SMIM1 deletion zygosity, most likely as a gene dose effect (Fig. 4f,g).

The Vel antigen has been elusive for 60 years. We show that allelic variation in SMIM1
defines the Vel blood group system, and link the Vel— phenotype to a founder null allele. It is
remarkable that the genetic basis of the Vel— phenotype is identical in 35 individuals, as this

contrasts with the heterogenous backgrounds of other recently resolved blood groupsls’lf””.



Importantly, this discovery enables identification of rare Vel— blood donors by genotyping'®.
Screening for the 17-bp deletion was implemented at the Regional Blood Center in Lund,
Sweden. To date, two new homozygotes were found, and confirmed serologically as Vel-.
This demonstrates how our findings facilitate procurement of compatible blood for Vel-
immunized patients, who risk delayed transfusion support and worse outcomes'”.

The identification of SMIM]I as an erythroid gene — encoding a novel transmembrane
protein — raises intriguing questions. Firstly, the protein’s functional and molecular context
awaits further exploration. Strikingly, there are similarities with glycophorins, especially
GPA, a short, type 1, O-glycosylated transmembrane protein that forms reduction-resistant
dimers via its GxxxG motif'*. Secondly, conservation across species indicates an important
function, particularly in higher-mammal erythropoiesis. This raises the question whether Vel—
individuals, who are in fact human knock-outs, exhibit as yet unrecognized hematologic
features. Thirdly, it is conceivable that pathogens utilize SMIMI as an invasion receptor,
similarly to how malarial parasites exploit other blood-group carriers®**"**. In fact, given our
data in Fig. 5 and the similarities with GPA, it is possible that SMIMI1 represents the long-
sought o-chymotrypsin-sensitive Plasmodium falciparum receptor™. Future studies will

uncover the roles of SMIM1 in hematopoiesis and human disease.

URLs
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METHODS

Methods and any associated references are available in the online version of the paper.

Accession codes: The genomic SMIMI mutant sequence containing the 17-bp deletion,
and the new erythroid cDNA wildtype sequence determined by RACE experiments, have
been deposited in Genbank under accession numbers KC152643 and KC152644,

respectively.
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FIGURE LEGENDS

Figure 1: Genome-wide SNP profiling maps the locus of the Vel- phenotype to
chromosome 1p36. (a) Because of a reported enrichment of Vel- individuals in northern
Sweden® and anticipated autosomal recessive inheritance, we hypothesized that the Vel—
phenotype could be caused by a founder mutation. We analyzed 15 non-familial
(predominantly Swedish; Supplementary Table 1) and 5 familial Vel- individuals (A1, A2,
B6, B7 and B8 in pedigrees; families from Sweden) and their siblings (A3 and B9) on
[Nlumina Human-Omni 2.5M BeadChip microarrays (2.44 x 10° SNPs). (b) Based on the
familial genotypes, we identified 8,780 SNPs that segregated homozygously with the Vel—
phenotype. Each of these SNPs was tested for over-representation among Vel— individuals by
comparing their allele frequencies across the 15 non-familial cases with background
frequencies calculated from whole-genome-sequence data for 379 individuals of European
ethnicity from the 1000 Genomes Project’. This identified 25 strongly significant SNPs at
1p36. The x-axis indicates SNP locations, the y-axis —log;o P values for Fisher’s exact test
(red bar indicates the P<10"® threshold). (c) All 25 significant SNPs were located inside a 97-
kb haplotype block that contains five genes (CCDC27, SMIMI1, LRRC47, CEP104, and
DFFB; see Supplementary Table 3), and is flanked by recombination hotspots in CCDC27
and DFFB. Blue line indicates local recombination rates estimated from the 1000 Genomes
data. Red color reflects association with the most significant SNP rs12729572. All Vel-
individuals showed the same SNP signature in the identified region (Supplementary

Table 2).
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Figure 2: Identification of SMIM1 as a previously uncharacterized transmembrane
protein expressed in erythroid cells. Because most blood group genes are expressed in
erythroid cells, we prioritized the genes in the region at 1p36 by computing a genome-wide
gene-regulatory network for human hematopoiesis from 2,096 gene expression profiles of
bone marrow samples®. Using a new computational tool, Ultranet**, we created a Gaussian
Graphical Model which is a sparse graph where nodes represent genes (n=20,958), and
vertices correlations in expression between genes that cannot be explained by confounding
co-correlation with other observed genes. The network neighborhood of each gene was
defined as the set of first- and second-degree neighbor genes in the graph. Strikingly, the
neighborhood of SMIMI contained 17 of 35 known blood group genes (red; y* test for
enrichment, P<1.0x10"%), and was dominated by erythroid genes, including the
erythropoietin receptor (EPOR), heme synthesis genes (UROD, HMBS, BLVRB, ALAD,
ALAS1, CPOX, FECH), hemoglobin genes (HBB, HBM, HBQI), erythroid transcription
factors (GATAI, KLF1, GFIIB, TALI, SOX6), and erythroid membrane proteins (numerous).
By contrast, the neighborhoods of the other four candidate genes contained fewer genes and
no erythroid genes or blood group genes (not shown). This finding, along with protein
sequence analysis (UniProt accession no. B2RUZ4 and Fig.3b) and additional gene
expression microarray data (Supplementary Figs.1 and 2), predicted SMIMI as a

previously undiscovered transmembrane protein expressed in erythroid cells.
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Figure 3: Founder mutation in SMIM1 explains a null/knock-out phenotype in Vel+
RBC membranes. (a) In the current (GRCh37) genome annotation, SMIM1 has four exons
(reference sequence NM_001163724.1). All 20 Vel- individuals in the discovery cohort were
homozygous for a 17-bp deletion (red) in exon 3, as were an additional 15 Vel- individuals.
(b) SMIM1 encodes a protein of 78 amino acids, ~50 of which constitute the extracellular
domain. Potential O-glycosylation (S/T residues) and oligomerization (C residues and GxxxG
transmembrane motif) sites are indicated The 17-bp deletion introduces a frameshift from
serine 22. (c¢) Cross-species sequence alignment found no protein homologs in humans, but
56 orthologs in 45 other species (11 shown; see also Supplementary Fig. 4). The GATA
motif in intron 2 (Supplementary Table 4) is conserved in primates and rodents, implicating
SMIM1 in higher-mammal erythropoiesis. Conserved amino acids are color coded according
to their properties (green: hydrophobic nonpolar; yellow: polar uncharged; orange: acidic;
blue: basic). Bars indicate degree of conservation. (d) To exclude a common variant, we
designed a PCR assay enabling discrimination of consensus/wildtype (w) and deletion/mutant
(m) alleles. Genotyping of 520 random Swedish blood donors revealed 30 heterozygous
deletion carriers and no homozygotes, showing that the homozygous 17-bp deletion is linked
to the Vel- phenotype. Analysis of whole-exome sequence data from several thousand
individuals revealed that the 17-bp deletion is the most common coding non-consensus

variant in SMIM1 (Supplementary Table 6).
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Figure 4: Confirmation of SMIMI1 as the gene underlying Vel expression. (a) Western
blotting of reduced solubilized RBC membranes with rabbit polyclonal anti-SMIM1. Two
bands at ~9-10 and ~20 kDa seen in Vel+ samples. Weaker bands were observed in the
deletion-heterozygous sample (Vel+"). Vel- membranes were non-reactive. (b) Western
blotting of sorted bone marrow cells with rabbit polyclonal anti-SMIM1, compared with Vel+
and Vel- RBCs. Only CD235a (GPA) positive cells were reactive, indicating that SMIMI is
restricted to the erythroid lineage. Anti-GAPDH loading controls shown in the bottom panels.
(c) Western blotting with three human anti-Vel sera (designated 1-3) with nonreduced Vel+
and Vel- membranes as indicated, and reduced Vel+ membranes (right-most lane). Thus,
anti-Vel and anti-SMIM1 identify similar-sized bands in reduced membranes. Anti-SMIM1
reacts broadly with non-reduced membranes (not shown). (d) SMIMI over-expression in
K562 cells. Cell surface expression of Vel, measured by flow-cytometry with human anti-Vel
(ratio of PE positivity/GFP expression; normalized against mock-transfected cells).
Mock=pEF1aIRES-ZsGreenl empty/control vector; SMIM1-mut=pEF 10 vector with SMIM
containing 17-bp deletion; SMIM1-wt=pEF1la vector with wildtype SMIM]I). (e) Western
blotting with anti-SMIM1 shows parallel increase in SMIMI-protein expression. (f) Vel
expression correlates strongly with SMIM1 deletion zygosity. To semi-quantify Vel, we used
mean fluorescence intensity given as a ratio of human anti-Vel reactivity vs. AB serum in
m/m (n=1), w/m (n=16) and w/w (n=21) individuals. Asterisks indicate P<0.001 (unpaired
Student’s #-test); the error bars reflect standard error of the mean (SEM). (g) The

representative histogram shows the differences in antigen expression.
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Figure 5: Enzymatic characterization of the extracellular domain of SMIMI1. To show
that SMIM1 was located on the extracellular surface, anti-SMIMI reactivity following
protease- or glycosidase-treatment of intact RBCs was investigated. Reduced staining of
protease-treated RBCs at (a) 10 seconds exposure, (b) 1 minute exposure, is consistent with
overall peptide degradation of the extracellular proteins. This was dose-dependent with both
papain (P) and trypsin (T) since 1/100 dilutions of both enzymes (P 1:100 and C 1:100) did
not affect reactivity; however, SMIMI1 demonstrated an increased sensitivity to a-
chymotrypsin (C and C 1:100). (¢) Reprobing with anti-GPA/B (clone E3, Sigma; 1:10,000)
shows sensitivity to papain and o-chymotrypsin, (although a relative resistance to trypsin)
and also, the expected shift in molecular weight following treatment with O-glycosidase
whereas no effect on SMIMI reactivity is observed with O-glycosidase treatment.
Additionally, we performed hemagglutination experiments with human anti-Vel and RBCs
treated with neuraminidase, O-glycosidase or combined neuraminidase + O-glycosidase to
assess if Vel reactivity was altered by removing O-glycans. In line with in silico predictions
(Supplementary Fig. 7), and consistent with the Western blot with anti-SMIM1, there was
no change in hemagglutination titer/score (not shown). While this does not exclude the
presence of minor O-glycan components on SMIM1, it suggests that O-glycans do not play a
major role in Vel antigenicity. (d) Commassie staining of treated membranes. (e) Available
cleavage sites in SMIM1 for trypsin (red) and a-chymotrypsin (blue) showing the relative
abundance of a-chymotrypsin sites that might explain the unexpected sensitivity. Predicted

transmembrane sequence is underlined.
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ONLINE METHODS

Samples

Subject to ethics approval and informed consent, anonymized bone marrow samples from
healthy volunteers, buffy coat waste material from routine blood donations, and blood
samples were obtained from various sources (Supplementary Table 1). DNA panels for
screening were anonymized collections of 520 unselected Swedish blood donors. No donors

were approached solely for the purpose of this study.

Nucleic acid preparation

Genomic DNA was prepared using a modified salting-out procedure® and diluted to 100
ng/uL; or the QIAamp DNA Blood Mini Kit (Qiagen) and used undiluted. Total RNA was

extracted from whole blood or cell lines using Trizol® LS (Life Technologies Europe).

SNP genotyping and SNP data analysis

A total of 20 Vel- and 8 Vel+ individuals were genotyped on HumanOmni 2.5M BeadChip
microarrays probing 2,443,179 SNPs (Illumina; analysis performed at the SCIBLU genomics
facility at Lund University). Genotypes were called in Illumina GenomeStudio (call rate
>99.5% for all samples; four samples genotyped twice with >99.3% concordance). To
estimate background allele frequencies, we used whole-genome sequence data from 379
individuals of European ethnicity from the 1000 Genomes Project’ (because a high-resolution
Swedish SNP data set was unavailable). Allele frequencies were compared by Fisher’s exact
test with P<10™® as significance threshold. The linkage disequilibrium boundaries of the
detected haplotype block were estimated from the unfiltered genotype calls (Supplementary

Table 2). These boundaries coincided with regions of high recombination rate in the 1000
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Genomes Project CEU population. While SNP data for the identified region at 1p36 is given
in Supplementary Table 2, the complete SNP data are not publicly available to protect the

identity of the study participants, as individuals can be identified from SNP profiles.

Network modeling

To infer gene-regulatory networks, we used a new high-performance tool (Ultranet**), which
enables computation of Graphical Gaussian Models at a genome scale. As input data, we used
2,096 Affymetrix UI33A Plus 2 gene expression profiles of human bone marrow from
different conditions® (NCBI Gene Expression Omnibus; accession no. GSE13159). Ultranet’s
parameter A controls the sparsity of the network. In Fig. 2, A=0.75. Other reasonable values

yielded agreeing results.

Bioinformatic characterization of SMIM1

To predict the location of the transmembrane domain, we used nine different computational
tools (Supplementary Table 5). To find homologs, we searched the Refseq non-redundant,
Ensembl (release 68) and UniProtKB data bases, and retrieved alignment data from UCSC
Genome Browser (table knownGene.exonAA). BLASTP was performed using an E-value
cut-off of 1. To search for conserved protein domains, we used NCBI Conserved Domains.
To perform cross-species genome sequence alignment, we used UCSC Genome Browser.
ChIP-seq data from ENCODE’ obtained via UCSC Genome Browser were examined for
transcription factor binding sites in SMIMI (Supplementary Table 4). Whole-exome
sequence data from the Exome Sequencing Project were obtained from NHLBI Exome

Variant Server (Supplementary Table 6).
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Genetic analysis of SMIM1

Genomic DNA from 35 Vel- and 10 Vel+ samples were amplified with primers 388588int2f
and 388588ex4r which flank the SMIMI open reading frame (Supplementary Table 7).
Amplified products were sequenced using the BigDye Terminator v3.1 Cycle Sequencing Kit
(Applied Biosystems, Life Technologies) on an ABI 3500 Dx Genetic Analyzer. Analyses
were performed using CodonCode Aligner.

We developed genotyping methods to allow discrimination of consensus/wildtype and
deletion/mutant SMIM1 alleles (Supplementary Fig. 8). To screen blood donors, we used
exon 3-specific PCR based on primers LOCex3f screen and LOCex3r screen
(Supplementary Table 7). Allele-specific PCR products of 178 bp (wildtype) or 161 bp

(mutant) were discriminated by agarose-gel electrophoresis (Fig. 3c).

Transcript analysis

Total RNA from whole blood or cell lines were converted to cDNA using the High Capacity
RNA-to-cDNA Kit (Applied Biosystems). mRNA was amplified with the Expand High
Fidelity PCR system (Roche Diagnostics) using primers 388588cDNATf and 388588cDNALr,
and the products were sequenced.

A TagMan® Gene Expression Assay (Hs01369635 g1, Applied Biosystems, binding to
the exon 3—4 boundary) was used in real-time qPCR for the detection of SMIM1 transcripts.
Transcript quantities were normalized to human B-actin RNA (Invitrogen assay 4333762F).
All samples were run in triplicate, and calibrated against the sample with the lowest Cr value.
Triplicates with >2 Cr values <40 were considered positive.

Messenger RNA was isolated from total blood RNA by an mRNA Isolation Kit (Roche
Diagnostics). RACE was performed with the FirstChoice RLM-RACE kit (Ambion). In 5'-

RACE experiments, cDNA was synthesized with random or oligo-dT primers. Gene-specific

17



primers Vel 332R, Vel 355R and Vel 376R were used for nested PCR amplification together
with the 5'-RACE forward primers provided in the kit. For the 3’-RACE, cDNA was obtained
with the provided adapter, and nested PCR was performed with primers Vel 59F, Vel 176F
and Vel 280F, together with the 3'-RACE reverse primers. PCR products were analyzed by
gel electrophoresis, eluted with QIAquick Gel Extraction Kit (Qiagen) and sequenced as

described above. Primer sequences are shown in Supplementary Table 7.

Generation of rabbit antibodies

Four overlapping peptides were designed from the predicted extracellular domain of SMIM1
(Supplementary Table 8). Peptides 1 and 3 were selected to produce rabbit polyclonal
antibodies to the predicted SMIM1 protein (Innovagen AB). Partial inhibition of human anti-
Vel reactivity with a pool of the peptides was demonstrated (Supplementary Fig. 9). While
the antibodies were highly specific by Western blotting (Fig. 4), they did not hemagglutinate
RBCs, nor were they successful in immunoprecipitation protocols. This suggests that they

recognized a linear epitope but not the conformational Vel antigen on intact RBCs.

SDS-PAGE and Western Blot analysis

RBC membranes were prepared as described previously®, and solubilized with 1% Nonidet
P-40. The solubilizate was mixed with equal volumes of Laemmli sample buffer with or
without the addition of 5% mercaptoethanol depending on the conditions required and run on
NuPAGE® 12% or 4-12% Bis-Tris gels (Novex, Life Technologies). The gel was either
stained with SimplyBlue™ SafeStain (Life Technologies), or the proteins transferred onto
polyvinylidene difluoride (PVDF) membranes. Following blocking in 5% non-fat
milk/phosphate-buffered saline (PBS), the membranes were incubated with primary antibody
(anti-SMIM1, 1:20,000; affinity-purified human anti-Vel) for 2 hours at room temperature

(RT). Following washing in PBS/Tween (PBST), incubation followed for 1 hour at RT with
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horseradish peroxidase (HRP)-labelled goat anti-IgG (rabbit, Agrisera; human BioRad)
diluted 1:10,000 in PBS-T. The membranes were developed with ECL reagent (Life
Technologies), exposed to film for an appropriate time as determined by an initial 60 second
exposure, and developed. The membranes were reprobed with a murine anti-GAPDH (clone
6C5, Millipore), diluted 1:5,000, washed and incubated with HRP-labelled goat anti-mouse

IgG (BioRad) diluted 1:10,000 in PBS-T; and visualized as above (Fig. 4).

Over-expression experiments

The full coding sequence of SMIMI was amplified from cDNA using primers VelF and
VelR2 (Supplementary Table 7), and inserted into a green fluorescent protein-positive
plasmid pEF10-IRES2-ZsGreenl vector (Clontech) following EcoRI/BamHI digestion.
NEBS5-a competent E. coli (New England Biolabs) were transformed, and positive colonies
were PCR-amplified and sequenced to confirm the insert. pEFla vectors containing the
wildtype sequence (pEFla-SMIMIwt), mutant sequence (pEFla-SMIMImut) or empty
vector (pEF1a-mock) were selected and prepared using Plasmid Midi Kit (Qiagen).

K562 cells were cultured in RPMI 1640 medium (Gibco, Life Technologies)
supplemented with 10% fetal bovine serum (Gibco) at 37°C and 5% CO,. Upon transfection,
5x10° K562 cells were mixed with 10 pg pEFla-vectors, electroporated using the Gene
Pulser II electroporation system (BioRad) and incubated for 48 hours in 6-well culture plates

(Nunc).

Flow cytometry

Flow cytometry was performed on RBCs, cell lines and transfected K562 cells. A suspension
of ~0.5x10° RBCs or 10° K562 cells in PBS containing 1% bovine serum albumin
(PBS/BSA) were tested with human group AB anti-Vel (selected after screening of several

anti-Vel reagents) or normal AB serum (isotype control). Either FITC-conjugated F(ab’),
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Fragment Rabbit Anti-Human IgG (Dako, Electra-Box Diagnostica AB) (RBCs) or R-
Phycoerythrin(PE)-conjugated AffiniPure F(ab’), Fragment Goat Anti-Human IgG (Jackson
Immunoresearch Europe Ltd) (cell lines and transfected cells) were used as secondary
antibodies. Analysis (10,000 events/RBCs; 50,000 events/transfected cells) was performed
with the FACSCalibur cell cytometer (Becton Dickinson) using CellQuest™ 3.3 software
(Becton Dickinson). PE-conjugated anti-CD33 (Dako, Life Technologies) and 7-AAD (BD
Pharmingen) were used as positive compensation controls in tricolor FACS analysis
(transfected cells). Viable cells were gated for double-positive signal in the GFP- and PE-
channels and assumed to be Vel+ (transfected K562 cells).

Cell populations were sorted from human bone marrow with the following antibodies:
CD3-V500, clone UCHT1; CD16-APC-Cy7, clone V NK89; CD19-AlexaFluor 488, clone
HIB19; CD34-Fitc, clone 581; CD56-V450, clone B159 (all from Becton Dickinson);

CD235ab-APC, Clone HIR2 (Biolegend).

Serologic analysis

Standard agglutination techniques were used for identification of anti-Vel, RBC phenotyping
and hemagglutination/inhibition tests®’. Anti-Vel was affinity-purified by adsorption onto and

elution from Vel+ RBCs. Eluates were prepared using the Elu-Kit II kit (Immucor).

Enzyme treatment

RBCs were treated with enzymes (Sigma-Aldrich), including papain (0.1%/0.001%), trypsin
(1%/0.01%), a-chymotrypsin (0.5%/0.005%), neuraminidase + O-glycosidase, and O-
glycosidase only. For protease treatment, 100 nL. washed packed RBCs were incubated with
100 pL enzyme for one hour at 37°C. Glycosidase treatment was performed by (a) incubating
100 uL washed packed RBCs with 0.05 U neuraminidase diluted in 100 uL. PBS for one hour

at 37°C, then adding 0.02 U O-glycosidase diluted in 100 pL. PBS for a further hour's
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incubation; and (b) washed packed RBCs were incubated only with O-glycosidase. RBC

membranes were prepared directly following enzyme treatment.

Statistical analysis

Statistical tests were performed in R (http://www.r-project.org/) or Excel (Microsoft). For

single-hypothesis tests, P-values <0.05 were considered significant.

Establishing Vel as a blood group system

The information presented in this paper fulfills the formal requirements to establish Vel as a
novel human blood group system. Based on the available data, the current chair (J.R.S.) and
two members (current secretary Christine Lomas-Francis, M.Sc, FIBMS, and former chair
Dr. Geoff Daniels) of the International Society of Blood Transfusion (ISBT) Working Party
for Red Cell Immunogenetics and Blood Group Terminology have assigned a provisional
blood group system name and number, “Vel, system no. 34”, and promoted Vel from a
genetically unresolved blood group antigen (ISBT no. 212001) to the new system defined by

the SMIM1 locus (as antigen no. 034001).
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Supplementary Table 1: List of samples

This table lists all samples in the discovery cohort (above bar) and validation cohort (below bar).

Sample number Vel phenotype Comments Origin
1 Vel— Blood donor Southern Sweden
2 Vel- Brother of #1 Southern Sweden
3 Vel+ Brother of #1 Southern Sweden
4 Vel+ Son of #1 Southern Sweden
5 Vel+ Daughter of #1 Southern Sweden
6 Vel- Blood donor Northern Sweden
7 Vel- Brother of #6 Northern Sweden
8 Vel- Brother of #6 Northern Sweden
9 Vel+ Brother of #6 Northern Sweden
10 Vel- Unrelated blood donor Southern Sweden
11 Vel- Unrelated blood donor Southern Sweden
12 Vel- Unrelated blood donor Southern Sweden
13 Vel+ Unrelated blood donor Northern Sweden
14 Vel- Unrelated blood donor Northern Sweden
15 Vel- Unrelated blood donor Northern Sweden
16 Vel- Unrelated blood donor Northern Sweden
17 Vel- Unrelated blood donor Northern Sweden
18 Vel- Unrelated blood donor Northern Sweden
19 Vel- Unrelated blood donor Northern Sweden
20 Vel- Unrelated blood donor Northern Sweden
21 Vel- Unrelated blood donor Northern Sweden
22 Vel- Unrelated blood donor Southern Sweden
23 Vel+ Unrelated blood donor Northern Sweden
24 Vel- Unrelated blood donor Detroit, USA
25 Vel- Unrelated blood donor Minneapolis, USA
26 Vel- Unrelated blood donor Minneapolis, USA
27 Vel+ Unrelated blood donor Houston, USA
28 Vel+ Unrelated blood donor Southern Sweden
29 Vel- Blood donor Southern Sweden
30 Vel- Patient with anti-Vel England
31 Vel- SCARF sample England
32 Vel- Patient with anti-Vel England
33 Vel- Patient with anti-Vel England
34 Vel- Patient with anti-Vel England
35 Vel- SCARF antiserum USA
36 Vel- SCARF antiserum USA
37 Vel— SCARF antiserum USA
38 Vel- Blood donor Switzerland
39 Vel- Blood donor Switzerland
40 Vel- Blood donor Switzerland
41 Vel- Blood donor Switzerland
42 Vel- Blood donor Switzerland
43 Vel- SCARF antiserum Eastern Europe

Abbreviations: SCARF (Serum, cells and rare fluids exchange; http://scarfex. jove.prohosting.com/).



Supplementary Table 2: Unfiltered genotype calls for all subjects in
the chromosome 1 candidate region

Unfiltered genotype calls for all subjects (n=28) in the chromosome 1 candidate region. Coordi-
nates are GRCh37. Genotypes of Vel- subjects (n=20) are printed in bold font. SNPs where all
Vel- subjects have identical genotype are highlighted in yellow. Genes in the region are shown in
the right margin.
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cc
GG
GG
cC

GG

223
223

GG
cc
GG
cc
T
cc
cc
cc
GG

8248323

GG
GG

cC

8348

GG
cc
cc
cc
GG
GG
cc
GG
cc
GG
GG
cc

GG

GG
AG
AG
AG
AG
cC
GG
TC
TT
CC
cC
TC
AG

°%3

cc
TG
AG
cc
GG
GG

CC
CC
TT
TC
GG
AG
cC
AC
cC
AG

cC
GG
cC
AG
GG
CcC

GG

AG
AG

cc
GG
TC
T
cc
cc
cc
GG
AG

cc
T
AA
cc
GG
GG

cc
cc
T
T
GG
GG
cc
cc
cc
GG
GG
cc
GG
cc
GG
GG
cc

GG

AA
AA
GG
cc
GG
cc
T
cc
cc
cc
GG
GG

cc
T
AA
cc
GG
GG

cc
cc
T
T
GG
GG
cc
cc
cc
GG
GG
cc
GG
cc
GG
GG
cc

GG
AG
AG
AG
AG
cc
GG
TC
TT
CC
cc
cc
AG
AG
AA

cc
T
GG
AA
GG
GG

cc
cc
T
T
GG
GG
cC
cc
cc
GG
GG
cc
GG
cc
GG
GG
cc

GG

83323

GG
AA
AA
AA
GG
cc
GG
cc
TT
CC
cc
TC
GG
AA
AA

cc
T
AA
cc
GG
GG

cc
cc
T
T
GG
GG
cc
cC
cC
GG
GG
cc
GG
cc
GG
GG
cc

GG
AG
AG
AG
AG
cc
GG
TC
T
CcC
cc
TC
AA
AG

cc
T
AG
AC
GG
GG

cc
cc
T
T
GG
GG
cc
cc
cc
GG
GG
cc
GG
cc
GG
GG
cc

GG
AG
AG
AG
AG
cc
GG
TC
TT
CcC
cc
TC
AG
AA
AA

cc
T
AA
cc
GG
GG

cc
cc
T
T
GG
GG
cc
cc
cc
GG
GG
cc
GG
cc
GG
GG
cc

GG

8222

CcC

CC

CC
GG
CC

GG
CcC

823238

CcC

GG

223

CcC

CcC
GG
TC

GG
CcC

CCDC27 (cont.)

SMIM1

LRRC47
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3703337
3703710
3703903
3704479
3705211
3705711
3706538
3706969
3709412
3709487
3716737
3718864
3720323
3720466
3722130
3723708
3730729
3731657
3731959
3732596
3732729
3736319
3738332
3738954
3739382
3739740
3741782
3741985
3742009
3742257
3742498
3743319
3743703
3744084
3745015
3745924
3746484
3746874
3747580
3748085

GG
cc
GG
AA
cc
cc
cc
CC
AA
GG
TT
AA
cc
AA
AA
GG
TT
TT
TT
AA
GG
GG
GG
CC
CC
TT
cc
cc
TT
cC
AA
TT
AA
TT
cc
TT
cc
cc
AA

GG
cc
GG

cc
cc
cc
cc

GG

GG
CcC
GG

CcC
CcC
CcC
TC
AG
GG
TC

CcC
AG
AG
GG
TC
TC
TT

GG
GG
GG
CcC
CcC
T
TC
cC
TC
CcC
AG
TT
AG
T
CcC
TT
CcC
CcC
AG

GG
cC
GG

cC
TC
cC
TC

AG
TC
AC
cC
AG
AG
GG
TC
TC
TG

AG
AG
GG
CC
CC
TC
TC
cC
TC
cC
AG
TT
AG
TT
cC
TT
cC
TC
AG

GG
CcC
GG

CcC
TC
CcC
TC

GG
TC
AC
CcC
AG
AG
GG
TC
TC
TG

AG
AG
GG
CC
CC
TC
TC
CcC
TC
CcC
AG
TT
AG
TT
CcC
TT
CcC
TC
AG

GG
cc
GG

cc
cC
cC
cc

GG

GG
cC
GG

cC
TC
cC
TC

GG
TC
AC
cC
AG
AG
GG
TC
TC
TG

AG
AG
GG
CC
CC
TC
TC
cC
TC
CcC
AG
TT
AG
TT
cC
TT
cC
TC
AG

GG
cc
GG

cc
cc
cc
cc

GG

GG
cc
GG
AA
cc
cc
cc
cc

GG
T

cc

AA
GG
TT
TT
TT
AA
GG
GG
GG
CC
CC
TT
cc
cc
TT
cc
AA
TT

T
cc
T
cc
cc
AA

GG
cc
GG
AA
cc
cc
cc
cc
AA
GG
T
AA
cc

AA
GG
TT
TT
TT
AA
GG
GG
GG
CC
CC
TT
cc
cc
TT
cc
AA
TT
AA
TT
cc
TT
cc
cc
AA

GG
cc
GG
AA
cc
cc
cc
cc
AA
GG
T

cc
AA
AA
GG
TT
TT
TT
AA
GG
GG
GG
CC
CC
TT
cc
cc
TT
cC
AA
TT
AA
TT
cc
TT
cc
cc
AA

GG
cc
GG
AA
cc
cc
cC
CC
AA
GG
TT
AA
cc
AA
AA
GG
TT
TT
TT
AA
GG
GG
GG
CC
CC
TT
cc
cC
TT
cc
AA
TT
AA
TT
cc
TT
cc
cc
AA

GG
cc
GG
AA
cc
cc
cc
CcC
AA
GG
TT
AA
cc
AA
AA
GG
TT
TT
TT
AA
GG
GG
GG
CcC
CcC
TT
cc
cc
TT
cc
AA
TT
AA
TT
cc
TT
cc
cc
AA

GG
cc
GG

cc
cc
cc
cc

GG

GG
CC
GG

CcC
TT
CcC
TT

AG
CC
CcC
CcC
GG
GG
GG
CcC
CC

82328

CcC
CcC
CC
TT
CcC
CC
CcC
GG
TT
GG
TT
CC
TT
CcC
TT
GG

GG
CcC
GG

CcC
TT
CcC

$%d

CcC
CcC
GG
GG
GG
CcC
CC

22328

GG
CcC
CcC
cC
TT
CcC
CcC
CcC
GG
TT
GG
TT
CcC
TT
CcC
TT
GG

0
GG
CcC
GG

CcC
TC
cC
TT
AG
GG
CcC
AC
CcC
GG
GG
GG
cC
CcC
TG

AG
AG
GG
cC
cC
TC
TT
CcC
CcC
CcC
GG
TT
GG
TT
CcC
TT
CcC
TC
GG

LRRC47 (cont.)

CEP104
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3750216
3750686
3752941
3753813
3753892
3754596
3755675
3755965
3756226
3756774
3757749
3758493
3759265
3760672
3761479
3765424
3765678
3765755
3768719
3769231
3769480
3769760
3772275
3772359
3773089
3773252
3773718
3774138
3774549
3778873
3779818
3781096
3781830
3781856
3782228
3783278
3784454
3784464
3785375
3785538

CC
CC
cc
TT
cc
TT
GG
cc
CC
GG
AA
TT
AA
AA
GG
TT
TT
TT
TT
AA
GG
GG
GG
TT
CC
CC
GG
cc
TT
AA
AA
AA
AA
CC
cc
cc
T
GG
GG
cc

cC
cC
cc
1T
cc
1T
GG
cc
cC

22438
%3
2%
237

T
1T
T
T

GG
GG
GG
T
cc
cc
GG
cc
T

2223

cc
cc
T
GG
GG
cc

CC
CC
CcC
TT
cC
TT
GG
CcC
CC
GG
AG

TG
TC
TC
TC
AG
GG
GG
GG
TC
TC
cC
GG
TC
TC

AG
AC
AC
cC
CcC
CcC
T
GG
GG
cC

AC
CC
cC
TT
cC
TT
GG
cC
CC
GG
AG

TG
TT
TC
TC
AG
GG
GG
TG
TC
TC
AC
GG
TC

2223

cc
cC
cC
T
GG
GG
cC

AC
CC
CcC
TT
CcC
TT
GG
CcC
CC
GG
AG

TT
TT
TC
TC
AG
GG
GG
TG
TC
TC
AC
GG
TC

2223
3223324
2223

CcC
CcC
CcC
TT
GG
GG
CcC

CcC
CcC
cc
T
cc
T
GG
cC
CcC

233138
23438
233138

T
T
T
T

GG
GG
GG
T
cc
cc
GG
cc

cc
cc
T
GG
GG
cc

cC
cC
cc
TT
cc
TT
GG
cc
cC

TT
TT
TT
TT

GG
GG
GG
T
cc
cc
GG
cc
T

cc
cc
T
GG
GG
cc

CcC
CcC
cc
T
cc
T
GG
cc
CcC

T
T
T
T

GG
GG
GG
T
cc
cc
GG
cc

223324

cc
cc
T
GG
GG
cc

AC
CC
cC
TT
cC
TT
GG
cC
CC
GG
AG
TT

AG
AG
TG
TT
TC
TC
AG
GG
GG
TG
TC
TC
AC
GG
TC

23223
2223

cC
cC
cC
TC
AG
GG
CcC

CC
CC
cc
TT
cc
TT
GG
cc
CC
GG
AA
TT

AA
GG
TT
TT
TT
TT
AA
GG
GG
GG
TT
CC
CC
GG
cc
TT

cc
cc
T
GG
GG
cc

CC
CC
cc
TT
cc
TT
GG
cc
CC
GG
AA
TT
AA
AA
GG
TT
TT
TT
TT
AA
GG
GG
GG
TT
CC
CC
GG
cc
TT

2223

cc
cc
T
GG
GG
cc

CC
CC
cc
TT
cc
TT
GG
cc
CC
GG
AA
TT
AA
AA
GG
TT
TT
TT
TT
AA
GG
GG
GG
TT
CC
CC
GG
cc
TT

2223

cc
cc
cc
TC
AG
GG
cc

CC
CC
cc
TT
cc
TT
GG
cc
CC
GG
AA
TT
AA
AA
GG
TT
TT
TT
TT
AA
GG
GG
GG
TT
CC
CC
GG
cc
TT

2223

cc
cc
T
GG
AG
cc

CC
CC
cc
TT
cc
TT
GG
cc
CC
GG
AA
TT
AA
AA
GG
TT
TT
TT
TT
AA
GG
GG
GG
TT
CC
CC
GG
cc
TT

233

cc
cc
cc
T
GG
GG
cc

CC
CC
cc
TT
cc
TT
GG
cc
CC
GG
AA
TT
AA
AA
GG
TT
TT
TT
TT
AA
GG
GG
GG
TT
CC
CC
GG
cc
TT
AA

AA
AA
cc
cc
cc
T
GG
GG
cc

CC
CC
cc
TT
cc
TT
GG
cc
CC
GG
AA
TT
AA
AA
GG
TT
TT
TT
TT
AA
GG
GG
GG
TT
CC
CC
GG
cc
TT
AA

AA
AA
cc
cc
cc
T
GG
GG
cc

CC
CC
cc
TT
cc
TT
GG
cc
CcC
GG
AA
TT
AA
AA
GG
TT
TT
TT
TT
AA
GG
GG
GG
TT
CC
CC
GG
cc
TT
AA
AA
AA
AA
CC
cc
cc
TT
GG
GG
AC

P23
83332

cc
cc
cc
T
GG
GG
cc

CcC
cC
cc
TT
cc
T
GG
cc
(603

233138

T
T
T
TT

GG
GG
GG
T
cc
cc
GG
cc
T

cc
cc
T
GG
GG
cc

CC
CC
cc
TT
cc
TT
GG
cC
CC
GG
AA
TT
AA
AA
GG
TT
TT
TT
TT
AA
GG
GG
GG
TT
CC
CC
GG
cc
TT
AA
AA
AA
AA
CC
cc
cc
TT
GG
GG
cc

cC
CcC
cc
T
cc
T
GG
cc
CcC
GG
AA
T
AA
AA
GG
T
T
T
T
AA
GG
GG
GG
T
CcC
CcC
GG
cc
T

223
233

cc
cc
cc
T
GG
GG
cc

CC
CC
cc
1T
cc
1T
GG
cc
CC
GG
AA
1T
AA
AA
GG
T
1T
T
1T
AA
GG
GG
GG
T
CC
CC
GG
cc
1T

cc
cc
cc
T
GG
GG
cc

CcC
CcC
cc
TT
cc
TT
GG
cc
CcC
GG
AA
TT
AA
AA
GG
TT
TT
TT
TT
AA
GG
GG
GG
TT
CcC
CcC
GG
cc
TT
AA
AA
AA
AA
CcC
cc
cc
TT
GG
GG
cc

CC
CC
cc
TT
cc
T
GG
cc
CC

233138

8332324

T
T
T
TT
AA
GG
GG
GG
T
CC
CC
GG
cc
T

233

cc
cc
cc
TC
AG
GG
cc

CcC
CC
TT
CcC
TT
GG
CC
CcC
GG
GG

TT
CcC
CcC
GG
GG
GG
TT
CcC
TT

GG
TT

2228
22234

CcC
CC
CC
TT
GG
GG
CcC

CC
CC
cC
TT
cC
TT
GG
cC
CC
GG

TT
AG

GG
TG
TT
TT
TT

GG
GG
GG
T
cC
cC
GG
cC

cC

T
GG
AG
CcC

CcC
CcC
TT
CcC
TT
GG
CcC
CcC
GG
GG

823234

TT
cc
cC
GG
GG
GG
TT
CcC
TT

GG
TT

2228

CcC
CcC
CcC
TC
AG
GG
CcC

AC
CC
CcC
TT
CcC
TT
GG
CcC
CC
GG
GG

%3

GG
TC
cC
CcC
GG
GG
GG
TG
cC
TT
AC
GG
TT
CcC

AG
AC
cC
cC
CcC
CcC
TC
GG
GG
CcC

CEP104 (cont.)

DFFB
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3786055
3786189
3786245
3786612
3786794
3787024
3788499
3788638
3789814
3789852
3790332
3791533
3791837
3792310
3793180
3793324
3794273
3794421
3794504
3795092
3795321
3795391
3795485
3795516
3795666
3795855
3796237
3796542
3796948
3797119
3797428
3797919
3798600
3798674
3799252
3800118
3800242
3801611
3801973
3802392

CcC
GG
GG
cc
cc
GG
AA
GG
AA
CcC
T
GG
T
cc
AA
AA
TC
CC
cc
cc
T
TC
T
GG
AA
CcC
AA
AG
GG
GG
GG
TT
CC
TC
GG
AA
AG
T
T
AA

CC

CC

CC
AG
GG
TC
CcC
GG
AG
AG
AC
CcC
TT
GG
TT

CC

T

28423288848

cc
GG
GG
T
cc
GG
GG
GG

T
cc
GG
T
cc

GG
cc
cc
cc
cc
T
cc
T
GG
GG
cc
GG
GG
T

GG
T
CcC
CcC

12328

cC

CC
AG
GG
TT
cC
GG
GG
AG
AC
TC
TC
AG
TT
cC

AG
CC
CC
cC
cC
TT
cC
TT
TG
AG
CC
AG
AG
TG
GG
GG
TT
CC
CC
GG

AG
TT
TC

cc
GG
GG
TC
cc
GG
AG
GG

TC
TC
GG
T
cc

AG
CC
CC
cc
cc
TT
TC
TT
GG
AG
CcC
AG
GG
TG
GG
GG
TC
CC
TC
GG
AA
AA
TT
TC

cc
GG
GG
TC
cc
GG
AG
GG

TC
TC
GG
T
cc

AG
CcC
CC
cc
cc
TT
TC
TT
GG
AG
CC
AG
GG
TG
GG
GG
TT
CC
TC
GG
AA
AA
TT
TC

cc
GG
AG
TC
cc
GG
AG
GG

TC
TC
AG
TT
TC

GG
TC
CC
cc
cc
TT
cC
TT
GG
AG
CC
AG
AG
TG
GG
GG
TT
CC

GG
AA
AG
TT
TC

cc
GG
GG
TC
cc
GG
AG
GG

TC
TC
GG
T
cc

AG
CC
CC
cc
cc
TT
TC
TT
GG
AG
CcC
AG
GG
TG
GG
GG
TT
CC
TC
GG
AA
AA
TT
TC

cc
GG
GG
T
cc
GG
GG
GG
AA
T
cc
GG
T
cc

GG
cc
cc
cc
cc
T
cc
T
GG
GG
cc
GG
GG
T

GG
TT
CC

GG
AA
AA
TT
cC
AA

cc
GG
GG
cC
cc
GG

GG
AA
CC
TT
GG
TT

2328
2328

CC
cc
cc
TT
TT
TT
GG

CC
AA
GG
GG
GG
GG
TT
CC
TT
GG
AA
AA
TT
TT
AA

CC
AG
GG
TC
cc
GG
AG
AG
AC
CC
TT
GG
TT

CC
cc
cc
TT
TC
TT
TG

CC
AA
AG
TT
GG
GG
TT
CC
TC
GG
AA
AG
TT
TT
AA

cc
GG
GG
TC
cc
GG
AG
GG

TC
TC
GG
T
cc

AG
cC
cC
cc
cc
T
TC
T
GG
AG
cC
AG
GG
TG
GG
GG
T
cC
TC
GG

AG
T
T

cc
GG
GG
T
cc
GG
GG
GG

T
cc
GG
T
cc

GG
cc
cc
cc
cc
T
cc
T
GG
GG
cc
GG
GG
T
GG
GG
T
cc
cc
GG

AA
T
cc

cc
GG
GG
T
cc
GG
GG
GG
AA
T
cc
GG
T
cc
AA
GG
cc
cc
cc
cc
T
cc
T
GG
GG
cc
GG
GG
T

GG
TT
CC
CC
GG
AA
AA
TT
cC
AA

cc
GG
GG
cc
cc
GG
AA
GG

CcC
T
GG
T
cc

AA
cC
CcC
cc
cc
T
T
T
GG
AA
(603
AA
GG
GG
GG
GG
TC
(603
T
GG
AA
AA
T
T

cc
GG
GG
TC
cc
GG
AG
GG

TC
TC
GG
T
cc

AG
CC
CC
cc
cc
1T
TC
T
GG
AG
CC
AG
GG
TG
GG
GG
T
CC
TC
GG
AA
AA
1T
TC

CcC
GG
GG
TC
cc
GG
AG
GG
AA
TC
TC
GG
TT
cc
AA
AG
CcC
CcC
cc
cc
TT
T
TT
GG
AA
CcC
AA
GG
GG
GG
GG
TC
CcC
T
GG
AA
AA
TT
TT
AA

CcC
GG
GG
TT
CcC
GG
AG
GG

TC
TC
GG
TT
CcC

AG
TC
CC
CC
CC
TT
CcC
TT
GG
AG
CC

AG
TG
GG
GG
TT
CcC
CcC
GG

AG
TT
TC

CC

CcC
GG
GG
TC
CcC
GG
GG
GG

TC
TC
GG
TT
cC

AG
CC
CC
CcC
CcC
TT
TC
TT
GG
AG
CC

GG
TG
GG
GG
TT
cC
TC

238

TC

DFFB (cont.)
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3803278
3803755
3804543
3804683
3805098
3805255
3805868
3806286
3806335
3806335
3806358
3806548
3806973
3807258
3807360
3807388
3807450
3807593
3808127
3808362
3809520
3809528
3811188
3811790
3811810
3811848
3812920
3814607
3816950
3817252
3818099
3821216
3821782
3822283
3822314
3822703
3823150
3823395

GG
CC
AA
TC
cc
AA
AA
GG
GG
GG
TC
GG
AA

GG
GG
cc

cc
AG
cc
cc
GG
GG
T
cc
cc

cc
T
T
AG
AG
CC
cc
TC
GG
TC

GG
cC

TC

2328

GG
GG
GG
TC
GG

GG
GG
cc

cc
AG
cc
cc
GG
GG
T
cc
cc

cc
T
T
AG
AG
cC
cc
TC
GG
TC

GG
TC

CcC
cC
AA

GG
GG
GG
TC
GG

GG
GG
CcC

CcC
AG
CcC
CcC
GG
GG
T
cC
CcC

CcC
TT
T
AG
GG
CcC
CcC
TC
GG
CcC

GG
CC

TC

83228

GG
GG
TC
GG

GG
GG
cc

cC
AG
cC
cC
GG
GG
T
cc
cC

cC
TT
TT
AG
AG
CC
cC
TC
GG
TC

GG
TC

cC

238

GG
GG
GG
TC
GG

GG
GG
CcC

CcC
AG
CcC
CcC
GG
GG
T
cC
CcC

cC
TT
T
AG
GG
cC
CcC
TC
GG
cC

GG
cC

cc
T
GG

GG
GG
GG
T
GG

GG

CcC

cc

cc
cc
GG
T
cc
cc
cc

T
T
GG

GG
cc
cc
T
GG
cc

GG
cc

cc
T
GG

GG
GG
GG
T
GG

GG

cC

cc

cc
cc
GG
T
cc
cc
cc

T
T
GG

GG
cc
cc
T
GG
cc

GG
cC

cc
T
GG

GG
GG
GG
T
GG

GG

CcC

cc

cc
cc
GG
T
cc
cc
cc

T
T
GG

GG
cc
cc
T
GG
cc

GG
CC

TC
TC
AG

GG
GG
GG
T
GG

GG
AG
cc

cC
AG
cC
cC
GG
TG
TC
cc
cC

TC
TT
TG
AG
AG
CC
cC
TC
GG
TC

GG
TC

cc
TC
AG

GG
GG
GG
TT
GG

GG
AG
cc

cc
AG
cc
cc
GG
TG
TC
cc
cc

TC
T
TG
AG
GG
cc
cc
TC
GG
cc

GG
TC
AA
cc
TC
AG

GG
GG
GG
TT
GG

GG
AG
cc

cc
AG
cc
cc
GG
TG
TC
cc
cc

TC
T
TG
AG
GG
cc
cc
TC
GG
cc

GG
TT
AA
cc
cc
AA

GG
GG
GG
TT
GG
AA

GG
GG
cc

cc
GG
cc
cc
GG
GG
T
cc
cc

cc
T
T
GG
GG
cc
cc
cc
GG
cc

GG
TC
AA
cc
TC
AG

GG
GG
GG
TT
GG
AA

GG
AG
cc

cc
AG
cc
cc
GG
TG
TC
cc
cc

TC
T
TG
AG
GG
cc
cc
TC
GG
cc

GG
CC
AA
cc
TT
GG

GG
GG
GG
TT
GG
AA

GG

CC

cc
AA
cc
cc
GG
T
cc
cc
cc

TT
TT
GG

GG
cc
cc
T
GG
cc

GG
CC

TT
cc
AA

GG
GG
GG
TT
GG

GG
GG
cc

cc
GG
cc
cc
GG
GG
T
cc
cc

cc
T
T
GG

cc
cc
cc
GG
T

GG
TC
AA
TC
cC
AA
AA
GG
GG
GG
TT
GG
AA

GG
GG
cc

cc
GG
cC
cc
GG
GG
T
cc
cc

cc
T
T
GG
AG
cc
cc
cc
GG
TC

GG
TC

TC

238

GG
GG
GG
T
GG

GG
GG
cc

cc
GG
cc
cc
GG
GG
T
cc
cc

cc
T
T
GG
AG
cc
cc
cc
GG
TC

GG
CC
AA
cc
TT
GG
AA
GG
GG
GG
TT
GG
AA

GG

CC

cc
AA
cc
cc
GG
T
cc
cc
cc

TT
TT
GG

GG
cc
cc
T
GG
cc

GG
TC
AA
TC
cc
AA

GG
GG
GG
TT
GG
AA

GG
GG
cc

cc
GG
cc
cc
GG
GG
T
cc
cc

cc
TC

GG
GG
cc
cc
cc
GG
cc

GG
TC
AA
cc
TC
AG

GG
GG
GG
T
GG
AA

GG
AG
cc

cc
AG
cc
cc
GG
TG
TC
cc
cc

TC
T
TG
AG
GG
cc
cc
TC
GG
cc

GG
T
AA
cc
cc
AA
AA
GG
GG
GG
TT
GG
AA

GG
GG
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Supplementary Table 3: Genes in the identified region at 1p36

This table lists the five genes in the identified region at 1p36, along with their predicted number of
amino acids, predicted molecular weights, and annotated functions as based on the information in

the Entrez Gene database.

Symbol Name AAs” Functional annotation

(kDa)
CCDC27 Coiled-coil domain-containing protein 27 656 (75.4)  no annotation
SMIM1  Small integral membrane protein 1 78 (8.7) single-pass transmembrane protein
LRRC47 Leucine-rich repeat-containing protein 47 583 (63.4) RNA-binding, phenylalanine-tRNA ligase
CEP104 Centrosomal protein 104kDa 925 (104.4) centriole, cytoskeleton
DFFB DNA fragmentation factor, 40kDa, beta 338 (39.1) nucleus, apoptosis factor

polypeptide

*) predicted/annotated number of amino acids.



Supplementary Table 4: ChiP-seq peaks

The table lists all transcription sites detected by ChlP-seq (chromatin immunoprecipitation followed
by massively parallel sequencing) in SMIM1, including 500 bp upstream and downstream of the
gene, in the ENCODE project! (data obtained through UCSC Genome Browser).

Antibody target Antibody Peak span(s)
BCL3 BCL3 Intron 2
3’ region
BHLHE40 BHLHE40 Exon 4 — 3' region
CCNT2 CCNT2 5’ region — Exon 2
Intron 2
Exon 3 — Intron 3
CEBPB CEBPB Intron 2
CTCF CTCF Exon 4 — 3’ region
CTCF_(C-20) 3’ region
CTCF_(SC-5916) 3’ region
CTCFL CTCFL_(SC-98982) 3’ region — 3’ region
E2F6 E2F6 Intron 2
Exon 4 — 3' region
E2F6_(H-50) Intron 2
Intron 2 — Intron 3
Exon 4 — 3' region
EBF1 EBF1_(C-8) 3’ region — 3’ region
EGR1 Egr-1 5’ region — Intron 1
Intron 2
Exon 3 — Intron 3
ELF1 ELF1_(SC-631) 5’ region
Intron 3 — Exon 4
3’ region
ETSH ETSH Intron 2
Intron 2 — Intron 3
ETSH ETSH Exon 4 — 3' region
FOXA1 FOXA1_(C-20) Intron 2
FOXA1_(SC-101058) Intron 2
FOXA2 FOXA2_(SC-6554) Intron 2
GABP GABP Intron 2
GATA1 GATA-1 Intron 2 — Exon 3
GATA2 eGFP-GATA2 Intron 2
GATA-2 Intron 2
GATA2_(CG2-96) Intron 2
HEY1 HEY1 5’ region
5’ region — Intron 1
Exon 3 — Intron 3
HMGN3 HMGN3 Intron 2
Exon 3 — Intron 3
HNF4A HNF4A Intron 3 — Exon 4
HNF4A_(H-171) Intron 3 — Exon 4
HNF4G HNF4G_(SC-6558) Intron 3 — Exon 4
IRF1 IRF1 Exon 3 — Intron 3
JUND eGFP-JunD Intron 2
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Supplementary Table 5: Transmembrane region predictions

Locations of the transmembrane domain in SMIM1, as predicted by nine different computational
sequence analysis tools.

Tool TM domain start TM domain stop Reference
HMMTOP 47 69 1
PHOBIUS 49 74 2
PRED-TMR 53 69 3
SOSUI 47 69 4
SPLIT 48 71 5
TMAP 36 64 6
TMHMM 53 75 7
TMPRED 53 74 8
TOPPRED 53 73 9
Median value 49 71
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Supplementary Table 6: SMIM1 variants in larger populations

This table lists all variants in SMIM1 (formerly LOC388588) detected by whole-exome sequencing
in the NHLBI Exome Sequencing Project (ESP) in European Americans (EA) and African Amer-
icans (AA). As shown, the 17-bp deletion is the most common non-consensus variant detected
in EA, and the only variant whose allele frequency predicts a homozygote frequency that is on
par with the prevalence of Vel- individuals among individuals of European ethnicity. The most
common variant among AA is a noncoding GC/G indel of unknown significance in the three-prime
untranslated region. The remaining variants occur at extremely low frequencies.

Chr 1 pos Alleles (minor/major) EA allele counts AA allele counts PolyPhen Comment
Prediction

3691980 AG 1/3181 0/1384 benign Asn15Asp

3691997 A/AGTCAGCCTAGGGGCTGT 57/5763 6/3198 unknown frameshift

3692333 C/T 1/3181 0/1384 unknown intronic

3692435 A/ATCT 7/5061 0/2834 unknown in-frame deletion

3692460 G/GC 1/5021 0/2812 unknown frameshift

3692468 AG 1/3181 0/1384 benign Met74Val

3692504 GC/G 1/5051 68/2728 unknown 3’-UTR

Data obtained through Exome Variant Server (http://evs.gs.washington.edu/EVS/; version November 2012).
Fractions denote the number of variant alleles over the number of sequenced/covered alleles.



Supplementary Table 7: List of primers

Primer name Sequence (5’ to 3') Purpose Product size (bp) wt/mut

388588cDNAf CGCACCTCAGCCCACGAC Amplification and sequencing  472/455
388588cDNAr TCCAGGCCTGTGCTCTCAC

VelF GCCGAATTCGCCACCATGCAGCCCCAGGAGAGC  Cloning and expression 257/240
VelR2 GCCGGATCCCCCTTATTTGCACTTGTGCACATA

388588int2f TCTCCTAACAGCAGCCTCAG Amplification and sequencing  745/728
388588ex4r TGTCTCCAGGCCTGTGCTC

388588int3f CAGCTCAGCAAACCGCAGC Sequencing

388588int3r GGCGCTCTGCTGGAGTCA

388588int3r2 CTGGGCGCTCTGCTGGAG Sequencing and ASP

388588wtex3f CGGAGTCAGCCTAGGGGC ASP screening 266/—
388588mutex3f GGACGGAGTCCAGCACAG ASP screening —/249
LOCex3f_screen  ACAGCCTGGCCACCTGTCTTG GSP Screening 178/161

LOCex3r_screen CTGCGGCAGCGTGAGGC

Vel 59F GGCCGCAGTGGGCAGGCTC 3’-RACE
Vel 176F CTCAGGCAAGGTTCTCCGGTGA
Vel 280F AGGAGAGCCACGTCCACTATAG
Vel 332R GCAGCGTGAGGCCTCTTCTGTG 5-RACE
Vel 355R CACAGCCTCTGGGAGATCCTGC

Vel 376R GATGCCCAGCTTGCCCGTGC




Supplementary Table 8: Peptides

This table lists four peptides designed from the predicted extracellular domain of SMIM1. Peptides
1 and 3 were selected to produce rabbit polyclonal antibodies to the predicted SMIM1 protein.

Name Sequence

Peptide 1 MQPQESHVHYSRWED
Peptide 2 SRWEDGSRDGVSLGA
Peptide 3 GVSLGAVSSTEEASR
Peptide 4 EASRCRRISQRLCTG



Supplementary Figure 1: SMIM1 transcript expression in cell lines
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Expression of the SMIM1 (formerly LOC388588) transcript, as measured by mi-
croarray across 974 cell lines in the Broad-Novartis Cancer Cell Line Encyclopedia
(http://www.broadinstitute/ccle/home; version June 2012). As shown, SMIM1 is high-
est expressed in cell lines derived from examples of Chronic Myeloid Leukemia (CML) or Acute
Myeloid Leukemia (AML). The highest-expressing lines were HEL and JK-1, which have erythroid
differentiation. The erythroleukemic cell line K562 used for transfection experiments expresses
SMIM1 at moderate levels (not shown).



Supplementary Figure 2: SMIM1 expression in CD34+ hematopoietic
progenitors cultured towards RBCs
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This figure shows the expression of SMIM1 as measured on Affymetrix microarrays. In this exper-
iment, which was performed by Keller and coworkers', adult differentiating CD34+ hematopoietic
progenitor cells were cultured towards RBCs, and gene expression-profiled at various time points
up to eleven days of growth in serum-free medium containing erythropoietin, interleukin 3 and stem
cell factor. The purpose of the experiment was to identify transcriptional regulators involved in ery-
throid development at a global level. We specifically extracted the SMIM1-targeting probe from
this data set (Affymetrix probe set identifier 230840_at). As shown, SMIM1 is induced around day
9. The original data set is available in NCBI Gene Expression Omnibus, accession no. GSE4655.
The experiment was performed in triplicate. Error bars indicate min to max. In accordance with
the above, our data based on cDNA amplification of RNA derived from bone marrow cells cultured
towards erythropoiesis? confirms the presence of SMIM1 transcripts on days 3 and 9 in culture,
with a tendency towards increased levels on day 9 (Data not shown).
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Supplementary Figure 3: Cross-species alignment

Multiple sequence alignment for all homologous proteins found with BLASTP in the Refseq non-
redundant and UniProtKB databases, in alignment data from UCSC Genome Browser (table
knownGene.exonAA) or in Ensembl (release 68). An E-value of 1 was used as cut-off in BLASTP
searches. No human homologs were found (human SMIM1 is included for reference), but a total
of 56 protein orthologs with significant sequence similarity in 45 additional species.

Rows are labelled with species name and source (description below). Multiple sequence align-
ment was performed using MUSCLE v. 3.8.31 with default parameters. Bars at top indicate degree
of conservation. Conserved amino acids are color coded according to their hydrophobic proper-
ties. The black bar at the bottom indicate the position of the predicted transmembrane domain in
human, as determined by the computational tools listed in Supplementary Table 5.

Entry starting with Source

Six alphanumeric characters  UniProtKB

XP_or NP_ Refseq non-redundant
uc001akw UCSC knownGene.exonAA
ENS Ensembl



Ailuropoda melanoleuca; G1LRK3, XP_002919468.1

Bos taurus; G3N2Z1, NP_001157199.1
Callithrix jacchus; XP_002750261.1

Canis lupus familiaris; XP_003639106.1
Cavia porcellus; XP_003471518.1

Ciona savignyi; H2Y4T6

Cricetulus griseus; G3IHE9, XP_003514145.1
Danio rerio; NP_001157198.1

Danio rerio; BBDHH5, NP_001189359.1
Dipodomys ordii; uc001akw.4_dipOrd1
Echinops telfairi; ENSETEP00000013818
Equus caballus; F6V115, XP_003364503.1
Erinaceus europaeus; ENSEEUP00000004574
Felis catus; uc001akw.4_felCat3

Gorilla gorilla; uc001akw.4_gorGor1
Heterocephalus glaber; G5CBI4, EHB18895.1
Homo sapiens; B2RUZ4, NP_001157196.1
Latimeria chalumnae; ENSLACP00000023141
Loxodonta africana; XP_003413549.1
Macaca mulatta; H9Z2859, XP_001084487.1
Macropus eugenii; uc001akw.4_macEug1
Microcebus murinus; ENSMICP00000011963
Monodelphis domestica; XP_003340481.1
Monodelphis domestica; XP_003340979.1
Monodelphis domestica; XP_003341795.1
Monodelphis domestica; XP_003340446.1
Monodelphis domestica; XP_003341637.1
Monodelphis domestica; XP_003339819.1
Monodelphis domestica; XP_003342295.1
Monodelphis domestica; XP_003341522.1
Monodelphis domestica; XP_003340297.1
Mus musculus; POC8K7, NP_001157194.1
Mustela putorius furo; G9L494, AES11976.1
Myotis lucifugus; uc001akw.4_myolLuct

Nomascus leucogenys; G1RIL2, XP_003278459.1

Ochotona princeps; uc001akw.4_ochPri2
Oreochromis niloticus; I3JRU9, XP_003449195.1
Oreochromis niloticus; XP_003455362.1
Ornithorhynchus anatinus; XP_003429452.1
Oryctolagus cuniculus; XP_002724509.1
Otolemur garnettii; HOWZ08, XP_003793265.1
Pan troglodytes; XP_001160630.2

Papio anubis; XP_003891061.1

Papio hamadryas; uc001akw.4_papHam1
Pelodiscus sinensis; ENSPSIT00000004488
Pongo abelii; XP_002811625.1

Pteropus vampyrus; uc001akw.4_pteVam1
Rattus norvegicus; NP_001157195.1

Saimiri boliviensis boliviensis; XP_003939683.1
Sarcophilus harrisii; XP_003765236.1
Spermophilus tridecemlineatus; ISNFJ1

Sus scrofa; XP_003356183.1

Sus scrofa; XP_003135261.1

Tarsier syrichta; uc001akw.4_tarSyr1

Tupaia belangeri; ENSTBEP00000010302
Tursiops truncatus; uc001akw.4_turTrut
Xenopus tropicalis; XP_002937501.1
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Supplementary Figure 4: Sequence data

This figure shows the DNA sequencing results for (a) a homozygous Vel+ individual; (b) a Vel-
individual; (c), (d) a Vel+ heterozygous individual. Panel (¢) shows sequencing results initiated
with a primer in intron 2; (d) shows sequencing initiated by a primer in intron 3. The direction
of the sequencing primer is indicated by the black arrow. The nucleotides deleted in the Vel-
individual are shown by the black box. The sequence 5’ of the deletion is boxed in blue. The
sequence 3’ of the deletion is boxed in red. In (c) and (d), the wildtype sequence is shown on top
of the mutant sequence. The Vel- genomic sequence has been deposited in GenBank (accession
number KC152643).
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(e) Genomic sequence alignment of a 745 bp fragment of SMIM1 spanning exons 3 and 4 com-
pared with the same region sequenced from Vel- individuals. The exons are highlighted in gray.
The differences between the sequences are indicated by asterisks; the initiation (blue) and stop
(red) codons are underlined.

SMIMI TCTCCTAACAGCAGCCTCAGAGGGGGTCTTGACTGCCGCCCTCCATCCGCTTGTTTTACA
Vel- TCTCCTAACAGCAGCCTCAGAGGGGGTCTTGACTGCCGCCCTCCATCCGCTTGTTTTACA
SMIM1 GTGAAGCCACAGCCTGGCCACCTGTCTTGATCTCCCCACCGAGAAGGCCCCGCCCCTCCC
Vel- GTGAAGCCACAGCCTGGCCACCTGTCTTGATCTCCCCACCGAGAAGGCCCCGCCCCTCCC
SMIM1 GCTGCAGCCCCACAGCATGCAGCCCCAGGAGAGCCACGTCCACTATAGTAGGTGGGAGGA
Vel- GCTGCAGCCCCACAGCATGCAGCCCCAGGAGAGCCACGTCCACTATAGTAGGTGGGAGGA
SMIM1 CGGCAGCAGGGACGGAGTCAGCCTAGGGGCTGTGTCCAGCACAGAAGAGGCCTCACGCTG
Vel- CGGCAGCAGGGACGGAGTC---—-—--=—-—=----- CAGCACAGAAGAGGCCTCACGCTG

——————————————————— ok koK Kk KK KK KK KK KKK — — = = ——
SMIM1 CCGCAGGTGAGGGGCCTGAGGGCAGCCTGCCAGCCATAGCAGGCTGGTGTCTCCCTCCAG
Vel- CCGCAGGTGAGGGGCCTGAGGGCAGCCTGCCAGCCATAGCAGGCTGGTGTCTCCCTCCAG
SMIM1 AGACGCCTGCCCTAACCCCTGCTACCGGCCCCATCACCCTCCACCCCATCCTGGCTGGGA
Vel- AGACGCCTGCCCTAACCCCTGCTACCGGCCCCATCACCCTCCACCCCATCCTGGCTGGGA
SMIM1 GCCCACGGTCCAGCAGCTCAGCAAACCGCAGCCTTTGGCCTTCCCTCTGGTTGGCTGTGE
Vel- GCCCACGGTCCAGCAGCTCAGCAAACCGCAGCCTTTGGCCTTCCCTCTGGTTGGCTGTGE
SMIM1 GCGGGGAGAGCTTCCTCTTGACTCCAGCAGAGCGCCCAGGCCCCTCCCCCTGACCCAGAC
Vel- GCGGGGAGAGCTTCCTCTCAACTCCAGCAGAGCGCCCAGGCCCCTCCCCCTGACCCAGAC

- . -
SMIM1 CAACGGCCACAGTCCACTTAGGGGGCCCCTCATGCGGCCCTGGCCTGGGGCTCACCTCCA
Vel- CAACGGCCACAGTCCACTTAGGGGGCCCCTCATGCGGCCCTGGCCTGGGGCTCACCTCCA
SMIM1 GTTGGTTCTCACCCCAGGATCTCCCAGAGGCTGTGCACGGGCAAGCTGGGCATCGCCATG
Vel- GTTGGTTCTCACCCCAGGATCTCCCAGAGGCTGTGCACGGGCAAGCTGGGCATCGCCATG
SMIM1 AAGGTGCTGGGCGGCGTGGCCCTCTTCTGGATCATCTTCATCCTGGGCTACCTCACAGGC
Vel- AAGGTGCTGGGCGGCGTGGCCCTCTTCTGGATCATCTTCATCCTGGGCTACCTCACAGGC
SMIM1 TACTATGTGCACAAGTGCAAATAAATGCTGCCCCGCATGCACGCGGGGGGCTGGCCGCAC
Vel- TACTATGTGCACAAGTGCAAATAAATGCTGCCCCGCATGCACGCGGGGGGCTGGCCGCAC
SMIM1 ACGTGAGAGCACAGGCCTGGAGACA

Vel- ACGTGAGAGCACAGGCCTGGAGACA



(f) The predicted nucleotide and amino acid sequence of the extended open reading frame in the
mutated SMIM1 sequence. Gray indicates the SMIM1 amino acid sequence until the frameshift.
Thereafter, the sequence differs and transmembrane prediction analysis (Supplementary Ta-
ble 5) does not indicate the presence of a transmembrane domain.

1 ATGCAGCCCCAGGAGAGCCACGTCCACTATAGTAGGTGGGAGGACGGCAGCAGGGACGGA 60
1M Q P Q ES HV HY S RWEU DG SR D G 20

61 GTCCAGCACAGAAGAGGCCTCACGCTGCCGCAGGATCTCCCAGAGGCTGTGCACGGGCAA 120
21v Q H RRGLTULUPOQDIULUPEAV HG Q 40

121 GCTGGGCATCGCCATGAAGGTGCTGGGCGGCGTGGCCCTCTTCTGGATCATCTTCATCCT 180
41 A G H R HEGAGI RI RG?PULIULUDUHTLHP 60

181 GGGCTACCTCACAGGCTACTATGTGCACAAGTGCAAATAAATGCTGCCCCGCATGCACGC 240
616G L P H R LL CAQ VQ I N A APUHAR 80

241 GGGGGGCTGGCCGCACACGTGAGAGCACAGGCCTGGAGACACACCCCTTGTACACATGGA 300
81 G G L A AHVZRAQAWRIHETU®PT CTH G 100

301 CCCCCCCACAGACACGGACCCTGCGGCACACACAGCGCACAGGGCACACGCGCTGGCAGC 360
101P P H R HG?P CGTUHS A Q GTIRAG S 120

361 CAGGCACACGAAGACACCAGGTGCACAGCTGTCATCGGCCCCACACGGGGGCGCACAAAC 420
121Q A H EDTW RO CTAVIG?PTI RGT RT N 140

421 ACCTGGCACACAGCCCTTCAAAGGACCTACAAACAGCTGGGCACACGTGGCTGGGAGGCC 480
141 T w H T A L Q R TY K QUL GTURGWE A 160

481 TGGGCCCAGCCTCAGCAGGAGCTGCAGGACACACCCAGGCTGGGCCCTGCGGCCTGGAGC 540
161w A Q P Q Q EL Q DTU?PU RIULGU?PAAW S 180

541 CCCCAGCTACAGCCTCCTCTCTCCCAGGGCCCAGCCCCTTCCCTTGTGAAGGCCAGGATG 600
18t Q L Q P P L S Q GP A P S L VK AIRMM 200

601 AGGGGTTCCTTCAGCGGACAAACCGAGCCCACCTCCCTGGCAGCCCCCCGGGGTGGGATC 660
200R G 8 F S G Q T EUPT SLAAUPU RGGTI 220

661 CTCCCGGCTGCTTTCCTCCGTGGGAGCAGTGTGCAGAGCTGTGTGGCCCTGGGCAGGCCC 720
221 L P A A F LRGSSVQ S CVAULGU R P 240

721 CTGTCCTCTCTGGGCCTTTCTGACTCCTGGTTTTGTAAGGGTGGCTATGTGTCCCCCGCC 780
241L 8§ 8 L G L S DS WU FI CZ KIS GSGY VS P A 260

781 CTTGTCTCAGATGCACCATATCTTCCTTAG 810
261L VvV 8 D A P Y L P x 269



Supplementary Figure 5: RACE on Vel+ blood samples

5'- and 3’-RACE experiments revealed variations compared to the SMIM71-mRNA reference se-
quence (NCBI NM_001163724). An unannotated exon 1 of 19 bp was identified spanning 18 bp
upstream of the original start site, and including the first nucleotide of the reference sequence,
rendering the original exon 1 obsolete. The 3’ end was found to be 26 bp shorter than the refer-
ence. No discrepancies were found in the remaining sequence (not shown). The erythroid cDNA
sequence has been deposited in GenBank (accession number KC152644).
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1 CAGAGACGCG GGGACACAGG CTCGAGGCGT CTGCCGCACC TCAGCCCACG ACCTGCCCCG CTGGGAGGTG CGGGCCGCTG
81 GCCAGGCCCT GACCGCAACC TGGCCCAGAG GCCCCAGCCC TCAGGCAAGG TTCTCCGGTG AAGCCACAGC CTGGCCACCT
161 GTCTTGATCT CCCCACCGAG AAGGCCCCGC CCCTCCCGCT GCAGCCCCAC AGCATGCAGC CCCAGGAGAG CCACGTCCAC
241 TATAGTAGGT GGGAGGACGG CAGCAGGGAC GGAGTCAGCC TAGGGGCTGT GTCCAGCACA GAAGAGGCCT CACGCTGCCG
321 CAGGATCTCC CAGAGGCTGT GCACGGGCAA GCTGGGCATC GCCATGAAGG TGCTGGGCGG CGTGGCCCTC TTCTGGATCA
401 TCTTCATCCT GGGCTACCTC ACAGGCTACT ATGTGCACAA GTGCAAATAA ATGCTGCCCC GCATGCACGC GGGGGGCTGG

481 CCGCAAAAAA AAAAAAA

(a) 5’-RACE. Top sequence is the SMIM1-mRNA reference sequence (gray) plus the 18 bp located
directly upstream in the genome (black). At the bottom is the sequence identified using 5’-RACE.
Blue boxes: Exons 1 and (start of) 2. Red box: 5'-RACE adaptor added during the experiment only
to transcripts with an intact 5’ cap. (b) 3'-RACE. Top panel: 3’ end of SMIM1 reference sequence.
Bottom panel: Sequence identified by 3'-RACE. Blue boxes: End of exon 4 and adaptor. (c) Full
sequence of the characterized wildtype SMIM1-mRNA (gray = consensus open reading frame;

blue = start codon; red = stop codon).



Supplementary Figure 6: SMIM1 expression in normal human tissues

Normalized SMIM1 expression value
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This figure illustrates the expression of SMIM1 across different human tissues, as measured
on Affymetrix U133Av2 microarrays (probeset 230840_at). Microarray profiles of normal tissues
were generated by Roth et al.’ (data from the NCBI Gene Expression Omnibus, accession no.
GSE3526). As positive control, we used microarray profiles of CD34+ hematopoietic progenitors
being cultured towards red blood cells (generated by Keller et al.?; GSE4655; see also Supple-
mentary Fig. 2). All data were quantile-normalized per array to a log-normal distribution. Blue
indicates average expression values with min—-max error bars. Consistent with Fig. 2 and Fig. 4,



the highest SMIM1 expression level was observed in bone marrow (where the expression level
was on par with that observed in erythroid cultures). Among non-hematopoietic tissues, salivary
gland and testes exhibited the highest expression levels.
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Supplementary Figure 7: Predictive analysis of potential O-glyco-
sylation sites in SMIM1

NetOGlyc 3.1: predicted O-glycosylation sites in SMIM1
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Despite the presence of several extracellular serine and threonine residues (blue), the predic-
tive values for all residues lie under the threshold determined by the prediction tool NetOGlyc
3.1 (http://www.cbs.dtu.dk/services/Net0Glyc), suggesting that SMIM1 may lack O-gly-
cans. However, we note that some of the peaks in the above diagram are quite close to the
threshold. This may indicate a theoretical possibility that SMIM1 may carry minor O-glycans
on certain Ser/Thr residues after all. The human O-glycoproteome has recently been shown
to be more complex than previously realized and even the best prediction tools may reveal
less than half of all O-glycosylation sites used'. Thus, future studies will need to address
such potential O-glycosylation.
The predicted transmembrane region (Supplementary Table 5) is underlined.

References

1. Steentoft, C. et al. Mining the O-glycoproteome using zinc-finger nuclease-glyco-
engineered SimpleCell lines. Nat Methods 8, 977-982 (2011).



Supplementary Figure 8: Genotyping assays

Assays to determine Vel genotype were designed (primers in Supplementary Table 7; used at
10 pM unless stated). Details of PCR assays are available upon request. (a) Allele-specific
PCR (ASP): gDNA was amplified with primers 388588int2f (1 pM), 388588int3R2 and either
388588wtex3f or 388588mutex3f. An internal control band was provided by the amplification of a
460 bp (wild type) or 443 bp (mutant) product. Allele-specific bands of 266 bp (wild type) or 249
bp (mutant) were specifically amplified by their respective primers. (b) PCR-RFLP: gDNA was am-
plified with primers 388588int2f and 388588int3R2. The products were digested with Styl at 37°C
for two hours and analyzed by agarose-gel electrophoresis. The restriction site was abolished in
the mutated sequence. (¢) Gene-specific PCR: gDNA was amplified with primers LOCex3fscreen
and LOCex3rscreen which flanked SMIM1 exon 3. Allele-specific PCR products of 178 bp (wild
type) or 161 bp (mutant) were discriminated based on size by agarose-gel electrophoresis.
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Supplementary Figure 9: Inhibition of anti-Vel

Inhibition tests were performed using synthetic SMIM1 peptides 1—-4 with two examples of human
anti-Vel. Doubling dilutions of the antibodies were prepared in 1 % BSA/PBS, and 25 uL volumes
of diluted plasma and peptide solution (0.1 mg/mL) were mixed and allowed to incubate for 45 min-
utes in a microplate at room temperature. The mixtures were tested by hemagglutination with Vel+
RBCs and the reactivity determined as a titration score!. While tests with individual peptide solu-
tions did not show an effect, a pool of the four peptides demonstrated partial inhibition. Ctrl = 1 %
BSA/PBS dilution control; PP = peptide pool.
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