© 2020. Published by The Company of Biologists Ltd.

Real-time dynamics of Plasmodium NDC80 reveals unusual modes of chromosome
segregation during parasite proliferation

Mohammad Zeeshan'¥, Rajan Pandey**, David J.P. Ferguson?3, Eelco C. Tromer*, Robert
Markus?!, Steven Abel®, Declan Brady!, Emilie Daniel', Rebecca Limenitakis®, Andrew R.
Bottrill’, Karine G. Le Roch®, Anthony A. Holder?, Ross F. Waller?, David S. Guttery® and Rita

Tewari'

!School of Life Sciences, Queens Medical Centre, University of Nottingham, Nottingham,
NG7 2UH, UK; 2Nuffield Department of Clinical Laboratory Science, University of Oxford, John
Radcliffe Hospital, Oxford, OX3 9DU, UK; *Department of Biological and Medical Sciences,
Faculty of Health and Life Science, Oxford Brookes University, Gipsy Lane, Oxford OX3 0BP,
UK; “Department of Biochemistry, University of Cambridge, Cambridge, CB2 1QW, UK;
SDepartment of Molecular, Cell and Systems Biology, University of California Riverside,
Riverside, California, United States of America; éInstitute of Cell Biology, University of Bern,
Bern 3012, Switzerland; “School of Life Sciences, Gibbelt Hill Campus, University of
Warwick, Coventry, CV4 7AL, UK; 8Malaria Parasitology Laboratory, The Francis Crick
Institute, London, NW1 1AT, UK; °Leicester Cancer Research Centre, University of
Leicester, Leicester, LE2 7LX, UK.

#These authors contributed equally: Mohammad Zeeshan, Rajan Pandey
“For correspondence

Rita Tewari: rita.tewari@nottingham.ac.uk

JCS Advance Online Article. Posted on 22 May 2020

)
o
=
O
()]
=)
[
©
S
©
()
)
Q
()
O
(8}
<
(]
()
O
[
Q2
O
wn
()
O
Y=
(o]
©
[
-
=)
O
=


mailto:rita.tewari@nottingham.ac.uk

Abstract

Eukaryotic cell proliferation requires chromosome replication and precise segregation to
ensure daughter cells have identical genomic copies. The genus Plasmodium, the causative
agent of malaria, displays remarkable aspects of nuclear division throughout its lifecycle to
meet some peculiar and unigue challenges of DNA replication and chromosome segregation.
The parasite undergoes atypical endomitosis and endoreduplication with an intact nuclear
membrane and intranuclear mitotic spindle. To understand these diverse modes of
Plasmodium cell division, we have studied the behaviour and composition of the outer
kinetochore NDC80 complex, a key part of the mitotic apparatus that attaches the centromere
of chromosomes to microtubules of the mitotic spindle. Using NDC80-GFP live-cell imaging in
Plasmodium berghei we observe dynamic spatiotemporal changes during proliferation,
including highly unusual kinetochore arrangements during sexual stages. We identify a very
divergent candidate for the SPC24 subunit of the NDC80 complex, previously thought to be
missing in Plasmodium, which completes a canonical, albeit unusual, NDC80 complex
structure. Altogether, our studies reveal the kinetochore as an ideal tool to investigate the non-

canonical modes of chromosome segregation and cell division in Plasmodium.
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Summary Statement

The dynamic localization of kinetochore marker NDC80 protein complex during proliferative

stages of the malaria parasite life cycle reveals unique modes of chromosome segregation.
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Introduction

Mitosis and meiosis are fundamental processes in cell division that enable DNA replication
and chromosome segregation, and allow eukaryotic organisms to proliferate, propagate and
survive. During these processes, microtubular spindles form to facilitate an equal segregation
of duplicated chromosomes to the spindle poles. Chromosome attachment to spindle
microtubules (MTs) is mediated by kinetochores, which are large multi-protein complexes
assembled on centromeres located at the constriction point of sister chromatids (Cheeseman,
2014; McKinley and Cheeseman, 2016; Musacchio and Desai, 2017; Vader and Musacchio,
2017). Each sister chromatid has its own kinetochore, oriented to facilitate movement to
opposite poles of the spindle apparatus. During anaphase, the spindle elongates and the sister
chromatids separate, resulting in segregation of the two genomes during telophase. The
NDC80 complex is the major component of the kinetochore and mediates its attachment to
spindle MTs. In most model organisms, it is a member of the network of conserved Knll, Mis12
and NDCB80 complexes (KMN) (McKinley and Cheeseman, 2016; Petrovic et al., 2016). The
~170-190 kDa NDC80 complex has two globular domains at either end of a ~57 nm elongated
coiled-cail, forming a dumb-bell shape. It is a heterotetramer comprising a 1:1:1:1 ratio of
NDCB8O0 (also known as HEC1 in humans), NUF2, SPC24 and SPC25 sub-complexed as two
heterodimers: NDC80 with NUF2 and SPC24 with SPC25 (Ciferri et al., 2005; Farrell and
Gubbels, 2014; Wei et al., 2005). The C-terminal end of the SPC24-SPC25 dimer anchors the
complex to the kinetochore; whereas the NDC80-NUF2 dimer mediates plus-end MT binding
through its calponin homology domain (CHD) (Alushin et al., 2010; Farrell and Gubbels, 2014;
Sundin et al., 2011).

Malaria, caused by the apicomplexan parasite Plasmodium spp., remains one of the most
prevalent and deadly infectious diseases worldwide, with 219 million clinical cases and
435,000 deaths in 2017 (WHO, 2018). Plasmodium has several morphologically distinct
proliferative stages during its life cycle that alternates between vertebrate host and mosquito
vector (Fig.1l) (Francia and Striepen, 2014; Sinden, 1991a; Sinden, 1991b). A malaria
parasite-infected female anopheles mosquito inoculates haploid sporozoites into the
mammalian host during a blood meal. Sporozoites travel through the blood stream to the liver
and infect hepatocytes, where the parasite replicates and develops into a multinucleated
schizont. At the end of this exo-erythrocytic schizogony the host cell is ruptured to release
haploid merozoites, which infect erythrocytes. In the intra-erythrocytic phase, an initial ring
stage form develops into a trophozoite and then into a schizont where multiple rounds of
asexual multiplication occur (erythrocytic schizogony). At the end of schizogony, host cell

rupture releases further merozoites that infect new erythrocytes.
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Following erythrocyte invasion, some parasites differentiate into male (micro) and female
(macro) gametocytes to initiate the sexual phase of the life cycle, which occurs inside the
mosquito. These haploid parasites are arrested at the GO/G1 phase of the cell cycle (Arnot
and Gull, 1998). Ingestion by a mosquito activates gametogenesis. Male gametogenesis is
very rapid with three rounds of genome replication from 1N to 8N and the release of eight
motile haploid microgametes within 15 min. The activated female gametocyte rounds up and
the macrogamete egresses from the red blood cell. Gametogenesis can be studied in vitro
using a culture medium that mimics the mosquito midgut environment (Billker et al., 1998;
Tewatri et al., 2005).

After fertilisation the zygote differentiates into a motile ookinete. The ookinete invades the
mosquito midgut wall where it develops into an oocyst. At this stage multiple rounds of
endomitotic division occur in a process similar to schizogony, which is followed by cytokinesis
to form thousands of motile sporozoites (Francia and Striepen, 2014; Gerald et al., 2011). The
sporozoites are released from the oocyst and migrate to the mosquito’s salivary glands for

transmission to the vertebrate host.

The life cycle of Plasmodium is characterized by two unique processes of mitosis and a single
stage of meiosis. The first mitotic process occurs during schizogony within mammalian
hepatocytes and erythrocytes, and during sporogony in oocysts in the mosquito (Sinden,
1991a; Sinden, 1991b) (Fig. 1 A). This mitotic division is atypical, for example no clear G2 cell
cycle phase has been observed during schizogony (Arnot and Gull, 1998; Doerig et al., 2000).
Furthermore, this asexual proliferation is characterised by multiple rounds of asynchronous
nuclear division without chromosome condensation and in the absence of cytokinesis. Mitosis
is closed, occurring without dissolution and reformation of the nuclear envelope, and the
spindle-pole body (SPB)/microtubule-organising centre (MTOC), also known as the centriolar
plaque (Arnotetal., 2011; Francia et al., 2015; Sinden, 1991a), is embedded within the nuclear
membrane. The asynchronous nuclear division precedes cell division, leading to a
multinucleate syncytium. The last round of nuclear division in these cells is synchronous and
it is only after this final round of mitosis that cytokinesis occurs to form the haploid daughter

merozoites or sporozoites, respectively.

The second type of mitotic division occurs during male gametogenesis following activation in
the mosquito midgut (Fig. 1 B). Three rounds of rapid genome duplication (from haploid to
octoploid) without concomitant nuclear division (endoreduplication) are followed by
chromosome condensation and nuclear budding into the male gametes during exflagellation,
all within 12 to 15 min of activation (Arnot and Gull, 1998; Janse et al., 1988; Sinden, 1983).
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The resultant eight flagellated microgametes each contain a haploid genome (Guttery et al.,
2015; Sinden et al., 2010). Fertilization of the female gamete results in a diploid zygote, which
develops in the mosquito gut and differentiates over a 24-hour period into a motile ookinete
(Fig. 1 C). It is in this stage that meiosis occurs. The DNA is duplicated once to form a
tetraploid cell and then two rounds of chromosome segregation result in four discrete haploid
genomes prior to nuclear division and ookinete maturity. Reductive division to haploidy
presumably occurs in the subsequent oocyst during sporozoite formation (Guttery et al., 2015;
Sinden, 1991a; Sinden, 1991b). Collectively, these different stages of cell division and
proliferation indicate that the parasite has evolved alternate modes of chromosome replication,
condensation and segregation, as well as nuclear and cell division at different stages during

its life cycle.

The process of chromosome segregation and associated kinetochore dynamics, which is the
key role of the mitotic apparatus throughout the life cycle, is not well understood in
Plasmodium. To date, analysis of Plasmodium mitotic/meiotic spindle assembly and
chromosome segregation has been performed largely using transmission electron microscopy
(TEM) (Sinden et al., 1978; Sinden et al., 1976), and biochemical analysis of microtubule
markers including a-tubulin (Fennell et al., 2008), and centrin associated with the putative
MTOC (Gerald et al.,, 2011; Roques et al., 2019). An analysis of a Plasmodium artificial
chromosome (PAC) identified a putative centromere derived from chromosome 5 (PbCENS),
and highlighted the dynamics of chromosome segregation during both mitotic and meiotic
stages of the parasite’s life cycle (lwanaga et al., 2010). However, there is no real-time
analysis of chromosome segregation dynamics during the various proliferative stages,
especially during stages that occur inside the mosquito vector. Here, we have analysed the
real-time expression and spatiotemporal dynamics of NDC80, as a kinetochore marker. We
generated a stable transgenic P. berghei line expressing NDC80 with a C-terminal GFP-tag
by modifying the endogenous gene locus. Using this tool, we examined NDC80 expression
and location to follow the spatiotemporal organisation of outer kinetochores during mitosis in
schizogony, sporogony and male gametogenesis, and during meiosis in ookinete
development. We observed unusual kinetochore dynamics as patterns of clustered foci
adjacent to the nuclear DNA during endomitotic nuclear division in asexual stages, with the
number of foci corresponding to the likely ploidy of individual nuclei. However, kinetochores
formed an unusual bridge-like pattern during endoreduplication stages in male
gametogenesis. We show there is likely a full complement of NDC80 complex subunits, with
a highly divergent candidate for the previously undetected SPC24 subunit identified by a
combination of proteomics and sensitive comparative sequence analysis. This transgenic

parasite line expressing GFP-tagged NDC80 is a valuable resource for studying chromosome
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segregation and dynamics, as well as identifying and characterising the various protein

complexes involved in these cell division processes.

Results

To study kinetochore dynamics, we generated NDC80-GFP, a transgenic P. berghei line
expressing NDCB80 with a C-terminal GFP tag, by inserting an in-frame gfp coding sequence
at the 3’ end of the endogenous Ndc80 locus using single homologous recombination (Fig.
S1A). To complement our GFP-based imaging studies, we also generated a NDC80-mCherry
line using the same strategy (Fig. S1A). Successful insertion was confirmed by PCR (Fig.
S1B). Western blot analysis of a schizont protein extract using an anti-GFP antibody revealed
the NDC80-GFP protein at the expected size of 96 kDa compared to the 29 kDa GFP alone
(Fig. S10C).

Following successful generation of the NDC80-GFP transgenic line, the spatiotemporal profile
of NDC80-GFP protein expression and location was examined during the parasite life cycle at
the three asexual mitotic replicative stages (liver and blood schizogony in the vertebrate host
and oocyst development (sporogony) in the mosquito vector) (Fig. 1A), the sexual mitotic
stage (male gametogenesis) (Fig. 1B) and the meiotic stage (ookinete development) (Fig.
1C).

Real-time live cell imaging using NDCB80-GFP reveals kinetochores aggregate as

discrete foci during schizogony

In the asexual blood stage, no NDCB80-GFP fluorescence was observed in the intra-
erythrocytic ring stage, a non-replicative G1 phase of the cell cycle (Arot and Gull, 1998;
Arnot et al., 2011; Doerig et al., 2000) (Fig. 2A). A faint but discrete single focus of NDC80-
GFP adjacent to the nuclear DNA was observed in the early trophozoite, which became more
intense as the trophozoite developed (Fig. 2A). The late trophozoite stage marks the transition
into early S phase of the cell cycle, when DNA synthesis starts. The NDC80-GFP focus then
split into two foci that migrated away from each other but remained attached to the nuclear
DNA (stained using Hoechst) that then separated into two nuclear masses. This is consistent
with the separation of sister chromatids (anaphase) and then the first nuclear division
(telophase) that marks the onset of schizogony. These observations indicate that kinetochores
are grouped together in a tight focus throughout these mitotic stages of nuclear replication.
Similar fluorescence patterns were also observed in the NDC80-mCherry line (Fig. S2).
NDCB80-GFP also revealed the asynchronous nature of nuclear division during early

schizogony, as displayed by two or more nuclei with single and double distinct NDC80 foci
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concurrently (e.g. Fig. 2A, Sch-E). As alternating repeated S/M phases following the division
of individual nuclei continued, these NDC80-GFP foci were duplicated several times into
multiple foci and nuclei. Further analysis of NDC80-GFP localization by super resolution
microscopy confirmed the asynchronicity of nuclear division during blood stage schizogony
(see Fig. 2B, Fig. S3A, B, C and Supplementary videos SV1, SV2, SV3). This stage of DNA
replication and nuclear division concludes with cytokinesis to produce haploid daughter
merozoites that egress from the erythrocyte (Arnot and Gull, 1998; Doerig et al., 2000). The
short-lived, extracellular merozoite represents part of the G1 phase of the cell cycle (Arnot and
Gull, 1998; Doerig et al., 2000). During schizogony in the pre-erythrocytic asexual stage in the
liver, discrete fluorescent foci next to nuclear DNA were observed, which is similar to the
pattern observed in blood stage schizogony (Fig. S3D).

To complement the live-imaging analysis, erythrocytic schizogony was examined in
ultrastructural studies. In the multinucleated schizont during merozoite formation, it was
possible to identify nuclear/spindle poles directly adjacent to the nuclear envelope with
radiating microtubules and attached kinetochores on the inside of the nucleus (Fig. 2C). These
structures were not seen in the mature merozoite or the early intracellular ring stage. These

observations are consistent with the live-imaging data.

Immunofluorescence imaging shows the arrangement of NDC80 (kinetochore) with
centrin (putative MTOC/SPB) and a-tubulin (spindles)

To determine the relative position of NDC80-GFP with other mitotic markers, especially at the
spindle and/or putative MTOC/SPB, we used immunofluorescence-based co-localization
assays with anti-GFP antibodies, anti-a-tubulin and anti-centrin, as markers for the spindle
and putative MTOC/SPB, respectively. We observed that NDC80-GFP is located adjacent to
alpha-tubulin showing some overlap between the NDC80 and alpha-tubulin signals in most
early schizonts (Sch-E) but not in late schizonts (Sch-L) (Fig. 2D). Similarly, using anti-GFP
with anti-centrin antibodies revealed that NDC80-GFP is located in close proximity to, but does

not co-localize with, centrin (Fig. 2E)

Rapid spindle dynamics of NDC80-GFP shows unusual kinetochore bridges during

endoreduplication in male gametogenesis

Given the remarkable speed and organisation of nuclear replication and chromosome
segregation during male gametogenesis, we investigated the live cell dynamics of NDC80-
GFP throughout this 15 min process following gamete activation in vitro. The results are

presented in Fig. 3A, and include time-lapse screenshots (Fig. 3B and C, Supplementary
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videos SV4 and SV5.). In non-activated male gametocytes a single diffuse and faint NDC80-
GFP focus was present (Fig S4A), which intensified to a sharp single focal point 1 minute
post-activation (mpa) (Fig. 3A). By 2 mpa, this focal point extended to form a bridge across
one side of the nucleus, followed by the separation of the two halves of the bridge to produce
two shorter linear rods that then contracted to two clear single foci by 3 mpa (Fig. 3A-C). A
schematic diagram for this process (1-3 mpa) is shown in Fig. 3D. This unusual linear
arrangement of NDC80 shows that the distribution of kinetochores extends to approximately
the full width of the nucleus, often arched around the nuclear margin, and maintains a
consistent thickness of NDC80-GFP signal, suggesting that kinetochores are evenly spaced
along this single linear element. This process was repeated twice, although non-
synchronously, resulting in 8 discrete NDC80-GFP foci (Fig. 3A). To study the association of
NDC80 with the spindle we used immunofluorescence-based co-localization assays with anti-
GFP antibodies, and anti-a-tubulin. This showed clear co-localisation of NDC80 with the

microtubule marker, both on the bridge-like structure and the foci for NDC80 (Fig.3E)

Ultrastructural analysis of the nucleus during male gametogenesis within 8 mpa showed
typical nuclear spindles with microtubules radiating from the nuclear poles, to which attached
kinetochores could be identified dispersed along the length of the spindle (Fig. 3F). The
spindles with attached kinetochores were located on the inner side of the nuclear membrane,
(Fig. 3F). TEM images showed that these kinetochores are dispersed along the length of the
mitotic spindle from one spindle pole to the other (similar to the bridge observed in the
fluorescence microscopy). These observations are consistent with the fluorescence
microscopy, and this kinetochore configuration is different to that in canonical metaphase, in

which there is a central metaphase plate perpendicular to the spindle axis.

Following exflagellation, the eight discrete foci associated with endoreduplication
disappeared rapidly and no NDC80-GFP fluorescence was observed in flagellated motile
microgametes (Fig. S4A). Furthermore, no NDC80-GFP fluorescence was observed in either
non-activated or activated female gametocytes (Fig. S4A). To independently test for an
association of NDC80 with microtubules, we examined the effects of an anti-tubulin inhibitor
(taxol) on NDC80 organisation during male gametogenesis. Addition of taxol at 1 min post
activation blocked the dynamic progression of NDC80 distribution in more than 80% of male
gametocytes while DMSO-treated gametocytes showed normal mitotic progression and
NDCB8O0 distribution (Fig. S4B). This showed that NDC80 distribution and localization depend
on spindle dynamics and can be blocked by taxol treatment, which binds tubulin and stabilises
microtubules by preventing depolymerisation. To further investigate the location of NDC80 in

relation to the position of the centromere, NDC80-mCherry and the centromere-localised
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condensin core subunit SMC4-GFP parasite lines were crossed and used for live cell imaging
of both markers to establish their spatiotemporal relationship, as shown previously (Pandey et
al., 2019). The location of both NDC80 and SMC4 was next to the nucleus, showing co-
localization (Fig. S4C). Similarly, the basal body/axoneme marker, kinesin-8B-mCherry line
(Zeeshan et al., 2019) was crossed with the NDC80-GFP line and this showed that NDC80 is
located away from the basal body (kinesin-8B) during the start of male gametogenesis and
later when kinesin-8B arranges across the axonemes (Fig. S4D). To confirm the centromere-
associated localisation of NDC80 in a genome-wide manner, we performed a ChiIP-seq
experiment for NDC80-GFP in activated gametocytes (Fig. S4E). We observed strong ChlP-
seq peaks at the centromeres of all 14 chromosomes similar to what was shown previously
(Pandey et al., 2019).

NDC80-GFP shows unusual dynamics throughout the meiotic stages during zygote to

ookinete differentiation.

Meiosis in the malaria parasite occurs during zygote differentiation to ookinete. This process
takes 24 h to complete and during this time the ploidy of the parasite increases from 2N to 4N.
To examine the behaviour of kinetochores throughout this process, we investigated the

spatiotemporal profile of NDC80-GFP during ookinete differentiation.

NDCB80-GFP fluorescence was first observed 1 to 1.5 h post-fertilization, as a single faint but
distinct focal point, which gradually increased in intensity over the period 2 to 3 h post-
fertilization (Fig. 4). As in male gametogenesis, no nuclear division was observed while the
NDCB80-GFP focus enlarged and divided to form a pair of elongated rod-like features. During
stages Il to IV of ookinete development, these rods appeared to fragment into multiple foci,
ultimately resolving as 4 discrete foci in the mature ookinete, which has a 4N genome, at 18
h post-fertilization (Fig. 4A). The ultrastructure of the mature ookinete clearly showed four
kinetochore clusters representing the 4N, but already segregated, genome within an intact

nuclear membrane, consistent with the live cell imaging (Fig. 4B).

NDC80-GFP is present as multiple foci during oocyst development and sporozoite

formation

During oocyst development and sporozoite formation, live cell imaging revealed NDC80-GFP
fluorescence at multiple foci adjacent to the nuclear DNA during various stages of oocyst

development from 7 days post-infection (dpi) of the mosquito to 21 dpi, as well as a single
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focus in mature sporozoites (Fig. 5A and B). Ultrastructure analysis of oocyst development
revealed an enlarged nucleus that formed a large multiple lobed structure with multiple nuclear
poles/centriolar plagues/SPB/putative MTOC, followed by the formation of large numbers of
sporozoites at the plasmalemma of the oocyst (Fig. 5Bi), as described previously (Ferguson
et al., 2014; Schrevel et al., 1977). Detailed examination showed nuclear poles/centriolar
plagues with kinetochores directed toward the developing sporozoites (Fig. 5Bii). The
endomitotic process of sporozoite formation during sporogony resembles that of merozoite

formation within host red cells and hence is similar to schizogony but with many more nuclei.

Immunoprecipitation of NDC80-GFP recovers canonical members of the NDC80

complex and reveals a highly divergent SPC24-like candidate

Previous comparative genomics studies revealed evidence for the presence of three NDC80
complex members in Plasmodiidae: NDC80, NUF2 and SPC25, but did not identify any
candidate SPC24 ortholog (van Hooff et al., 2017). In another apicomplexan lineage
(Cryptosporidium), however, an SPC24 ortholog was identified, raising the question of
whether SPC24 has been lost in Plasmodiidae or is an as-yet-unidentified highly divergent
ortholog present. To determine the composition of the NDC80 complex in P. berghei, possibly
including novel NDC80 interactors that might be responsible for the distinct kinetochore
localisations in different life stages, we immunoprecipitated NDC80-GFP from lysates of
schizonts following culture for 8-hours and from gametocyte lysates one minute after
activation. Mass spectrometric analysis of these pulldowns identified NUF2
(PBANKA 0414300) as the main binding partner of NDC80, and we detected SPC25
(PBANKA 1358800) as part of a longer list of proteins identified with fewer unique peptides
and recovered for the NDC80-GFP precipitate, but absent from the GPF-only control (Fig.
6B, Table S2). For further scrutiny of the list of candidate proteins, we assessed similarity in
behaviour to NDC80 and/or SPC25 across the control and NDC80-GFP pulldown experiments
using both principal component analysis (PCA), and Spearman rank correlation. We selected
candidate proteins that showed similar variance to SPC25 based on the first two components
of the PCA analysis, and those that had a correlation value of R>0.7 for both NDC80 and
SPC25 (Fig S5). Of the resulting list, most proteins have functions in transcription/RNA-related
processes, and one is the extracellular protein casein kinase 1 (PBANKA 0912100)(Dorin-
Semblat et al., 2015), suggesting likely non-specific association within the cell lysate.

However, one protein stood out: PBANKA_1442300, a protein with a long coiled-coil region
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and a predicted C-terminal globular domain, which suggested that it might be a SPC24
ortholog (Fig. 6B).

To test whether this candidate was a genuine SPC24 ortholog, we first queried available
databases for PBANKA_1442300 homologs using conventional sequence similarity detection
approaches, but detected none outside of hematozoan lineages, consistent with these
approaches having failed to discover Plasmodiiae SPC24 candidates in the past (Plowman et
al.,, 2019; van Hooff et al.,, 2017). Therefore, we employed more sophisticated protein
modelling approaches to discover PBANKA_ 1442300 orthologs. We constructed a large
sequence database consisting of 64 apicomplexan and other eukaryotic genomes and
transcriptomes (see Table S3 for sources of the sequence database) and generated Hidden
Markov Models (HMM) of automatically defined homologous groups of sequences (see
methods). We then compared these models with HMM profiles of PBANKA_1442300-like
homologs and bona fide eukaryotic SPC24 orthologs found in our dataset. This multi-step
approach yielded candidate apicomplexan SPC24 orthologs (Fig. 6C). Hematozoan homologs
(including PBANKA _1442300) were significantly similar (E > 107°) to the previously
unannotated group of coccidian homologous sequences (including the Toxoplasma gondii
gene TGME49 _212800). The merged HMM profile of the C-terminal globular domain of these
two groups, in turn, was significantly similar to that of eukaryote-wide SPC24 orthologs (E >
10°) (Fig. 6C, Fig. S6). These analyses provide strong credence to the idea that
PBANK 1442300- and TGME49 212800-like sequences are divergent but bona fide
homologs of SPC24. Given that no other SPC24 candidates were found in these taxa, and the
proteomic evidence of association of PBANKA 1442300 with SPC25, NDC80 and NUF2, it
is very likely that PBANK 1442300 and TGME49 212800 are genuine SPC24 functional
orthologs (Fig. 6C, Sequence File S1, Table S4).

Discussion

Cellular proliferation in eukaryotes requires chromosome replication and precise segregation,
followed by cell division, to ensure that daughter cells have identical copies of the genome.
This happens through assembly of a spindle to which the centromeric region of chromosomes
is attached through the kinetochore. Although the organisation of spindle microtubules, the
molecular composition of kinetochores, and the modes of spindle pole separation vary
extensively among eukaryotes (Akiyoshi and Gull, 2013; Drechsler and McAinsh, 2012; van
Hooff et al., 2017), the microtubule-binding subunit NDC80 is conserved across most
eukaryotes including apicomplexan parasites such as Toxoplasma gondii and Plasmodium
spp. (Akiyoshi and Gull, 2013; Farrell and Gubbels, 2014; van Hooff et al., 2017). In addition,
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since chromosomes only bear one kinetochore, the outer-kinetochore subunit NDC80 is an
excellent tool to start probing the rather surprising chromosome dynamics during the different
stages of the life cycle in P. berghei.

In this study we have sought to understand the assembly and dynamics of the mitotic
machinery during the diverse modes of nuclear division in Plasmodium using the kinetochore-
protein NDC80 as a marker for chromosome attachment to the mitotic spindle. For this we
generated a transgenic parasite line to express endogenous C-terminal GFP-labelled NDC80,
a protein which faithfully replicates kinetochore location and function during all diverse mitotic
and meiotic stages of the life cycle. Live-cell imaging of the fluorescent protein, complemented
with ultrastructural studies by electron microscopy, revealed a subcellular location of NDC80-
GFP at discrete foci adjacent to nuclear DNA in all replicative stages of the P. berghei life
cycle. The distribution and dynamic spatiotemporal profile corresponded to the replication of
chromosomes during the atypical mitotic and meiotic processes of DNA replication in this
organism. Non-replicating stages, including the intraerythrocytic ring stage, the extracellular
mature merozoite, the non-activated female gametocyte and the motile male gamete show no
evidence of kinetochore assembly as no NDC80-GFP expression was observed. Using a
combination of GFP-pulldown and a sensitive homology detection workflow we identified all
four components of the NDC80 complex throughout apicomplexans, including a likely SPC24

ortholog candidate in Plasmodiidae.

The subcellular localization data for NDC80-GFP revealed a discreet single focus adjacent to
the haploid nuclear genome, which presumably contains the centromeres of all 14
chromosomes. Such clustering of centromeric regions has been demonstrated in yeast
(Richmond et al., 2013), human cells (Solovei et al.,, 2004) and Toxoplasma (Farrell and
Gubbels, 2014). It is thought to be important for genome integrity, but the exact reason for it
is not well understood. In the stages of the life cycle where this NDC80 clustering is not
detected, perhaps the 14 kinetochores are not fully assembled and therefore NDC80-GFP
expression is not detectable (Hoeijmakers et al., 2012). This is consistent with the idea that
clustering of centromeres in Plasmodium falciparum occurs only prior to the onset of
chromosome segregation (Hoeijmakers et al., 2012). It is of interest that following fertilization
there is a single focus despite the genome being diploid, this may well reflect the tight pairing

of sister chromatids allowing recombination to occur at this stage.

Although our data showed a clustered location of NDC80, its actual role in chromosome
clustering is not known. Previous studies on yeast and Toxoplasma showed no role of NDC80

in clustering and suggested a sole role in attachment to spindle MTs during chromosome
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segregation. A single MT binds each kinetochore in budding yeast (Westermann et al., 2007);
whereas in Toxoplasma a maximum of only 11 MTs were detected despite the fact that there
are 13 chromosomes (Bunnik et al., 2019; Farrell and Gubbels, 2014; Swedlow et al., 2002).
Within the closely related Coccidian parasites, a number of variations in the details of the
process of asexual division has been described, relating to timing and number of genome and
nuclear divisions (Ferguson et al., 2008) The coccidian parasite Sarcocystis neurona, which
divides by endopolygeny forms a polyploid nucleus culminating in 64 haploid daughter cells
(Farrell and Gubbels, 2014; Vaishnava et al., 2005). During this process, intranuclear spindle
poles are retained throughout the cell cycle, which suggests constant attachment of
chromosomes to spindle MTs via kinetochores to ensure genome integrity throughout
Sarcocystis cell division (Farrell and Gubbels, 2014; Vaishnava et al., 2005). In contrast,
Plasmodium (a hemosporidian), undergoes classical schizogony with a variable number of
cycles of genome replication and nuclear division resulting a multinucleated cell (Arnot et al.,
2011). This is similar to what is seen in the coccidian parasites Eimeria spp. and Toxoplasma,
with daughter cell formation being associated with the final nuclear division. This fact is well
demonstrated by the NDCB80 localization in this study, which shows 1 or 2 NDC80-GFP foci
per nucleus. The asynchronous nature of the division during these stages is shown by nuclei
having either one or two NDC80-GFP foci (and intermediate forms) within the same cell. We
made similar observations in our previous study of the SPB/MTOC/centriole plaque marker
for centrin, CEN-4 (Roques et al., 2019). These studies also suggest that the kinetochore and
centrosome/centriolar plaque duplicate before nuclear division starts; therefore the duplication
of NDC80 and CEN-4 sets the stage for mitosis at each round of nuclear division in
Plasmodium, as in Toxoplasma (Suvorova et al.,, 2015). In contrast, during male
gametogenesis the genome size increases to 8N, and this corresponds to the formation of 8
distinct NDC80-GFP foci, before nuclear division, with asynchronous chromosome replication
and segregation. Most notable is the presence of unique kinetochore bridges or rod-like
structures during genome replication and chromosome segregation. It appears that two hemi-
spindles associated with the kinetochores are joined together to form a mitotic spindle at the
earliest stages of endoreduplication during male gametogenesis. This is then followed by
kinetochore movement to opposite poles once all the duplicated chromosomes are
segregated. The mitotic process of duplication proceeds in the absence of nuclear division
(karyokinesis), which results in the very atypical kinetochore dynamics that are consistent with

the live cell imaging data.

Similarly, during meiosis in ookinete development the genome size increases to 4N,

represented by bridge-like kinetochore structures during replicative stages and at the end,
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resulting in four distinct NDC80-GFP foci suggesting kinetochore clustering to facilitate
chromosome segregation, although no nuclear division takes place.

During sporogony multiple lobes are formed and the intranuclear spindle may be formed
during multiple nuclear divisions, as revealed by ultrastructural studies during sporozoite
formation (Schrevel et al., 1977). Further ultrastructure analyses identified typical nuclear
spindles with attached kinetochores, radiating from the nuclear poles located within an intact
nuclear membrane during schizogony, male gametogenesis, ookinete development and
sporogony. Our data are consistent with a previous report, in which kinetochore localization
was revealed using ultrastructural studies of P. berghei sporogony, and the duplication of
hemi-spindles during replication was suggested (Schrevel et al., 1977). Overall, based on all

these results, consistent kinetochore clustering occurs within Apicomplexa.

NDCB80 is a major constituent of kinetochores and is highly conserved among eukaryotes
including Plasmodium. However, many of the molecular details of kinetochore architecture
and function in Plasmodium remain to be explored. A recent comparative evolutionary analysis
suggested a distinct kinetochore network in many eukaryotes including P. falciparum and other
alveolates, with many of the highly conserved kinetochore complex proteins being absent in
Plasmodium (van Hooff et al., 2017). Of 70 conserved kinetochore proteins only eleven were
found to be encoded in the P. falciparum genome. These eleven proteins include NDC8O0,
NUF2, CENP-C/-A/-E, SPC25 and others that are highly conserved across 90 eukaryotic
species, but genes for many other conserved proteins like SPC24, MAD-1/-2 and MIS12 were
found to be absent (van Hooff et al., 2017). Recent studies have shown the presence of
unconventional kinetochore proteins in kinetoplastids (Akiyoshi and Gull, 2013; D'Archivio and
Wickstead, 2017), suggesting that different kinetochore architectures are possible. Previous
reports have shown the association of CENP-A and CENP-C with centromeres in P.
falciparum (Verma and Surolia, 2013; Verma and Surolia, 2014). Using a combination of GFP-
pulldown and a sensitive homology detection workflow we identified all four components of
the NDC80 complex throughout apicomplexans, including a highly divergent SPC24 ortholog
candidate in Plasmodiidae (PBANKA 1442300). Previous studies in Toxoplasma gondii only
identified NDC80 and NUF2 (Farrell and Gubbels, 2014), but here we predict the presence of
SPC25 (TGME49 232400) and a SPC24-like homolog (TGME49 212800) in this organism.
We favour the interpretation of PBANKA 1442300 being a bona fide SPC24 ortholog for two
reasons: (1) it was detected as a putative NDC80-GFP binding partner, and (2) our sequence
analyses indicate it has a C-terminal RWD-like domain most similar to that of SPC24. It seems
unlikely that the ancestor of hematozoa and coccidia would have duplicated the gene and then

discarded the functional kinetochore SPC24 ortholog. Further proteomic and co-localisation
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studies of SPC25 and SPC24 with each other as well as other kinetochore markers (for
example, NUF2 and CENP-C) will be needed to confirm that the candidate SPC24 ortholog is
a true kinetochore protein in Plasmodium. Our approach has illustrated that conspicuous
absences of subunits of highly conserved and essential complexes, such as the obligate
tetrameric NDC80 complex, are to be treated with caution, and additional sensitive homology
searches using HMM-HMM comparison should be employed to more thoroughly test for
homolog presences or absences. As such, patterns of extensive loss have been observed in
eukaryotic parasites before, and we expect that systematic searches for conspicuous
absences of subunits of specific complexes will yield a large number of highly divergent
homologs in Apicomplexa.

NDC80 and NUF2 are the most conserved subunits of the NDC80 complex, whereas the
SPC24-SPC25 dimer that interacts with the centromere is highly divergent both in sequence
and in length. Strikingly, the candidate SPC24 orthologs in Plasmodiidae and Coccidia are 3
to 4 times longer than those of other eukaryotes (Fig. 6C), and their RWD domains are also
relatively divergent. What this means exactly is unclear, but we speculate that the larger
NDCB80 complex present in some but not all Apicomplexa engages centromere-proximal
kinetochore proteins in a different way than in other eukaryotes, and possibly through direct
interaction with CENP-A and CENP-C. This notion is supported by the apparent absence of
the canonical interaction partners of SPC24 and SPC25, namely CENP-T and the MIS12
complex (van Hooff et al., 2017), and the extended length of all NDC80 complex members
within coccidia (~1.2 - 3 times longer). In Plasmodiidae only the SPC24 candidate ortholog is
extended (~3 to 4 times longer), but in Coccidia, SPC25 is also twice as long as canonical
SPC25s, potentially resulting in a larger and longer NDC80 complex. The extended length of
SPC24 candidate orthologs results largely from N-terminal extensions of the coiled-coil region
(Coccidia and Plasmodiidae), and/or large insertions into the loop of the RWD domain
(Coccidia). We envision that these extensions may provide additional binding sites for novel
interactors important in kinetochore clustering and/or the remarkable ‘bridge/rod’ phenotype
we have observed in this study. The SPC24 N-terminal coiled-coil extension may also have
additional interactions with the heterodimeric coiled-coils of the NDC80 and NUF2 subunits,

providing extra rigidity to the tetrameric NDC80 superstructure.

In summary, this study demonstrates the dynamic expression and location of NDC80 during
the different proliferative stages of the malaria parasite and reveals both the disassembly and
reassembly, as well as clustering, of kinetochores. It also shows the asynchronous closed
mitotic division of Plasmodium during schizogony and sporogony and provides novel insights

into the chromosome segregation in male gametogenesis and in various stages of meiosis
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during zygote differentiation to ookinetes. ChiP-seq and colocalisation studies clearly showed
the centromeric location of NDC80 in Plasmodium. The protein pulldown and bioinformatics
studies revealed that NDC80 has the full complement of four subunits, though SPC24 is highly
divergent compared to other eukaryotes. This analysis of NDC80 will also facilitate future
studies of cell division and comparative analyses of chromosome dynamics in evolutionarily

divergent eukaryotic cells.

Material and Methods:

Ethical statement

All animal-related work performed at the University of Nottingham has undergone an ethical
review process and been approved by the United Kingdom Home Office with the project
license number 30/3248 and PDD2D5182. The work has been carried out in accordance with
the United Kingdom ‘Animals (Scientific Procedures) Act 1986’ and was in compliance with
‘European Directive 86/609/EEC’ for the protection of animals used for experimental
purposes. A combination of ketamine followed by antisedan was used for general anaesthesia
and sodium pentobarbital was used for terminal anaesthesia. Proper care and efforts were

made to minimise animal usage and suffering.

Six to eight-week-old female Tuck-Ordinary (TO) (Harlan) or CD1 outbred mice (Charles

River) were used for all experiments.

Generation of transgenic parasites

The transgenic lines for NDC80 (PBANKA 1115700) were created using single homologous
recombination as shown in Fig. S1. The oligonucleotides used to generate transgenic lines
are provided in Supplementary Table S1. For GFP tagging, a 1153bp region of Ndc80 without
the stop codon was inserted upstream of the gfp sequence in the p277 plasmid vector using
Kpnl and Apal restriction sites as described previously (Tewari et al., 2010). The p277 vector
contains the human dhfr cassette, conveying resistance to pyrimethamine. Before
transfection, the sequence was linearised using EcoRV. The P. berghei ANKA line 2.34 was
used for transfection by electroporation (Janse et al., 2006). Immediately, electroporated
parasites were mixed with 100ul of reticulocyte-rich blood from a phenylhydrazine (6 mg/ml,

Sigma) treated, naive mouse and incubated at 37°C for 30 min before intraperitoneal injection.
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Pyrimethamine (70 mg/L, Sigma) was supplied in the drinking water from 1-day post-infection
(dpi) to 4-dpi. Infected mice were monitored for 15 days and drug selection was repeated after
passage to a second mouse. Integration PCR and western blot were performed to confirm
successful generation of the transgenic line. For integration PCR, primer 1 (IntT259) and
primer 2 (0l492) were used to confirm integration of the GFP targeting construct. Primer 1 and
primer 3 (T2592) were used as a control. We also generated a mCherry-tagged NDC80
transgenic parasite line as shown in the schematic provided in Fig. S1.

Western Blot

For western blotting, purified schizonts were lysed using lysis buffer (10 mM TrisHCI pH 7.5,
150 mM NacCl, 0.5 mM EDTA, 1% NP-40 and 1% Sarkosyl). The samples were boiled for 10
min after adding Laemmli sample buffer to the lysed cells. The sample was centrifuged at
13500 g for 5 min and electrophoresed on a 4-12% SDS-polyacrylamide gel. Subsequently,
resolved proteins were transferred to nitrocellulose membrane (Amersham Biosciences) and
immunoblotting was performed using the Western Breeze Chemiluminescence Anti-Rabbit kit
(Invitrogen) and anti-GFP polyclonal antibody (Invitrogen) at a dilution of 1:1250, according to

the manufacturer's instructions.

Localization of NDC80-GFP throughout the parasite life cycle

Live cell imaging of transgenic parasite lines was performed at different proliferative stages
during the parasite life cycle (Fig. 1) as described previously (Roques et al., 2019; Saini et
al., 2017) using a Zeiss Axiolmager M2 microscope fitted with an AxioCam ICcl digital

camera (Carl Zeiss, Inc).

Blood stage schizogony

Infected mouse blood provided asexual blood and gametocyte stages of the P. berghei life
cycle. Schizont culture (RPMI 1640 containing 25 mM HEPES, 1:10 (v/v) fetal bovine serum
and penicillin/streptomycin 1:100) at different time points was used to analyse various stages
of asexual development from ring to merozoite. The periods used for analysis and imaging
were 0 to 1 h for ring stage parasites, 2 to 4 h for trophozoites, 6 to 8 h for early and mid-
stage schizonts, 9 to 11 h for late segmented schizonts, and 18 to 24 h for mature schizonts

and released merozoites in schizont culture medium.
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Male gametocyte development

In vitro cultures were prepared to analyse non-activated gametocytes, activated
gametocytes and male exflagellation. For in vitro exflagellation studies, gametocyte-
infected blood was obtained from the tails of infected mice using a heparinised pipette tip.
Gametocyte activation was performed by mixing 100ul of ookinete culture medium (RPMI
1640 containing 25 mM HEPES, 20% fetal bovine serum, 10 mM sodium bicarbonate, 50
MM xanthurenic acid at pH 7.6) with gametocyte-infected blood. To study different time
points during microgametogenesis, gametocytes were purified using Nycodenz gradient
(48%) and monitored at different time points to study mitotic division (male gametogenesis,
0 to 15 min post-activation (mpa).

Ookinete development

To study ookinete development, gametocyte infected blood was incubated in ookinete
medium for 24 hpa and various stages of zygote differentiation and ookinete development
were monitored at different time points (0O min for nonactivated gametocytes, 30 min for
activated gametocytes, 2 to 3 h for zygotes, 4 to 5 h for stage I, 5 to 6 h for stage Il, 7 to 8
h for stage Ill, 8 to 10 h for stage 1V, 11 to 14h for stage V, and 18 to 24 h for mature

ookinetes post activation in ookinete medium).

Oocyst and sporozoite development

For mosquito transmission stages and bite back experiments, triplicate sets of 30 to
50 Anopheles stephensi mosquitoes were used. The mosquito guts were analysed on
different days post-infection (dpi): 7 dpi, 12 dpi, 14 dpi and 21 dpi to check expression and

localization of NDC80GFP during oocyst development and sporozoite formation.

Schizogony in liver stages

To study localization of NDC80-GFP in P. berghei liver stages, 100,000 HeLa cells were
seeded in glass-bottomed imaging dishes. Salivary glands of female A. stephensi mosquitoes
infected with NDC80-GFP parasites were isolated and sporozoites were released using a
pestle to disrupt salivary gland cells. The released sporozoites were pipetted gently onto the
HeLa cells and incubated at 37 °C in 5% COz- in air, in complete minimum Eagle's medium
containing 2.5 pyg/ml amphotericin B. For initial infection, medium was changed at 3 h post-
infection and thereafter once a day. To perform live cell imaging, Hoechst 33342 (Molecular

Probes) was added (1 pg/ml) and imaging was done at 55 h post-infection using a Leica TCS
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SP8 confocal microscope with the HC PL APO 63x/1.40 oil objective and the Leica Application
Suite X software.

Indirect immunofluorescence assay

IFA studies were performed using poly-L-lysine coated slides on which schizonts had been
previously fixed in 2% paraformaldehyde (PFA) in microtubule stabilising buffer (MTSB:10 mM
MES, 150 mM NacCl, 5 mM EGTA, 5 mM MgCl,, 5 mM glucose) in 1X-PBS for 30 min at room
temperature (RT) and smeared onto slides. The fixed cells were permeabilized using TBS
containing 0.2% TritonX-100 for 5 min and washed three times with TBS before blocking. For
blocking, 1 hour incubation was performed with TBS solution containing 3% BSA (w/v) and
10% goat serum (v/v). TBS containing 1% BSA and 1% goat serum was used to dilute the
antibodies for the incubations. Anti-GFP rabbit antibody (Invitrogen) was used at 1:250
dilution, anti-alpha-tubulin mouse antibody (Sigma-Aldrich) was used at 1:1000 dilution, and
anti-centrin mouse clone 20h5 antibody (Millipore) was used at 1:200 dilution; each was
incubated for 1 hour at RT. Three washes were performed with TBS, then AlexaFluor 568
labelled anti-rabbit (red) and AlexaFluor 488 labelled anti-mouse (green) (Invitrogen) (1:1000
dilution) were used as secondary antibodies and incubated for 40 min at RT. A similar protocol
was followed for gametocytes except the cells were fixed in 4% PFA in MTSB. Slides were
mounted with Vectashield containing DAPI (blue) and sealed using nail polish. Images were

captured as described for live imaging.

Super resolution microscopy

A small volume (3 pul) of schizont culture was mixed with Hoechst dye and pipetted onto 2 %
agarose pads (5x5 mm squares) at room temperature. After 3 min these agarose pads were
placed onto glass bottom dishes with the cells facing towards glass surface (MatTek, P35G-
1.5-20-C). Cells were scanned with an inverted microscope using Zeiss C-Apochromat
63x/1.2 W Korr M27 water immersion objective on a Zeiss Elyra PS.1 microscope, using the
structured illumination microscopy (SIM) technique. The correction collar of the objective was
set to 0.17 for optimum contrast. The following settings were used in SIM mode: lasers, 405
nm: 20%, 488 nm: 50%; exposure times 100 ms (Hoechst) and 25 ms (GFP); three grid
rotations, five phases. The band pass filters BP 420-480 + LP 750 and BP 495-550 + LP 750
were used for the blue and green channels, respectively. Multiple focal planes (Z stacks) were
recorded with 0.2 um step size; later post-processing, a Z correction was done digitally on the
3D rendered images to reduce the effect of spherical aberration (reducing the elongated view
in Z; a process previously tested with fluorescent beads). Images were processed and all focal

planes were digitally merged into a single plane (Maximum intensity projection). The images
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recorded in multiple focal planes (Z-stack) were 3D rendered into virtual models and exported
as images and movies (see supplementary material). Processing and export of images and
videos were done by Zeiss Zen 2012 Black edition, Service Pack 5 and Zeiss Zen 2.1 Blue
edition.

Chromatin Immunoprecipitation sequencing analysis (ChlP-seq)

For the ChIP-seq analysis, libraries were prepared from crosslinked cells (using 1%
formaldehyde). The crosslinked parasite pellets were resuspended in 1 mL of nuclear
extraction buffer (10 mM HEPES, 10 mM KCI, 0.1 mM EDTA, 0.1 mM EGTA, 1 mM DTT, 0.5
mM AEBSF, 1X protease inhibitor tablet), post 30 min incubation on ice, 0.25% Igepal-CA-
630 was added and homogenized by passing through a 26G x %2 needle. The nuclear pellet
extracted through 5000 rpm centrifugation, was resuspended in 130 pl of shearing buffer
(0.1% SDS, 1 mM EDTA, 10 mM Tris-HCI pH 7.5, 1X protease inhibitor tablet), and transferred
to a 130 pl Covaris sonication microtube. The sample was then sonicated using a Covaris
S220 Ultrasonicator for 10 min for schizont samples and 6 min for gametocyte samples (Duty
cycle: 5%, Intensity peak power: 140, Cycles per burst: 200, Bath temperature: 6°C). The
sample was transferred to ChlP dilution buffer (30 mM Tris-HCI pH 8, 3 mM EDTA, 0.1% SDS,
30 mM NacCl, 1.8% Triton X-100, 1X protease inhibitor tablet, 1X phosphatase inhibitor tablet)
and centrifuged for 10 min at 13,000 rpm at 4°C, retaining the supernatant. For each sample,
13 pl of protein A agarose/salmon sperm DNA beads were washed three times with 500 pl
ChIP dilution buffer (without inhibitors) by centrifuging for 1 min at 1000 rpm at room
temperature, then buffer was removed. For pre-clearing, the diluted chromatin samples were
added to the beads and incubated for 1 hour at 4°C with rotation, then pelleted by
centrifugation for 1 min at 1000 rpm. Supernatant was removed into a LoBind tube carefully
S0 as hot to remove any beads and 2 ug of anti-GFP antibody (ab290, anti-rabbit) were added
to the sample and incubated overnight at 4°C with rotation. Per sample, 25 pl of protein A
agarose/salmon sperm DNA beads were washed with ChIP dilution buffer (no inhibitors),
blocked with 1 mg/mL BSA for 1 hour at 4°C, then washed three more times with buffer. 25 pl
of washed and blocked beads were added to the sample and incubated for 1 hour at 4°C with
continuous mixing to collect the antibody/protein complex. Beads were pelleted by
centrifugation for 1 min at 1000 rpm at 4°C. The bead/antibody/protein complex was then
washed with rotation using 1 mL of each buffers twice; low salt immune complex wash buffer
(1% SDS, 1% Triton X-100, 2 mM EDTA, 20 mM Tris-HCI pH 8, 150 mM NacCl), high salt
immune complex wash buffer (1% SDS, 1% Triton X-100, 2 mM EDTA, 20 mM Tris-HCI pH 8,
500 mM NacCl), high salt immune complex wash buffer (1% SDS, 1% Triton X-100, 2 mM
EDTA, 20 mM Tris-HCI pH 8, 500 mM NacCl), TE wash buffer (10 mM Tris-HCI pH 8, 1 mM
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EDTA) and eluted from antibody by adding 250 ul of freshly prepared elution buffer (1% SDS,
0.1 M sodium bicarbonate). We added 5 M NaCl to the elution and cross-linking was reversed
by heating at 45°C overnight followed by addition of 15 pl of 20 mg/mL RNAase A with 30 min
incubation at 37°C. After this, 10 ul 0.5 M EDTA, 20 ul 1 M Tris-HCI pH 7.5, and 2 pl 20 mg/mL
proteinase K were added to the elution and incubated for 2 hours at 45°C. DNA was recovered
by phenol/chloroform extraction and ethanol precipitation, using a phenol/chloroform/isoamyl
alcohol (25:24:1) mixture twice and chloroform once, then adding 1/10 volume of 3 M sodium
acetate pH 5.2, 2 volumes of 100% ethanol, and 1/1000 volume of 20 mg/mL glycogen.
Precipitation was allowed to occur overnight at -20°C. Samples were centrifuged at 13,000
rpm for 30 min at 4°C, then washed with fresh 80% ethanol, and centrifuged again for 15 min
with the same settings. Pellet was air-dried and resuspended in 50 pl nuclease-free water.
DNA was purified using Agencourt AMPure XP beads. Libraries were prepared using the
KAPA Library Preparation Kit (KAPA Biosystems), and were amplified for a total of 12 PCR
cycles (15 s at 98°C, 30 s at 55°C, 30 s at 62°C) using the KAPA HiFi HotStart Ready Mix
(KAPA Biosystems). Libraries were sequenced using the NovaSeq 6000 System (lllumina),

producing 100-bp reads.

FastQC (https://www.bioinformatics.babraham.ac.uk/projects/fastqc/), was used to analyze
raw read quality. Any adapter sequences were removed using Trimmomatic
(http://www.usadellab.org/cms/?page=trimmomatic). Bases with Phred quality scores below
25 were trimmed using Sickle (https://github.com/najoshi/sickle). The resulting reads were
mapped against the P. berghei ANKA genome (v36) using Bowtie2 (version 2.3.4.1) or
HISAT?2 (version 2-2.1.0), using default parameters. Reads with a mapping quality score of 10
or higher were retained using Samtools (http://samtools.sourceforge.net/), and PCR
duplicates were removed by PicardTools MarkDuplicates (Broad Institute). For Chip-seq
analysis, raw read counts were determined to obtain the read coverage per nucleotide.
Genome browser tracks were generated and viewed using the Integrative Genomic Viewer
(IGV) (Broad Institute). Proposed centromeric locations were obtained from Iwanaga and

colleagues (lwanaga et al., 2010).

Inhibitor studies

Gametocytes were purified as above and treated with 1 uM taxol (Paclitaxel, T7402; Sigma)
at 1 min post activation (mpa) and then fixed with 4% Paraformaldehyde (PFA) at 8 mpa.
DMSO was used as a control treatment. These fixed gametocytes were then examined on a

Zeiss Axio Imager M2 microscope fitted with an AxioCam ICc1 digital camera (Carl Zeiss, Inc).
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https://www.bioinformatics.babraham.ac.uk/projects/fastqc/
http://www.usadellab.org/cms/?page=trimmomatic
https://github.com/najoshi/sickle

Electron microscopy

Samples for different mitotic stages of parasite development including schizonts (24 hours in
culture), activated male gametocytes (8 min post-activation), infected mosquito guts (12 to 14
days post infection) and the meiotic stage from the mature ookinete (24hours post-activation)
were fixed in 4% glutaraldehyde in 0.1 M phosphate buffer and processed for electron
microscopy as previously described (Ferguson et al., 2005). Briefly, samples were post-fixed
in osmium tetroxide, treated in bloc with uranyl acetate, dehydrated and embedded in Spurr's
epoxy resin. Thin sections were stained with uranyl acetate and lead citrate prior to
examination in a JEOL1200EX electron microscope (Jeol UK Ltd).

Protein pulldown, Immunoprecipitation and Mass Spectrometry

Schizonts, following 8 hours in vitro culture, and male gametocytes 1 min post activation of
NDC80-GFP parasites were used to prepare cell lysates. Purified parasite pellets were
crosslinked using formaldehyde (10 min incubation with 1% formaldehyde in PBS), followed
by 5 min incubation in 0.125M glycine solution and 3 washes with phosphate buffered saline
(PBS, pH 7.5). Immunoprecipitation was performed using crosslinked protein lysate and a
GFP-Trap®_A Kit (Chromotek) following the manufacturer’s instructions. Proteins bound to
the GFP-Trap®_A beads were digested using trypsin and the peptides were analysed by
LC-MS/MS. Mascot (http://www.matrixscience.com/) and MaxQuant
(https://www.maxquant.org/) search engines were used for mass spectrometry data analysis.
The PlasmoDB database was used for protein annotation. Peptide and proteins having
minimum threshold of 95% were used for further proteomic analysis. The mass spectrometry
proteomics data have been deposited to the ProteomeXchange Consortium via the PRIDE
partner repository with the dataset identifier PXD017619 and 10.6019/PXD017619.

To assess covariance among all proteins identified by mass spectrometry, a principal
component analysis (PCA) was performed on proteins having peptide spectrum matches in
NDCB80-GFP, but not control-GFP samples (schizont and gametocytes), and further excluding
proteins that were annotated to be part of the ribosome (see Fig. S5). NA values were
transformed into zero, indicating the absence of any peptide detection for a particular protein.
PCA was done on In(x) transformed unique peptide values using the ‘prcomp’ function, which
is part of the R-package stats (v3.6.2). In a similar approach Spearman rank correlation was
calculated for all proteins identified with both NDC80 and SPC25, using the ‘corr’ function,
which is part of the R-package ggpubr (v0.2.5). Graphs were visualised using the R-package

ggplot2.
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Comparative genomics of the NDC80 complex in Apicomplexa

Database: To increase the sensitivity for detecting highly divergent members of the NDC80
complex (NDC80, NUF2, SPC25, SPC24) in apicomplexan parasites, we constructed a large
sequence database of (new) genomes and (meta)transcriptomes (see Supplementary Table
3 for sources). This database consisted of 43 Apicomplexa and 8 Apicomplexa-affiliated
lineages, including newly sequenced gregarines and ‘apicomonada’ (Janouskovec et al.,
2019; Janouskovec et al., 2015; Mathur et al., 2019), and the non-parasitic apicomplexan
Nephromyces (Munoz-Gomez et al., 2019). A set of 13 eukaryotes representative of a wider
range of the eukaryotic tree of life were added for which the NDC80 complex
presence/absence pattern was studied previously (van Hooff et al., 2017) For transcriptomes
for which no gene predictions were available, ORFs were predicted using TransDecoder (Long
Orfs algorithm: https://github.com/TransDecoder/TransDecoder).

Ortholog detection: To uncover an initial set of sequences orthologous to NDC80 complex
subunits in our database we made use of previously established eukaryote-wide Hidden
Markov Models (HMM) of the Calponin Homology domains of NDC80 and NUF2, and the
RWD domains for SPC24 and SPC25 (Tromer et al., 2019; van Hooff et al., 2017). Although
potentially informative, coiled-coil regions were avoided as they tend to have sequence
similarities with (other) non-homologous coiled-coil proteins. For details on the strategy for
finding orthologs, see previously established protocols (van Hooff et al., 2017). Briefly, HMM-
guided hits were realigned using mafft (option:eins-i) (Katoh and Standley, 2013), modelled
as HMM, and searched iteratively against the database until no new orthologs could be
detected. Conspicuous absences were further inspected by iterative searches using
sequences of closely related lineages, including lower stringency matches (higher E-values,
lower bitscores) that had a similar length and coiled-coil topology. HMMs were modelled
(hmmbuild) and iteratively searched (hmmsearch or jackhmmer: E-value<0.05, bitscore>25)
using the HMMER package (v3.1b) (Johnson et al., 2010). SPC24 orthologues in Coccidia
and Hematozoa were detected by comparing our custom-made eukaryote-wide HMMs with
HMM profiles of automatically defined orthologous groups (OrthoFinder (Emms and Kelly,
2019)), using the secondary structure aware HMM-vs-HMM search algorithm HHsearch
(Steinegger et al., 2019). Specifically, HMM profiles of the orthologous groups containing
PBANKA 1442300 (P. berghei) and TGME49 212800 (T. gondii) were merged and the
resulting HMM was searched against a dataset containing HMMs of the orthologous groups
defined by OrthoFinder, a previously established set containing scop70, pdb70 and PfamA
version 31.0 [7], and custom-made HMM of kinetochore proteins (Tromer et al., 2019; van
Hooff et al., 2017).
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Alignments were visualised and modified using Jalview (Waterhouse et al., 2009). Figure 6
was made using Inkscape (https://inkscape.org/).
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Fig. 1: Life cycle of rodent malaria parasite Plasmodium berghei. (A) represents
endomitotic division: schizogony (schizont formation) in the liver and blood cells of the
mammalian host and sporogony (sporozoite formation) in the mosquito gut. (B) and (C)
represent atypical mitotic division by endoreduplication during male gametogenesis and

meiotic division during the zygote to ookinete differentiation in the mosquito gut, respectively.
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Fig. 2: NDC80-GFP localization during endomitotic cell division in schizogony. (A) Live
cell imaging of NDC80-GFP expression and location during asexual blood stage (DIC:
Differential interference contrast, Hoechst: DNA, NDC80-GFP: GFP, Merge: Hoechst and
GFP fluorescence, Troph: Trophozoite, Sch-E: Early Schizont, Sch-M: Mid Schizont Sch-L.:
Late Schizont, Mero: Merozoite, 100x magnification, Scale bar = 5 um.) and schematic guide
depicting NDC8O0 localization during various developmental stages in the bloodstream of the
parasite life cycle. (B) Live cell super-resolution 3D imaging for NDC80-GFP localization
during asynchronous blood stage mitotic division. Scale bar = 5 um. (C) Electron microscopy
imaging of an early schizont showing kinetochore localization. (i) Section through an early
schizont within a red blood cell, showing two nuclei (N) and the food vacuole (FV). Scale bar

=1 pum. (ii) Enlargement of the enclosed area showing part of the nucleus in which a nuclear
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pole (NP), microtubules and attached kinetochores (K) can be seen. Scale bar = 100 nm. (D)
Immunofluorescence fixed cell imaging and schematic guide of NDC80-GFP and co-
localization with a-tubulin showing overlap during early schizont (E) Immunofluorescence fixed
cell imaging and schematic guide of NDC80-GFP and co-localization with centrin (100x
magnification). Scale bar =5 pm.
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A Time B Live time lapse images
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Fig. 3: Temporal dynamics of NDC80-GFP during male gametogenesis. (A) Live cell
imaging for NDC80-GFP expression and location during endoreduplicative mitotic division in
male gametogenesis (100x magnification) (B-C) Time-lapse screenshots for NDC80-GFP
localization during male gametogenesis. Scale bar = 5 um. (D) Schematic representation
showing dynamic localization of NDC80 during 1-3 min post activation of gametocyte (first
round of nuclear division). (E) Indirect immunofluorescence assays showing co-localization of
NDCB80 (red) and a-tubulin (green) in male gametocytes activated for 1-3 min. (F) Electron
microscopy on 8 min post-activation gametocytes for kinetochore localization. (i) Section
through a mid-stage microgametocyte showing the large central nucleus (N) with axonemes
(A) present in the peripheral cytoplasm. Scale bar = 1 um. (ii) Enlargement of the enclosed
area showing the details of an intranuclear spindle with microtubules with attach kinetochores

(K) radiating from the nuclear poles (NP). Scale bar = 100nm.
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Fig. 4: Spatiotemporal profile of NDC80-GFP expression during meiotic stages in the
ookinete. (A) Live cell imaging of NDC80-GFP localization during various stages of ookinete
development from zygote to mature ookinete in the mosquito gut (100x magnification). Merge:
Hoechst (blue, DNA), GFP (green) and P28 (red, cell surface marker of activated female
gamete, zygote and ookinete stages). Scale bar = 5 ym. (B) Ultrastructural analysis of
kinetochore localization in a mature ookinete. (i) Longitudinal section through a mature
ookinete showing the apical complex with several micronemes (M) and the more posterior
nucleus (N). Scale bar = 1 um. (ii) Enlargement of the nucleus showing the location of the four

nuclear poles (arrows). Scale bar =100 nm.

-
Q
=
O
(%2}
=)
[
(0]
£
©
Q
=
Q
Q
O
(8}
<
[ ]
Q
O
[
Q2
O
wn
Q
@)
G
o
(o]
C
-
=)
O
=



Hoechst NDC80GFP

Q
=
o
N
(=}
-
[~}
Q.
(]

Fig. 5: NDC80-GFP localisation during oocyst development and sporozoite formation.
(A) Live cell imaging of NDC80-GFP in oocysts at 7, 12, 14 and 21 days post-infection (dpi)
and a sporozoite. Panels: DIC (differential interference contrast), Hoechst (blue, DNA),
NDCB80-GFP (green, GFP), Merged: Hoechst (blue, DNA) and NDC80-GFP (green, GFP)
Scale bar = 5 um. (B) Electron microscopy analysis of kinetochore location in an oocyst 12
day post-infection. (i) Central section through a mid-stage oocyst showing the early stages of
sporozoite formation (S) at the surface of the oocyst cytoplasm. Scale bar = 10 um. (ii) Detall
showing the early stage in sporozoite budding. Note the underlying nucleus (N) with the
nuclear pole and attached kinetochores (K) directed toward the budding sporozoite. R —

Rhoptry anlagen. Scale bar = 100 nm.
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hizonts

A B P. berghei product description length * =
c’gg([:)?gx @—| gene ID function (aa) |Grp| MECEO |arp| NZCEO
[: kinetochore protein NDC80
PBANKA 1115700 lcrotibule attachment 580 | 0 (29 (22| 0 (22 21
microtubule centromere 4300 | Kinetochore protein NUF2
I interaction binding EEANKA-OH microtubule attachment AG7 (10 A8 14:) 0: | 6] 16
I t | i ;
kinase At A
PBANKA_1210200 | PAE-DInGIng protein o0 [0 | o |8 |0|o|4
| Casein kinase 1
o )- PBANKA 0912100 phosphorylation 323045006
NUF2'@'( golied-60 Alba-3
PBANKA 1204400 RNA/DNA-binding 107 | 0| 5| 4 0|5
SPC25+«_coiled-coil @ Alba-2
PBANKA_1359200 RNA/DNA-binding 22|02 |5|0|0]| 4
sPo2d GEBECODNGND:  paanka rasaaco | Kirelochereprolin 025 | 216 | o0 | 2 | 5 [0 |0 |4
k + - { C BANI 442300 | conserved Plasmodium protein
N1' 400 tetramerisation 800 REANKAST unknown function 819 (02|50 |04
\
\
\
C o Apicomplexa B (¢ o o ;
picomp \\0 \\° 9 & input: P. berghei PBANKA_1442300 (SPC24 candidate) /
756 o -y S 807 5
Plasmodiidae (9) T L corene b B Xk rackalonn - eur -~ SABIIR:a:
3 !Etﬁ_‘iggi E:Ez:iEZEZEEEZEE§ bin IE
T N TELLIEELFRLKE | KDNENQLEV |
Theileriidae (5) g R i g
(Theitrie, Cytauxzoon) g el o - cccocarplefer oot
E LYEFLSSALRLTELNIDEGNANLARLS e-sKAGSEQTIWHRESSSK- -DSD--VSTCOLEWS LI E
0 FESEITSALRTTELS IDDENUNLARLS - - - EEXKNEHVIWHRLSYSLR - TAD--VSTCOFEMNI 1Q
i T i cup oo kol o g
BabeS|dae (3) ; EFLKAAL IAVLEVTPSRSTLV A'--?-L(K[DK MLIDFDS - - - -~~~ ASRDSEWRL - -
YENFLSSALRL I VIDEENDLVE | A V'-~~ANVVCEIS INRIKEPLS -DTN-- INSCONEWD ! 1Q
Nephromyces (1) 4.9"10° Hematozoa HMM vs Coccidia HMM 2.0"10°
— Input- T. gondii TGME49_212800
. 561 -—— e 651
Sarcocystldae (6) o mvnxvnnm JALVE - - - EQK SALFPQLRKVGKN; &
(e.g. Toxoplasma, Neopsora) B REKYNKVOGS LVIGALVE - - - EQQSALFPQLRKVGKN |
17} REKYNKVEGG LVFGALVP - - - EQQSALFPQLAKTTKN; i
— ] XU V00 LVIGALVB- - _£aaSAL FPRL AKTGER, DAT
Eimeriidae (9) 8 RERVSKISSSSE - -~DQRPAAAAAAAAADGR!
P (Eimeria, Cyclospora) N HEE
RECITXIS$3SITGL
Eleutheroschizon (1) il b
Gregarina (4) 3.3"107 Hematozoa + Coccidia HMM vs Eukaryotic HMM 1.3*10°8
(e.g. Monocystis, Selenidium)
. input: eukaryotic SPC24 orthologs (van Hooff et al. 2017)
Cryptosporidiidae (5) 139 =i 194
= =t )
KRKMEQNIBSESWSS I SELSLKCHEIP---PN-APHFTE SFQI QLS»ENNV»IYNAIVM[I-
KRKMEQNISSISWSS | SELSLKGHE | PHFTESFQLQLS-ENNT - | TNAL v(.acn-
. KTTT] RVMLROMDSEVVSAAFQ! GNSSELWEMRYE-GED--VGSVCAL VSKIE
Chl’OmpOde"lda (7) © TVAT cl4««.-&mmssnmcsn ~EDP - - VKTAETLWQE | -
sl (eg ch’ome’a Plfldlum) 6'0 = KQTENLCL RI;S'LEQYDDTVYCAII —(EPQN:NP“E RFD-ENP- —VDRMENIV
g. ; 88 < : r LS VR RVRRVK GOEKLFOTWAK- e SOKDFERRE SRS E0G- - FERFOSNNCKLE
e ao - RMELLQWS LCYHWQS SGSKNQSCMELP - - - - - - KGKKPQPISI;DCD-RAFv-tEKAlYl,!AK~-
unclassified (2) < E E KUNVEK VIR 1 EWKG LKDGTAH LMRKKe g | TSALTHLVRPEELKG - -DSE - - FDQVND) -
(Digyalum, Platyproteum) 235 susi I::vtf" X .3’:;‘35;31:2!liE;‘.‘&tSﬂ?E‘E?Li:;EiEZ'&:&Z?SZié:!ﬁé;gtiﬁ
L IASVIENY 1 PO 1DDPSK I SCYMVD- -~~~ REKRLIEKFQEETN-KMTa-YETCNSAWS | IN
H H H v»TlVIF!{IDDS KTSCYP‘M-ICRDKII.M-»--:?l_(lff‘F?SNKSYSVY-ETCNERICEh{tIx::
Eukaryotes (12) LLVERR SR YHDADH- - 2@‘3:{35&1:.”;""” RLSQK_NDS-GED- MCIWDLLD
¥ 243 ALTEEKSIAP TS SANQNQ! SGMEAYG - -~ TIDSTCFFSENMD- - - - - - DLTQNQNDLEWSK 1D
(e.g. human, fungi, plants) VAQLYHQVSK I EWD -~ YEEPVKG | HHGP - -~ -~ SV~ - AQPAHDS- TQL SRKF | SBY LWS LVD
....... KLKEMR SLGVE-LDL--ED--QVLINRK LLD-NNLSDFYKTKYIWERLG
; average longest predicted structural s a-helix
n r of it r taxon
{ (N) number of species per taxo ORF length O ortholog not detected elements RWD sy B-strand
)

Fig. 6: The NDC80 complex is conserved in Plasmodium spp. and most Apicomplexa

(A) Domain composition of the four subunits of the NDC80 complex tetramer as commonly

found in model eukaryotes. N and C denote the amino and carboxy termini of the proteins.

Numbers indicate the length in amino acids. (B) List of candidate proteins identified by mass

spectrometry analysis of anti-GFP immunoprecipitants from lysates of WT-GFP and NDC80-

GFP schizonts (after 8 hr in culture) and gametocytes (activated for 1 min) (see Fig. S5).

Numbers are the total number of peptides identified for each protein. We identify the previously
unannotated PBANKA_1442300 gene as coding for a candidate SPC24 ortholog in P. berghei
(see panel C). Colours correspond to panel A and indicate each of the four subunits of NDC80
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complex. (C) On the left: presence/absence matrix of NDC80 complex subunits in a large set
of (newly sequenced) apicomplexan parasites, various Apicomplexa-affiliated lineages
(outgroup e.g. chrompodellids) and a subset of eukaryotes. (see Table S4 for
presence/absence table, and Sequence File S1 for sequences of NDC80 complex orthologs).
Numbers indicate the average length of the orthologs in each collapsed clade represented in
the phylogenetic tree. Note the consistently longer orthologs in Sarcocystidae (including T.
gondii) and the expanded SPC24 ortholog in Plasmodiidae. On the right: workflow for the
discovery of SPC24 candidate orthologs in Hematozoa and Coccidia. Alignments represent
RWD domains of putative SPC24 orthologs found using seed sequences (top: e.g.
TGME49_212800). See Fig. S6 for full alignments of RWD domains. The panels represent
Hidden Markov Models (HMMs) of SPC24-like RWD domains, which were found to be
significantly similar (see E-values) using HMM-vs-HMM search algorithm HHsearch (see
methods).
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Fig. $1
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Fig. S1: Generation and genotype analysis of NDC80-GFP/mCherry parasite lines. (A) Schematic
representation of the endogenous Ndc80, the GFP/mCherry-tagging construct and the recombined Ndc80
locus following single homologous recombination. Arrows 1, 2 and 3 indicate the position of PCR primers
used to confirm successful integration of the construct. (B) Diagnostic PCR of NDC80-GFP and WT-GFP
parasites using primers IntT259 (NDC80, Arrow 1) and 0l492 (for GFP line)/mCherry (for mCherry) (Arrow
3). IntT259 and T2592 (NDC80, Arrow 2) primers were used as control. Integration of the NDC80 tagging
construct gives a band of 1269bp (GFP line) and 1335bp (mCherry line) for NDC80 parasite line. For controls,
both WT and NDC80 tagged constructs gave a band size of 1153 bp. (C) Western blot of NDC80-GFP (96
kDa) and WT-GFP (29kDa) protein to illustrate the presence of intact NDC80-GFP in schizont stage extracts.
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Fig. S2: Expression and location of NDC80-mCherry in asexual blood stages. Fluorescence was
detected by live cell imaging. DIC: Differential interference contrast; Hoechst: blue, DNA; mCherry: red,
NDCB80-mCherry; Merge: Hoechst and mCherry fluorescence. Arrow shows doublets and arrow head
shows singlet of Ndc80-mCherry. Scale bar = 5pum.
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Fig. S3: Localization of Plasmodium NDCB80-GFP during schizogony in blood and liver stages.
Different views of three-dimensional super-resolution NDC80-GFP images during (A) early stage schizont,
(B) middle stage schizont, (C) late stage schizont during blood stage schizogony ; Scale of the grid is 0.5
pm, (D) Expression of the protein was detected in liver schizonts by live cell imaging. Merge = DAPI and
GFP. Scale bar =5 pm.

[
i)
)

©

£
fas
L
£

b

(]
i)

C

(O]

S
Q

o

o

=}
(9]

.

(O]

(8]

[
Q0

O
(9]
©
©)
G

o
©

C

fu

=}

(e}
S



J. Cell Sci.: doi:10.1242/jcs.245753: Supplementary information

Fig. S4
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Fig. S4: NDCB80 is not expressed in female gametocytes and gametes but shows centromeric location
in male gametocytes. (A) Non-activated and activated gametocytes and gametes were examined by live
cell imaging (100x magnification). DIC: differential interference contrast; Hoechst (blue, DNA); NDC80-GFP
(green, GFP); P28 (red, cell surface marker of activated female gamete); Merge: Hoechst (blue, DNA),
GFP (green) and P28 (red). (B) Male gametocytes treated with taxol (tubulin depolymerisation inhibitor) at
1 min post activation showing location of NDC80. DMSO was used as control. (C) The location of NDC80
(red) in relation to SMC4 (green), a kinetochore marker, in schizont and male gametocyte. (D) The location
of NDCB80 (green) in relation to kinesin-8B (red), an axonemal marker, in male gametocytes at 1 min- and 6
min- post activation. Scale bar = 5 um. (E) Centromeric localization confirm by ChIP-seq analysis of NDC80-
GFP profiles for all 14 chromosomes in gametocyte stage. Signals are plotted on a normalized read per
million (RPM) basis.
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Fig. S5
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Fig. S5. Covariance, and correlation analysis of proteins detected in GFP pulldown experiments
(WT vs. NDC80). (A) principal component analysis of natural log-transformed peptide counts of identified
proteins in all NDC80-GFP pulldown experiments (schizonts and gametocytes) reported in this study
(Table S2), excluding ribosomal proteins (often found as background hits). Subunits of the NDC80
complex are specifically highlighted, and colours correspond to those in Figure 6. Percentages indicate the
variance explained by each component (PC1: 36%, PC2: 43.1, adding up to a total of 79.1%). Candidate
proteins that show similar behaviour in different pulldown experiments are specifically annotated. Grey
represents candidates that function in transcription and/or are known to interact with (m)RNA. (B) Plot of
Spearman rank correlation of NDC80 (y-axis) and SPC25 (x-axis) with all proteins identified across control
and NDC80-GFP pulldown experiments. Candidates were selected based on R>0.7 for both SPC25 and
NDC80. NDC80 complex subunits are specifically highlighted, and colours are similar to panel B. (C) Table
showing peptide count values in both control and NDC80-GFP pulldown experiments for candidates

selected from the analyses in panel A and B.
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Plasmodium_berghei/719-819 KKAQYKIDKLQEYTDAIKLKTMA| SKKNMKRT¥LLIEELF -K-NTETN R &
Plasmodium_chabaudichabaudi/717-817 KKAQYKIDKLQEYTDAIKLKTMA | SKKNMKRTNMLLIEELF -K-NTETN R -
Plasmodium_falciparum3D7/1015-1115 NKVQYKIDKLQEYTNAVKLKTMVMSKRYKKTFLLIEELF - K-NTETD R 4
Plasmodium_gallinaceum/718-818 KKAQYKIDKLQEYTEAIKLKTLAI SKRYKKTFLLIEELF - K-NTETD! R -
m_knowlesi/796-896 KKAEYK! EKLQEYTDAVKLKTIA|I SERYKKTFLLIEELF - K- NTKTN K -
m_malariae/964-1064 KKIEYKIQK TDAVKLKTLATSRRY¥KKTFLLIEELF -K-NTNTN R -
m_ovale_curtisi/801-901 KKAQYKIDKLQEYTNVIKMKTMA | AEK¥KKCFSMIENFF -K-NTETN R %
Plasmodium_vivax/823-923 KKAEYK! EKLQEYTDAVKMKTLA| SER¥KKTFELLIEELF - K- NTKTN K -
m_yoelii/722-822 KKAQYKIDKLQEYTDAIKLKTMA | SKKMKRT¥MLLIEELF -K-NTETN R -
_annulata/151-272 KKLKCQIDILEBK|I STNKFNSNQI SYYNKLYNME SAL SK- KENEQ RES .
_equi/144-261 RALKCKLDELEGKLSFEKTTSPDSE | KEIRLFNYS SAL - ESEKNEH RLS -
_orientalis/145-262 KNLKCRID I LQEKMD SYUNHN STQHKERNRL LYEFLSSAL SK- AGSEQEWHRF S 5
parva/139-262 KKLKCQIDILEBK|STNKFNSNQI SYYNKLYME SAL SK- KENEQ RES .
igemina/155-293 RGLEHKLQTLD <m_AO-r>_ RDD | VKRDKLL¥E SSLN SE-DRTTQ cmy &
Babesia_bovis/141-255 EESSRHQEKL IATIEKASDADAEERDRLLME SSLN PE-DRSTQ LVT -
Babesia_microti/141-225 -m.n KHEYKLAKQK | FEEQQEN | 1K1 mI-_»_s_n E KAALKIAVLE-----------------VTP- SR--STLVIAP- - --- LEKEDKWML I D -
Cytauxzoon_felis/140-233 EELKVKLNLENDE LALNELNNNNLKRR¥RLYN¥N SSALBNIMID-----------------EEN-DL-NME|ALVE- - - - - NYVGD RIK -

Toxoplasma_gondii_ME49/530-671 KKESSSKEKSLQAL - E-QKSAL “o_.wx ---QQ! IKHGEGDEEDML
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Fig. S6 Full-length alignment of RWD domains of different SPC24 candidate orthologs shown in Fig.
6C. RWD domain alignment of SPC24 candidate orthologs from our sequence database. Secondary
structure of the three groups of orthologs (see Fig. 6C) is based on the HHsearch algorithm. Colours and

conservation metric are based on the Clustal scheme as implemented in Jalview (Waterhouse et al., 2009).
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B supp-4.avi

Movie 1. Three-dimensional visualization (3D rendered SIM Structured lllumination) of NDC80-GFP with
respect to DAPI-stained nuclear DNA during early (SV1), middle (SV2) and late (SV3) stages of

schizogony showing asynchronous division. Scale of the grid is 0.5 um. See also Fig S3A, B and C.

Movie 2. Three-dimensional visualization (3D rendered SIM Structured Illumination) of NDC80-GFP with
respect to DAPI-stained nuclear DNA during early (SV1), middle (SV2) and late (SV3) stages of schizogony
showing asynchronous division. Scale of the grid is 0.5 um. See also Fig S3A, B and C.

B supp-6.av

Movie 3. Three-dimensional visualization (3D rendered SIM Structured Illumination) of NDC80-GFP with
respect to DAPI-stained nuclear DNA during early (SV1), middle (SV2) and late (SV3) stages of schizogony

showing asynchronous division. Scale of the grid is 0.5 um. See also Fig S3A, B and C.
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J. Cell Sci.: doi:10.1242/jcs.245753: Supplementary information

supp-7 {Converted). mov

Movie 4. Time lapse video showing dynamics of NDC80-GFP during gametogenesis over 0 to 90 seconds

after activation. Scale bar =5 um. See also Fig. 2B.

supp-8 (Converted).mov

| 2

D0:00 -00:26

Movie 5. Time lapse video showing dynamics of NDC80-GFP during gametogenesis over 90 to 180

seconds after activation. Scale bar = 5 um. See also Fig. 2C.
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Table S1: Primers used in this study.

Name Sequence (5’ to 3’) Notes
T2591 CCCCGGTACCGCGAATTCTAATAATAGGTTTAATC .Kggl ,S.;iﬂe )
T2502  |CCCCGGGCCCTTCAGTTACACTTTGATGTAAATTTTTATATAATTCARAI Site
INtT259  |GATCTGGAAGAATCAATCAGAAAGAC S
01492 ACGCTGAACTTGTGGCCG For GFP line
mCherry [TTCAGCTTGGCGGTCTGGGT For mCherry

Lin
e

Table S2: List of main protein hits identified by mass spectrometry in the NDC80-GFP immunoprecipitation
experiments. The two last columns represent Spearman rank correlation values of a particular gene product
with NDC80 and SPC25 (see also Fig. S5). Colour coding corresponds with Fig. 6 and Fig. S5. (separate

excel sheet)

Click here to Download Table S2

Table S3: Sources of genomes and transcripts of the sequence database used for sequence similarity

searches including hyperlinks and/or reference to papers. (separate excel sheet).

Click here to Download Table S3

Table S4: Presence/absence table of the NDC80 complex (NDC80, NUF2, SPC25, SPC24). Absences are

denoted by ‘-’ and presences by the length of the ortholog. (separate excel sheet)

Click here to Download Table S4

Supplementary Sequences:

Sequence File S1: (candidate) orthologs of (including length per sequence in the FASTA headers):
PbNDC80 (PBANKA 1115700), PbNUF2 (PBANKA 0414300), PbSPC25 (PBANKA 1358800), PbSPC24
(PBANKA _1442300).
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Supplementary Sequence File 1 (File S1)

>SPC25 Plasmodium_berghei (PBANKA 1358800) [216]
MEELLDSSEVKKTLQLQLNKITDNNEEQYNDLISYIEQEKKQIEIMKNKTREKKKSINRITYEIEANTVLVTELK
ESALEEEKKLDEYPKLIDEVNYQLNLIFKNFDASKQEYKTVKLHRDHIQNEWTKKLETLYNLLGFEILEDNKIII
EFSNIQISDPKKKYRASITLHDGMYEAVETIPRINKFEDYVNGLNRGLPFTTFCCLLRKSFKELQ

>SPC25 Plasmodium_chabaudi_chabaudi [216]
MEELIDSSEVKKTLQLQLNKITDNNEKQYNDLISYIEQEKKQIEIMKNKTREKKKSINRITYEIEANTVLVTELK
ESALEEEKKLDEYPKLIDEVNYQLNLIFKNFDASKQEYKTVKLHRDHIQNEWTKKLETLYNLLGFEILEDNKIII
EFSNIQIADPKKKYRASITLHDGMYEAVETIPRINKFEDYVNGLNRGLPFTTFCCLLRKSFKELQ

>SPC25 Plasmodium_falciparum3D7 [216]
MEDILDNIEIKNSLQKQINEVMDENEKQYNEIKAYIENEKKQIEIMKNKTKEKKISINRLNHEIEANTVLVTELKE
SVMEEEKKLEEYPKLISEINNKLNLILKNFDSSKLEYNTVKLHKDYIQGEWKKKLETLYKLLGFEIILEDDKIVIE
FSNIQDSEPQKKYRATLVLKNGIYEVIETNPRINKFEDFVDSLNKGLPFTTFCCLLRRSFKELK
>SPC25_Plasmodium_gallinaceum [216]
MENMLDNNEIKNSLQQQLNQIVGDQEKQYNEIKSYIENEKKQIEIMKNKTKEKKMSINRINHEIEANTVLVAE
LKESVLEEEKKLEEYPKLIDEINNKLNLILKNFDSSKLEYKTVKLHKDYIQNEWKKKLETLYNLLGFEILEDDKI
LIEFSNIQESEPHKKYRATVALNNGSYEAVDTTPRINNFEDFVDNLNKGLPFTTFCCLLRRSFKELK
>SPC25_Plasmodium_knowlesi [216]
MEDVINNSDVKRAMQQQLNQMVEENEKQYNDLISYIENEKKQIEIMKNKTREKKSSINRITHEIEANTVLVTE
LKESVMEEEKKLDEYPKLIEEINEQLNLILKNFDSSKLEYNTVKLHKEYIQNEWKRKLGTLYNLLGFEIILQDD
KIVIEFSNIQPGDPQKKYRATVALHNGTYEAIETAPRLNKFDDYVNGLNKGLPFTTFCCLLRKSFKELK
>SPC25_ Plasmodium_malariae [216]
MEDVLDNNKIKESLQQQINQIVEDNEKQYNELISYIENEKKQIEILKNKTKEKKISINRITHEIEANTVLVTELKE
SVMEEEKKLDEFPKLIDEINERLNLILKNFDSSKLEYNTVKLHKDYIESEWKKKLETLYNLLGFEIILQDDKIVIE
FYNIQMSDPQKKYRATVTLHNGTYEAIETAPRLNKFEDYVNSLNKGMPFTTFCCLLRKSFKELK

>SPC25 Plasmodium_ovale_curtisi [211]
MENTLDNGEIKKTLQLQINHIVEDNEKQYNDIISYIENEKRQIEIIKNKTKEKKMSINRITHEIEANTVLVTELKE
SVLEEEKKLDEYPKLIDEINDKLNMIFKNLDASKLEYKTVKLHKDYIENEWKRKLETLYNLLGFEMILEDGKIII
EFSNIQASDPQKRYRAVVALHNGIYEAIQTIPRINKFEDYVNSMNRGLPFTTFCCLLRKF

>SPC25 Plasmodium_vivax [216]
MEEVINNNEVKRALQQQLNQMVEENEKQYNDLIAYIENEKKQIEIMKNKTREKKSSINRITHEIEANTVLVTEL
KESVMEEEKKLDEYPKLIEEINEQLNLILKNFDSSKLEYNTVKLHKDYIQNEWKRKLSTLYNLLGFEILQDDKI
AIEFSNIQPGDPQKKYRATVALHNGTYEAIETAPRLNKFDDYVNGLNKGLPFTTFCCLLRKSFKELK
>SPC25_Plasmodium_yoelii [216]
MEELLDSSEVKKTLQLQLNKITDNNEKQYNDLISYIEQEKKQIEIMKNKTREKKKSINRINYEIEANTVLVTELK
ESALEEEKKLDEYPKLIDEVNYQLNLIFKNFDASKQEYKTVKLHRDHIQNEWTKKLETLYNLLGFEILEDNKIII
EFSNIQISDPKKKYRASITLHDGMYEAVETIPRINKFEDYVNGLNRGLPFTTFCCLLRKSFKELQ
>SPC25_Babesia_microti [244]
MDDLQLTPIDELEGYKSDDDTSRYQFSEQPTDTERVDFLSIKDRIDKVFDSFSREIDHQKEIFDELVRKATFE
IEQIKESKINILKEIDELRNKCKHVTNDIETIEGLLDRWNGLDNARRETERAKNLVHDLQKNRTLLITQHKETLT
ELOQNIGSKIPQNERLHALELALGIEMSCRDGCIVIKFSQIGTNDPYFSFKIENNRYIGVVCEPLLSDFFSLIDSL
NNGMTFSQVCLKFINKWSTRH

>SPC25_ Babesia_bigemina [164]
MSRVTQICCRAELESVEYCNTELQVTAPVLRTNLDDTKRIIESYNRKQKHLINLYNRRREDVNHMLRETRCN
YWASNLQCLNTLLGFTLCSEGDTLVVTFTHLGASNPTKLAFVTLSANKGIFEGISCVPMIRQFNALTSQVNE
GVAFGLFVCNIRKEFKASFP

>SPC25_Theileria_annulata [259]
MAIHNSPVDNDNNYVISDIFGSNSLKSDGMISLFPSDSKFKFDHLYLNQIDQNKIKETVQKQKNDFLNKLSSV
SKINRSLKSNIDELSQSTSTILREIQINDISFNSISDDVSNVYKQIEDSKNLLNDLRTEKSQLKSLLSSKTEEYE
SYFKNTNLKDIWSSKVTYLELLLGIKISSLSYTLTFLLILDGSMKISFSRLIGSNPYTICMIILKLEDERFIGISSDP
PIKDFSKLVSELNNGLDFGSFLCLVRKSFKMVL

>SPC25_Theileria_equi [273]
MVNCGLTPVGGIDITEDQSQSCSYPDILRGKVPTSASLLPDGSAKDRIDLLENIKLASIECQSVYDRENELTS
EFESTIANILDKKALLQSHIQDVRDSLNSVRHQIQANDIAHSEINDDTNFATEIEATKQRLGELRNEKAKLKVQ
VEKKAKGKWSLVGITFAELEDFRNTISKNEWFFKFYHFEKVLGLGINSENGALKITFSNLGQQNPDKMCY1V
LKVFEDQYSGLYCEPQLSEFDAIVSELNSGLDIGLFLCRVRQLFKISCNILNET
>SPC25_Theileria_orientalis [231]
MNEGYSLNTDFDAVLNLKNINLQQFDFNKALDGIRKLNDKHTNDLITTLDKKNTLQSTIKDLTESTSKVLRED
TNEFVEIQINQISFNIINNDVTDVYNKIEESKDTLYGLRTEKARLENLLATKTDEYESCLRQKMLQDVWSLKLS
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YLQLLLGITISNEDGSMKISFSRLSNSNPYRSCYIVLKLTDDKFTGISCEPKLKNYSKYVSDLNNGLDFGSFLC
LVRQSFKTTL
>SPC25 Theileria_parva [219]
MENEPMSVDNDKKHSNTELFGSSSLMSEDLLSFVPSESMFKFNRLNLNQIDQNKVKETLQNQKDDFLNKM
SSVTKINRSLKSTIDELSHSTSSILKEIQINDISFNSISDDVSNVYKQIEDSKNLLNDLRTEKSHLKSILSSKSED
GSMKISFSRLISSDPYKNCTIILKLEDERFTGISSDPPIKDFSRLVNELNNGLDFGDVYHRYLGIQAFSFIWN
>SPC25_Cytauxzoon_felis [264]
MNPSDLDAKGIDNRHLDTRILLKFINNKDDYIKSIKLNDSNFNNLRSNVQILKDKYQHLIATTLEKNNNVKAEIE
NIRDLTNDLKKEFETNDIAKEELSDNLGDFTAEIDELKNKLYVLRQDRTYIQSLIDKKTQELESNHEAVDVYQ
KKLLQLEKVLGLKFINEDGSLKMIFTNLSITDPHKKCSFTIKLTNDRYTGINCDPPIKQFDSLICDLNNRLEFGL
FLCYMRKAFKNSLIDFPHYVVCLSGFMRQMIFFNEEYDPFH
>SPC25 Nephromyces [248]
FYSFIIYALIFSLIINIYTMDSNDLPSIFEKLEKDIINYDEYRINDSNEQIKNTQERISMTIERIKILEENIKEIEEESK
SNELLLLETVDFEKEIDALLKKYPTEIKELELERDKEKSKLDALRKEYKAIDEQHKHTLDDWKKRLELFSVAL
GLEVFSETNEDGLAFQRVVFHHINPQNANQQFYFSFGINKNLYFAVDCQPHISIYKELIDYVNTKKLNMGGL
LCIMRQKFKEIYSNVNNYSEAI
>SPC25 Toxoplasma_gondii ME49 (TGME49 232430)[432]
MDGNDFRSASSDACSADLRNDLSSVHTPERGTLQTGARAATSLSHERQASPKPVSSYRRETPLKAASPLR
REPCAKCHQLQQLKETASMLFDTLERDSSRSMASDRHRLQETMEQLQPKADAIRKLVEEAEEMREHARD
CRRKRQQNLHLIERLKEEDKAIDNELQELPAKLQSLDVFREEERASLEAARAEYRLVQKQNEYALLAWEEKI
RVYEKALGIRIHQDDAGGPTIIRFSGLFPGASKRSVAPGEESVQEENADKGECFFAFQLDAHGAVSDAHCW
PPVDIFEDVMEAFGRAEISLPIVVACMRRSFKEWRKPCVAPTAQSRLPMRREPALRGVVDKQKDNPAFSD
DRPVTKAVSSSQRGATPPERTWQTGSYVAGNDRQVTAFTGARVQKQPEARKMKDAADRTSLFVFGSGN
KEFETVQRRWOQN
>SPC25_Hammondia_hammondi [432]
MDGNDFRSVSSDACSADLRNDPSSVHTPQRGMLQTGARAATSRSHERQASPKAVSSHRRETPLKAASP
WRREPCAKCHQLQQLKETACMMFDTLERDSSRSMASDRHRLRETMEQLQPKADAIRKLVEEAEEMREHA
RDCRRKRQQNLHLIERLKEEDKAIDNELQELPAKLQSLDVFREEERASLEAARAEYRLVQKQKEYALLAWE
EKIRVYEKALGIRIHQDDAGGPTIIRFSGLFPGASKRSVAPGEESFQEENADKGECFFAFQLDAHGAVSDAH
CWPPVDIFEDVMEAFGRAEISLPIVVACMRRSFKEWRKPCDAPTAQSRLPMRRQPALSGVVDKRKDSPAF
SNEHPVTKAVSSSQRGATPPERTRQADSYVAGNDRQVTAFTGARVHKQPEARKMKDAAARMSLFVFESS
NKGFETVQRAWQN
>SPC25 Neospora_caninum [247]
MEQLQPKAEYRLVQKQREHALFAWEEKIRVYEKALGIRIQQDDAGGPTIVRFSGVLPAASKGSAAPEEEKS
FQEDGMNTGECFFAFRLDAHGAVSDAQCWPPVEIFEDVMEAFGRAEISLPIVVACMRRSFKEWRKLCDTP
HSGPSMRRQPLLSGGIDTREGVHAFSSERHFSKAMASHRVTPPEGNRHADPCSHVAGNKHVPAFSGARV
QNQQEGWTMKDVSDRTSLFVFGANNTEFETVQRRWQN
>SPC25_ Besnoitia_besnoiti [466]
MAGNESADDASSCSSDFCNDPSSPVRTPQRHLHPTDAKMHAGLSHERGSPVATASYSRREFPSEGSLQR
KEQRGVRCHQLQLMRDTASALFQTLGRDVTRCINSDAQRLAETVEQLQPKADAIRKLVEEAEEMRENARG
FARKRQQONLHLIERLKEEDKAIDKELQELPEKLHSLDAFREEERASLEAARAEYRLVQKQREHALLAWEEKI
RVYEKALGIRIHQDDAGGPTLIRFPGLLPELSRRDASYGEDRGADQETSHDECFFAFQLDEQGAVSDSHC
WPPVESYDDIMEAFSREEISLPIVVACMRRSFKEWRRPRQIIPSRSRPGTRRKPPFADELPRGRENVLANE
EPFRRGVPTQRLEPQAGNRDAADSAAHASRKQEHSAASFESRTQEKHGEPWKLKERADRGDLFVFGSS
HREFEGDQRRGEKQPGGHPEPKGKEGNGHTPEGALYEARAAGSQFF
>SPC25_Cystoisospora_suis [529]
MHTAVNTVANEDERSPQTCPGASRSALLSPSTAKSFTASTPQRGAVRNGLHAQSETPSRLSTVGVAGPLA
AQDASVLLQQONPHQPFETRSKSASGSASKRLSEMRQAAARLRSSLEKDTTRCIDSDRQRLYETLEQLQPE
ADLIKKLVEETHDMKDQSRLFASKRQQNLHLIERLKEEDKAIDEELKILPEKLGSLVAYGNQEKAALEAIRNE
YRLVQKQRDHALHSWEEKIRIYEKTLGIRICQQGGAGGPTTIKFYGIMHGAAKTSRPGPESQENACCEPLD
AGQASSGSQYSSERCTCFFEFSLNEAGMVTGARCSPPVERFDALMEAFGQGEISLPVVVACMRRNFKDL
QRQQEKSLRSHHTPAGFPDSSAAEALRARRQLQQSQLGVSAFSRGTGHAPIESVGVVRGLAASKAQSRQ
VAGDSAMASRSEEKGKGQGKGTSRPSLFVFGSSTNESEARLPVPQEGDEEAPIDVDDEDSWENTPHECS
SCVREQLNISCVVEGAGFVRKLQTRDGRSALHRGNKPG
>SPC25_ Sarcocystis_neurona [832]
MKPSTDPHPPAGPPASPPASAAQGTFVCVSRATGPEAVTPSRRPAASAGAAAATPGHAVQIAARTPPPAA
DAAAVRGTATDVSAAGGGTAATHEGRVSSEQQPLPSYPAYAAAEAHAAAVPPCGPAPSRDVAAAGDFGT
TAVGSSLDGAAASASALNTAATHAPGAEQASEEEEREDGKAAGSQPLHVFAAQRGSLHQQKQQAHESDL
QWNQQQQQPVQQNPPNRNRQQHLPQWRQRDEEEEEEENEYRVMMRQQLSDNEVWQNHDDRRASLA
TQVHDKSPLRGLPQQHAEARRQRYSPRRLAATAETATASTARVASSRASAAEAAVYFAAARPAEAAEPPA
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GHVELAAGAHAAAAAEAQSAENAALTTRDTVTAKPTEPEAAAPSAAAVTAGGGGKGKEAVDLLQQQARQ

MLEVLRSDTRGCTYAESKRLDASLAQLQPEAEAIQKMAEEVRRMHQHSLELKAKTENNLLLIERLKEEDKA
FDEELDVLPQKLQSLSEYKATGEDELRALRREYQLVSRQGEHALQAWEKKLKIYQHALGLRLQQSEEGGP
TLVEFVDLQPLLAEDERQQLGQPAQQHTQQQDNVLKQQEEKQRGKKCCCFSFRLAEGGRLAEAWSFPTI
EMYGELARGFAAGRISLAFFVAAMRRQFKRLLEQDQKQRHQHQQQRQWHLQQQEQEQQLQQTWQHQR
RHEHQQQFPRRGKGSGEQAGTVPPAGAAAPVKANFSASVPLRERWRYNPQQQQQEPPVGSERFQQKH
HLLOQRRPQEQTRQLQHTPRLQQQQGRQQQLQCGDQQQPWQQQQQQLRGPNRSPDKTRVRPAAASLLT
LGDAAAA

>SPC25 Eimeria_mitis [244]
MLAEGGLQGPHPANLQQQQQQQQQLQQQLQQQQQLLQQQLQHQLMLQRQAQTSGASEPSQPPQMLS
SDITADSSSSSSSSSKRYSSGADAALYDSSSSSSSSSSSSSSKRCSSGADAAPYGAAASTAADAAAPRSS
SSSSSSSSSNIVALGAAMLQRLQADSDAAARGARRRAEEFATFIDEQIAELEQLATESARLQAEVEELNAIF
MCVQRRSETCRKCRCYWRRTRLLTPSWRGLQQQRRK

>SPC25_Eimeria_necatrix [287]
MDGVAELEGQQPMQLQQQQQLQQQKQQQQPQKQKLQQLQRRAWPSGTNGPKASACRLSNGSSSSSS
SSSAAAAPFAAASSTAADSAAFCSNDSSSSSSSSKIAALGAAMLQQLEDDCEAAARGARQRAEEFATFIDD
QIAELEQLAMESAQLQAEVEELNAKTEQNLREVQVLLEEDKARAVDAELARVAAAKEKVELRLQAAQRKLE
ATRKEFAVVSSQDAHSRKEWRARVDAYSFTHALKIYQPAGERFTRICFMNLDKALPALECFVDISFQQQTC
HALCLAGS

>SPC25 Eimeria_acervulina [355]
MLAEVGLPGPHTTHLQQKQHQLQQLLQQQQQQQQQQQLLLQRQGQVSGACEPSQPAFTLPADISADSS
SRRNSNSNSSSNSSADAAPYGAASSTASDAAAFPSSSSSSSIAALGAAMLQRLQADCDAAARGARIRAEE
FATFIDEQIAELEQLATESARLQAEVEELNAKTERNMQEVQVLLEEDKAVDAELERVATAKKKVEMRLQAA
QRKLKATRKGASFTRICFLYLCKELPSLIAFLDISFQQQNCQVVGAWPECPLSELSELYEEGRISFAALLSYS
RLLFMRQFRLMSHAEKLIALHQQQREAAQQLPQQQQQQQQQQQQQALTSNETLNPQHAQQLLLSEEEEN
PYIV

>SPC25 Eimeria_brunetti [440]
MLAEVGPQGPHPLHLQQQQQQQQLQQLQQLQQPQQQQMLLQQMQRQPQLSITCCPSKLSYRRSVDIAA
DSSSSSSSSSSNNSAEAAPYGVASSTAAAAAAFDSSSSSSSSTIAALGSEMLQLLQADCEAAARGARIRAD
EFAAFIDEQISELEQLATESARLQAEVEELNAKTERNLQEVQVLLEEDKAVDAELERIAAAKRKVELRLQAAQ
RKLEATRKEFGIVSSQGLHARSEWQAKIDAYKFTHGIKIMHLPGWY SSSSSSKSSSSSSKSSSSSSKSSSS
SSSSSKGAGESFTRICFLYLYKALPSLEAYVDISFQQQTCRVVGAWPECGLSELCELYEEKRITFSAFLSFS
RLLFKNKLNTLNHTQKLVALHQQQRLQRQIQQQQQQKQQQQQQHLLQIQQTQHLQQQVQQRLQQLQQQQ
QQQQVQQLLADDDIPPG

>SPC25_Eimeria_falciformis [343]
MLRSPLRPDVQQRQQQQQQQQQTVQQRPHNRRLSGPYQSPSRAPRLSGAAANKSHTETIPCAAASPSP
AKACSSSSSSSGGLSITAIGREMLQLLEGDCQEAARGAKQRADEFAKFIDEQIAELEELATESAALQAEVED
LNAKTQQNLQEVEMLLEEDKAVDADLARVAAAKEKVELRFEAAQRKLQATRSEYTLVARQAEHACRAWRA
RVDLFKFTHGIRIQQLTGQSATRICFLGLYKELPELECFLDVSLESDSCRVVGAWPETPLSELADLYAEGRA
SFAALLAHARLLFKCQLTKMSHTEKLVSLHKQQRCRAEETKQLERQQMLLQKEKEALVWDV
>SPC25_Eimeria_maxima [256]
MLAEVGLQGPHTLHLQQKQQQQQQQQQMLLLQRQGQAASAGDISLPSCRRLSAAMHADSSNSSSSSNK
KTRCRLSADAAPYGAASSTIADAAALRSSSSSSSSSSSTIAALGAAMMQRLQTDCDAAARGARLRAEEFAT
FIDDQISELEQLATESARLQAEIEDLNAKTEKNMQEVQMLLEEDKAVDAELERVAAAKKKVELRLQSAQRKL
QATRKGESFTRICFLYLCKEFPSLEAFIDISFQQQNCQGIFIIRV

>SPC25_ Eimeria_praecox [221]
MLQRLQADGEAAARGARLRAEEFAAFIDEQISELEQLATESARLQAEVKELNAKTERNLQEVQVLLEEDKA
VDAELERVAAAKKKVELRLQAAERKLQAARQGAGGEAASGAATGTVETDAAAATTAAIERAAAATTTAAVE
TEREAEAAAAAIERAAAAAAAIERAAAAAKGTSEECSDAAVECICTSNLGGVFHSYMFSESVRRTSSPRSLL
RYLLSTT

>SPC25_Eimeria_tenella [287]
MDAVAELEGQQPLQLQQQQQLQQQKQQQQPQKQKLQQLQRRAWPSGTNGPKAGACRLSNGSNSSSSS
SAAAAPFAAASSTAADSAAFCSNDSSSSSNSSSSSRIAALGAAMLQQLEDDCEAAARGARQRAEEFATFID
DQIAELEQLAMESAQLQAEVEELNAKTEQNLREVQVLLEEDKAVDAELARVAAAKEKVELRLQAAHRKLEA
TRKEFAVVSSQDAHARKEWRARVDAYRFTHALKIYQPAGERFTRICFMSLYKALPALECFVDISFQQQTCH
VLCLAGG

>SPC25_Cyclospora_cayetanensis [572]
MMVPLCFSELQGAHNAQARRPEASAKELQAGTPPSTTRIRAPVRGPRPQLLTFLDQLRRTFSSNKCRRKV
LQIRYYQNKKGEAASLPMARVLPSSIHRSYQESPLTRFPLARPLGATMYTSVPSRGIPLPQQTSHPTQLHQ
RKARSSAAYGVSCLSPKGFAAAPPVGSACHINGGTSCCATAAASTAADGAAAHIGGNSITTVGGAMLKRLE
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ADCERASRGTRQRAEEFAKFIDRQMAELEELATESARLQAEVKELNTKTEQNLQEVEALLEEDKASCPQF
MVVSRQDLHARKEWRSRVDAYKFTHGIRIHQQRGKPFTRICFLGLYKELAQLECHLDVSLEDQSCQEPTG
SHKGLSGAASDLIAVSEADIQCIHDPKNASPPYAPAFLVSDCMYLDLEFALALVRGSTLILSLDSMLSFSRLC
LHLILAKPLLPPLCPRNPHLAAAAPVSSATAAHDCIAIPLPFWDVPVMYSLARVLFDLFFLCDSVVGAWPEAP
LSELCALYAEGRVSFTALVSHSRLIFKAQLTRMSHAQKLVALHEQQRQRQAEEKQEEAHKLQHQIHTGPLL
SDD
>SPC25_Eleutheroschizon_duboscqi [257]
MAAADVSAAADHVAATVLARTPPTPVDQLAPRCQGLYDALKQDTELLLDGDQTRLTGTQQKLLKAIAQIRE
VKLATQTNLTKASELSERTRENKRTVKQLQLEEKELDRQLGELPTALSALELKKEKARKELSDIRSQYMVVK
KQGVHQEDQWADECKSYQRAFGISYHLEDNLHKIFFNLSPDEGKDLECVFEFRLLEDRKGTGAPGSLKLS
DTRCDPPVSDFRELLADFNANMSTFPQLLLLLRDAFHAHLGRG
>SPC25_ Cryptosporidium_andersoni [257]
MDFFLLKKKGIFRISIDKLNSRILYLTFIIMDSHVLKSNILNEEVTNLENKVQEWCNNINNSIANNMGDFENNV
NINLNFIREAKVRIDGLQKRIGDSKELFEIRRVMESEQEQYQKHLNTNLQNMLEKVQKLEMRIAEDRNRLEG
EKTAYENDLHIAKMQSSEREKGCRIYSDNLGLYINKVNGNNRFTFIYIDANNPLREFYFDLYYNEKTSSYNG
VHCEPYIHEFQDLTNKLNNRSICLRKFISNMRQAFKDSL
>SPC25_ Cryptosporidium_hominis [228]
MEAHSIISNEISEEIQDLKNKLLEWTSGINGMLELGVEKLNDQVSRDINMIKDSSIRIDGLEKRIKDTRELSEIK
KVVEIEKEEFKKCFNTNTIALSEKLKRLEKQLQEDRQRFEQEKLVYEADLKVAKQQSLEREKSCRIYSENLG
LNIGKVNGNNRFTFTCIDENFPEREFFFDLFYNEKAQLYEGIGCNPQVSDFKPNIELLNSKSITFRQFICKMR
KSFKQLIK
>SPC25_Cryptosporidium_meleagridis [228]
MEAHSIISNEISEEIQDMKNKLLEWTNGINGMLELGVEKLNDQVSRDINMIKDSSIRIDGLEKRIKDTQELSEIK
KVVEIEEEEFKKCFNTNTIALSEKLRRLEKQLQEDRQRFEQEKLVYEADLKVAKQQSLEREKSCKIYSENLG
LNIGKVNGNNRFTFTCIDENFPEREFFFDLFYNEKAQLYEGIGCNPQVSDFKSNVELLNSKSITFRQFICKMR
KSFKQLVK
>SPC25_Cryptosporidium_muris [227]
MDSHVLKSNILNEEVTNLENKVQEWCNNINNSIANNMGDFENNVNINLNFIREAKVRIDGLQKRIGDSKELF
EIRRVMESEQEQYQKHLNTNLQNMLEKVQKLEMRIAEDRNRLEGEKTAYENDLHIAKMQSSEREKSCRIYS
DNLGLYINKVNGNNRFTFIYIDANNPLREFYFDLYYNEKTSSYNGVHCEPYIHEFQDLTNKLNNRSICLRKFIS
NMRQAFKDSL
>SPC25_Cryptosporidium_parvum [228]
MEAHSIISNEISEEIQDLKNKLLEWTSGINGMLELGVEKLNDQVSRDINMIKDSSIRIDGLEKRIKDTQELSEIK
KVVEIEKEEFKKCFNTNTIALSEKLKRLEKQLQEDRQRFEQEKLVYEADLKVAKQQSLEREKSCRIYSENLG
LNIGKVNGNNRFTFTCIDENFPEREFFFDLFYNEKAQLYEGICCNPQVSDFEPNIELLNSKSITFRQFICKMR
KSFKQLIK
>SPC25 Monocystis_agilis [208]
MGSLRVLCQRAKTLSQKGARDAVETVTICQETFSVSSHMSEIVRVQIEETKRAVEQMCFINESMKEHHEKY
EKQLKTELETLSKYEGKLESEKDRMAESETKLSVCREQHEASQDQLIKERHRLQLFLGLVTGMEDAGQVV
CLKFIDPNNPQREFKFTIRRNNIINCVPQIAAVEEISNNLKNCRITLTEAVCLMRQAFRQSV
>SPC25 Lecudina_tuzetae [226]
MATISTKPDLDLQLRIQKQEQRFARFENEILQCANAHAEKWCEVQEEGLIVHQEVEELCRRKKQDEEALAE
VLQCFKVVEGEVEEWTKISSNKAQVEALSAQLAEEEEAIARIQQEIDKTVGDDAQLDRERQEIEEIYERCLGI
AIHRTGGATKFIFTRLDRSSPQREFSFLLKLLGNAFKVFGTQPEIEGVKDVVEEINQNGGRLTSLVSAMRRR
FVEAVAEGCV
>SPC25_Pterospora_schizosoma [256]
GINAEYMGGIRFVTTQYTAMNQHVHTNSIEEESRIIFQTLTKEIEDIHNSIDTWWNNVTTKREQYAKLWLEIQ
KSGLEVLKEFKKNSKKIKEDQKTLLEVLKCHKVVEAEVVALLKEMPDDEERLQLLEEQFNSLSNKIERLQME
NAKIHSECESIEHQTEKMILFYKRFPGIEIRRPGGQTVFIFTNIDPYNPSREFMFSLKISSENNLTLVVDCEPK
VGTLKSLTDELNSNGLEIFVYNLRTKFKQFALQQHTI
>SPC25_Selenidium_pygospionis [229]
MQTEQWCDEVKQEIGILYQQFSKFTEVCKKTLFEEKNAFNEEVEERKQAIDSLKKRREELLKKKELMEKTM
KREEDEQAEIKELVKALERQVAELEEEARKKEEEAAVLGEERRKLCVRQEEIQHEKNRSSAAAKTELKFYR
DYMGLAIEPIKENQIKFVFTMLDKNNLCREFWVSVDITDTIRVLECEPPIKDIDALVAATDRENVISFLKRARA
CFVLSLEEKTEQ
>SPC25_Vitrella_brassicaformis [334]
MAPQDGAFIRQLLASQQQLKDALQEEVEVAQKVRDQCLKIAEVGKQRCQDSKTTKQGVLGEIQKEVFAYR
TKLQEYQAKEGLFQQKEADFQQQLSDVLSKLERLPEDVRNAETETGHMKAKVERAKKVYEREKAKMVER
HAEYEVLISSFQRKLGLKLSRVADSVGKGHVRVIFTNLHPADDAKEYAFELYLKDDETEYKVLLCDPPIADLP
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ALVTALNAKQIEFGAFVCIIRTRFKAIASTQPHELQQPEATEEQEQEQEKTPEQESPPAAAAAAGGGGGAA

MNLPRFRIPENGDESPPMHQGGLLSRLTGGLLGRRSTAAAKRGDGEGDDSV

>SPC25 Chromera_veila [421]
MSLGATVLHLKQENWFFFDKAEERHEQICEALSRDYSTCAPLFDKLSGACDSAAGQIAKQQEAENDRRDT
VVKMREALKRLDEQLEGQPKDHREAEKVFKEAESRLDMENKALKLQEERIRAQHQTVGAHLKRTENSFGL
RIEKSRGAVRYVFSHLSERLPELECHMDLRLEVQTDSQGKETRSYSIVSCSPPIWSPPATSKASTDLLSRLL
SDLAAKKVDLACLTAVVRQRFRDFVRREDEEAEKKERNKQPPATQLSNRSALRPPRHSTVKITGRPSQVD
GSASTPTPSPPVASSPQGTLGMCRASVQAQAAAAPLPGCSSSTPEKSRGAGGTPEEAESRTPVPVPPPR
VRVASAKTWTSPPVSSSAERPPGGETERESETVLLHGDIEEGRTEGLDGAPSSGGPARPPLSTLMEMDDY
>SPC25 Colpoda_aspera [235]
MKGMDLIKQKSQLLNQTITVFGKNSITKLNQKSLQEIESTLKKFETGFLQCQEVLENANKTNEALMASAKEA
RSELDVQKDIVGFEEDYIEAMKENEIRRLEDNKTRYRDLLANLNEELEKERQEHNQACAHSVAHFEALTAFI
DQYRNNLGISFEKTEDKQLVIFFEAVSRQPGYDLCRIDLKLDEDDGSFIVTRTEPEAPAIAEFAEELSEDRNF
LRFLVKSRKEFVKRAEQ

>SPC25_Colpodella_angusta [288]
MTELNSKRLQQLVERSDMMVDGVLSSSNDQFIAQLQKRREALERQVEILEPLSVTCAEARSNQRQIQDEIQ
TSEPERRNRLNELAQLRLEVENLPKLIAAQEKIFAEARKKLDNVSNTHTMMLEKYRREERMLNDELNVYET
QAGIRIVRDHGSLKYIFNIDQNEYYMLMSMEICADGRKIYRLLDCRPSINIADVISYLNEGKLKIGGCLAIVRRR
FKQAAGIRVNNTSLSALHSSQYRMNDIFHGNDSQFNKQLQQQQHHHQHSNFPSGGGIARGSILKPVEMMP
>SPC25_ Colpodella_sp [288]
MTELNSKRLQQLVERSDMMVDGVLSSSNDQFIAQLQKRREALERQVEILEPLSVTCAEARSNQRQIQDEIQ
TSEPERRNRLNELAQLRLEVENLPKLIAAQEKIFAEARKKLDNVSNTHTMMLEKYRREERMLNDELNVYET
QAGIRIVRDHGSLKYIFNIDQNEYYMLMSMEICADGRKIYRLLDCRPSINIADVISYLNEGKLKIGGCLAIVRRR
FKQAAGIRVNNTSLSALHSSQYRMNDIFHGNDSQFNKQLQQQQHHHQHSNFPSGGGIARGSILKPVEMMP
>SPC25_Piridium_sociabile [356]
MNTKWLPFVFALLISPREGGTVLSRDKRCGVSFVPHLALRRWRRFGSSRMHDAAPAVISNRSANKFLHVV
YRVGDLEKTVEFYTKVLGMTVLRRRDDPVGRYTNVFLGYGTQKNNKHFAIELTYNYGVREYRQAKLGFLG
LGLVRENLTELTGVAVAHGGSVLKDVADAEITPSQFPDEPAEQYRIWKMATIEDPNGYPIELVEKSQADSM
HRVRLHVSTMEKSIEFYTQVMGMTLLRKRSMLPKWPAISSWLGYGIVGDDFAVPILELVYEYSTEKLDVGE
GYGHLAISTPDLKTSLDNIRDKGGKIVKEVTVLPGIGTKIAACLDPDGYKIVLVDAQDFDKELACEKIKTEIA
>SPC25_Digyalum_oweni [241]
IRIVVCDKIKDQTRIRSRALAVMDALRRVASQIEDECNRISDRLDTICEKKLQQAQLNKENMEKEIQIHARAQ
RDMVAQLSEIEVQNVKTKDMLKHQSQETESRRTELRVLQERLASLSIDDKEDQISKAPEEDNSEAVLKALH
QEELTYTRLFGLRLGQASSGGTKVTFTSINPLDPEEEFSFILVPGKRMEAVHFSHRIDNERAAILDSELNREP
RCKSRLAWFIAQIRKEFKKLCEV

>SPC25_Platyproteum_vivax [229]
MTSSEYIKSLRRAYMHIDEECTRINDRVDNITQKLENITTLHKKHNKIENLSGEQSDIVNQISDIEVQQLKLN
DLFKSYRLEHDAKRNELKVLQERLASLVLYDKKTNKENKEIVDNKEDSSMLENMQMIEHFYERIFGIRLGQA
VSGGTKISLSLLNEKNPNEECSFIMAPNPNLEVSHFTHRVAPLRLKELVEKLNNPTRPKWGVCEFLIGIRKEF
ELSVNSQCR

>SPC25_Perkinsus_marinus [215]
MDELSTVVDQVEDLIKVSYSRALQRIRSLRDEVAHLETVTYLEKCRECDELAETVKSRQKELEETLADAKEN
QVNLWNTTHNEELSLEDTAKKESGADNFSSSSASAHPPCHQSTESLETKCQAFKDAFGLSLEFIGPSVVRV
RLDNVEGCDDSLVFVLARDEKTQKYFVSSCMPRVTLLDKLVANLNCRMPPCTSLGGFLVTVREKYRAMYG
KR

>SPC25_Symbiodinium_microadriaticum [200]
MCPATALLGDTEILATLLTSEASPAGAKKDVQGRDGETALDVAEGEFLPADLVAVEELTEAELSALIETVKVA
GSFVIRVFTDSASAKAIPSMVIAGTAELLQSAHEEYRKELRDEQKKLTQKKEAAHVQENDISDFLARYSRCL
GLDIVRVTTQTVRLVFTLIDQDDPNREFSVVLGLGKEGYAASECSPQAENRVVES
>SPC25_Aurantiochytrium_limacinum [236]
MAVEGDSGSMLSGALASLRSKLDSREHHVREFCQDVAQTTSAEASSAQKRLEDLRKRIENLAKEREELAS
MSWANEQRLAAQQKKVATLQDELAGLRSNCTDAENSMQTANDRRGELLSKLGEKEEALVNERNSQQYR
VAQLTRGAMLYKKLGLEFHREDNSRLRLSFTQIDPRDPERVFFFVIFVDKDDCYHVEQVQPGVGSISDLIRK
LNATNDFSGFVRSMRAKFQALCTED

>SPC25 Bigelowiella_natans [252]
MIAETSFEINTEMQRFQQELKHFSDTVVTSINKLGSECRSMLEQNGEIRKKLENREAQLQFKLVDKTKALSA
LQSRVKDLEVQRTKLEANSKSIPDDIANMKMKSEKIREDLQKLEAEIESAKRIEETDAKSVREQCELFRKRT
GMEIMKLDHGAIQINFQQIDKEKPEKLFSFQIKLDADRKYVVPMCNPSIQNLDKYLEELNNPGNEKKVGIFA
WFIQKMRREFQKYVTEMKKGIEEEEAKARSNVSYIL

>SPC25_Arabipdosis_thaliana [315]
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MEQISNIAGGDTTKETMASLGLICEKDIHEQRLKIDSFIASPFRRSMNSLVERAQATAQSQVELMNLKADLR

EAEDELVKVLAVKTRKEARQMGIRDSISATQSRIEVLRRNLQLQKSKKDDSVRIISQQLQALSKSKDNAGKV
TEDKADIHEAISWYNHALGFHVEAGHGVKFTFTNIDAKRPTREFSFTVHYGNDIYTLLDSDLQLDYINEMVQ
ELNKTNDLFRFVRLMREQFLKSTLSELPTHSGQLQQETSAISASAPAISFSTDTNMSTPENKRSKVQVNRR
QKRGSESPLLAPVSTSATRRSSRFKGKK

>SPC25_Giardia_intestinalis [240]
MEDEQKSAAERLVSLADTLTISLNTFVTKNLDAISNMGSTFISFVDETLHLLKKSKDDYEERLKQELEVEKLS
TSASEEEQKLNAQLARARTQLDTLKQQYSIMQEEYRKALADFEEERRVAFEALPATQKAHVKEDLEWRLR
NYESMLRMKIEQRDENSIIVIFWGLNPADESQQYSFRLITREDGENIEDPTIEIANLDLFLSDAKITGNIPLLIRR
IRLSFLQLAECEDSESVTQD

>SPC25_Trichomonas_vaginalis [212]
MENDSINESLKHFLDAIAESKDKLNKFVTQQTDLMKKKRQMINNLKTDMTRNERNLKDEQRLVMENIKRIKN
QNENISVQNKKQQIEIKKLNNDIQTIPKNFEDYQVKIRLLETTANHIKGEKEKADEFYSSYQTDLSLYEALYGI
KISISNGKTKFVFLPQSYEVELDCIQNNFVLSNSTLPSSIATTILVDEFNNSRDLFSFLNSIRQQI
>SPC25_Naegleria_gruberi [236]
MFQEVIEIHDRVAQKTNQFEQNFKGFINSQINDNNKKRHDFEQNCQNFQSEFQSLTTRVERGINERQHVEE
IRKRYCEDEGELDQRITDMKVRADEQPKIIEESKQKLLQLKSEHEEKSNMLNRVESDFVDHATKKFIEKEKY
RTLLGMTFEARQDGDIAYLLISFSIQNMQALGLTSCQIALRIDGGLYSVAGCQPAIQYDDLIASLNDNKNFGS
FIILVRNRFKNLINQHKPRK

>SPC25 Dictyostelium_discoideum [324]
MEGQQKLKTKNGQKKTKPKKKTSSTIVQQDNYNNMENSGYNSQNDSEFDPSSSSSLSSSSSQQIVNNNQ
PLITNITTPPNNNNNNNNNNNNQILEDIYSDEYCENQMKCMEGFIKKWKDEYIGSIKGNVEHHQIELNNYTF
QLSELKQERLFLQQYKESNQRTIELQIQLQRINNEIESIEKNRHQLPIDLESKKLKYQEETQRILTLSSTIKSIE
DQTIKQLLDLDYPLTLFKNYLGLEFQKLSNGDGLKLIFTKIDRNNHNREFTISITVDNLTDQYILVNCNPMISDL
DQSIKKLNETGNFSFFVKSIRKQFVNKTIHK

>SPC25 Saccharomyces_cerevisiae [221]
MASIDAFSDLERRMDGFQKDVAQVLARQQNHARQQLQQFQAEMRQLHNQHQHLIDELQRLATQRTALQQ
QIHAAQQATNTTREQWRSYHERESELSRRQSTLAAQSRELDSLLQQRGKECVQLRARWAAQSGNDAAEV
ALYERLLQLRVLPGASDVHDVRFVFGDDSRCWIEVAMHGDHVIGNSHPALDPKSRATLEHVLTVQGDLAA
FLVVARDMLLASL

>SPC25_Homo_sapiens [224]
MVEDELALFDKSINEFWNKFKSTDTSCQMAGLRDTYKDSIKAFAEKLSVKLKEEERMVEMFLEYQNQISRQ
NKLIQEKKDNLLKLIAEVKGKKQELEVLTANIQDLKEEYSRKKETISTANKANAERLKRLQKSADLYKDRLGL
EIRKIYGEKLQFIFTNIDPKNPESPFMFSLHLNEARDYEVSDSAPHLEGLAEFQENVRKTNNFSAFLANVRKA
FTATVYN

>SPC24 Plasmodium_berghei (PBANKA 1442300) [819]
MNYFSGKPKTKATELNNENKGVKFLNRAKNNFNGINKNTTNTQFSSFGQKNTLIRNTNFKLRTNNNTFKPP
PRGIIKSSQNALHKNAQIDSNKQSHNELRNGSKNVSLANTRSIENNSNNNTTKPYLNRPIIHTNIKKYVSDDN
NVMKNTNKNNIKNNRNSRFYNSENNEMNNNKDDNINNSESILYTYTSPIKRKYEAVNNTNQNTENDNNKM
NTLNKKYAQRNYYFDNNLPTYYNNKVNNENSNSNNINENANNYNNFYSNEKLFNNNNTLDVSYITFKTGSN
IDAANEVNINNNANNSIKSHSLARNYDKQKNGDNILNNSNCEPNYKYYYLEQNGQHNLDIHINKNLYTNDNP
KNGNCNNLPYHLNSNILRSKEIRESKYLADTHSEKMMNSTNNNDVFNTCTIDRLSEENFNSYVKRKSHNKN
TFSGINNLDDITRNHMTDNNNNNNRNESNNSKNFHNLNMDNEDNQLKNITNNQDTSLKNSIIGSNIVDFKNI
SMVIPISEGNLLSHKSENGSVKNRRSSSHNNMNANSVHTFQDDASYFNKYRDMNNMQQYIKKNDNRNKKI
MNRYNIDTYINNDNDYLYFRNIINNITKYNSGESDIDDLCKTVMNINDYSLNFDGENEGINEIDITNNVNNNIIN
IQQAIYNKKKIVQDKRNVINEEYEIISQKLKDCESIFCDTNDETGEKKLKVFYEIDEKKNILKNKYQVKKMLLKK
AQYKIDKLQEYTDAIKLKTMAISKKYKRTYLLIEELFRLKIIKDNENELEICLIPKNTETNMWHRLQLDKKEITPE
ACDYLWSQIESFVDKETFDNYF

>SPC24_Plasmodium_chabaudichabaudi [817]
MNYLSGKPKTKATELNNENKGVKFLNRAKNNFNGINKNTANIQNSSFGQKNTLIRNTNFKPRTNNNTFKPP
PRGIIKSNQNALHKNAQIDSNKQSHSELRNGNKNNSLANTRNIENNNNTTKSYLSRPIIHNNAKRYASDDNN
VMKNANKNNIKNNRNSRLYNNASYNSENEMHNNKDDIINNPESILYTYTSPIKRKYEAVNNTNQNTENDNT
KTNSLNKKYAQRNYYFDNNLPTYYNNKINNENNNSNNINENVNNYNNFYSNEKLFNNNNTLDASYITCKAG
SNIDTANEVNINNNANNSIKSHSLARNYEKPKNNDNILNNSNCDPNYKYYYHEQNGQNNLDIHINKNLYTND
NLQNDNCNNIPYYLNGSTLRSKEIRESRYLADTHSEKMMNSTNNNDVFNTCTVDRLSEENFNSYVKRKSH
NKNTFSVINNLDGITTNHIAINNNRNESNNSKKFHNLNMNNEDNQLNITNNQEASLKNSIIGSNIVDFKNISMA
IPLSEGNLLSHKSENGSVKHRRSSSHNNMNTNSVHNFQDDSSYFNKYRDMNNMQQYIKNNDNRNKKIMN
RYNIDTYINNDNDYLYFRNIINNITKYNSEENDIDDLYKTVMNINDYSLNFDGENEGINEIIDITNNVNNNIINIQ
QAIFNKKKVVQDKRNVVNEEYEIISQKLKDCESIFCDTNDETGEKKLKVFYEIDEKKNILKNKYQVKKMLLKK
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AQYKIDKLQEYTDAIKLKTMAISKKYKRTYLLIEELFRLKIIKDNENELEICLIPKNTETNMWHRLQLDKKEITPE

ACDYLWSQIESFVDKETFDNYF

>SPC24 Plasmodium_falciparum3D7 [1115]
MNPLYTKSKFKTTEFANNENKGVRFINKYKTNVNNTYSKNSETSQSTQLTHKNGIMKNSNIKNKGTINYSFK
YPPKSNLKNNMKSNLKGDTKNISNTYPNKIAPFHLNKSGYNEYKNEEKKNDLMNTRRSIMVDNLRKPPLAS
SSNRLISQMKKDQLFNGKNGEDPNVNDDEPLTNKYKNKTHNNNSNNNKISSSNNKLHNNNSNSSNMKKS
NIYYKPQDNNKNKFPNKSYNVSKIFYSNQYDKDCAMSSEQFGYTYSSPVKRKYDAMDNSRNMDDKDKNE
MSYGKKKFVGRNYYLDKNMNDEEYSNCDKFGDMNMSYNVKDTTQRENNNDNRNDNRNDNRNDNRNDN
RNDNRNDNRNDNRNDNRNDNRNDNWNDNWNDKCNDDNKISNNINNLKVNVNKDGDILFHSQNINKKEIN
NNLPFNKRDDEDIILNRSYPRVSMSVRNDTFNSNSLGRNYTNYERLKHSNNNNNMNNVNIGYNNVGFGNN
KEESALPTDTYNDKNDMVNNNMSVKKKMMMTNYPYLEKGKLLNGNMNIYKNEKITKSYKPTPFNNENNNN
NNNNNNNNNNINISSSSSSKVLYSHHSSMVRNHHNNVPHYISDTNSEKIVMNHIDNINNKDVLNTYGIDYLS
EENNNKNRRSSIFNVNTNINRNNLKKKDITNVSNVSNMSILSNRSKKKFSCLVKNDLESEKGRGRSSVLLLS
SEKKGGYGINNMMINSEGMDFKNVSNAINFYSTNDDMGNYNNDDNNNDDDDNNNNDDDKNNNGEDENN
NGEDKHNIDEDKHNNGEDKDLNKSRYNIDKNQYSDNYYDESYFNNYVESDFQRRQMMEKGGTYFFNNIY
NNDMNNMTHKNEHLHEHLHEHLHKSILIKKKYNIDNYKKNDSEYLYFQNMIRNITKYNNEENDMNNLYENV
MNLNDYCLNFTSENEYINEILNLSNEVNNNIQDIQQILYNKKKVVQDKRHMVNKEYELTCQKLKECESIFCDS
NDEHGEKKLKVFYEIDEKKNLLKNTYEVKKMLLNKVQYKIDKLQEYTNAVKLKTMVMSKRYKKTFLLIEELFR
LKIIKDNENQLEVCLIPKNTETDMWHRFQLDKSEITSDACDYLWNQIESFVDKDTFNNYF

>SPC24_ Plasmodium_gallinaceum [818]
MNQVSVKPKFKAEFVNNENKGVRFMNKTKNNQNTISKNTNVQNLLLPQKNTYAKNSNLKLRTNNNTFNHP
PKLTFKNSQNAPHKNFQAPSTKVHNELRYEEKKTLFNTRNTLHDDSKKNFFNKSTMQNKNEEKYNDRKNV
KKSFNDNNSLRKNDNNTRLTKAFNTHSTNNISNNPAYNIVYNIQNKEIENNKNDNVNNSENFIPTYSSPTKR
KYETFENINKNDEKDNKEMKTQNKRFAQKNYNIDNNFNIECNKNFNNNNILNNTNENMNVYSKYSNDNLFN
RNNLINKCSDKNIFYNKNKNETLNSSYPIVNVIKTYDNFNSNSLGRNYTNYERLINNNKLINNHNYELNHKHY
FKEKNAKFNLENNKNKNNTEFMEQFNNHKNENHNNIYYLNDPIAENDNKNLNYLTETNSEKIMNNTSNENN
NDNFNSCVFDRLSEENFNSYMKRKIDKSDDITIKDIEKFDTLNNSSNKNISNNSKKFSNLLKNNLETNKIKCIL
NNEKIMLRNNIETNNADLKNLSNSQAFSEASISNNMENYKEKLTHLKYNGMNRMSKSLNQNELRDTTNKKI
NIDTYKSNDCEYIYFQNIINNIDKCNNVEKDIDTLCENVMNINDYSLNFNYENECINDILNLSNNVSDNIQNIQQ
II'YNKKKVVQDKRNIVNEEYENMCQKLKDCESIFCDTNEETGEKKLKVFYEIDEKKNILKNKYEMKKMLLKKA
QYKIDKLQEYTEAIKLKTLAISKRYKKTFLLIEELFRLKIIKDKENELEVCLIPKNTETDMWHRLQLDKNEITSDS
CDYLWSQIESFVDKETFNNYF

>SPC24 Plasmodium_knowlesi [896]
MNQVSAKPKLKTTEFVGGESRGVRFMNRAKGHLSAVTKNVANVSSAANPQFTHKTTFAKNSHLKLRTNNP
VFKQPPKSSLKSNQRSSLKVSHVEFAKYSNKKAHHNGDDNGGDMGDGYDNDNAGSNDCLNDDARDEMN
DKMHNQMNDEMHHQMNDEMHHQMNDEMHDGVHDDGGREAKPGGTKVPVSNARNATNAEGRKSYLNT
FPLRKYRIDKYGESGKTTTIGSGKNNYNRGNPKLGQKKVLSQPQHYEREEDGAGENEWGRKAEDAIYSYS
SPMKRKYDTMEKVHRGAATRRGKGSDSDSNSGGDIREASHMESEKARRDTNIQNKRYASESLPHDSGNL
HYDNNLNPVNISNGTNEKINAYGSMMLYSNEKLLGSNNTGLGAHPSLNSSGFHGINQENGVLSRSYQPLST
TGGNTAGNATDVNEGEGNVKTTLLGRSYAKFDRLRKGEAMLAAPAQKYQQQTQQQQTQQRQRQTQQQQG
QHLNNPLQYLSKDPRRTHRRSRHTNYITDTNSEKMMNNSMSSHNELFNSCTLDRLSEEKYNSYANKRRD
GGMDTQVGDGMDGGDLGINRISSVNRNTASNGSQKFSRLLRNDPMGSHQRLGVLRSDKGVLKNRHVES
STVEFRNMSTSLQYSEDLPLGVGKGGSVLSMRGLDKQEGGDSEDDYYRNVVENITNCSSEENDMNILYKN
IVNLNDSVLKMDKENECLDEIIKTNNGISETIRTIQHVVLTRKKVIQDKRNLINEEYELISQKLKECESIFCDSNE
GGNGEKKLKVFYEIDEKKNTLKGKYEMKKMLLKKAEYKIEKLQEYTDAVKLKTIAISERYKKTFLLIEELFRLKI
IKDTENEVQVCLIPKNTKTNMWHKLQLDKREMTSDACDYLWSQIESFVDKEALNSYL
>SPC24_Plasmodium_malariae [1064]
MNQVSAKSKFKTNEFINNENKNVRFMNKAKSNLNGVSKCTINGQTTQPSHKQIYIKNSNLKQRTYNNILKPP
FKSSLKSNQNGSHKIPPVSFIKPAHNELGNGGKKVSLYDTRNLTNNNFKKPHFNKLIAQNHSDNRFDEQKN
VRRNLNEDIHLEKDATGNAVSSNVTIGNKYSILYNSPYNCEGGEENTNKNVSGNNVEGIMYSYTSPVKRKY
NAIEGVNKNYDNENKDLKRSDKKFDQSNYDFDNSKSYHSMNNVSSNTKENSNVHNSKLNFENKPTNGSG
DDDSNGDANGSSNADDNYNYKYNNGNINTDGNMNSSGNLISSGKIISNGKIISSGKIIGSGKIISSGKIIGNGN
IGSGNIIGSGKIIGSGKIIGSGNIINSGSGKHSGDGNKESAKGPSANIFFGSNKESTILNRSLPTMYATSGVNV
NTTFNNNMNKNFNFASHTLGRNNTNYERLKNSDNCLNGTNYEGNYKYHYMEKEICTNMEELKKKEKKKKD
VNLVRNKLGSTNANTNFNESSSNYINRNLNSSLYYLNGLVTRNEQNDERHLQYITDTNSEKILNNSNKNDM
FNTSTFEVLSEENFNAHVKRKTYYKKGINDSHHVEGGGGVTTKHSSSNRKNISNNSLSFTNLLKEDAVNQQ
VNSVFLSNEKGVLKNSLIESNNQDLKMLSNSYHDSEVNDIGSTGGRSISKSATKSGSRNGSRNGSRNGSR
NGSRNGSRNGSRNGSRNGSRNGSRNGSRNGSRNGSGNGSRSGSRSGSRSGSRNDDRRGNKPNGHKK
QGERTMEGIYYSKYDEINSISRGVQEMDLKKTRGMRIHNMMDAYKNRDNNFLHFQNIVHNITECSNSEKDI
DILYKNVMILNNYSLNFNSENDCIGEIINIRNSVNSNIQNIQQAIYNKKKNVQDKRNIVNEEYETISQKLRECES
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IFCDTNDERGERKLKVFYEIDEKKNILRKKYEIKKMLLKKIEYKIQKLQEYTDAVKLKTLATSRRYKKTFLLIEE

LFRLKIIKDDEKQIEVCLIPKNTNTNMWHRLQLDKNEITSDASDYLWSQIETFVDKEMIDDYF

>SPC24 Plasmodium_ovale_curtisi [901]
MNMNHSSAKSKFKSTDLVSNENKNVRFMNKSKNNLNGVSRNTTNIQNYHIGQKNTFIKNPNSRWKPNNLF
KHPPKANLKSNQNVVNNIPQVGLTKSSHNELRNGGGKKAFPPWNTKNLSHGDTKKQYFNKLSIQNNNEDK
YKEQKNVIKYLNDDTNLMKNDNPQGSGNSNNNPTRLHNSSYSSVNDQLENSKNDYGNNAEDMIYTHSSPI
KRKYEVLDNINKNDERENKDIKTYNKKFAQRNYNFENNLNLEYNKTFCSMNNISDSINENSSNYNNMLHSN
EKLLSNNNISHKGLNSNTLFGSNHDDVVFNRLHQARGTVHATNTAGGKSGTIVSAGDLFNSSSLGRNYSNY
NRLQSSDNVLSNSNYESGYKYFYGERGAKTNLEVQTNVTANEIAGKIPIAIASGSKNMVDNENRYFSENVH
NNYRSENHNNASSYFSNCVMRNKGHRKTSYITDTNSEKMINSSNNKDMLNSSIIDRLSEENFNSYMKRKTE
NKCSIGNSNNLEEGSVFPNNGNRNVAKSSSKNCNSLMTHDEENYQGNEALESSKKMDLKNSLIIESNNMD
LKNMSTSLPHSEGKKMPSNNGEQVHMKNHRDMHDTNIDNSYNARGEDAKEQEEEEVVREKESSYFDEY
GEVEILPKNITHNDHWKNVVLKRHNMDVFKNNDNDYLYFKNIIHNITKCSSGENDINMLCKNVMNLNDYSLN
FDTETEYINEIANISNSVNNNIRTIQQAIYNKKKIVQNKRNVVNEEYEIISQKLKDCESIFCDTDEETGGKKLKV
FYEIDEKKNILRKKYELKKMQLKKAQYKIDKLQEYTNVIKMKTMAIAEKYKKCFSMIENFFRLKIIKDNDNELE
VCLIPKNTETNMWHRLQLDKNEITSEASDYLWSQIESFVDKETFDNYF

>SPC24 Plasmodium_vivax [923]
MNQVSAKSKFKTTEFLGGESRGVRFMNRAKSHLNAVSKNVAPVSSAANPQFTHKTSFLKNSHLKVRTNNP
VLKQPPKSSLKSNQRSSLRVSHVEFARHSHKKGHHNGGDSGGDSGDGNGDDNGDGYDDDNAGVKDGL
NDDVHGDVHGDGGRETIPGGRKVPPPNAGSATNPEERKSYMNKFGARNHGRDKYGESGRATTIGGGNN
QSSGNPKLGQSRVLSQPHHYEREEAGAGDNEWGLSAQGAIYSYGSPMKRKYDAMENVHRGDAARGGK
GSDNDGDGDENGGGDRDSNGGGDPHSDRERDRERDRERARRDTNAQSKRYGPRGHPHEGGNSHYGN
SYSGVNVSSGTNEKVSAYGSMMLYSNEKLLGSNNTGLGAHPSLNSSGLHGMNQEDALLSRSYQPLSTSG
GNAGGNNAPGAANMPGGDQGEDNARATPLGRSYAKFDRLRRGQPLLARPPPQQQLKLSQLSQPSQQSV
SAHRLNSSLYHPSKNPARPPRRSRHTSYINDTNSEQMANHATGSHNELFNSCTFDRLSEENFNFCGGKRT
EGGGERRGDERRVESYGEGSACNGAERAASANRSAPPHVQVTPNVQATPNPRVASNGSHKFSRLLRND
GMTNHQQESNQVDLRNVSTPMKYSEGRPFAVGFSSTMGPVGSVLKGAPPNEARNGRGESRLPAATRLD
SAEGDSEDDYYQRVVRNISNCSSEEKDMSALLENVENLNNYVLNMERENEHLNEILQTNNSISETVRCIQQ
VVLTRKKVIQDRRNVINEEYELISQKLKECESFFCDSNDGGKGEKKLKVFYEIDEKKNTLKGKYEMKKMLLK
KAEYKIEKLQEYTDAVKMKTLAISERYKKTFLLIEELFRLKIIKDTENELEVCLIPKNTKTNMWHKLQLDKREM
TSDACDYLWSQIESFVDRDALNGYL

>SPC24_Plasmodium_yoelii [822]
MNYFSGKPKTKATELNNENKGVKFLNRAKNNFNGINKNTTNTQISSFGQKNTLIRNTNFKPRTNNNTFKPP
PRGIIKSSQNALHKNAQIDSNKQLHNELRNGSKNVSLANTRSIENNSNNNITKPYLNRPIIHNNTKKYVSDDN
NVMKNTNKNNIKNNRNSKFYNSENNEVNNNKDDNINNPESILYTYTSPIKRKYEAVNNTNQNTENDNNKMN
TLNKKYAQRNYYFDNNLSTYYNNKINNENSNSNNINENVNNYNNFYSNEKLFNNNNTLDVSYITCKTGSNID
TANEVNINNNANNSIKSHSLARNYDKQKNSDNILNNSNCEPNYKYCYLEQNGQHNLDVHINKNLYTNDNPK
NGNCSNLPYYLNANILRSKEIRESKYLADTHSEKMMNSTNNNDVFNACTIDRLSEENFNSYVKRKSHNKNT
FNGINNLNDITTNHMTNNNNNNNNNNRNESNNSKKFHNLNMNNEDSQLKNIINNQDASLKNSIIGSNIVDFK
NISMAIPISEGNLLSHKSENGSVKKRRSSSHNNMNANSVHNFQDDSSYFNKYRDMNNMQQYIKKNDNRNK
KIMNRYNIDTYINNDNDYLYFRNIINNITKYNSGESDIDDLCKTVMNINDYSLNFDGENEGINEIINITNNVNNNI
INIQQAIYNKKKIVQDKRNVINEEYEISQKLKDCESIFCDTNDETGEKKLKVFYEIDEKKNILKNKYQVKKMLL
KKAQYKIDKLQEYTDAIKLKTMAISKKYKRTYLLIEELFRLKIIKDNENELEICLIPKNTETNMWHRLQLDKKEIT
PEACDYLWSQIESFVDKETFDNYF

>SPC24_Theileria_annulata [272]
MALTHHGVLDTIKEKLDKLSKLDHDFLDPDQNSSLLSTFNDIFNLTSEFIKNTSKEDSLISEFVNYRNDVFNQ
YNDKLQNSIQLTNGILFYQKLEKQKEFEEQANKNAKESLKSKQLNFSDGEFRILMSRQEIMDKLNEWKHICD
LEQIEIKKLKCQIDILEDKISTNKFNSNQISYYNKLYYELLTSALKISILNVDEKSNVNLAILSESKKENEQTWHR
FSSSKDCDVATCDFLWNLIEKSLCNNGVRSSFKDPNTPKLNSIHLVSRNYN

>SPC24_Theileria_equi [261]
MNSDKNNEAIRKILGKLDRLSELEVDFLNYNANQSIISPFDDLIETCSSYIEDTEIENGLLEEFLTQKKRHAEIL
EDKVOQNAHQSYNELELELQNVQAEHQGAVNVLKQCESLHCDIEELQQKKESKERLAMWKHSCDLESLEIR
ALKCKLDELEGKLSFEKTTSPDSEIKYRLFYSFITSALKTTILSIDDQENVNLAILSESEKNEHVWHRLSYSLR
TADVSTCDFLWNIIQKSLSSQKLQSIPCTNTPKIDSYHLSSP

>SPC24 Theileria_orientalis [262]
MNSAPNDLLGTIKHNLDVLSNVDVDFLNSTQNSNFLSSLYNTIDAISQFISDTSHEDVLLDEFVNYRKELSDV
FNKKVEYAKSQCKELERKLEVETRINNDAINRLKSHQTDYSPGDIEALISRQEIIDRLNQWKHSCELESIDIKN
LKCRIDILQEKMDSVNHNSTQHKERNRLLYEFLSSALKLTILNIDENGNANLAILSESKAGSEQTWHRFSSSK
DSDVSTCDLLWSLIEKSLSSKSNPLPLELNTPKVNSIQLSSK

>SPC24_Theileria_parva [262]
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MTLTHYGVLDTIKEKLDRLSKFDHDFLDLDQNSSLLSTFNDIFNLTSEFIKNTSKEDSLVYNEFVNYRSDVLNQ

YNNKLQNSINLTNELEKQKDHEEQANRSAKERLKSKQLNFSGMSRQEIVDKLNEWKHICDLEQIEIKKLKCQ
IDILEDKISTNKFNSNQISYYNKLYYELLTSALKISILNVDEKSNVNLAILSESKKENEQTWHRFSSSKDCDVST
CDFLWNLIEKSLCNNGISSSFKDPNTPKLNSIHLISRNCNNF

>SPC24_Babesia_bigemina [293]
MPDVAVLLEALSTLRLDVEGDDGNSELLSRVSEAAEALAAYVADDSAEAALFSDFENLHESLRQKRDAELR
DANASVDKTKQELSEAEATHTRLTEELRSLKAKTEAAIGECVRPFGVIGAGTDGNALAAIHEAQQMKDELQ
QLRTVEERLALDIRGLEHKLQTLDEVEKQHLAIRDDIVKRDKLLYEFVTSSLNITVVDRNESQVQLALLSESE
DRTTQTWDCMYANLDECGPETADRLWEAIEKTFDPDSVKSSGDTVFDMLDIGGYDDFHTYLVWRAVISGS
PRRNMTAL

>SPC24_Babesia_bovis [255]
MPDVEAQLEALSELRFDIKSLDDNFTLKSRLSTSVDALCAFIRDDIQEWSLVNEFERVHQFLCQVFDDELRA
ANASVDGLKKELEEAEAEHRKLTAELDEIESSYNNVNDESSMLQAQQASSLIEEAFALSYAYEESILDEESS
RHQEKLLSDIATIEKASDADAEERDRLLYEFLTSSLNITVVSANDKEVQFALLNEPEDRSTQTWDLVTVKTSE
MDLPATSKYLWSLIERTFQHSGEESITNPVLDTVRLSL

>SPC24 Babesia_microti [225]
MDGFEFDVLDEISHSFEQLALEKIDSATFDDNVTKLKELTSKATTVLSDIKNEVSLINASKEYNQHVLSKIDVV
RENERKEYNELLLVLKDERQRYNELKSRLIELENKYKSSCPDHTLMTKVLREQMQWQTALESTLLETSKLK
HEYKLAKQKIFELQQENIIKIEHSRMFYEFLKAALKIAVLEVTPSRSTLVIAPLEKEDKWMLIDTDSASRDSLW
RLLAER

>SPC24_Cytauxzoon_felis [233]
MALTNVKLKLKNLSQLDLDLVNGRNDLLFSIFDDVVRETVDYINDKSIEDGLVNEFINTHEKLKKIFSKKINNIS
ESHNNLNRQLESEKNNYENTLDEFKKWKSNFNSNDENVLKMLKGQDDLDKLNLWRSSFISEECQVEELKV
KLNLLNDELALNELNNNNLKRRYRLYYNFLSSALRIIVIDEENDLNVEIALVTNYVGDSWNRIKIPLSDTNINSC
DNLWDIIQQSFKI

>SPC24 Toxoplasma_gondii ME49 (TGME49 212800)[671]
MVLVRSPRWGPAPEAAGSSSPLREPRVSPCERNDAGSPFPLSSKSRLRLGTERQLPPSAAECPSFSFSSS
PLPRRPSLNADVSGIPHPRLSSLDAREGEEGRQADESRGRAAEEGEEEEKRFAASAGDSRGQAGNLSRA
SAIRSSRPKMGTSGVSSTTLIPLPSRASSTLRHASSPSRPVLARLSSSSPVGSGRGAQLAAPATAAREDAG
HSDLSPSSVAAFSPSKRLRRTEDQTHSFLSQPSEPALPALHSVLTGSEETERAGFKSMSSSTASRSSPLKT
NAIFLMASDSRQEGAPAASAEVSARGDMHGVSPSERISVAEERISPLSSRCSRRAPASANEVPQSAALCAD
KHSRNEKLRELENLQHVLPASGSLREYVQQAGEEARWRERGDSGPFSLPKTAEEFRDQWRPMVDATVK
KLCDMTDEEKQVTPYIMLEGRMLRAVRRASASLANRRTKAVAFNSEVRDLFSREQRLYDESEREFEVVQR
VAQDQAGGQEKLEKRLKDTQRKKEQVEVYRQQVHKKMANLSFTRQKKLRLFEALESAKKESSSKEKSLQ
ALYQLLQCTTRFKVNKVDGGLVTGALVPEQKSALFPQLRKVGKNAQQIIKHGEGDEEDMLEDTTAEPAILTL
DCEKENQGGMDADVLWSLIEDTLGVGGVPVPQLLSAVRGE

>SPC24 Hammondia_hammondi [670]
MVLVRSPRRGPVPEAAGSSSPLREPRVSPCERNDAVSPFPLSSKSRLRLDTERQLPPSAAECPSFSFSAS
PLPRRPSLNADVSGIPHPRLSSLDAREGEEERQADERRGRAAEEREEGEEPVAESAGDSRGQAGNLSRA
SVICSARPKMGPSGVSSTTLIPLPSRASSTLHHASSPSHSVLAGLSSSSPVGSGRGAQLAVPATAAREDAG
HTDVSPSSVAAFSPSKRIRRTEEHIHSFLSQPSEPALPALHSVLTGSEETERAGFEATSSSMGSRSSPLKNN
AMFLMGSDSRQEASAASAEAFARGDAHGASSNERISAAEERVSPPSSRCSRHAPASADEVPQSAALSAD
KHSRNEKLRELENLQHVLPPTGSLREYVQQASEEARWRERGDSGSFSLPKTAEEFRDQWRPMVDATVKK
LCDMTDEEKQVTRYIMLEGRMLRAVRRASASLANRRTKAVAFNSEIRDLFSREQRLYDESEREFEVVQRV
AQDQAGGQEKLEKRLKDTQRKKEQVEVYRQQVHRKMANLSFTRQKKLRLFEALESAKKESSSKEKSLQAL
YQLLQCTTRFKVNKVDGSLVTGALVPEQQSALFPQLRKVGKNAQQIIKNGQGDEEDVLEDTTAEPAILTLDC
EKEHQGGMDADVLWSLIEDTLGVGGVPVSQLLSAVRGE

>SPC24 _Neospora_caninum [681]
MVLVRSPRRGSIPGQASSSSPLRLPRLPSSEQNEAASPLPASSETSGRLAADIEPPSADCPSFSFSSSPLP
RRPSLNAGVSGIPLPHLSSLDRREREGRRTDERRGRADEERQEGEGTLAERVDSTGAPRFLASRASSSPS
SRIPILGANTSDIAPTLIPLPSRSSSVCRNASSPSPPVRAGLASSSPVGGGGREAQLAVPSTASPKSLADQA
ASAARDDHEGHSDLSPSSLAAFSPSKRPRRGEEHAPSFLSQPSETSHSTWNSSLAGSQSLPTYTNAPRG
GFSPTGSRSSPLKIHTVLSPNSREPTSTFAHAFAGGDSARPADFSNQRISAMDAPKNSPLSSRYARRAPDG
ANEVSSCATSFSDGKRAERIRELENLQHVLPASGALREYVQQAGEEARGKERGDRGPFSLPKSADEFRDQ
WKPLVDATVKKLCDMTDEEKQVTRYIMLEGRMLRAVRRASASLANRRTKAVAFNSETRDLFLREQQLYEE
SEREFEVVQRVAQDQAGGQEMLEKRLKDTQRKKQQVEVYRQQVHKKMATLSFTRQKKLRLFEALEAAKK
ESSSKEKSLQALYQLLQCTTRFKVNKVDGGLVTGALVPEQQSALFPRLRKTGENARQIKNRQGEDVLQDA
TAEPAILTLDCEKENRGGLDADVLWDLIEDALGVGGVPVTQLLKSVRVQ

>SPC24_ Sarcocystis_neurona [1038]
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MVLVRSPKRGPWLCPASPSRAAAAATAGGEAGESAKGAERGQAVDTRLTAAAPAGSEGGSFFAAAAETK

GAAVVEAAGAASPSAAVAGREQAERGACFATFSPRCPARSASRLSPVSRRKSTSRVGFFSEAATHSSSG
ACRRPSPPAASSSEARTAAACEARTDVAAEARGVAAEVRGATTAAARETTSGTHAALPFSRSAARRLARIP
SHAAADTAAAAGPAIRGEGGGSARRGPSLRHFSRAPATTGETCTNSKNESLQPQPQHATAAVSNTSVPKR
MRYSQRSPLRGTSGRAETQRSTMESRGMVASFPLPRKPSTTAPAARAAAAAECQSPVHRTAAAAPAAAS
CSPREDVSAAATPVPRVDPALSAAGKSVSAAAAIVPSEATTSSSTAAPTAAAELLDTQQHQVRQHSVQAVE
LLQQLPATRALHEYVQEATRSELLRRHHGERAEATPAAGDGLGSGAAIASLAAPGTAAAAATHAAPTAARS
AVAKPPATAAAAAAAAATPLAADAARAPRSLAASSGGSAAAGPTSSAVAAAAAVQIPALPAAAAGVPPNAA
VASAAPASPVAAGVCVRTPPVGSAAGSAVTPAGWTGYSGDKLQQLVLPRTAEDLRREWSPTVDNVIQRL
CDIREEEKQVTQFIMLEGRALRVLRHVSKALQKKRTEVAAVHATAAQQEAEQQQAHAESEKHFDIVHRQAE
DAAGGQAHLERRLKDTQQKKERLLQLRRQLYEEMFACALLRQKKAELAKQLVSLKNTSAARETRRNALYQ
LLQRITRLRLLHSPHGHVMRAAVIPEGDNQTLQQCEEEEDLLLPAEPEDERELLLQQQQRERHEEEVQVQ
QQQRLYSVGAGEQQRRGREDTIDDGQHLREKSRTHVEQQVERERLGGHHHGFGETRQQMQKTFAPAAA
GHSRSRQRNALQMQLPQQRGIRVEENAATESSALPVKFSAGLPMDGSMAARDRETTPASSDTDPDVFSL
CTEPSIDEDDSCRRLIAAKKAGEPALVTVDCRRRDSKSGVCRDVDALWRIIEDAIGLSPE

>SPC24 Besnoitia_besnoiti [731]
MVLVRSPRRGPAASRVSPSSSPSRIPRPPFACATHGSSRASEQGSPHASTSTRAPETTGTRLEFELTSSA
DAAAAAPPSSSVLGARRAAANKVSGIPLPRLSALGSRGEDERSERAEKSRRRDGEEPTAPEDSLAHRRGL
GRDASSAAPSSLSSRRSLRPEAPLFGAPESLPPDASIGRSSGSPSAAATASPSRTAAADLAATASSREGVD
SSLAASSPSKRLRKEEDFVYSFLSGLRGREAETSSPRSAPRPSVGDQLGTAVSESSGSRRDFEPPSRDPL
ASPPPPVSAAGLPQGALPPREAPRSVADADALATEAAPPPSSLRRLSLRAPREGAESEAASASLRRRVND
GREAEKRRVEELEGLAQMLPASEALRDYMQQAAEGARGSRDRDDARPRFAVPKSADEFRAQWRPLVDA
TVKKLCDMTDEEKQAPFPCGVSSGVVPDEEPARRQGRASRLFRWAKAFRSAPLFSRIRSPLPVFSSSQVT
RYIMLEGRMLRAAHRAAASLASRRTKAVAFNSETREVFLEEEQLYEASEREFEVVQRVAQDQAGGQEKLE
KRLKDTQRKREQAEVYRHQVHKKMAALSFTRQKKLRLFEALEAAKKESFSKERSLQAVYQLLQFTTRFKV
NKVEGGLVTGALVPEQQSALFPQLAKTTKNAKRAIQNGLRAAGEDEDLPGQEAAAEPAILTLDCDKENEGG
RDADVLWGLIEEALGIADVPVPQLLKAARVE

>SPC24_Cystoisospora_suis [802]
MLVELTMVLVRSPRRGPVLPPRSASPGASPSFPSSDRFLFSDDFQESNISGEGQASSAQDRDRQLSSVKP
TRRSQELFSAADSSCSGSSSPRSPSRSQLGRPVSAVTLRPPYSRVLFTSTSGVPERTGSRPNSTEAECER
EPEKLMVEQGREGLAAGPGEKDRKTRGGATVESRYAGDTCSASPRLEPAGRSARVQESELPEVCDVYGP
APVRPSVSVSNAQMQGRVSDGALAGTAALSTAGQVAGCSFSSDPSSVRTPARATRENSLPLSSPESAMP
ASAFIPSAWRGEKSQAPPQEQVQRSTVAASHAFPSSSSSHTTKDHGGLCFEEAACLLDRGRLGAMDAAVI
PSAPLSLLLEESPSKKLRGDFQAFQISGKTQRESEASPLAQPAPSGGTPEVRTIQALNNSPRNFQSEGFSF
RVSPOQRHLCETEAGVKEKEDAGDLFTRTSGMVGVQQETNVFHASRSVGSPSRVGSSPCAQVENLARRLP
ASRALQEYVKQAALGGGAEGGKKSGAVPRTAQGFLEEWSSLVDATVRRLCDMTEEEKQVTRYIMLEGRM
LRAVRHASSSLTRRRAAVSARHSEAEQELNQQRASYEESEREFDVVQRHAETAAGGQEKLERRLKDTQR
KREKVEAYRHRMHEKMSALSFARQKKIRLAEALAASKKESNTQEKVYQGIHQLLRQVTRFVVNGVAGGVV
TGVLVPDEDLVPPRLLRKRRVGVMPLSHSEQENVDTGNAEPAMLTIDCEKENEGRMDADYLWKLIEETLGI
DGVAVADLLRFVANDEEATGRRGGERRKTGKEVTR

>SPC24_Eimeria_necatrix [548]
MVLVRSPKRPVPSGSGSSNEAQQQQQQQHPNKIPAAASYVRSRTASAAAATAATAAAAAARNRAGNAST
RQQQQQQHHQQQQHHRQQQHQLKQQQQQQQQQQQHQTAPSIISPLRAHSSSASSALKDSAAAAAAAP

AAAAAASAASDASEPQQQQEPLKRLSAQDELLQPYLQLQQQQQQDEEQQQQQQQEEQQEEEYQQQQQ
QQEEEQQQQQQEEEQQQQQQEEQEHQQLLLQQQLQQQQEESEDEVVDGVPRSAAAFRQQWQQQLQQ
LQQQLGCMESEQQQLQQTVSLEQRSAAAIRSAAALLQQQQQQRQQQLQAQQQQQQQRAQQQHEASESR
FVSIHTEAAAAAGGTELLQRRLQQTQEKKQQLQQQQQQKHELLFALSKTEYKARQLQQLLQQLKQQQQQ
QLDELHQQELLLSLATRFKITKISSSSITGLTVPDQRPAAAAAAAADRAAGLNAAAAAAAAAADRSSLEGDLA
ECASIVQLELPQQQQQQQQQQQQQPAAAAAAAAEPSEAAELLWQELLQRSLAEDRHAAFVLQQIREACLS
>SPC24_Eimeria_acervulina [383]
AAAAAAANSADVSLQQEDTFKRLSAQDEALQQPHEQQQQEQQQENEQQQQQQQQQQLTEPQQLQQQL
QQEEQSLLPLQQEEAPEDEGGALLLRSAAAFQQHWQQQLQQLQQQLHNMGKEQQQQQQVIELENRSEA
AIRKAVLLLQQQRDSRQQELQQQQQQQQQAQQEHDESENRFVSIQSEAAAAAGGAEMLQRRLQQTHVK
KQQLQQQQQQKHSLLFSLSKTEYKARQLQQLLQQLKQQHQQEIDRLREEELLLSLATRFRVSKISSSSITGL
TVPDQRPAAAAAAAAADGRTGMGAAAAAAAADSGLLAAEAEGASIVQVELPQHLQQQQQQSGAAAAAAA
AAEQSESAELLWQQLLQQSQASDRHAAFVLQRIREVCLP

>SPC24_Eimeria_brunetti [560]
MVLVRSPKRSAPPVTIDSNQQQQQQQQQQQHPNKIPAASSLVRNRTASAAAAAATAAAAAATAAAAAAPA

PAAARSRIPGPSDRQQQQLQQQLQQQQQHHHDHLQDQLQQQQQQQQQQQQQQLSSISTPIRSPFLRGF
GGAAAAAAAADAAAAAAAPEAAAVPAAAAAAEYAAAAAKYAAAETAAYAAASAADDTPQQQETLKRLSAQ
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DEQQQQQQQQREQQQQQQEQQAMEQEQQEMLLEQQEEDAAAAAEGVPRSAAAFQQQWQQRLQQLQQ
QLECMQTEQQQLQQAITLERRSEAAIRKAALLLQQQREQREQQLQQQQQQQQHAQQQHTDSESRFVSIQ
TAAAAAAGGEEMLQRRLQQTHVKRQQQQQQQQQKHELLFSLSKTEYKARQLQLLLLQLKQQQQQEIESL
REQQLLLSLATRFKISKISSSSITGLTVPDQRPAAAAAAAAAPAAYAAAAAAAAADEDDCCGFLEGEAECASI
VQVELPQQQQQPTAAATAAATAAATAAATAAATAAAAAAEPWESAELLWQQLLEQSLSSDREAALLLQRIR
EACQA
>SPC24_Eimeria_falciformis [441]
MVLQQQQQQQQQQEQQQKEQEQRHQEQQRWQQEQQQQQRCSTSAAHFSLHALSPTRTPPPATAAAA
TAAAARAAADAAESEPVSANSPEEHIFKRLSAHDELQQQQQQQQQQQQQEQQQQQALQQQQQQEQQEE
AEDDVVNGVPRSAAAFQQQWKHQLQQLQQHLGCMDSEQQQLQQAMLLENRCQAVIRKTTALLQKQQQQ
RKQQLQQLQQQQQQSQQQHTASESRFVTVQTEAAAAAGGEELLQRRLQQTHVKKQQLHRQQQQKHALL
YTISKMEYKARQLQQLLMKLKQQQQRDIETVREEETLLSLATRFRITKISSNSITGLTVPDQRPAAAAAAAAS
PAVAPGVGTAAILPAAAAVSSSSTSEEQADGAAIVQLELPPLQQQQQQDGLPAAAAAAAAAAGPSEAAELL
WQQLLQQAHAEDRHAAFVLHRIREVCAP
>SPC24_Eimeria_maxima [555]
MVLVRSPKRSVPTGIIDTNKEQQQQQQQQQQQQQQHPNKIPAASSLVRNRTASAAAAAATAAATAAAAAP
AAAAARSRIPGPSDRLQQQQQQQQQQQQLGSTSTPNRSPLIRGLAAPAAAAGAAAAAASPGSATRAAVA
ATTTTAATAAAAATAAAAATAAAAAAFAAEKSVDVSLPQQETLKRLSAHDEPLQQQQQQQQQQQQQQYG
EQEENDQQQQQQQQEEEEMEEEYVPGRLPRSAGAFLRHWQQQQQQLQQQLGCMDTEQQQLQQTISLE
KRSEEAIRKAALLLQQQREHRQQELQQQQQQQQEAQQQHEESESRFVSIQTEAAAAAGGEELLQRRLQQ
THIKKQQLQQQQQHKHDLLYSLSKTEIKAQQLQQLLQQLKQQQQQQIETLREQELLLSLATTFKISKISSSSI
TGLTVPDHRPAAAAAAAAAATTATATAAGTGRDSAAAAAAAAAAADNDSNCLLEGQAECASIVQVELPPQL
QQQQQQQQQQHQLTAAAATATAAATAAAAAEQSESAELLWQQLLEQSIASDRQAALVLQRIREVCLP
>SPC24_Eimeria_praecox [484]
MVLVRSPKRSVPPGTADSSQQQQQQQQQQHPNKIPAVSSIVRSRTASAAAAAAAAAEAEAAAAATARSKI
TGASDRQQQQQQQQQQQQQQQQQAQQQQQQQQLGSFLSPDRSPLLQSLTAAAAVAAAAPAAVFTSPRT
AAARTTAAAAATTTAAAAAAATTAAAATTAAAAAFEQQQQQEQEQDNTPQQQQQQQRQQQQQQQQQQQ
QQQQQQQDREELDEGVEGYLPRSAAAFQQQWKQQLQQLQQQLRCTDTEQQQVQQVIDLERRSERAIGS
VALLLQQQRHHRQQELQQQQQQQQQAQQQHEASEGRFVSIQTAAAAAAGGKELLQRRLQQTHIKKEQL
QQQQQQKHALLLSLSKTEYKCKLLQQLLQQLKQQQQQAIAALRQEELLLSLSTRFKISKISSSSITGLTVPDQ
LPPAAAAAAAAAAASSPAATAASREGGIAAAAAAAAAAAADSSSCCLLAEQAAECASIVQVELPQQQQQQH
>SPC24_ Eimeria_tenella [536]
MVLVRSPKRPVPSGSGSSNETQQQQQQHPNKIPAASSYVRSRTASAAAAAAAATAAAAEARSRAGNAST
RQQQQQQHHQQQHHHHHQQHHLKQQQQQQQHQIAPSIISPLPAHPGSASSAPKDSAAAAVAAPAAAAS

AASDASEPQQQQEPLKRLSAQDELLQPYLQLQQQQQQEEEQQQQQQQEEQQEEEHQEQQQQQEEEQ
QQQQQQEEEQQRQQQQQQEEQEHQQQLLQQQLQQQQEEYEDEVVDGVPRSAAAFRHQWQQQLQQL

QQQLGCMDSEQQQLQQTVALEQRSTAAIRSAAALLQQQQQQRQQQLOLQQQQQQRAQQEHEASESRF
VSIHTEAAAAAGGTELLQRRLQQTQEKKQQLQQQQQQKHELLFALSKTEYKARQLQQLLQQLKQQQQQH

LDELHQQELLLSLATRFKITKISSSSITGLTVPDQRPAAAAAAADRAAGLNAAAAAAADRSSLEGDLTECASI
VQLELPQQQQPQQQQQSAAAAAEPSEAAELLWQELLQRSLAEDRHAAFVLQQIREACLS
>SPC24_Chromera_veila [207]
MLKIPQIPKETFQEEADELLAAWEENFQTVAHQHGIVEASIIQTQGAIAKVEESQESRGKASESQREIVRLEE
SERSKKAKLAFHAKEIEELRALTEKFHNQATTYAEKRETMIQEFKTWTQISNWRMELLQWSLCVHWQSDG
EKDSSSGSGSKNQSGMILPKGKKPQPFSLDGDRAPLEKADYLWAKTADAHIPPEYRSLTQVEGI

>SPC24 Colpoda_aspera [195]
MNFGFGFDSQTIQDVLKDTKFEGRYVNAFLSKREEIQQLMNFRIEKLRKDIENVLQRNAQLAYALDDGTEES
ITERAEAFTEEYLRINAEINALHKEAKDLAVELSEGYTNRENLRGNDKKRLEQVNKLIGETKALSQIYINFIRV
RWVKGGEKLFGYVAKSDKDFERFESSKSEDGFERFGSNWEKLEKSIL*
>SPC24_Cryptosporidium_andersoni [207]
MEIMSAKRSISASNESFRDINYMIQEVVNEFSDFKSEDETLSKLTAEINKLDKYISSVYDILKDSVENIRKNEE
AYKKELEDTNFENSISFNTKDSSEEEKCYQLSKYCEEIELELSKIHNQHAVLLEKKKQLLKSMRDSEEMFIAK
RKMYQNISSISWSSISELSLKGHFIPPNAPHFTESFQLQLSENNRITNADYLWGEIKRFV
>SPC24_Cryptosporidium_hominis [93]
MSSKCEEIEKELSSVHNRYALLLEKKKNLLKSMRDSEDVLHAKKKMYQSISMITWSLISESFIQGHFIPVYNCP
TKTETFQLQIHENSKFPNYK

>SPC24_Cryptosporidium_meleagridis [210]
MFESIQDRNGVGRGVRKMSISPQFNENIKEILLTQEVASIYEHLGGETNVLSQIQNEISELENYIKSTYDKLQ
MLIDDIKLIENSYLEELENGENICNNSGNEIYNCKEDNKRSALMSSKCEEIEKELSNVHSRYALLLEKKKNLLK
SMRDSEDVLHAKKKMYQSISMITWSLISESFIQGHFIPVNYPAKTETFQLQIHENSKFPNHK
>SPC24_Cryptosporidium_muris [207]
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MEIMSAKRSISASNESFRDINYMIQEVVNEFSDFKSEDETLSKLTAEINKLDKYISNVYDILKDSVENIRKNEE
AYKKELENTNFENSISFNTKDSNEEEKCYQLSKYCEEIELELSRIHNQHAILLEKKKQLLKSMRDSEEMFIAK
RKMYQNISSISWSSISELSLKGHFIPPNAPHFTESFQLQLSENNRITNADYLWGEIKRFV
>SPC24_Cryptosporidium_parvum [211]
MFESIQDRNRVGRGVRKMSISPQFNENIKEIILLTQEIAGIYEHLGGETDVLSQIQNEIAELENYIKSTYDKLQ
MLIDDIKSIENSYLEELENGENICNNSGNEIYNNFKEDNKRSALMSSKCEEIEKELSSVHSRYALLLEKKKNLL
KSMRDSEDVLYAKKKMYQSISMITWSLISESFIQGHFIPVNYPTKTETFQLQIHENSKFPNYK
>SPC24_Monocystis_agilis [213]
VSDVDEKVEEIEENEKKMEKDVDRSEQIGSKKENVVREFNERARDELDDIAGQRSDELQELKRIQESLDEE
KAKEAENEELQKETEETKQQLKIVTERTAEIGPEIQAIKHRRHKLNEQREHLTQGIRGHAENSKNVFLKSICD
VKFTKWEQISETNIVAKGYIIDQPGSPFVIGLPFSVQCANDKSVENADWVWREVEDAEERRSNRGARGE
>SPC24 Lecudina_tuzetae [219]
RRVHGKSTPVCHYIFENLEMFDTSVVERFTEEIENRLLAHNSGPLHDIEKSCATFLEIVQTGDNTLATSLADR
SKELRTAESRLESLKEEVKFREDVTREKQGTGRALKSSFEHYQREVEEFTARLKAAKAHRAQLSREQRKH
ASQFREKMKILKSKTTTYQQATRVMLRDMDSEVVSAAFQRGNSSELWEMRYEGEDVGSVGALWSKIETA
ALDDCEK
>SPC24 Pterospora_schizosoma [211]
VSTQSTWGDVVMEIPEFDVLKVKNLVESANESLSKCDYAANFDKIQNQEALLDDIIHSSDKALSKNIEKQHT
DLQEDLQEIEALRQQILNKENDSKKNQQHTKLSLKELQHRSAQLLESVVALQSEKRKLYLERQRLLEQAHQ
LKKHLKCKQTLYLGLTRMSWLEQTDDTVTGAFICEEPQHNHPFELRFDENPVDRADYIWENISKTIHS
>SPC24_Selenidium [234]
MPRPTLAVSNSTSTLPEKTESAIAELRGLVEAVEQNLADFKDINQSTRALERSEKAVTQWIRDIDREFANRL
RDVTHAESVLHAECAKTEKKIDELNSLALEWKLQNANFSGTDSPEARVAQLEDLREKQKNFVQGLAEIREE
RRAIAKNVAKLDHYSTKEIEVMKATVATFMSVTQLKWTENSSTRIRGSFLPHKNVKHVKNFDLPNDEDPVK
TAETLWQEIYAFSVPPELQ*
>SPC24_Aurantiochytrium_limacinum [218]
MEDLLAFARSSGGGDGDEGSPWEMGSILAEVATFAGEQKELEALAQAQELSKSVRDTYKDTETEASEAVS
ACEDEASAARARAEAFAAQTPTSPEIEALERERMALLKRLDEASTAEETTMAMVAELEKRVQAAEDALKAA
KNSEDAAMPLMKHSLSLYASISKIKWDFAPDAQKKGIFAGSVVDAEEGYVRNFEIDERNKSQFQIANQLWD
LINAA*
>SPC24_Bigelowiella_natans [205]
MSLISDPVTALLRDTRQEFQTQGKDEEIIYRALESIQDSEVVMRHTEVNVKQLIEDLTSSVQLLEHKNGQDW
EEKKAELEERESTVSSDIAAMKTKMDDLTLNRQGEEQYLQKLTEKKEKMFAENESKLAESQKNLKKNTAKL
NVYKVITHIEWKGLKDGTAHLMRKKEGLTSALTHLVRPFELKGDSEFDQVNDLWNVMWEDHC
>SPC24_Arabidopsis_thaliana_1 [212]
MRDQSRNFEMVISWGDELIHVLDDRKGFDVLVQTLEQLRAIPFSCDEDFKEIHESLQDLQKKLDVCKEKTD
EANSEIADEEEIERLQKELDEELELECKLKEELRFIADELKDLNSQEALFEEHRLAIKRNKRDQLRTETKLPM
YASVTRVIPNIDDSLKTSGYMVGRDKRLMDKFEFDSNKSTSVYETCNERIGEEQILTVIGIANLGTVT
>SPC24_ Arabidopsis_thaliana_2 [201]
MGNASENFDIEDLMSYGDDLINLLNVKNGFDIISQSSEQFKALNFACHEDFNQIQGSIEDCKTKLYACKKKTE
EAYSDIAAEDEIERLQKELDEEMEREFKLKDELRLVADELKDLNAQLSSIDEHKQSTKRKVRDDLRAEKKLS
MYASVTNVIPDIDDPSKISGYMVDREKRLIEKFQFETNKMTAYETCNSIWSIINKQ
>SPC24_Giardia_intestinalis_1 [196]
MTQLEINDMVSVACAEMTRESLILQKTDLPTAFAELIDMFLRIRRRISKHDSTLKTTISNHNVIVAHLSAPTAP
DDTLLKSLEDELKSLQASLDETAEGIKTLQKEQEALADARARHRAEQANKQRRDRQKLTEMRSLLVFYRSI
SNVYWDADHRCFLLLPHKAKLIKFSAPDNKFRLSQKNDSGEDMCIWDLLDD
>SPC24_Giardia_intestinalis_2 [184]
MVGPFDSLADALIRQMNLQLEDMRHNGEYSLLLRIIRGQTSLTDRVAKNQEALSVARKKAGAILTVSRPKPQ
TDPGFIQRTQKALEETQDAIQETQRNIERLEAQLKDVTAKTANKDELRRAALTLADRENAGREELVELYHSI
SGVHWDQPDLGYVLSEEIAKPIRFSSCVDATNQLWEMINM
>SPC24_Trichomonas_vaginalis [177]
MFGGEVSPTLRDLCEKIKDKKVEMDAHIYNLQDENTKKTKELQMKIQSLREEEEKLKNSDKISSNSQKLEIE
KLKQAKEELIKKRQFLKNRVEELESIVQKQEETKNSTEDPAAALTLYKSIAPITISSANQNQISGMIAYGTIDST
CFFSYNMDDLTQNQNDLWSKIDENRKKAQL
>SPC24 Dictyostelium_discoideum [281]
MIENKQNKQNKQNNKDNKNVNFIKMIEDLKEDKIKRYLDNDVENLKRAQNLYQDITEKMIAQQDEFRNELDI
WKNESIQFEQSIPTPIDEKDHSEKINFLETRKNQLIEKNNQFEEEIFIENELSSIRLKKTQLINKENQLSHENTI
TIPNKEYLYSLYTNITGIKWSNNDSNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NDSNNNNTSSSSSPPKQESPFIKGIILDTQTLNQNNCQIKPFSIDKNQYSNDFEIVNKIWDLIDK
>SPC24_Saccharomyces_cerevisiae [213]

c
ke
)

@©

£

fus
L
£

a

©
i)

[

()

S
Q

Q

(e N

>
(%)

[ ]

()

O

C
Q2

O
(9]
ko)
©)
Y=

(o)
©

C

e

>3

O
S



J. Cell Sci.: doi:10.1242/jcs.245753: Supplementary information
MSQKDNLLDNPVEFLKEVRESFDIQQDVDAMKRIRHDLDVIKEESEARISKEHSKVSESNKKLNAERINVAK

LEGDLEYTNEESNEFGSKDELVKLLKDLDGLERNIVSLRSELDEKMKLYLKDSEIISTPNGSKIKAKVIEPELE
EQSAVTPEANENILKLKLYRSLGVILDLENDQVLINRKNDGNIDILPLDNNLSDFYKTKYIWERLGK
>SPC24_Homo_sapiens [197]
MAAFRDIEEVSQGLLSLLGANRAEAQQRRLLGRHEQVVERLLETQDGAEKQLREILTMEKEVAQSLLNAKE
QVHQGGVELQQLEAGLQEAGEEDTRLKASLLYLTRELEELKEIEADLERQEKEVDEDTTVTIPSAVYVAQLY
HQVSKIEWDYECEPGMVKGIHHGPSVAQPIHLDSTQLSRKFISDYLWSLVDTEW
>NUF2_Plasmodium_berghei (PBANKA_0414300)[457]
MNTMNDPVPKLPFDEIRNEMNKYGVVITPSTLKHPTTEDVQGVYSICIKYILNKDINNIRIEEFTGDLKSSMPS
IDGIQILPNEGKNHLQAIGNLRFFRHCEKINKILNMDNTLSYIFKPTSGHITKLINAFMHFMRYREQIYNENDAT
IKQIEERKNESNVLDNELKSIQSELQVLLSKHEEVRTSILNEKNIKRDYEEEIENQNSLNSQQSILISLKSTKD
RIVNETNELIFQFSRYRQKKEDLEDQIVPSPEKLQQYNDELKDLLYEHMSHCETSKKKNEDIKNKINIADLCIK
KLVNLLTILTSHINETLKVHIDKKNKLKDLGTNLKSLKEENENLTKKKREHENILNETENNFLQEKNKWDEKIQ
DEKKNTIIVEENVKQIRESIDGITTKTNQEIKEINNIVNHIQDTVNIYNKNFAIIADLIENTKKSQKILKNKIQNNIQ
NCIKTHL

>NUF2_Plasmodium_yoelii [457]
MSTMNDTLPKLPFDEIRNEMNKYGVAITPSTLKHPTTEDVQGVYSICIKYILNKDINNIRIEEFTGDLKSSMPSI
DGIQILPNEGKNHLQAIGNLRFFRHCEKINKILNMDNTLSYIFKPTSGHITKLINAFMHFMRYREQIYNENDATI
KQIEERKNESNILDNELKSIKSELQVLLSKHEEVRTSILNEKNIKRDYEEEIIENQNSLNSQQSILISLKSTKDRI
VNETNELIFQFSRYRQKKEDLEDQIVPSPEKLQQYNDELKDLLYEHMSHCETSKKKNEDIKNKINIADLCIKK
LVNLLTILTSHINETLKVHIDKKNKLKDLGTNLKSLKEENENLKKKKRENENILNETENHFLQEKNKWDEKIQD
EKKNTIIVEENVKQIHESIDDITTKTNQEIQEINNIVNHIQDTVNTYNKNFAIHADLIENTKNSQKILTNKIQNNIQN
CIKTHL

>NUF2_Plasmodium_vivax [454]
MSGGGEVVPRLSFEEMRGEMSKYGVEITQGTLKNPTTEDMQGVYSMCIKHILNKDINNIRIEEFTGDLKSS
MPSIDGIQILPNEGKNHLQAIGNLRFIRHCEQVNKILCVENTLSYLFKPVSSHMARLISAFVHFTKYKEQIYVD
NDMKIRRIEEGKSEDSALGAELKAVKNELQSLQENYEQVKNSVLSEKNKKRDYEEEIIENQNMLNAQQSTII
SLRAAKDKIVNETNEIFQFSRFRQKKEDLEDQIVPSPEKLQEYNQELKNLLLEHVSYFEKDKKKNEEIKNKIN
ISDLCLKKLVDLVTILTGHFNETIKLHIGKKEELKGLEKHLKNLKSEKEHLTMKRKQQEKILLETEQYFAQQKD
KWNAKVQAEEKNVAVVEEKASQLYVQMDELKRQADREAREIDSIVKLIQETLNNYRRNFALIDDLTARTRSS
HALLAAQVRGQAAGRIG

>NUF2_Plasmodium_ovale_curtisi [457]
MNVTNDPVPRLGLEEMKSEMNKYGVEITQSTLKNPTTDDVQGVYSICIKYILNKDINNIRIEEFTGDLKSSMP
SIDGIQILPNEGKNHLQAIGNLRFIRHCEKVNKILNMDNTLGYLFKPVSSHVVKLINAFIHFMKYKENIYSENDA
KIKNIQEKKNEDTTLENELKSVENELQLLLTKHDEIKNSIMSEKNKKRNFEEEIIENQNLLNSQQTILISLKSTK
DKIVNETNELIFQYSRYRQKKEDLEDQIVPSPEKLQQYNEELKDLLYEHLSYLETDKKKNEEIKNKISTADLCI
KKLVELLTTLTSHVNETIKIHIDKKNEIKNLEKNIKSLKKEKDYLTNKEKEQDNILNDTEQYFLKEKKKWNEKID
EEEKNKIHVQKNVKLIYEQVDNINMQTNHELQEIKNIMKHTQDTVNMYSKHFAILAELTENTRNSQRTLASKV
QNNVHACVQTRM

>NUF2_Plasmodium_malariae [457]
MNGGNDLVPRLGFEEMKSEMNKYGVEIAQNTLKNPTTEDVQGVYSICIKYILNKDINNIRIEEFTGDLKSSMP
SIDGIQILPNEGKNHLQAIGNLRFIRHCEKINRILNIENTLSYIFKPVSSHVTKLINAFIYFMKYKEQLYNENDAKI
KKIQEKKIEDSTLDNELKSVQNELQILLSKHEEIRNSILKEKNTKRNYEEEIIENQNLLNSQQSVIISLKSTKDKI
VNETNELIFQFSRLRQKKEDLEDQIVPSPEKLQQYNEELKDLLFEHLSYFEADKKKNEEIKNKINVADLCIKKL
VDLLTTLTSHIDETIKFHINKKSELKSLEKNIKSLEAEKQNLTNKKQEQQQLLINTEQSFVQEQNKWNQKIEEE
QKNYVLVEKNVTQIYENIDSVNIKINREVQEIKNIIKHIQDTINSYNQNFAITDLIENTKKSKTILTEKIQNNVQKF
IKTHI

>NUF2_Plasmodium_knowlesi [456]

MSGGGEVVPRLSFEEMRSEMSKYGVDITQGTLKNPTTEDMQGVY SMCIKHILNKDINNIRIEEFTGDLKSS
MPSIDGIQILPNEGKNHLQAIGNLRFIRHCEQINRILCVENTLSYLFKPVSSHITRLINAFIHFTKYKEQIYLDND
FKIRKIEEGKSEDLALDTELKAVRNELQSLLDNYEQIKNSVLTEKNKKRDYEEEIIENQNLLNAQQSTIISLRST
KDKIVNETNELIFQFSRFRQKKEDLEDQIVPSPEKLQEYNHELKNLLLEHVSYYESDKKKNEEIKNKINVADL
CLKKLVELLTCLTGHLNDTIKHHIEKKDQLKDLEKDLKTLKTDKDNLTLKKKDQEKILRDTEQYYAEQKDKWN
AKVEGEEKNVVVVEKKVNQMYEKIDELNREADREAQEIDSIVKLIQDTLDNYSRNFAAIDDLTERTRNSHALL
AGKVRTLVLPCAGKP

>NUF2_Plasmodium_gallinaceum [457]
MNIGNEIVPKYGFEEMKNEISKYGVEITQSTLKNPTTEDVQGVYSICIKYILNKDINNIRIEEFTGDLKSSMPSI
DGIQILPNEGKNHLQAIGNLRFIRHCEKINKILNLDNILSYIFKPVSSHITKLISAFIHFMKYKEEIYNENDAKIKKI
QEKKNEDNILESELKTVDSELNMLLGRHDEVKTSIINEKSTKRNYEEEIIENQNLLNAQQSIHISLKSTKDKIINE
TNELIFQFSRLRQKKEDLEDQIVPSPEKLQQYNEELKDLLSEHMSYFESDKKKNEEIKSKINVADLSIKKLVDL
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LTILTNHVENTIKQHIDKKNELKNLEKNLKSLKIEKENLENKKEEQDNILSNTEQCFEEEKNKWNKKIHEEEKK

ITQVEKNVKTIYENIDNINFKTNREIKEINNIVKHIHDTINSYSRNCDIITDLIENTRNSQKILSDKVQNNIQKYIKA
NV

>NUF2_Plasmodium_falciparum3D7 [461]
MNKMASTHNEIIPRLGFEEMRNEMNKYGVEINQSTLKNPSTEDIQGIYSLCIKYILNKDIQNIRIEEYTGDLKS
SLPTVDGLQILPNEGKNHLQAIGNLRFLRHCEKINKILNLDNILSYIFKPVGSHMTKLINAFIHFMKYRDQLYNE
NGEKIKSIQEKKNEYDVLENEYDALENELNKLLLKHEDIRNNIINEKNIKRNYEEDIKNQNLLNSQQSLIISLNS
TKDKIVNETNELIFQYSRYRQKKEDLEDQIVPSPEKLQKYNEELKDHLYEHIAQFEDDRKKNEDIKNKINIADI
CIKKLVDLLTALNEHIEHTIKLHIEKKNNLQTIEKQYKSLTNEKQNFITKNTEQDKIIKETKEFLQQEQTKWNQK
IKQEQHNTILIQQKVKDIYQNVDDLNIKTNREINQINNIKHIQDIINHYNKNILLITELIQNTKNSHSILTHKVLNNI
QKDISANM

>NUF2_Plasmodium_chabaudi_chabaudi [454]
MNDTVPKLPFDEIRNEMHKYGVAITPATLKHPTTEDVQGVYSICIKYILNKDINNIRIEEFTGDLKSSMPSIDGI
QILPNEGKNHLQAIGNLRFFRHCEKINKILNMENTLSYIFKPTSGHITKLINAFMHFMRYREQIYNENDTTIKQI
EERKTESSILDNELKSIHSELQVLLSKHEEVRTSILNEKNIKRDYEEEIENQNSLNSQQSILISLKSTKDRIVNE
TNELIFQFSRYRQKKEDLEDQIVPSPEKLQQYNDELKDLLYEHMSHCETSKKKNEDIKNKINVADLCIKKLVN
LLTTLTSHINETLKVHIDKKNRLKDLGTNLKSLKEENDNLTKKKIEQENILNETENNFLQEKNKWNEKIQDEKK
NVIIVDENVKQIYENINDITTKTNQEIQEINNIVNHIQDTINTYNKNFAIIADLIENTKNSQKVLTNKIQTNIQNCIK
THL

>NUF2_Babesia_microti [437]
MDELVDALKKLGAQVSERIFKNPTKDETVGLYCLAIQEVFGRAITQVRYEEAMGTLKSNPKSDLFETFGFTIE
SNSYKSIGDLRFYRYCQRLHSALGLEPINPTTISNPTSADIKKFGKALLAFLKFRDNVLQLLGTDLDTLIQSLD
VKFALINDSNQAVRELSEFSRCNEKNVHVILNMQQEKKCLETKLTLINEEFTMFKERLRTVNTRINELQESIE
QILLQTVVARQTNQDLQDQVVEDPDKFKSDLMQYNSQIDSGNLELDHLKKSEEKLHEKIANFQNSKSRIDTT
INLILSHLDNVIYPYSELISSITSATADSQAIDDDLKRINLEINDCHETLKCCKLDQDNMQRNMSLLENKLADNT
KRLSMMDETGRERIESVHKRIKEKEEACLELEREIKKLEILKLAKDTNFNNCIQDFVTLLHPYEKLLRYY
>NUF2_Babesia_bovis [477]
MDLTEEPQILYELFRKVRVDEVVEDLKELGVDVREETLKNPTPEAALCFYGLAIQVVFGKTRTDIRPEDVYS
HIHVYDSGVEGLNITSDNLEFLKRGIGNLRFWRYCQKLHETLGLQKIERYEIFNPTPESFHRFISAFVVYRRF
REALKSLFEDSVARLNFCVEQDAQLDESINKVRRELQNLQRLKDENLTNIESSVEERAILEHSLLQAKNVFN
DSKDEKAKLDGEIEHIKLSINEVQLKKTKSRHLNETLSEQVVVEPDALYNQKNDLEAEDSVATATLNNLEER
FEDVIGRIKELEESSKFLVDMKTKLSQHVDEVLKPLLENNSTSQLLQNRNETLREQISQQKCKLEEAKLSLTN
TQQQYEDKMNKAKELADAEIKQAHKFAEEIERDVQGIKNTTAEQNDELSKLSNELVNRERYMIATFASIEEY
FSKVKEAAEAYKSSMDAVTERLHSTVTKSHPYGAEFIMDESTS

>NUF2_Babesia_bigemina [463]
MDLTDETRVIDELFRKVRFDEILEDLKVLGVDVREQTLKNPTTEEALGLYGLAIQVIFGKTRTDIRPEDVYSQI
HVYSSGVEGLEITSDNLDFLKRGVGNLRFWRYCQKLHETLGLPDIERYELFNPTPESFHRFISAFVVYLRFR
EALKSLFEDAIARLNFCAEQEEQLEDNIGKVQQELQNFKRLKDENADDIVRSAGDREHLEGLLLQAKSVFNE
HKEEKAKLDADINRVKQTINDVQLKKTKARHRNEMLCEQIVSEPDSLHAQKDELEAQEVVQNATLKNLTEE
FDEAKRRFRLLEDCSHYVEGVKAKMARHLDEVLKPLAENLSASRTLKARNETLQQQISRQKEQRDSARAE
LTAKQQLNEEKRRLLQEAADNELKAARKFSEDTHNEVVEMQQAISQEKKKVESLKHDLAEREERVTAVFSA
AQASWKKVTDAADSYAQRMDEIMDNVEKVIQEE

>NUF2_Theileria_parva [459]
MSDSSQLVLIHDLFKSVRPDEILEDLQKFGVTVSASAFRNPKPEESLGLYSLAIQVVFGKTIHDIKPEELSGKL
YDTKTEVPGVDFSTENVDYLKNAIGNLRLWRYSQKLHKVLGLGEIERYELFNPTAKSFNELISAFVVYLRFR
QALYSLYESSIQKLDNLAELDLRLDEDLKNLVRENDKFKNMVLENVVEHESLLKLKNELENRMIVANEEFTN
AKETKKKLEIEKEKINSLVNDTMLSKSKARFTFDDLSQHFSTNIETASKIFNELNAEYASQSQTLEALVSDVE
RLNTIHASLVESCETFELLKSNLEEHYNEVIIPHVKSLELSKRLSSQTESLKLKIKQLTRTRDSILKDIEHQKTL
QADRLKRLSDELQAKVDEAHRFAQESSNSESGLRAKISDMRDLISQMNSRAQDVRKHSQELFSQLSNMIN
TLYDSIESYNHKINNLNNSLTKF

>NUF2_Theileria_orientalis [459]
MGDSSDPSIFYELFKKVRPDEILEDLKQFGVDVNPEAFTNPKSKESLGLYSLAIQVVFGKTSHDIRPEEIYRQ
LIQPPNELLGVDFSTENVDFFKNGIGNLRLWRYCQRLHSVLGLKQIQRYELFNPTPKSFYDLISSFVVYLRFR
EAIYSLYEVSVSNLDFLAEKELRLSEDIMNLIKENQKFKGVTADTAAEHQLLLSNKRELEAKLLSANEEFTRF
KSRKKELDLEMGKIKNLLNDTMLSKSKARYTFDDLSEHVTTNIETASKLYTELKAEDANQRQRLDSLSSKAE
DLRAKYSKLLEASSVFDRLKVNLSDHYRDVVVPHVDSLEFLKKASVQISRLNDRIAELTRRRDSLLSDLERH
KKVHEEKLRKLGEESQTRIDQAKKFASESKSGNELVLRKITDVKLMIEHVNEKISETRANSFDLFSKIDERLE
SLKESAFLYNEKIQLLNKRLAEA

>NUF2_Theileria_equi [458]
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MDRSDDPIIDELFRKVRPEEISDDLKELGVDIDPKAFKNPTADESLGIYSVAIQVIYGKTVDDIRPEERLGLFS

DSVSIIDGVDIGPNDIDFLKCGIGNLRYWRYCQRLHQTLGLEPIERYELFNPTPESFNRFITAFDVYLRFRDA
VYKLFETTIASLNLLSERDMHVTRDIRSINDEYDKFKKVHNETLDEHRALSNQKETLEKKLVEAKNLFNEYKH
KKNEIEGELEDVKHALSNTLLSKTKERCLFDDLSDSFIIDSAAVEKILGELDNEFQIKNGKIGLLKKNVTDLRLK
YDNIVRSCTFLEELGKNLQHHHNNVTIPHVDSLQELKKLKAQCDSLGEKIKILTENRNFIVNKLEHLKKLQKQ
KLGREQEESQLRINLAKRFAEDTEKSSDLIREKISETNERIEGVVLDTLTYRQNTEELFHNLNRKIKHVATATK
CYNERIMYINSKLQE

>NUF2_Theileria_annulata [459]
MSDSSHLVLIHDLFKSVRPDEILEDLQKFGVSVSASAFRNPKPEESLGLYSLAIQVVFGKTIHDIKPEELSGKL
YETKTEVQGVDFSSENVDFLKNAIGNLRLWRYSQRLHKVLGLGEIERYELFNPTAKSFNELISAFVVYLRFR
QALYSLYESSIQKLDNLAELDLRLDENLKNLVYNENDKFKNSLLEKVVEQESLLKLKNELENRMIVANEEFNN
ARETKKKLEIEKEKINSLVNDTMLSKSKARFTFDDLSQHFSTNIETANRLYSELNAEYISQSQRLEALVSDVE
RLNTLHGSLVETLETFELLKSNLEEHYNEVIIPHIKSLELSKRLSSQTESLKLKINQLTRTRDSISKNIELQKTLQ
SEKLKKLSDELQAKVDEAHRFAQESSNSESGLKVKIYDMRNLASQLNTKAQDVRKNSQELFSNLSQRIQTL
YDSIDSYNETIKLLNKSLTNS

>NUF2_Cytauxzoon_felis [401]
MKNVSIIQELFKRVRIDEILDDLKELGVHVQYDTFKQPKCEDSLGLYSLAIQIIYGKTIIDIRPEDLYNKLKVLPID
INGLNYNENDIEFLKCGIGNLRLWRYCQRLHESLGLNMIQRFELFNPTSESFIKFITSFIVYLRFREALYNSFEI
KISSLDLLAERNYKLTHDVKLMNDEYNKLKSYKNNLNQNNNLIQRKKLLEIKLKEVKNKRDQALKKSIEISKR
RESINTINDLKFKIDSIKSELNDKLTKLKILKDNNNSMTIKINTLKDGNKYLNITTKLSNHYDITLSPNIKKNTNY
NHNYKRNKLILMDELNKLIDKRRLLIKDKEELQKNTIEEEIDKTRDEITKINSNLKESKKNAILIFNKLNEKFTPVI
NASKEYRKYVNDITNQLNNLVI

>NUF2_Nephromyces [334]
MHRQMSRNSNFVNLYPFEGTDTTRGLSTVTTPQHTERFSYRHSASHYATSTPQLKNSHRLSIEEIRHELEK
LSIDSKPLLSANPPKCEEFHCLLTRIVEDVLGLDKAMVRIEEKEGCSIPGFSQPNLFGGNTNRNVEDESNLY
VSAIGNLRFFRLCEYVCRDIFSIPTIKIDHFFNPNRAIIQILQAYIHFLRFHDEIHTEFKEGLDSMQQLAEQIKVV
DTHVONIQIDYEKLVNRHSQLESETKETSKEIENLTNECKLLKGQLQRYCDTNQNLQLQIKQEKNEITDLEY
QISKTSNEIKTLQSQLTDSPEQLEKEQIAKEEHLSKMKRKYE

>NUF2_Toxoplasma_gondii [608]
MAAPGLPQPGSLSTLAGYPSSTYSSQNSPFFPSADRGGRMTLEEIKRDFTKHKLECPDTMWREPQPEQV
QGLYSFAIESIFGLTVNDVRIEEVTGDVRSCLPSIDSLQFLSQDGRLHAKAIGNLRFIRLCQRLNRVLGLPEFS
RETFASPTASGVQRFASAVCMLLRLRESLCRQFESQIQQRASLQQSLQKLSQNAQLVEQELLRFRAERQT
QQPLAQRQKQQQSELEEELRQRHSELGALMEEFKERQAVHGRLELELGDLVLELMNLKQEREELHDQVV
HSPEKLMERRDELRVQQKHLDAQLQELENLAASQQKLLLAFAKAVKKAKKAMEILSAHRDQVLAPHLGFRS
DMRTREKLFRELGEQKEQLSKAVQDLQAEREELARQLEDQERKKDEEETELRGHLARAKREVEERKKALA
DQQDMTAAFLREAEKLEEKLAEQKQRHKLLVDAIEEEIQKVYAAFLTYVSQMQFIRSQMPLSLDLSQSASFL
AEHSEKTHRGSPLACEREENDDFLASLLAESSPSSLGEEKENLPQSRPTAAADAERRLADFSPEKGRKRL
SCLDEETEEEARMHERERESDRLFPAAREPREDGDFPMYGHAE

>NUF2_Besnoitia_besnoiti [616]
MAAPGLASQAFYSSAAFSSQGSPLYPSDRGGRMTLEEIKREFAKYKLECPDTMWREPQTEQVQGLYSFAI
ECIFGLTVNEVRIEEVTGDVRSCLPSIDSLQFLSQDGRHHAKAIGNLRFFRLCQRLNKVLGLPDFSREMFAA
PSAAAVLRFASSVCSFLRLRENLLKQFEVQLQQREALQQNLEKISEDAQRVEQELLRFRAERQTQLPVSQQ
QKQRREELEAELRKRHGELGALMEEFAERQAVRGRLELELGDLVLELTNLKQEREELHDQVVHAPEKLME
RRDELRMQQKLLDQQLQQLERAAASQQKLLLAFGKALKKAKKALEILSEHRDKVLAPHLAFRSDMRTREKF
FREISEQKKKLTQTVHELQTERARLNRELETLEKKTEEEEAELRQRLLRTKQETEERKKMMINQQEMTAALL
REAEDLEDRLAQQKAGHRALLHAIEEEIQRVHAAFLTYVSQLHFLRNQMPLSLDLSQSASFLADHHAKRFS
GFSPSVDGGREDLCARDADYLSASLLESSAPFADDASEAGDGKENRPLGGTHADAHTRGVGGEAEGADS
FAEAKELRGGPGAHSAASPAKAKRISSLDELEEAELRMEDLREGGGEDEG

>NUF2_Neospora_caninum [609]
MASPGMSQSGGLSAHSIYPSTSFSSQGSPFFPSTDRGGRMTLEEIKREFAKHKLECPDTMWREPQPEQV
QGLYSFAIESIFSLTVNDVRIEEVTGDVRSCLPSIDSLQFLSQDGRLHAKAIGNLRFFRLCQRLNRVLGLPDF
TRETFASPSAAAVLRFASSVCTFLRLKETLWKQFEGQIQQRAALQQSLQKISQDAQLVDQELLRFRAERQT
QHPVAQRQKQRRDELESELRQRHSDLGALMEQFAERQAIHGRLELELGDLVLELMNLKQEREELHDQVV
HSPEKLMERRGELRLQQKHLDQQLQQLESLATSQQKLLLAFAKALKKAKKAMEILNSHRDKILAPHLGFRS
DMRMREKLFREIGEQKEQLSRAVQELQVEREKLSRQLDEQERRKEEEEMELRGNLSRRKQETEDRKKAL
VNQQEMTTAFLREAERLEERLAEQKERHKLLVEAVEEEIQKVYSAFLTYVSQMQFIRSQMPLSLDLSQSAS
FLVDHHAEKLQTFSPAASRDREENPDDFLASLLSNSSDDSLSAPSALREEEKENQAQPRQPEGDRGRRDF
RTLDSPEKTKRLSFLEEETETDVRMEDLEPEHEGRLRTSPRPAESR

>NUF2_Hammondia_hammondi [608]

c
RS
)

@©

£

fus
L
£

a

©
i)

[

(0]

S
Q

Q

o

>
(%)

[ ]

(0]

(8]

C
Q

O
(9]
ko)
©)
Y=

o
©

C

e

>3

o
S



J. Cell Sci.: doi:10.1242/jcs.245753: Supplementary information
MAAPGLPQSGSLSTLAGYPSSTYSSQNSPFFPSADRGGRMTLEEIKRDFTKHKLECPDTMWREPQPEQV
QGLYSFAIESIFGLTVNDVRIEEVTGDVRSCLPSIDSLQFLSQDGRLHAKAIGNLRFIRLCQRLNRVLGLPEFS
RETFASPTASAVLRFASAVCMLLRLRESLCRQFESQIQQRASLQQSLQKLSQNTQVVEQELLRFRAERQT
QQPLAQRQKQQQNELEEELRQRHSELGALMEEFKERQAVHGRLELELGDLVLELMNLKQEREELHDQVV
HSPEKLMERRDELRVQQKHLDAQLQDLENLAASQQKLLLAFAKALKKAKKAMEILSTHRDQVLAPHLGFRS
DMRTREKLFRELGEQKEKLSKAVQDLQAEREELARQLEDQERRKYEEETELRSHLARAKREVEERKKALA
DQQDMTAAFLREAEKVEEKLAEQKQRHRLLVDAIEEEIQKVYAAFLTYVSQMQFIRNQMPLSLDLSQSVSF
LAEHADKMQPGSPLACEREESDDFLASLLAESSPSSLGEEKENLPQPRPTAAADAERRLADFSPEKGRKR
LSCVDEETEEDARMHERERESDRLFPAGRELREDGDFLMYGHAE
>NUF2_Cystoisospora_suis [690]
MSSSLYGGPRSSSASPVAYGDVTHQTMTSNSLNSHATSTSPPSFSSFASLQFPAQKPSPVPPGGTGLPPS
SSSPFSLPASHTSSGFFSNAQAASGAGAGTNASFFLPSTSQGGGGRLSLDEIKREFAKYKLECPDSMWKD
PQTEQVQGLYSFAIEMIFGLTVNDVRIEEVTGDVRSCLPSIDSLQFLSQDGKLHAKAIGNLRFFRLCQRLNR
VLGLPEFSRETFASPTPGGVLRMASAFCSFLRVREGLMKSFESQLQQREVLQOQNLQQLSGNLQMVEQEL
VRFRAERQSQEATVKQQKEQREELEGEIRDRHTELGRLVDEFKEKKTLYGRLELEVEDLRLELMNLRQEK
SDLHDQIVHSPEKLMERRDELRQQQKRLEEQLQNLERVAGRHQQLLQSLCKALKKAKKALNLVNEHRNQI
LGPHAAFRSEMRTREKLHKEVSENRQRLNQRVQQLQNQRRELAKQLEELQDRCDAEEREMRRQLTETRK
EAEELKLALAAQQEDTTSLLSQAKDIEKLLHEQRERQDALVRAIDEQTEKLYAGFQTYISQVEFLRGQMPLS
LDLSQSASFLVDRHPEKSHGLGSQDTSPEKSLERHSQTRQSSFLDENESLNSNRPAHTLGQASGSPCSPR
REDVSGVSFSPAKDRAKNEGGGLSIVDLQEEEEGSAEPVEGETQVTETDGERGSSGGG
>NUF2_Sarcocystis_neurona [993]
MLQQPLGGAAGSSSSGAGQGGSLLLSTSFSSIASCSSPLRELQLSARPLGGAAAATQQQQQLPSFCSGAA
VAGVAAPSGFSRMSLASSPLAAAHRMHSPQLLRASGVFPAAAASPPPSCPSRSFLLLQGTDPQAAAAAAA
TPGGGGGAAAATAAPGGGLSFFSSIAAAAVEAQARAAAAAGTGAHSAATTNAAAAASPATAAALGAAGLL
LPPGRLSLEEIKRELAKHKLECPESMWKEPETEQVQGLYSFAIEAIFRLTLSDVRLEELAGGDVRSFLPSLES
LHFLAQDGRLHAKAIGNLRFYRLCQKLNRVLGLPEFTRETFASPTPQVVLRFASACCSFLRLRDGLLRQLEP
LLOQQHSHLQQQLYKVKSDLRALQHELHKLRGEQQMQQPIAQQQKQQEAELHVEIDRLKKTLEPGLVEEHK
RKLQQDSRQAASLSQQOQNAQGGVPSCCCCWCCTARLVSLTGQKQKIRTFVCIGVCLAAALAAPLPSSWG
RSLAVLLLSGLCCCSCPRVLTALFRLQQEVETLVLDLSTLKQERDDLLSQVIHSPKKLTARREELRQQQRQ
QDKQLLQLESACAQQQQIQQLMERGTKKVKKALHFLSTHLEAVLKPQVTTRSESRLREKHYKELKEQRRA
LOQQTVQQLQQQREGLQQQLQELQEAVDSEAQQQQQQLAQAQQHVQQQTDRLLKQQEETVLLRQGTEQ
QAALLQEQEVRQQQLLQAVEAETQKLLAAVQTYFAQVDFLRSQLPLDLLVSQPPSSAAARPASTDSLSTRD
LDEEEEQQTAAGEAAAAAAFVTRAGEHDCSAETAARSSAAAGISTKDTGEDLPLCSSNAITSVVKRKTGTE
MESSDNSCTFAISGCSTVGAQPEKATTGAAAYGQTVSVGTQLPRQHAAAAQPLEEAAATGRPAGRDGAE
LVVRTESLGNEYAQDEASGERSPSPRTSVDECEQPAAPALHASNEDHAAAFCDPAATAGEHTAAAAGRTA
ATFDSPADAT
>NUF2_Eimeria_tenella [514]
MPSLAAAGGPEVKRELLRRGLECPESLWKSPQAEEVQGLLSAAIKFVFGLSMTQIRVEEAAGEAKAAAPDS
RPFLTLEGRTHLKGIGNLRWFRYCQKLAKGVLGLADFSRAFVFSPTPQTALRLSAALCCFLAARDAVAAAA
LPLAEALQQHQLAAARAEDELRQTEQQLQQLKADRDAQQQHAALLHKELQALRNTVSSLEVELRSTEDKR
SLQQKQQQRLRQELQEAAQELLRLQQQREDYMDQIVHSPNKLRQKRLELQEEQRRQDTRLSSLSKQRQQ
QQLLQQQVARALKKALKAERILTEHQHNHLEPCVAARQDLRACEKTQKELQQRRQQLQQQQQLLQQEYQ
QQQQLLLREEEQCSILSRELRERVQQAKEEAESFWSSLPAQQEFIRLLQQQQQQLQLSIHRKRERHAALLL
AVEEAQQQIEASFCSYLSQMEKCRRALPPPATLSESLANIENEPPTLLLQLQQQQQQEQQKQQQEEAEEE
FLSAHETESNFPPHKPWLVGAPN
>NUF2_Eimeria_falciformis [705]
MAAPTQQQQLLLQQTVQQQMEQQPQQQQQSLYPLPAALQPPPPCMNVESSTAPAISQKVQLLSSSPAAA
AAAGAATAATTATTLIPLPASTLSPLQQQQQQQHQRHVSPYPGFSAGGALHPHFYAGGIQQPLQQQLQQQ
QPQQQHVSVYGGVSSPLRQRATSFFASDLGPLPTLPSSSSSSSSSSSSSSGRLSLDEVKRELQRRGIECP
DSIWRDPQPEEMQGLVSVALELVFGATLQRLRVEEITGEVKVSQPDTRPFLTLEGRTHLRGIGNLRWFRQC
QRLAKGVLGLSDFSRAHVFSPTPQTVGRFATALCSFLRVKDAILAEAGPLAEALQQTQIATANAEEDLRQTE
EQLVRLTADRDAQQQHAMQLRKQQQSLRSTVSSLEMELKSAQERRALQEKQQQRLNQELREAMEELAGL
QQQRKDLTDQIVHSPRKLKQKRKELQDEQREQDARLAELGRQRRQQQLLQQQVSRALKKASKAERILTTH
KTSLLEPCVAARQELRSNEKTQKELLQRRQQLQQQLQQLQQEYQQQQQQLLREEQQCSDISRELRQRVQ
LAKEEADAFHKALPAQQEAIRSLQQQLQHLEVSVQRKRKRHAELLQALRAAELDVVAAFQAYVSQLHVYR
RSLPLPPTLGQSLALSDTEENEPPLHMQQQQQPQQQKLHASDAEQQEMQSLKPREPLQWPQHSTGTVG
GPSSGPL
>NUF2_Eimeria_praecox [310]
MARPSTQQQHTDYLQPHLTEHSLSEVAPLQQQQQQQQQQQQEQQQEQQQQQQQPSLYPVAAAPPSNN
IFSSLTSAAAPSFALGPAVTPSAAAAAAAATAAATPAATPAAIPSPSPMANLGSLQQQQLQQQQLLQQQQQ
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QLQLQQQQQQHSLLPYPRPPSSYAFFNSGGPLQQPGVSGAASPLLQQQPQQQQQQQQQQILQPQQQQ
QQQQQQRITSFFSSEAGLGLNSSSSNNSSSSSNSSSSSSKMSLDEVKKELQRRGFECTDSFFRDPQPEDI
NVFLSLCLELILFISINKIRYEEITGEVRVAYPQA
>NUF2_Eimeria_maxima [555]
MARLSAQPQLLLPPQHSDYLPPQPTDPSFADPTQQQQQQQQTQQQQQQQQPQSSLYPITTAPPPTRGVS
SLAPPGVPSIHVGTITPPATTPAAAATTAAATTTAIPPSPMAGVGSLQQQQOLQQQOQQQPSLLPYPRPASS
YTFLSMGGTSLQQTGIGGGASPQLQQQQQQQLQQQLQLPPQQQHLSIYGGISSPLRQQQRVTSFFSTDP
TSGIMAVPPHSSSSSNSSNSNSSSSSSSSSSNNRMSIEEIRKELQRRGIELGDTFFKDPQQEEINNFLFICLD
IILNLNINKIRYEELTGDIRINQQHTMRLSDISKQRQQQQLLQQQVARSLKKALKAESFLTTHKADCLEPYVAA
RODLRTSEKMQKELQQRRQQOLQQLLQQLOQEYQQQQQLLLQEEEQLSNKTKELNDRVQQAKKEAESFW
NMLPSQQENIKLLQQQLQQLQVSVQRKRAMHAELLRAVQQAQQQVEELFNSYLAQLEVCRCSLPRPASLK
QSLADSENEPPQTLQQQQQQQQQQQQQQQQQKQTEEEQHHIPRTVLQSPHKPIACAATTRT
>NUF2_Eimeria_brunetti [542]

MARPSAQQQLLLQQQQQQQLSDYLPPQVSDTAFPDLAPQQQLQQQQPQQQQPPQQQQQQQPSLYPLA
PSPPSSRAVLSPITAPPFHLNAALTPSATPAAAAAATGAAAAAAAAAAAVPPSPVAGVGSLQQQQLQQLQQ

QQQQQQHSLLPYPRQAPSYTFFPMGAPLQQTGGPSPQLQQLQQQPPLQQQQQQQLQQQQLQQQHLSF
YGSAASPLRQQQQRGISFFSSDSGSGPSSSSSSSSSSNCSSSSSSSSSSSSRLTAEELKRELLRRGFECT
DTLFKEPHPEEVFSLLSFFLETILGITLNKIRYEEISGEVRIANPQAMTKALKKAVKAEALLTNHNTACLQPYV
AAKQELRASEKTQKELQQRRQQLQQQLQQLQQDYQQQQQQLLRQEEQGMQQEKELKERVQQAKEDAD
TFWNLLPAQQETIKGLQQQLQQLHAAANRKREAQAGLLLAVKEAQQQTENFFRSYLQQLEICRRSLPPPM
SLRQSLLNCENEPPLQQQQQQQQQQQEQQQQQKEQSNSRLETPAVIHKPLSCGAPN
>NUF2_Eimeria_acervulina [673]
MAQPSAQQQLLLQQHLLQQQQHSDYLPSQPTQQSFTDAAPQQQQQQQQQQQPSLYPVATAPPSTIPISA
SASPAAASLQGAATTPNATATAAAATTAAAAATAAAVSASPVAVMGSLQPPQLQQPQLQQQQLQQLAQQQ
QQLQOLQQLQQQQQLSLTPYPRQPPSFAFYSIGASLQQPGMTGGASPQLLQQQHQLQQQPQQQQQHLS
IYGAVSSPLRQQQQQQQQRVTSFFASEAGGGLINSSSSSSNSSSSSSSSSRMSLEEIKKELQRRGFVCSD
SLFREPHTEDIEQLLSFAIEVILSTPVAKLRHEEIAGEIRVVNPQALRATEQQLQQLTADRDAQQQHAALLQK
ELQSLKSTVSSLEVELRRAEDKRDLQQKQQQRLQQEVKEAAQELSRLQQQKEDYMDQIVHSPNKLKQKRL
ELQQEQQHQDARLSDLSKQRQQQQLLQQQVERALKKALKAETILTKHKDGVLGPYVAIRQELRASEKTQK
ELQQRRQQLQQQLQQQQQEYQQQQQQLLREEEQWSTQIKELNSRVQQAKEEAKHFWGSLPSQQEAIKL
LQQQLQQLQASIHRKRETHAELLQAAQQTEQQINNLFRSYLAQLETCRASLPRPASLLQSLPNTENRPPLTL

QQQRRAQQAQQAQQAQQAQAQQAQAKWQQQQQQAQQQQQQYVEEEQLSSRV
>NUF2_Eimeria_necatrix [441]

MAGPSAQQQLQLLQQQQPPQLQQQALQQPQQPHEQLMQQPTEQAFRGLAAQQLQAMPQQQQQQQQQQ
QQQQQSLYPAPSSLPPPRGFSGLASPVASSFPPSAAAAAAAAAAATPAAAAAASYPPVPSMSPLHQSAQQ

QQQQQQQQPLQQLPQQQQPSLLPYSRPAPPYNFFSFSGGPKPFLQQQQQQPLQPLQQLQQQQQQPLL
ASAAAAAACGFGGASSPVRQQRATSFFAAEGPLAGTHSSSSSSSSSSSSSSSSSRMGAEEVKRELLRRG
LECPESLWKSPQAEEVQGLLSAAIKFVFGLSLTQIRVEEAAGEAKAAAPDRSAAAAAAAAAAALLLLLLLLLR
CCCCCCCCCCCCCAAAAAAALLLLLLRCCCCCCCCCCCCCCCCCCCCCHYYLLFGFAAQPPLLDSGGPH
PPEGHREPSLVSILPEASQVQTLNPKP

>NUF2_Eimeria_mitis [326]
MSSLEVELLNAEDKRALQQKQQQRLQQEVKEAAEELRRLQQQKEDYTDQIVHSPNKLKQKRLELQQQQQ
QQDMRLSDLSKQRQQQQLLQQQMERALKKALKAETLLSSHKTNCLLPYVSARQDLRATEKTQKELQQRR
QQLQQQLQQQQQEYQQQQQQLITEEECSSSKTKEMKERVQQAKEEANQFWSLLPSQQDSIKQLQQQLQ
QLQVSIQQKRAAHAELLLAVKEAQQQTEEMFRSYLAKIEACRRALPPPASLRETLANSENKPPQTLQQQQQ
QQQQHKQQQQQHKQQHKQQQHEDGEQHHNRMGPPTVLEPLPKPLSCGLN
>NUF2_Cyclospora_cayetanensis [348]
MARPVTQQSLQQHEDAQQASVQQVQLLQAPMDLTPLQTQQQQHAFYPVPSALPPPPTNSAAEYPVSPSL
QQTFQGMLPPATPASGGPPGGRSRRGIDCPDSLWKDPQPEEVQGLLSVAIELLLGISTQKLRQEEMSGDV
KVPTPDSVAALPLPMFVFLHIHVYMGVLGLSDFNRTHVFSPTPQSVLRLGVALCCFLRQREAVQSEAGSLA
EALQQTQLAAARAEEDLRHTEQQLQRMTSERDAQHQHAVKLRKEQQALKASVSSLEVELTSAQDKRALQ
EKQQHRLQQELREAAQELTRLQQQREEFKDQIVHSPNKWQGFDCPMKGRDCVAPCNSRVSLLSHSLELR
>NUF2_Eleutheroschizon_duboscqi [742]
MYPNAAAYSSSGAGASPMHSGIGATAEGVGSSLASVRTHPENQGNPVSMIPGGSPLAHGGRSFDMLHGS
NMSNHYGVQSVSKGHGSSGISFPKGPAYALSPNISGPASALCGTQQGMAPSTGAFSDNPGGHSFHPGSM
SPLRVGNGGSTSFYGAPGSSQGGWSGVGSGAPGVRGSSSVLATFPRLSIEGIKKELIRHLGAELPDDFWR
HPTVESNLGLWSTAICTVLEVSEKDVRIEEHAKDGTVASLTEFGQVVLSHDGRMHIKAIGNLRFYRFCKRLA
TLIHFPGFCRDTLWKPTPVSVQKFGELFVHFIRFRENFFLEYRSALTQAKEIATDIEHVWADTEEVNREMTK
QKAILLSQKAETDQMKAAKAEMAHKLCTLKTAVDESHERQKHLETRVTKIQKEREETHFELSRMVRHKEGL
EDNVVRSPERLRTRHERTHETLRSTRANMKSAEDTSATLHDRGLRMEKLSKRMQKAQKWLDDHFNKTLK
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TYGDVRQNLKIAERRAASEIKGKEELTKEVQRLRTCHTENLKAFDDLRNQHEKEIIRLETEQEQSQQKLEGR
RVELSSFRQQIEAVQENHIKAATALQADAEAQNRLLDELEESHAILVRGFEQYNRIVDEMRSKLPLPLSLSM
SVTCKSTDTEVDNENSQAEPAEMRNTMDVPCDDYRRTLLSHLGTPAAVAQPVFVSAAAACTPKHPQTTQ
PTSRVMENSPSLKRQSCEGLDDDTIFSPLYPSRRIGR
>NUF2_Pterospora_schizosoma [558]
MYSTPRRRNPVSNVDRNQIKRELQNLHISLPSSFLWEPKPSDAQEFYRMVIDYVYEGIQLPLNNCSSALPR
DDFKLYSEMKNWHVVLPKLCMFRQCQTIATKILGCEDFTLHDITRPDPIRLLSFCQAFTNFVRFKEDAKMHS
SARRQNIDELNNNIIEKEKELKKANEEY SALRCKLTEKEGKICWENQRKREIQSRILATHEKYLIAKEKLMEIL
AESERMNKKLTTTEHNFLEAKKKNEELLQRAAKSPRRLKKALEDLEISINIKFEQTEGAENKLKYLKLRSHSY
KVGEEQVDSAYQLLRKLKLHLENITNKLQEQNQVECEVQELKEKIQKQEEGLSSKKHELNIVKKKVEDTKAL
WRKQVETAKAKYSEAEESLFNKNKILTEQKQKLHQLVANKDAMMNELSNISNIFEKEAEKCNQLQRSLLQS
VRKYGQKIIAAGQKCSSRICNRREIICRWCTDSAAAPTEYWMTVGALVNVGRWNPMSTNDKLMILNNNNN
NNNKTSNFIVAANKKNVSSLCDNNNNNNNKTSNFIVAANKKNVSSLCDNNNNNNN
>NUF2_Monocystis_agilis [570]
MEKKTLQKLLFRQGVETSPDFFDAPKREEIRIFWDGIISLVFGPHVLLCEVDSVQNALYASYIKETRSRALQL
QSSDHPFVDSSAHSWSIEELLPDRGSRQLQALAIARIFQCLRHFGKLFGIRNISVQLVARPPTHALIMFGNAI
VNWMRFQEQTLNEEMAEWNNVVNKAEMVKAKRTERDEFRSAVRNIKEQVEQQLPQKQQLEWAVEEMKS
EVCALHNDFNQVKAQEVKVTTRYLEQKGEQEKRAAKNHRLRLEIASMKERIVESPEQIVEALKSLTAKVEFE
QTAAKHESRMLPINQQHSRVAEDLGKRYELLWSFVEERARIVRENDKLKQQIDVQRKRVSSKGTQMNEYM
TQERQRRADLVSTQKSLEKARAQKIEYEKMMQMKEEEAVKSTTERKHTEEANERIRREGEENLETTRSIAE
ETRKSEAAAAALIQEYLEASREEDAALSRRVEGIVERYSGENLQSNDVMQQILNDDVAKNFVVKSASMRMY
TPATQLGVTRNNTEAAKPNASTSAQFINRAGEGLRGRENDESESETCRALGRQFKQMTLKDKVNENRKSE
GK
>NUF2_Selenidium_pygospionis [473]
MASRGRIRTPRGQTGAFVLPVLDFAGVRHDLEQFGIDAALENWHNPTSQFVEELYSAAVKHLLDLGPEELR
CEEMSLDAGPMHIQGVGNLRFLRLCSKVCDLIGVDDFTITDLTRLDPERTYRFACAFVNFVRYLEKRLQRH
HPGLRESESVLASTAATSQEIGDSAAKLAALKEQTPNIETEIQEQVSVQTGLRTQVVAKLAQLRSLEEELAQ
RVHKEGQLEERYKEQQEELATNQALARDLEDQVVQSPNRLKQAIAEISEKVEHEGQKKEAICYKKSLLKND
QLLIEKVEKRLNKKLRLVGLVKEKIQGANTVWKSLSATITTLEERRQIAERLKQDEAELRRMLEAIAEKKEES
RARLSALRVTAETDLANRKNHSQTEKERMEKLTAQHIAMEEEVETLEETSAGLDELIVAVGEQLEMLAQTL
GKTFTQYRSSLKVEMGKVDLHQNYRRGVLPRKLNQSLTQSADDE
>NUF2_Lecudina_tuzetae [305]
VSTQSTWGPTDIPLKIQLLWRCRRHTLLAMYSTPKRRLQVSDFDRNALKRDLANLDFIVPHSLLWEPTAAD
AMNFYQLVCSYVFEDDDAGGGDENELEVRGLDSLSELGNCHRIFSRMRLFRQCQRFYRSIGDEDFLLGDL
LHPDPHRINHFCNSFVQFCKFKEDNIERLRQKKEEIDKMKKNITALDAELATLRDRETELELVKRDTQAEDD
ENERQHAMVKEQLLALHSNFSSSCETLSNANASAGKLASELKHIEGLVNAAKSRQDELECEVVRSPGRLKK
SYEQLVQATETEEQNLRQTNR
>NUF2_Cryptosporidium_parvum [481]
MRLQSKQKYQFPDLEMGELMNELDMLGFEVGSNFWESINHEIAVELYMNCLSIALEIDTEDIRPEELIGQLP
SSAAGIISENGKSQIKPIGNLRFLRYCKILWVMIGIDDFSMNDIYRPTPDRIYSFLCGFVNLMRFKEDRWMTY
KNEFYEIEEILDSVDKSNEQIKQKKEDLNNIRVRYNEQSGEIANRRRDNQEYQEKMRSLHGEFLQNQQELK
RLTQSEHDLKEQLKDVEFRITTGNQDIQDLKDQVVQSPERLRNTLEELNKSLENERKQIDQISIKNNELKER
QNLLQKTEKRLGKAKTFLEQTISGIKDANNIKQSIKEIEHHIEKDKWTIEQTTEEERLLLQTVEQISLRIQNNQQ
HYESLIEEAQTLLNQEKQKFEQGQEFLDVQSSEAFSFERQAELMEKEIQNLKVSHEKAINALNIQHSQLLNV
LTNYKKHLISKLNDINSKYNLKLLDETSKENSTINSIENTIVMQHN
>NUF2_Cryptosporidium_muris [496]
MGPKFRYQFPELDLNELMHELDMLGFEVGSNFWDNITSEIASDLYMNCLSIALEIDMEDIRPEELSGQVLLT
AIDILSDQGKHHIKSIGNLRFLRYCKILWNMIGIDDFTMNDLYRPTADRIYIFLCGFVNLMRFKEDRWMTYKD
EFYQIEEILDKVDKANEQIKQRKHDLANLRLKFNELSDEIQSRRIENQQLQEKMRNLHGEFLQNQQELKRLT
QLDNDTQEALKDIEFRITTGNQDIQDLKDQVVQSPERLKNTMEELNRSLESDRRLIEQTSKRHNELQEKLNI
LRKVEKRLDKAKSFIEQIFQSIKEANNIKQNIKDIEHHIEKDNWTIEQSTEEERLLLQTVEQISLRIQNNQQHYE
SLIEEAQTLLDQEQQKYVQCQVLLEKQGNEAFTLERQAESLERDISNLRSNHEKTINMLTKQHSYLVEIFYK
YRNELIQRLQLFCNYKNY SKIKTSESIFYNKEGRRDNIIMGRFTDENDENNSHLNRGECD
>NUF2_Cryptosporidium_meleagridis [481]
MRLQSKQKYQFPDLEMGELMNELDMLGFEVGSNFWESINHEIAVELYMNCLSIALEIDTEDIRPEELMGQL
PSSAAGIISENGKSQIKPIGNLRFLRY CKILWVMIGIDDFSMNDIYRPTPDRIYSFLCGFVNLMRFKEDRWMT
YKNEFYEIEEILDSVDKSNEQIKQKKEDLNNIRVRYNEQSGEIANRRRDNQEYQEKLRSLHGEFLQNQQELK
RLTQSEHDLKEQLKDVEFRITTGNQDIQDLKDQVVQSPERLRNTLEELNKSLENERKQIDQISIKNNELKER
QNLMQKTEKRLGKAKTFLEQIISGIKDANNIKQSIKEIEHHIEKDKWTIEQTTEEERLLLQTVEQISLRIQNNQQ
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HYESLIEEAQTLLNQEKQKFEQGQEFLDVQSSEAFSLERQAELMEKEIQNSKVSHEKAINALNTQHSQLLNI
LTNYKKCLIGKLNDINSRYNLKLLDETSKENSTINSIENTIVMQHN
>NUF2_Cryptosporidium_hominis [481]
MRLQSKQKYQFPDLEMGELMNELDMLGFEVGSNFWESINHEIAVELYMNCLSIALEIDTEDIRPEELIGQLP
SSAAGIISENGKSQIKPIGNLRFLRYCKILWVMIGIDDFSMNDIYRPTPDRIYSFLCGFVNLMRFKEDRWMTY
KNEFYEIEEILDSVDKSNEQIKQKKEDLNNIRVRYNEQSGEIANRRRDNQEYQEKMRSLHGEFLQNQQELK
RLTQSEHDLKEQLKDVEFRITTGNQDIQDLKDQVVQSPERLRNTLEELNKSLENERKQIDQISIKNNELKER
QNLLQKTEKRLGKAKTFLEQTISGIKDANNIKQSIKEIEHHIEKDKWTIEQTTEEERLLLQTVEQISLRIQNNQQ
HYESLIEEAQTLLNQEKQKFEEGQEFLDIQSSEAFSFERQAELMEKEIQNSKVSHEKVINALNIQHSQLLNVL
TNYKKHLISKLNDINSRYNLKLLDETSKENSTINSIENTIVMQHN
>NUF2_Cryptosporidium_andersoni [455]
MRPKFRYQFPELDLNELMHELDMLGFEVGHNFWDNITSEIASDLYMNCLSIALEIDMEDIRPEELSGQVLLT
AIDILSDQGKHHIKSIGNLRFLRYCKILWNMIGIDDFTMNDLYRPTADRIYIFLCGFVNLMRFKEDRWMTYKD
EFYQIEEILDKKMRNLHGEFLQNQQELKRLTQLDNDTQEALKDIEFRIATGNQDIQDLKDQVVQSPERLKNT
MEELNRSLESDRRLIEQTSKRHNELQEKLNILQKVEKRLDKAKSFIEQIFQSIKEANNIKQNIKDIEHHIEKDK
WTIEQSTEEERLLLQTVEQISLRIQNNQQHYESLIEEAQTLLNQEQQKYVQCQVLLERQGSEAFTLERQAES
LERDISNLRSNHEKTINMLTKQHSYLVEIFHKYRNELIQRLQLFCNYKNSSKIKTSESIFYNKEESKDDIIMERF
TDENDENNSHLNRGECD
>NUF2_Piridium_sociabile [263]
SAFPFSILSPEDILGFLRDIGFDSFTLENLIKPDDQHVQDILFTLLCVASKTAESPLALNGNWSQSFRFPDLHS
ESAPLSAMLVKLRFLASVCKIDDFSLRDLYPSSTLSSGNDHHHNNSRRLFHLLSGFINYIRFQQMHENNYLD
TFQALEKMQKSLLQEQEWAKKSEGEVVRLRCKLAQKLDLVEELRKKKYETDEILDACQSEAASLQSEWKA
RKATGDKCSEAFHEAEVVTKEKKALLVELRSQVVSSPEQLQKTLDDA
>NUF2_Vitrella_brassicaformis [628]
MRSSASLSLRPASTFNTFADFSNDALLALLHENGVDDADMDKLHKPDEKFIVRALAALLCAATDTSEEILAIP
AVCGSDAFKWPPLHDESVVVTNLFVSLRKLMAVVLVNDFSLVDLYKCDSQRLCYLLSGIGNFLRFRAFRDD
FFDPIQQRIDGLQAEMDSQEAANRQQAGELERLKGQVSAKEMAVRLLEQREADIEGTLSPLRHQAHELQM
EWKDMRTKAEKLTDEKTNLDFTRRMTDKNVQHLKQQIVQSPERLKESVEESRVQCEEMERQLNEQHRHE
QHQRRKDTHLQRAEQQOQNKHIQLLKKYQENLSATSALSAQLSALRTRLDELTAQREQEEQEQASWSLKCD
EAAGNIAHEKEAHVGRVADATERLERAMEVAGRKRGMVETTALKTKAGRTELEMLQEQIKQEKEDILSKES
EFLAAHSSLTSAIVHRTHTSTLMPLLSALSSTLTTLTHHTHTDTETTSTQPQPQQQEQQQEAQPQATLTPSL
SGSTEAHPHSITPTQHNDEASAPHTPRHTEPSTGKAVAHHEFTPEFGGGGQQGGNQRDVAGGGQEGEG
ERAGVEGGSRGGDGIALSVGCPSVAPSVGISPGPTSELQASSDFLQATPGGQHWQKEDGSRFDF
>NUF2_Colpodella_sp [488]
IFCVKSIHEMMKSQMPFLPKAQDICSSFKEFDIEISMTDITNPTVSGVLNLYTRVVAHALGYNMNGLVQLQFN
EENSLQEPELYDSFAQRSKVFLYLKILSDTVGFDFCITDFMRPESDRLIRFLSLLLQFMKHKQHKLSNFREIS
SNLLSCSQAFEVAQRERQNAEVRRQEGEVKAQAVRQRISELRLQYEEKTAALRALKEHQRSLLSKEKDAG
TTLIEVKKRTEQLYRDAEILKQRAENTKSKIAPNPSALVKERDRLLIEKESANAAMRQAEFEIAVTISRREILDK
SLAKLNKRALAIKECEELVQMIVKQSVDQKDLLTNAELAAQKLQKLTEEVEAYSRTIESSKRNLISVDTIYADR
IANLNAQLAELETAAAEREPERVEIVKKIQIFESQKFENEKMIAHVEDEAKKRIAEFEDKQSKLYDLVETITKN
FINQIQGQNLVNASQLNPSNSMQPNFMADSGKNFQIADSSQHSIPVAHN
>NUF2_Colpodella_angusta [493]
AEYMGIFCVKSIHEMMKSQMPFLPKAQDICSSFKEFDIEISMTDITNPTVSGVLNLYTRVVAHALGYNMNGL
VQLQFNEENSLQEPELYDSFAQRSKVFLYLKILSDTVGFDFCITDFMRPESDRLIRFLSLLLQFMKHKQHKLS
NFREISSNLLSCSQAFEVAQRERQNAEVRRQEGEVKAQAVRQRISELRLQYEEKTAALRALKEHQRSLLSK
EKDAGTTLIEVKKRTEQLYRDAEILKQRAENTKSKIAPNPSALVKERDRLLIEKESANAAMRQAEFEIAVTISR
REILDKSLAKLNKRALAIKECEELVQMIVKQSVDQKDLLTNAELAAQKLQKLTEEVEAYSRTIESSKRNLISVD
TIYADRIANLNAQLAELETAAAEREPERVEIVKKIQIFESQKFENEKMIAHVEDEAKKRIAEFEDKQSKLYDLV
ETITKNFINQIQGQNLVNASQLNPSNSMQPNFMADSGKNFQIADSSQHSIPVAHN
>NUF2_Colpoda_aspera [466]
KNNINAGVLQSNFQMIHEVKILKEQEVIEFLRELNFELEDNRIINRPDPEFVIDVLSACALTCLSKKKEDFSAID
FKGFNQIVNNEGQLESITLFNQFYAVEQMMEILNIQDFSLFDIIDPQPKKLRYYISVIRSYLRHKEVEEDVQRE
HLIKNKELDEQVASLTQQLNKTKAENDALQDKTNLQMPIIHDKKREIDFIENESRLKREALDILKREKLDFEKE
KEELENRVNVENVKIEEGRNEINQLKSQIVQSPEQIVHTLEEMNDEIKKEKEVVSTLEGEIAKQNLVNEIFSFL
QQALDETFKLMDDIKSSLNKEKNGKKNLKDINKEASTLRDQVEKNKNELQEVLKSIKTTEERTENIEDQLQK
RKEQVRTTIAQMMGDKAAVQRIYEEQTMNHRNLEKTNLEKELEKTSLEMDRDSMFEEGARLYDVLQEAVM
GLHEELSYLFQEGSSKFVNPFETSAKP
>NUF2_Chromera_velia [222]
ADAGRKRDSTMPPRRPLLSIEEICSIVKRSTKMLAKEDHERLRGHLEKPKPEIVQELYRAFVCECLHLAPED
LKQMRPSAVRYPDLLERCGGVARLHLLIFAKILCQIVGIDDFVLEDMGKPDPQRTHRIFSEICRFIRHSEGRA
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QLRVQLEEEQQRLVEEERKERRLLEDAKAKREREELKMREKLEGAEERQREVLAMRQELKRKAEREEGA
ARDIDLLK
>NUF2_Platyproteum_vivax [590]
MENRRPFTIPMVPFEELVGVYRDLLGIKELTSASIEKPTADIVRQLYSVSLEQFWDVPREELGQMSFNSLRY
FKYPEIHSESIPVLIFLRHMQHFLTACGVVDFSLQDLFKPEPKRLRKHLMAIVNFARFREERIQQWAAVQDE
RDELLLERAKLQERSEKFAEEVQIQRQKLEKDLPAIQNCTRKEASAQQKIEQLKRAQVLLQQDLEAKVTQFN
ELESRLKVEDDNLSALKQEVQFLNTQVVHSPEKLREQVLNAKKAKQYEMKCIADIQAHQRCVAERLRLFEQ
GKQRLSIHATQQQTLAKTFEDIREAQQSKKKCELEVQQTKKLVEDVRRKIQLVDKRLALQQEQLAQQEEWF
EKQKLELGELIAAAKALQEARESQSRCVISETRHLAEDNKLLRKQIEEVACKHRGEMETLVNACGTLLRAVS
TYGRQLEERLLCDGSNKPVTQLPNSANMISPWPTNKIQRAATTVARPKCKVDVEQPKTVAKPYHGLSTPD
PLVVDEQEDLETPIIRQISELNLDCKTESKTVTFVVETATEENKEHVEDSNEENVEKKPECINSPELKSSSEM
CEKTPGGTRWSVPLAMR
>NUF2_Digyalum_oweni [291]
MTSANTDKRAPFSIPLVGNEDILNISRDLLGVPLTAAQMEKPTAELVKQIYVSSLEQFWDMPKEDLAQMSYN
SLRFFESPEIYSEAVPFLVMIRHLFVSALTSMSKPEPKRLKRHISAMLNFARFRQERELAWAAVQDERDEVL
LAHSRMTEKVEKSKEELQSLRSKLEVELQDVQECRKKIADTEHKMEQVDRGTEAAKQQVGMKVENFNALD
SRVREEDDAIRMLREEIKFLQTQIVHSPDQLRQHLHEIKACKLKENSALEQLANEHTAASDTVTLYQNAEQV
LLRVN
>NUF2_Perkinsus_marinus [327]
MVRGSFPKLTAAQIVEVLKDDFAVIVPPKLKACILALQPEDLSACPAEILRITYDALLVGALDLTEDELNVPAE
FLGQRAAHESTTPIMLMSRQVKWTYTYLLRASEHIRSVCPPVAICSVVSPYEDTKRTRMLVSALINYIRYKYI
VLAQPKISSTEQMRADEEDALVEVQEKVEHSKRALQDVKATRERLKPSLTKAKHDRHVLDEELCALGKAKE
ALVTSIEEHGRVKEELTVGSSERRQIIEEKKEELQHVADLVVENPERVVEKHKKSEEREAALRRTLDEKQAK
LSMAREKTSDWRETNGRFEGLMKKARGIKADKEKMEK
>NUF2_Symbiodinium_microadriaticum [694]
MESMKRSPTFLVGTVQQKDILGEFQKREQHYTEEYSKNKPLCFSARAFQQPHPAKVRMGYKDADATLTSP
MLLGVCDGVSQLEEFQMDPSLLPNELLRTCEELAMLQLMPDTNIAPQDQYRGPISLLKEAYQETTSYGSTT
VLLAALDNSTRIHGKLHPMIAVLSIGDCELLMLRRTNGRQSELEAVFHTEMQRIDYNVQTPLQLARVDERID
EEFDESIALELVGSSCPGQPPPTARAVSTEGRTYNMLKGFAFKILAPKDITGVLNMIGVHPAVAADNIDRPS
ADNAMAFFNALAEFAYDMDSQQVKAQMPAVTPHPEIYDEAMDFLTIFKLSRQLAMINLVDDFNFKDFWDPV
PKRFRALLSGMINFCRYKEAKVVVITGMKEDVQALDSTRLEMVDKLNQVDAELSAAQERHNAELQDMWTA
ENEAAEAKAINDKLTRQRNSADRVVEDAERKRTSVKERVRQGEQRIEQLREQVTALQSQIAESPEGLEKEI
EELKSGVCQLKAVLEEKANQRRAHSQRDQVVCRLLRHLESYKDELTRVGSVAANAENAKQRAAAAREDLA
NLRQSLEATKQDGTELEQSLKSVVADNERAKQVHAERMEQLEVRRQAALQQHQELQAKRSEEQRQLHQL
QSQRLELEAEVAAIRRAHAAEMGELRVMWKAVIDKAESYNLSLDALFHEHCHEDGTVL
>NUF2_Tetrahymena_thermophila [455]
MSQQTPQSQYQQHSNCQQDITLSNQEIFTIFKNKGFNIDSEKAISEPTQEFFNNILVYSAFLILRVPLEEINQS
EMCNQLDLEMENGVKAFQIYQKMKYIKQMLDLVGIEDFCSYDIIKPDKKKVRRTLVAITQYILYQETIISSHTQI
LDKNRADEQKIKRYADELEVLKFHSDQLKDRKEAEKNSFQEKMQFYEKLTAEYQDLLKQKQILIKQKSEYQ
NSKLQMEKSIHQAQEDIQKLIENNQKEKMKIVKSPFKLKDQCLSLQNEIEQQMKELDLIKKDYLFICMKNNYN
DKLLQKIRKHLTLPSLTLEEMIKKESEANKILKNAKNEIKELQLKEEVSHQSYQKISDYHMDLIAQLDQKNKLA
EEKKKTYEDEINNMLKEQQKLKEELSEVQKTIYEIQQMQANLEQKISEEESSHOMYMNEKKSQMEEIALKFK
EYKNDVFLLLNSEQID
>NUF2_Aurantiochytrium_limacinum [447]
MAAFRQHEQQSFSFPLLVYDDEILMCMEELQVSLSAKDLEKPSAPTVRAVYESLCETCIGVTRDELNLPLED
AMSRIEFPELHEESIPQLTYLRYVQKLLGAAGVHDVTLLDLTKPDPKRFRRNLSAVINFAKFREERLMECEEL
TNNTDKLLERKDEIGKGCTDIQEKINRVREKREAEQPRVEQLKHDCRDLEAELKQSHKQHASLQHETKQLK
AKSNELKDLVSTLRFQKLNVVQETERMEGNIVRSPERLKSELADLRERLDGERDENSRLSENLEELRAKDK
ALARVEEEMERLHSVLMELEVGMKGCKQALKETKNMNSSIRDHDQVLRQLRSQRDETEKQIDITKDRVTRL
ANTKSLKVAAASHALSESKKEREQLQKSNKSLRAKLAERKDEIENVENELAEQNTKHEKEVEMHRTAFKHL
ENVIEETWEPLNKAMAEAS
>NUF2_Bigelowiella_natans [431]
MKTTFPILKIREIVKCLRELHISLSTEEIKKPTRKKMMEVYEKFLHHMMGVSKEELRQPAFDSMDCFEYPELH
EDSVGEFSTSYFLLRLFHAVGLTRASMRDFMFPKSKRTIKTLSALINFAKFREEKLPLYTKFCTDTEELQNLL
EKVAIENDSFKANLAQLKEQREQDAPQIEKLSQETEELAGKIEKLNELHASLRTDIRSRKTALKDTEDRISTS
KFEILNVKEENNDLKEQLVQSPERVLKDLTKTINVEKGELQESAEKARILQNKVALLQKKLAKRIATLKEYGKI
MKTIKELQRDIKDGRKIVGENKEHVKSTNITVDHMKRQISQYQTKLFELQEQFDEKRQAANKLLNEAMKKK
MESMHIGAQEKAKIEHNTMVYKTRKHELELAKKTHSQKMQHWKDNYADLLKTVRRYHDHLRNKITAN
>NUF2_Arabidopsis_thaliana [440]
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MSAYEYPRLSRSDIITALKDAQIASVTETDLKTPTSDFVSELYTRILIYLDALDEEEKGQVDFEALEQLENPDH

HATSMQAMKLYCKVKDMLEMLDCPLPISFKDLLRPESSRTEFFISALLNYGLYKDSKMDLIRPKAEELGLLD
EQRKQCEAKVAQLNAEIGEFDEAVERDLPFVQELEANIEQLNKKILELNNQQMSLRATFQKMREKSTQMDN
EISKAEFDLVETVQENANLRSQIVQSPDKLQGALEEKKLVLGETKKAEQSAMVTFQEKAAILEVFEKALKKIL
KSSSQLQLINEQVTNAKTVEKEFKALKDKLSEDGVAYKSLEAKVVERERIVEQLNESLKQLEKEKAVMFDD
WTKQLNELKVEVESRRRELETRQTNVESVVAMVDDNTAKTNQVRQSGEAKVKKLAAKYEEIVKQFHEYTV
SFDAFLPSL

>NUF2_Trichomonas_vaginalis [407]
MSTTLNLSKQKIIDISKGLGIANADIIFNGQTKFTQMLDLVFKFVQMLVEYPEHAYKLPKFALRPEPIPDTFAQ
GIDFLNKSLLLKHLTNELNLNSFGIKNYHDEKFLTKFFSNIINLGRFNESYIKAEQNAARERMAIVTDELNQIEI
KWKQTLEEEQRKQQLLTEMDAEDIDNKYESLITAIDKQQKKNEALQQKIDRQNIELQSKKNQIQENNDEIER
LTNAIKSLDDILNVKPDEERQRLEKEQSNLELALRTSKSLEDEKAKVQQELDSFNEFYNLLFTNMPDFQKYG
ENASKKKQVDMLQDQIARRREDMNNLQQAIQEMQKKKDAIYEIDNKTAAEAKNISEQIQNAKKKLRMAKEK
HKKELANYRYQIDDVRSQLDAFNRELWKMMNEIDQQDKESVEV

>NUF2_Giardia_intestinalis [484]
MTSHLKTKKSLSSRMDGLTQPFTDQPMEVMTDEQLKEIHEKKIIDAINGSIFGLAKVVKETQHIEVPVATLDQ
GLPLKPSSVLATLMMFYNTAYLLPLSKVIDDIPPQFKALFSEHYAEKYQYILNIYAQYGILKEFLADCKYPGFS
FTDIFMPAFKRYKAQLHNISEFLWFREAVIEILHSALTEYKTAYTQNKPVLESASALKLGISRITDETVKLRETA
SQLPSRIDPLIQRYNRALESQQRLDKENSEFTNRILVLTNELVELEGQVKKKTEEYESEKSTLITKKQNDAVL
QDIQAAEALGNDLRTQCDALLSSINIFEQHNNDLLGITDKITELIDTADQYSSSSDNLQAQLESLQVMKDTVN
TLDAQINASKQEIENMNNAMQYGSAVEQEQDNPSLRADEEELRRLTEDCEGLEATYAKKLSQVRALQQEIN
DENAKITRVRVDTAEKIDQLSDKANEMMSMFVAQLTGMISKLSSM

>NUF2_Naegleria_gruberi [428]
MGVVPTLTQENFTKPNPDLALKVFGSCMEKFLDETIEDIKQRNREYISQAPTQGESLDVYTNILEFIEVFKKI
QKVLVIGKLSDFSVTDIIKPEPKRFKLALYAFLNLARFREQIIEVYNDIISEFDNLQNEKQELLIALERDNNALNS
YKEQEKVNEGKLKILGDKVREMTQAIQEMNLKDMELKVTLQNVQAENEHLDKEIDISHHHLEVVTKENQSL
KSQIVSNPDDLKKKISLLRTCIETSHRELKTLEEEIQQLTLSDMKNAEQFTKILSKSIVLAEQLEELRNKKKEIT
KSNKTKQESIEKLQSKLMEFDNLKKQQEKQNQSLSEKIERIEGQFYEKLERAMSMENDALKEKEAQEAHCR
EIKEKNEAAKQRILELERYRSQMAQRYKSEIENIVNGCRSVEVGTDNFHNNVISAVSQKNKH
>NUF2_Dictyostelium_discoideum [469]
MSKYSFPILEDDEITSLDEMGHRFTMEELNRPTSAMIREFCENILVTFTGYNKSTSHHPSQYGMDKLTQGIE
LFTQDGAIGEITFLRAMSNLMKVVGLFDFTYKDIYNPKAARVKKIFSGIINLGKFMELKISIYSDLDKLNKSNCE
KRDITLGKEQKLLEELENKRMKKHEKDLIVNGLIEQHQQDDQRLKQANHYQNEQCKIILNKTNKNESIKQEIL
NLISSIENTIEECARMQVLIVPSPDKIKKVLYDMKQKLALKKEGLKEFEPSMSKLQNKSKQLEKINKNIRTTLE
LVETYQKENKLYKSTKKLSKEATKVNQDQNRQINELDIDIRKFNDDLLSLDESLKKNRDNYITKKSELINLQS
ELKNQKAIIEKERESTQIKIDHLIKELDIVRTSIAKLKSNHEKEKREIFKSFSTLVDSIHTYHLQLFNLMENNNLID
YHQQQQQQQQQQQQQQQQQQQDHN

>NUF2_Saccharomyces_cerevisiae [451]
MSRNQDVFPILDLQELVICLQSCDFALATQENISRPTSDYMVTLYKQIENFMGISVESLLNSSNQETGDGHL
QEENENIYLDTLNVLVLNKICFKFFENIGVQDFNMTDLYKPEAQRTQRLLSAVVNYARFREERMFDCNSFIL
QMESLLGQLRSKFDDYNLIQQQLKQYEDVDGDNIPDEQELQKLEEQNKELEIQLKKLTKIQETLSIDYNDYKI
SKQSIFKDLEALSFQIVELESNRDKLIKISNTDMEELSEGIKELNDLLIQRKKTLDDLTAQQKNLQDTVTTFETII
SELYDVLRIISSEVQESNRTETELVGLKQNLINNKLKLMNVLETGIMYKLEILQEQLDLQLKNLEKLSQDTKEE
SRLNDTKLMDLQIKYENEIKPKIDKTDIFIQEELISGKINKLNDEIKQLQKDFEVEVKEIEIEYSLLSGHINKYMN
EMLEYMQ

>NUF2_Homo_sapiens [464]
METLSFPRYNVAEIVIHIRNKILTGADGKNLTKNDLYPNPKPEVLHMIYMRALQIVYGIRLEHFYMMPVNSEV
MYPHLMEGFLPFSNLVTHLDSFLPICRVNDFETADILCPKAKRTSRFLSGIINFIHFREACRETYMEFLWQYK
SSADKMQQLNAAHQEALMKLERLDSVPVEEQEEFKQLSDGIQELQQSLNQDFHQKTIVLQEGNSQKKSNI
SEKTKRLNELKLSVVSLKEIQESLKTKIVDSPEKLKNYKEKMKDTVQKLKNARQEVVEKYEIYGDSVDCLPS
CQLEVQLYQKKIQDLSDNREKLASILKESLNLEDQIESDESELKKLKTEENSFKRLMIVKKEKLATAQFKINKK
HEDVKQYKRTVIEDCNKVQEKRGAVYERVTTINQEIQKIKLGIQQLKDAAEREKLKSQEIFLNLKTALEKYHD
GIEKAAEDSYAKIDEKTAELKRKMFKMST

>NDC80_Plasmodium_berghei (PBANKA 1115700) [589]
MNNHSVYKFNPTMSVFNNTNLNNSIYISADKKSKSRTSLNTLSFYKPNASVYVKKIDKTDKKDNVKTLIRYLG
WKNYSGTISPNLFKNPSMTDLINIWNFIFKHVDPLIEVNKDNYGEVVLSFYRDIGYPYTISKSTLVAPTTGLQY
NTHLSALAWLCQLLIFEAECFNDINEEKDVNFLYDFNEDCEIKMEDFILHSYRSYVNKEEKNIKDMLSAKLEK
ELERLENDIEIKHEDIQEKKKKIEEIKSNMKENEELIKRNKVLREENIKIKSLHTNSLEETIKLEKDIEICKKANID
EKNKTEEILEEINKIKETLQKQTLNKAQFIQMNENIDKNKEKIENIKNEIKSLNNDHPILSEKLNNRNNDLKKLA
KSVNDKLTEILQILNIYNNLSQSNWNNVSTISINIDGLTIDTMLNVKWKENKKNIKTYIEKDKKELSNSINIIEEN
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ENQIKTIENDIEQIKDCIYDLEESIRKTNENISNFISDSNNRFNQIIRQNEETLEEARSKQNEANEMFKDVIASK

DDKINTLNKIKMENEQLFKEKLSTLQKACSVLIELKSYSKSYISIVLDEKKKELELYKNLHQSVTE
>NDC80_Plasmodium_chabaudi_chabaudi [590]
MNNHSVYKFNPTLSVFNNNTNLNNSIYIPADKKSKSRTSLNTLSFYKPNASVYVKKIDKTDKKDNVKTLIRYL
GWKNYSGTISPNLFKNPSMTDLINIWNFIFKHVDPLIEVNKDNYGEVVLSFYRDIGYPYTISKSTLVAPTTGLQ
YNTHLSALAWLCQLLIFEAECFNDINEEKDVNILYDFNEDCEIKMEDFILHSYRSYINKEEKNIKDMLNAKLEK
ELERLENDIEIKHEDIHEKRKKIEEIKSNMKENEELIKRNKVLREENIKIKSLHTNSLEETIKLEKDIEICKKANQD
EKNKTEEILNEINKIKETLQKQTLNKAQFIQMNENIDKNKEKIENIKNEIKSLNNEHPILSEKLNNRNNDLKKLA
KSVNDKLTEILEILNIYNNLSQSNWHSINTISINIDALTIDTMLNVKWKENKKNIKSYIEKDKKELANSINIIEDNE
NQIKTIENDIEQLKDCIYHLEESIKKTNENINNFINDSNNQFNQIIRQNEETLEEAQNKQNEANEMFKDVIASK
EDKINTLNKIKTENEELFKEKLSTLQKACSVLIELKSYSKSYISIVLDEKKKELELYKNLHQSVTE
>NDC80_Plasmodium_falciparum3D7 [591]
MNNHSVYNKFNLTHSVFENNNTNLNNSIYVSGDKKNKSRTSLNNLSFYKPNASVYVKKVDKSDKKDNVKILIR
YLGWKNYSGCITPNLFKNPSMTDLINIWNFIFKHVDPLIEVNKDNYGEVVLSFYKDIGYPYTISKSTLVAPTTG
LQYNTHLSALAWLCQLLIFEVECFNDINEEKDLSLSYDFNELNEIKMDDFILHSYQSYINKEEKNLNDMLRTN
LEKEIDRLDNDINNKIEDINEKKKKVEEIKNHMKENEELIKRNKVLCEENKKIKQLYTNSLDETEKLEKDIEICKI
SNQDEKNKTENILDEIKKVKDILQKQTLNKAQFVQMNENIDKNKEKIEHIKNEIQALNNEYPNLSEKLNNRNS
DLKKIARNINEKFIEIVENINLYKNISTSQWNEIHPININIDSTTVDNMLNVNWKDFKSNVKQFIDKDEQELKNS
LNLIEENEKQIKVTEKDIQDLKQEIMDKENLVKQMNEDTNNFLNESTKTFNQIVAENEKMLEEAEEKLSETNE
MFSEVRTSREQKENELEKIKEENEKKFKEKLSVLQKACAMLIELKRYSKSYISIVVEEKKKELDLYKDLQKSV
VD

>NDCB80_Plasmodium_gallinaceum [590]
MNNHSVYKFNPTLSVFNNNSSLNNSVYISTEKKSKSRTSLNALSFYKSNASVYIKKADKSDKKENVKTLIRYL
GWKNYSGSISPNLFKNPSMTDLINIWNFIFKHVDPLIEVNKDNYGEVVLSFYKDIGYPYTISKSTLVAPTTGLQ
YNTHLSALAWLCQLLIFEAECFNDINEEKEMNFSDDLNDDNEIKMDEFILHSYKSYINREERNLNDIMNAKLD
KEINRLENNINKKNEDISEKKKKIEEIKNHMKENEELIKRNKVLCEENKKIKLLYTNSLEETKKLEKEIEICKKSY
KEEKEKTEKIEEINKVKEILQKQTLNKAQFLQMNENIDKNKEKIENIKNEIKNLNNEYPNLSEKLNNRNNDLK
KLAKNINEKLIEIKENINLYKNISISEWNKINNININIDSFTVDNMLNMNWKDRKNDIKTFIEQDEQELKNSLNLI
EEHEKQTKIVEGEIKYLKECILEEENLVKKLNEDTNNFLNTSTNKYNQIVSQNQKMLEEAKEKKNEANEMLK
EVLASKEEKENELNKIKMENEKIFKEKLSILQKECAILMELKNYSKTYITIVLDEKKKELELYKDLHKSIVE
>NDC80_Plasmodium_knowlesi [591]
MNNHSVYNKFNSTLSVFNNNSNLNSSVYISGDKKSKSRTSLNALSFYKSSASVYVKKVDKTDKKENVKTLIR
YLGWKNYSGSISPNLFKNPSMTDLINIWNFIFKHVDPQIEVNKDNYGEVVLSFYKDIGYPYTISKSTLVAPTT
GLQYNTHLSALAWLCQLLIFEAECFNDINEEKDMNCSYDFNEDGEIKMEDFILQSYKSYINKEEKNANDVLN
AKLDKEIDRLQNDVSAKSEDIVEKKKKIEEIKNHMKENEELIKRNKVLCEENKKIKLLYTNSLEETKKLEKEIEM
CKKANQEEKVKTEKIVEQINKVKEILQKQTLNKAQFLQMNEDIEKNKEKIEQIKNEIKSLNNEHPTLSEKLNNR
NSDLKKLAKSVNEKLSDILQNLNLYRNISSSEWNKINNVSINIDSFTVDNMLNLNWKDTKSDVKSFIEADQEE
MKNSLRLIEDYEKRIKLLEEEIDDLKENIQDSEARVKKLNDDTDKFVTASSDKFTRIVAQNEKMLNEAKEKSD
KANEMLKEIAEKEEKENEFSKIKTDNEKMFKEKLASLQQACAHLVELKMYSKNYASIVLDEKKRELELYKEL
HKSVVE

>NDC80_Plasmodium_malariae [591]
MNNQSVYNKFSSTLSVFNNNANLNSSIYISGDKKSKSRTSLNALSFYKSNASVYVKKVDKTDKKENVKTLIR
YLGWKNYSGSISPNLFKNPSMTDLINIWNFIFKHVDPMIEVNKDNYGEVVLSFYKDIGYPYTISKSTLVAPTT
GLQYNTHLTALAWLCQLLIFEAECFNDINEEKDLNFSDDLSEDNDIKMDDFILYSYKTHINKEERNANDMLNA
KLDKEISRLENDINTKNDDIIEKKKKIEEVKIHIKENDELIKRNKVLCEENKKIKLLYTNSLDETKKLEKDIEMCK
KNNEEEKNKTEKILDEINKVKEILQKQTLNKAQFLQMNENIDKNKEKIEHIKNEIKNLNNEHPNLSEKLNNKNN
DLKKLAKNVNEKLNEIMQNVNMYKSISISQWTKINNININIDAFTVDNMLNINWKDKKADIKTYIEQDEHELKN
TLNLIDEYEKYITTMQDQINELKSNITQKEDAVKKLEDEIAKFVIMSEKKLNQIVSQNEKMLGDAKEKNNKVN
QVLKEVLESKEEKENEFNQVKMENEKMFKEKLSALQKACALLIELKSYSKSYISIVLDEKKRELELYKDLHKI
VTE

>NDCB80_Plasmodium_ovale_curtisi [591]
MNNHSVYNKFNSTLSVFNNNGNLNSSVYISGDKKSKSRTSLNALSFYKSNASVYVKKVDKTDKKENVKTLI
RYLGWKNYSGTISPNLFKNPSMTDLINIWNFIFKHVDPLIEVNKDNYGEVVLSFYKDIGYPYTISKSTLVAPTT
GLQYNTHLSALAWLCQLLIFEAECFNDINEEKDINMSDDFNEICEIKMEDFILYSYRSYISKEEKNGNDMLNA
KLDKEIEKLKYDINVKNENILEKKKKIEEIKNHIKENEDLIKRNKVLFDENKKIKSLYTNSIDETNQLEKEIEMCK
KTNIEEKNKTEQIVEDINKVKQILKKQTLNKSQFIQINENIDQNKEKIENIKNEIKILNNEYPILSEKLNNRNNDLK
KLSKSINEKLTDIVDKINFYKNISQVKWNKILTININIDSVSIDNMLNLNWKDNKNNIKNFIENDKLQLKNSLHFV
EDLENEIKIIQDEINLLKEKILHKENEVQRINEDTNTFVNSSRERYNKLVSENEKILEEAKRKNDEASDMLKEV
QSSREEKEIELNKIKMENEQLFKEKLSTLQKACALLVELKSYSKAYISIVLDEKKRELEMYKYLHKSVSE
>NDC80_Plasmodium_vivax [591]
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MNNHSVYNKFNSTLSVFNNNSNLNSSIYISGDKKSKSRTSLNALSFYKSSASVYVKKVDKTDKKENVKTLIR
YLGWKNYSGSISPNLFKNPSMTDLINIWNFIFKHVDPQIEVNKDNYGEVVLSFYKDIGYPYTISKSTLVAPTT
GLQYNTHLSALAWLCQLLIFEAECFNDINEEKDMNCSYDFNEDGEIKMEDFILQSYKSHINKEEKNANDVLN
AKLDKEIARLQNDVTSKSEEIVEKKKKIEEIKNHMKENEELIKRNKVLCEENKKIKLLYTNSLEETKKLEKEIEM
CKKTNQEEKVKTEKIVEQINKVKEVLQKQTLNKAQFLQMNEDIEKNKEKIEQIKSEIKSLNNEHPTLSDKLNN
RHSDLKKLAKSVNDILSEILQNLNLYRNVSPSEWSKINNVSINIDSFTVDNMLNLNWKDTKGDVKSFMEADQ
EELKNSLRLMEDYEKRIKLLEEEIDDLKEDIQDSEARVKKLNDDTDQFVTASSDKFSRIVAQNEKMLDEAKE
KSEKANEMLKEVIAEKEEKENEFTKIKTDNEKVFREKLATLQQACALLVELKIYSKNYASVVLDEKKRELELY
KELHKSVVE
>NDCB80_Plasmodium_yoelii [590]
MNNHSVYKFNPTMSVFNNNTNLNNSIYISADKKSKSRTSLNTLSFYKPNASVYVKKIDKTDKKDNVKTLIRYL
GWKNYSGTISPNLFKNPSMTDLINIWNFIFKHVDPLIEVNKDNYGEVVLSFYRDIGYPYTISKSTLVAPTTGLQ
YNTHLSALAWLCQLLIFEAECFNDINEEKDVNFLYDFNEDCEIKMEDFILQSYRSYINKEEKNIKDMLSAKLEK
ELERLENDIEIKHEDIQEKKKKIEEIKSNMKENEELIKRNKVLREENIKIKSLHTNSLEETIKLEKDIEICKKANLD
EKNKTEEILEEINKIKETLQKQTLNKAQFIQMNENIDKNKEKIENIKNEIKSLNNEHPILSEKLNNRNNDLKKLA
KSVNDKLTEILEILNIYNNLSQSNWNSINTISINIDALTIDTMLNVKWKENKKNIKSYIEKDKKELSNSVNIIEENE
NQIKTIENDIEQIKDCIYDLEESIRKTNENINNFISDSNNKFNQIIRQNEETLEEARSKQNEANEMFKDVIASKD
DKINTLNKIKMENEQLFKEKLSTLQKACSVLIELKSYSKSYISIVLDEKKKELELYKNLHQSVTE
>NDC80_Babesia_bigemina [600]
MSSLRNFRSALDSQTSSTARHQAQPAAAKSPLTNKRECVQCILAFLAARDFHPCTAKELLRSPPLQTLLDI
WNFLFSYIDPNAHITKENMAVEVPKFFKEFGYPHIMKTSHLRTPTADHQWEANLVALSWLCKLLLYEQECF
DKPFEVTKKRHGSPYMGLDFGAHGKATISNTMVAQFVTEQATKHFQLYLKGEENSVQLVEQFHRDVTELV
AGVQDSVDGKIRELEELRGQTLELQEELESFARTKEWIEKANVELQRIEELTASVRGTCVQAAETLKRHKQ
TLRDEEAALAAQEEQNADIEKLIEQQDINKNVVQELNNTIRALKVRIADGNRKIKELEHDIASSKTTAQTMES
QLVRLQKALASTHESIRNFLVNNGRHAESWRSLGQLRINPQGINESEILGVEPATYNGVLQDVINKDREATH
ESSEARTELEQANQHLEALGNEIARETSEILRETSSLIKNQHVEEKDARVQLEASELAAVIRAAANDELVSRL
DNRDLRGLTGAQESTKRELEAVEAEVAVAHAQLQQQDAAAQEAWQVFVNRFKEMFQIARSSKESNCHAL
RGDRRLIGLEHRLFSGGDDTQHEAASETTC
>NDC80_Babesia_bovis [598]
MDSILSNPRNVKAAVTGEPASSVTRTMQQSVMKSSIANKKECVQCILAFLGTKGFQPCSAKDLLRSPPLQT
LLDIWNFLFRLLDPSANVTKDNMVVEVPKFFKEFAYPHIMKTSNLRTPTADHQWESNLIALSWLCKLLLYEQ
ECFGKSFDNVAVKRQHLPMGINAQATISTSAVDHFVTEQARKHFNLYVRGEENSVELMADFQSAISDLILST
QDSVDKKMIELEVVRDKALSLQDELENYSRTKEWMKTAKAELQRIEELTASIRGSCLHAVSDLGYVHKPQV
EALKSHNHTLREEEAALSLQEEQNRELERIIEKQDINKNAVIELNQAIRKLKAHISDSNRRIKELQHEIVIGGTK
TQLAEDQVMRAGSALESLHESMKNILANKGQYAEAWHSLEPLKINCKGTHTSDILGVPPSAYSNVVDEMIN
RDRDMLRMSRDTRTALELSNQELESLYNSIAKEISDTLRKVSSLFQTQLREEKDSALQAEATNVANSIRATK
MEELVGTCVVYNILKERAKSELAGIQEAVAEAQNRLREQESQAQTKWQETVNKLKEAYTTARNTKQENRE
MLQDLIDTENRILQENKSRQQNTA
>NDC80_Babesia_microti [551]
MELFQGLKKKVEGEIKSTSKETENDIKLILKFLEWRKYPTPKSLENPTVNDIIDIWNCVIQTIDPNMIVTRNNM
AMIVPSFLHIFSCPFTVNKASMAAPHLGAGLSANLHFIGWICKLLIYEDYCFEFQVPNQKFYNDTDLIATNITA
EEAAISYVKRLIGDNYHIAMRSGNDNTATDSMVKNIIHTIRDYIDEINTVIQSNGVQLEKIQHELTQLKNIVGLR
DELKARINTLNNDIENIDGAVVKGKRDLSKKEQEIEALTLKLEQETKNLNKLNEEALELQKIITSQKLSKNEIEK
LKTELSNAKDTLASIDFKKNVVKQSIPTLENEIENITKELYLKCQEIMTTQHKVSETIAVHKSDYAIPWIKLDAP
RINISAETINSIIGDELKRYESHLEPLMKRNLQLYHDAKQTLININEYVKANKRNLTDAQNELESLQNSIISANK
LLDLSRSKLDEHDSRFENLLKESKDRIKANWNKAKQSLAKVATKHAELSKILTEKKLYLSSFWNEQVKQIELI
VQLIRTAKMTNYNKLKELNKYKENILANLK
>NDCB80_Theileria_annulata [504]
MIQQFLPHKSQNTKKLNTKKECVNFILHFLAWKGYNACSVSDLLRSPPLKVLLDIWNFLFRLVDKNVTITKEN
MAVEVPKFYNDFGYPHIMTTSHLKTPTAERQWESNLVALSWLCKLLLYEHENFHKDFEKKSTMTQTDSYM
FDAAFKMNIKNPSTYKTVTEWATEHLQLYINVVEKRKSIPNDFEEELNKVLSRLEKSYNSKTKQLNHLRTVS
EELQKEIQEFDDLKERVNTIKIEIKTIEDLTNKVKDYCNRMKNELELRESILTQETNSLIQMENSNKEFNDKMN
LKIVSSKSYKIIQDGKNIKEINQDINQLKLNLNNCSKKMRELENDRLSLSSEVSKNYNLIVKSLSASGIDTEPW
KEFEVLLKKIDPHSPDHSKSLSDDLMNLANDIDSELSLQGGSVSDLQKTLKSLEQEIEDLRVTESDYSNSTTF
NKEKSHLISENEYLVSELTKRELENTRNDLDLANKRLLESRSQANYDLQKYIKGLREVSYCLKSIYII
>NDCB80_Theileria_equi [555]
MTYSHGLKATSTPLPLGTFKRNVVNKKECVNTILQFLAWKGYQLCSERELLRAPSLGVLLQIWNILFKFVDA
NVEITRENMTVEVPRFFKDFGYPLIMETSHLRTPTADHQWERNLLALSWLCKLLLYEHKNFEISAPRSNVNI
PSTIPKANISNKLLENSITELTTKHYQRFINGCETSKELMEAFSAELGSIRADLQFDIDKKMELFEQLRNEVSQ
LQDYICNFGNVKHRIKVLSSDLEQIERATRNLKDSFVISEHELESSKHLLRKESSHLLRLQEKNKEINDMIYNN
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J. Cell Sci.: doi:10.1242/jcs.245753: Supplementary information
INGVNLKDLNDRIYTLRAEISTLVERIKEYESEIPLLSSNIISMSNTLLKLHASSSSLLEGIKSALLANGIEASSW

VNLEKITLNTEANAADEILGISIDSFEAKIEEIFSSDSQKFQETTWAIKQTNDTIAELEIAISLENEINITNKKLEN
SQDSANVSRLQAETEDIVTMIKSCAQENLQTCKDKLRSVLEELQGANDQLELEKANAKKKLESYLEAIRTIV
QVCHEQKLKNCHAIKGLVSHKVATIEGLSPLLKDNSG

>NDCB80_Theileria_orientalis [549]
MSTKKVISRKECVTVILNFLAWKDYHPCSEKDLLKSPPLNVLLNIWNFLFRLIDSNVNITKENMAVEVPKFYN
EFGYPHTMKTSHLRTPTADHQWESNLVALTWLCKLLLYEHQNFDKEFENKTMLRQTDSYMFNVASKMNIK
NTLTSMTITELTNKHFQFYIKSEETGKSIANDVDAKLNNMIAKLQSSVDSKKSELETLRSSSVKMQNDIEEFD
KLKERVSTLSLELSQIETLTENIKDYCTRLKRELDSSKHILNEETNYLLELESKNKEINDMMKTRIDGNDIRGL
NIAINELKISLSNSVKNIKDLEMEIPTLSSNVTNTKHNLAKSLSSVSLFNLIPSQVSKTYQLIMNSLSTHGIDVSY
WKKLDRLLKSVDEHSVDKLLSITDNCLKIVDEALVSETLTFKNESEVKIQHNETLSDLEKSEKLLKEEIAELQA
KESEYFKSSLFNKEKSQIISETDYIVSIIKSTAKDEMVFKLIISLLFQENSKRELENATNDLQQAHKRLSEEKFQ
AKSNLNRYLNNIKELVEKVEDYKSRNCNMMKELV

>NDC80_Theileria_parva [140]
MMQQFLSQKSQNTKKLNTKKECVNFILHFLAWKGYNACSVNDLLRSPPLKVLLDIWNFLFRLVDSNVRITKE
NMAVEVPKFYNDFGYPHIMTTSHLKTPTAERQWESNLMALSWLCKLLLYEHEVCKLLGKNFIEFSQGF
>NDCB80_Cytauxzoon_felis [523]
MNSIFGKSGIGGLSRGRLDGRSIDDKNECVDVIIKFLISKGHNICTFRDLLQPLPVELLINIWNILFRLIDPNSTII
TNENMSVEVIRLCKEFGYPLSINSNQFVIPIDESEWTKTLKLIVWLCKLLYYEEHCFNKEDEDDVKDEPVLSS
FIPNKGSKINISNVMIAKCLTDVTTKHYKLYVNGRKDGQMLMNDVNDELNRISINLQGSIDDKMKLLELLRGN
ILDIQDDKESFDDVNSLEAEIEKLQLEVNDLNDVSYLEEYRDLLNEEEVKEKYENLKDELKKVLEVSSISDNE
NELIKLKDELDECRGNVKESYEKMNSTYEKVINLLLLNDIDASSWLNLDKIELNFNGNTVDKTLGINCDTFMKI
IDDMIATEALTYSSIHKAKAQEDDELIELKKRIDTVNNEIEILQQQKSSSFNNGNNIGISHSADAPEGGTTPGD
RGGSIHLINRMDFMKSEYNLLLLDYKNLNNEVKRIFNEYIESLSSLLDTIEDDKRRTENYIKCIEDDKRILENIE
NVN

>NDC80_Nephromyces [609]
MANLGDSYTYGGPTGYTEDPLYKERQRVSLSEASFLKNPLTSGPRNTINRRNSDQRNVPDDLIKRERMKT
LMRFLSWQEYPSEISFNDLQAPHRSLLISLWNFILKRVDESIEINTKNANEEVPRIFKELGYHSAISKSSMVAP
GTGHQWFHHLTALSWLCELLIYENAIFPSISQGSGVKISDLDNSFGTSLINSKHADPTTKEILISTVTLNKLVS
KSFIPCMTGNENKDAIKNAVLSQLEVDLDILRASHQKKANKLKELDLEHKRLQSIIQDHIQKSSEINEMQKKY
NHFEDRVEEIRKQIPMADKRIKMNEKSISSKNIELEREISTVTQLRDQLQKQSLSHNEVLTLKNTIQDHHDAIR
KYNETLETLDEDNRLKKEQITNYCEELEKYCNSINEKLLISRRNVKKLKSPSIKLWDQLLAFSFTFDSPTVDK
MLNVEWKKQKELLENIIKEEETYLQKIKSELSAKSVPNQQKQLEILIEKTKILESDENNLKKALEDLEMEMNTK
LQEINKIKEEALNQLELEEAELTSKLSRSQAHSDGLQEALQKQTQKHFQECIEKWENIEDMCKDLSHAKINSI
NGFQRLVDIKIEKLHKLNITDEVK

>NDCB80_Toxoplasma_gondii_ ME49 [728]
MHDPSDLRGLASGASALGGSAYPLSSPLRSTSPYRADRLAAPSSTLPLFASPMRSAAGDSRLRAFGQENE
STHSFLDSHGGFSTASCSAAGSAARETFRREVGQFSFYKSLLPPGSAGTVGRGVGKKGPGGVQQLLGNE
EAKRESVKTIIRFLCYSGFPQQLSPKIFVAPPRNLLVEIWNHLLRRACDDSVQVTNENANEEVPRLFKELGY
PLTIAKSSMQAPNSAHQWPLHLHALSWLCELLIYESEVFSRDPLLNPAIEKKDALSAGAVVGEEMISRMLLH
YYPQSGNGRDLTHLQQSLHSRLQRDVEQLESSIASRERQLARAQQELRRISAELEANAALPPEIDRLCGDL
EKLKDGIKQQRSASEQQEKEIDAKQSRRNALQSEIRQVAAETQQLDAQVKEQGLSKAEVEKIRSEIHVLRE
RVALRSKDVEGQQLQLAGVEDEINRRGEELRVTTRTCNSLLQRCMQDTETAKFASDTAWASLSRFATSAT
LSGDSSSSFASSRGSSESRRSSSRPWAPQSHSEPEAKGNADEHLATHEQLLGVPWKAWKAELLRLVQSD
KQVDAQSRRTDEKTIGEIEKLKKARQQLDSTRRTEERKISVLHEDLHKLEEQRAQQKQVLSSEIETLQRGVS
EHRLAVEAELLKAERQANDLRLLYEKTEKENDAEVAARIDNLKKIQQDGLAAKREVLHALQQLVQNKEHAC
VGYEKDLLAVVSRSEKYTLGC

>NDC80_Hammondia_hammondi [728]
MHDPSDLRGLASGASALGGSAYPLSSPLRSTSPYRADRLALPSSALPSFASPMRSAAGDSRLRGLGQENE
STHSFLDSHGGFSTASCSAAGAAGRETFRREVGQFSFYKSLLPPGSAATVGRGVGKKGPGGVQQLLGNE
EAKRESVKTIIRFLCYSGFPQQLSPKVFVAPPRNLLVEIWNHLLRRACDDSVQVTNENANEEVPRLFKELGY
PLTIAKSSMQAPNSAHQWPLHLHALSWLCELLIYESEVFSRDPLLNPAVEKKDALSAGAVVGEEMISRMLLH
YYPQSGNGRDLTHLQQSLYSRLQRDVEQLESSIASRERQLTRAQQELRRISAELEANAALPPEIDRLCGDL
EKLKDGIKQQRSASEQQEKEIDAKQSRRNALQSEIRQVAAETQQLDAQVKEQGLSKAEVEKIRSEIHVLREK
VALRSKDVEGQQLQLAGVEDEINRRGEELRVTTRTCNSLLQRCMQDTETAKFASDTAWASLSRFATSATL
SGDPSSSFSSSRGSSASRRSSSRGWAPQSHSETEAKGNADEQLATHEQLLGVPWKAWKAELLRLVQSD
KQVDAQSRRTDEKTIGEIEKLKKARQQLDSTRRTEERKISVLHEDLLKLEEQRAQQKQVLSSEIETLQRGVS
EHRLAVEAELLKAERQANDLRLLYEKTEKENDAEVAAKIDSLKKIQQDGLAGKREVLHALQQLVQNKEHAC
VEYEKDLLAVVARSEKYTLGC

>NDC80_Neospora_caninum [721]
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J. Cell Sci.: doi:10.1242/jcs.245753: Supplementary information
MHDPSNLRGLTSGASSLGPSAFPLSSPLRSTSPYRADRLAPAPSASSSFPGFSSPMRSGAAGGDGRSRG

FPGQAGSAATVGRGLGSKKGPGGVQQLLGNEEAKRESVKTIIRFLCYSGFPQQLSPKVFVAPPRNLLVEIW
NHLLRRACDDSVQVTNENANEEVPRLFKELGSWLLFLCFLRGPSPSRLLGLSFDCCPVSSYPLTIAKSSMQ
APNSAHQWPLHLHALSWLCELLIYESEVFSRDPLLNPAVEKKDAMAGAVMISRMLLNHYPQSGNGRDLTQ
LQQVLYSQMEREVEQLERSIASRERHLNRAQQELRSISAELEANAALPPEIDRLCADLEKLNDGIKQQKTAS
DQQDKEIDAKQKRRSALQTEIRQVAAETEHLDAQVKEQGISKAEVEKIRSEIHALREKVALRSKDVEAQKLQ
LTSVEDEINRRGEELRITTRTGNTLLQRCMQDTESAKFPSDAAWASLDRFATTASLPADSDSPSSSLGASA
RSRSDGRGRSASQLPLADGRERGGRISVTSATDSPLATHEQLLGVRWKAWKAELLRLVDSDRHFDAQSR
RTDEKTAAEIEKLKKTRQQLESARRTEERKISVLREDLLKVEAQRTQQHQVLSAEIETLERGVSEHRQAVEA
ALLKAERHANDLRLLFETREKENEAEIAEKLDDLRRIQEDGLSEKRRILHALQDLVQKKEQVCVEYERDLVA
AVARSEKYTQSC

>NDCB80_Sarcocystis_neurona [689]
MEKGKRDLRECSFYKSLLSSDPKSNYYHHGSVGGGHGSSSSVVGRSSKKGSAVAAAAGGSAGVSSSSS
ASSSSSNVGVQALSNEELRRACSRTIAQFLAYSGFPAQLTPRQLFAAPPRNVLLDIWNHLLRRAYDDSVSIT
PENANEEVPRLFKELGYPLTIAKSSMQAPNSGHQWPLHVHALEWLCELLIYESEVFSRTPALAPPGVHTPP
VAAAFEDLLPGTSADDVVCQIAVEQYAQTLQTRDVAALQENAEIRLRKDVQIMEAAAATRAEQLAVATQET
QDVTAELEANAALLPEINHLTSECQKLQEAVQQQRIAIIQVEKAIAAKEEEKKNLQTELQAVAAEAQLLEQRYV
RAQGMSRAEMEKIKTETACLREGVSLRSKEIDTQQQLLARLEEQKNQHAEELRVTTRSCNALLQHCTQHA
ENVKFDSQPGWASLARFSTVSSLLSILSAGRSRPTSRRTSSTAAAGAGAPPTAAASEEEGEGAAAATAATL
EKLLGFDWKPWKASLQKLMQADHQSAAQCLKDDERVRAETEKVKKNYQQLVSMRKTEERKLLVLREDLD
AAAAQREQQQQRSAQEHQQLEQQLDELRCNVEGAHAAAQQQLQQAQQQLAARQQHDAQQLREGLTTL
RQLQIDALDVKWRILHAFQELTQKKEDATAAQERALRKLLTGAESAAADIPELPPLP
>NDCB80_Besnoitia_besnoiti [729]
MHDSDLHSLSAGGPSSALPPSSPLRATSPYRIDRSAPFPSSGAAFVPPFSFSSVASPVRFAAGAEGAERGF
GQTVRGGYAGNPDVGDARNSFFDATGGTSMIAAAGGSAREKVRREVGQCSFYKSLLPAGAAAVGRGGK
KGPGGVQQLLGNEEAKRESVKTLIRFLCYSGFPQQLSPKVFAAPPRSLLVEIWSHLLRKACDDSVQVTNEN
ANEEVPRLFKELGYPLTIAKSSMQAPNSAHQWPLHLHALSWLCELLIYESEVFSRDSILNPSLDRHEDRMR
SGILVGEEMISRMLLHHYAHSGGGRDLAPLQQTLYAKIEGEVEHLEKSISARERQLTRAQQELRSISAELEA
NAALPPELDRLRADLEKLNEGLKQQTTAFEHQEKEVESQQKRRSAMQSEIQQVAAETKRLEAQVKEQGIS
KAEVEKIRGDIHALRERVALRAKDVDAQQLQLTGLEDEINQHGEELRITTRTCNSLLQRCAQDAETAKFASQ
AAWLSLTKFSTSASLSLDSPTSPSFSRGAGSASLSDGGGSDAAGLAAHERLLGVRWKAWKADLQRLVES
DSSSDAQSRREDERVAAEIEKLKKTRQQLESSRRTEERKISVLHEDLQKVEEQGAQQRQVLSEEIEALQRG
VAEHRLAVEGELLKAERRVNDLRALEATRARENEAEAADKLADLRAVQDEGTGEKRKVLHLLQDLTEQKE
RACAEYERELLNVVARSEKYTQKI

>NDC80_Cystoisospora_suis [134]
MQAPNSGHQWPLHLHALCWLCELLIYESEVFNRDPNLNPSLQSSHTLLSSPLSSSSSSAAAANGRADSLA
GGVSGEEKISRLLLNYYAQTGHGRDTNQIQHTICKSNLFFFSSFSSSSSSLLLLLFFFSSFSSS
>NDC80_Eimeria_acervulina [592]
MQEEKKVMKLVGGTVVGLLVPSKGTYKLLASAASAHNLESQQPREMSDFSFYKTVNTTDKSLHSTYRRGK
RSAEATKLKSLQFLSFSEFPGPLSAKALSSPQRSLLIDIWGHLFRRCFDDSVKITAENVNDEVPKLFKEIGYP
FPISKSAMLAPGTGHQWPHHLAALSWLCELLIYENEFFFQEEEAADMQAARGDVVGRMFAAAYPQLGKDP
QALRAAVLGQLHGMNREAEATQQQLQQQLQQRQQQLAAVEAELRDNASLMESLAAATEAERDSLLLQQK
AATEEVQQLGERIKAQGIDKAEVERIRHDVSRLREGLSHRSREVESLSEGLQVLIDKVADDSEKLRIAGQSV
NECLSSMSQLAVSAKLPTAEDWSALPKMETAVAAAPAAAAACDIKRATNEILGLDWQELKKGMQKIMQQE
VTAKEETHQQRQRGIREIEKTKKAIKDLLANRKTLEKRMQLVQDDLQQLQQQQQAEQQQLVEAERQHLEG
VRETKQQYQQQQQQLQRLVQQQQQLLEQEERQQQQQAAAAMEALQQQQQQALQQKELLLLQLRSLTAT
KTAECAALEQQLSELTEALGHPSLEDKSSL

>NDC80_Eimeria_brunetti [564]
MEPLLGGPTSPFRLGNTRDKTLHSTYRRGKRSAEATKLKSLQSQDSFKRDALRTITRFLSFSEFPGPLSAK
ALSSPQRRCFDDSVKITAENVNDEVPRLFKEIGYPFPISKSAMLAPGTGHQWPHHLAALSWLCELLIYENEF
FYQEEEAAEMQAARGDVVGRMVAAAYPQLGKDPQALKAAVLGQLHAMNREAEATQQQLQQQLQQRQQ
QLAAVEAELRENASLMESLATATEAERDSLLLQQKAVLEEVQKLGDRIKAQGIDKAEVERIRHDVSRLREGL
SHRTKEIESLSEGLQTLIDKVADDSEKLRIAGQSVNECLSSMCQLAVSAKLPTAEEWSALPKMETASAAAAA
APAAAAAAAAAACDMKRATNEILGLDWQQLKKGILQIMQLEGAAKEETQQQRQRAAREIEKLKKVIKDLLAS
RKTLEKRMQLVQEDLQQLQQQQQQQQQLLLETERRHLEGMRETKQQYQQQQQQLQHLYQQQQQQLDQ
EERQHQQQAAAAIEALQQQQQEALQQKQMLQQQLRFIADTKLAECVALEQQLAELAEALGPPPPEEEGSS
S

>NDC80_Eimeria_falciformis [627]
MEPLIGGPTSPLRLNTTPLHPDSQQQRELSEFSFYKAMNTGDCKALQSTYRRGKRSTEATKLKSLQNQDS
FKRDALKTIFRFLTFSEFPGALSAKALSSPQRSLLIDIWSHLFRRCFDESVKITADNVNDEVPRLFKEIGYPFP
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ISKSAMLAPGTAHQWPHHLAALSWLCELLIYENEFFYQEQETAELQGRGELVGRLVTSAYSQSNKDSNAV

RNLVLGQLHAMNAEAEAAQQQVQQQLQQRQQQLAVVQAELRGNASLVESIEQLTRQEDATRASIAETKEE
ILHQESRAAAAAGERDLLQQQQKGLLDEVQQLEERVKAQGIDRAEVERIRHDVSRLREILAHRTKEINGLSE
ALQTLVDQVADESEKLRMASDSVNECVGSISQLALAVKLPTAEAWASLPKMETFAAETADSPAAAAAAAND
VKSATNKILGVDWPALKKEMLRLIQLEGEVQAETHQQRQRAEREIEKLKRAIKDLVASRKTLEKRMQLVRED
LQQQQQQHQAEQQQLEETERQQLEGIREVKQRYQQEQQQLQLKVQKQELLLQQEERQQQQEAASAME
MLQQQQHEALKQKRQMLQQLQQLAATKFAECSALEQQLLELTEALAPPPSSPKANKELQKS
>NDC80_Eimeria_mitis [529]
MEPLMGGPTSPFRLGNTPAASAHPLETQQQPRELSDFSFYKTVSTADKALHSTYKRGKRSAEATKLKFLSF
SEFPGPLSAKALSSPQRSLLIDIWGHLFRRCFDDSVKITAENVNDEVPRLFKEIGYPFPISKSAMLAPGTGHQ
WPHHLAALSWLCELLIYENEFFYQEEEAAEMQCLGSRRELLIYENEFFYQEEEAAEMQAARGDIVGRMFAA
AYPQLGKDPQALRAAVLGQLHGMNREAEATQQQLQQQLQQRQQQLAAVEAELRDNASLMVSMLGQLHG
MNREAEATQQQLQQQLQQRQQQLAAVEAELRDNASLMDSIEQLKKDISSLRCRIADTRAEISQQDSIEQLK
KDISSLRCRIADTRAEISQQESLAAATEAERDSLLLQQKAVAEEVQKLGERIKAQGIDKAEVERIRHDVSRLR
DGLSHRSKEIESLSEGLQALIDKEIESLSEGLQALIDKVNECLSSMSQLAVSAKLPTAEDWSALPKMETANA
AAAAAAAAPASAAACNIKTATNEIVSLFAP

>NDC80_Eimeria_maxima [575]
MEPLIGGPTSPFRLGNTPGTATHLLDTQQPREQSDFSFYKTVNPADKNLHSTYRRGKRSAEATKLKTLQSQ
DSFKRDALRTITRFLSFSEFPGPLSAKALSSPQRSLLIDIWGHLFRMLAPGTGHQWPHHLAALSWLCELLIY
ENEFFYQEEEAADLQAARTDVVGRMVAAAYPQLGKDPQALRAAVLGQLHGMNREAEATHQQLQQQLQQ
RQQQLAAVEAELRDNATLMDSIEQLKKDISTLRLRIADIRGEISQQESITAATEAERDSLLLQQRAAMDEVQK
LGERVKAQGIDKAEVERIRHDISRLREGNRIIERGTTDTNRQDDSEKLRIAGQSVNECLSSMSQLAVSAKLP
TAEDWNALPKMETSAAAAPSAAAACDIKRATNEILGLDWPQLKKGIQRIMQLEKTAKEETNQQRQRGSREI
EKVKKGIKDLLASRKTLEKRMQLVQEDLQQLQQQQQAEQQQLIEAERRHLEGVEETMQQYQQQEQQLQQ
LVEEQQQLLDQEEQQRQREAAAAIEALQQQQQEALQQKELLQQQLRSLADTKLAECAALEQQLSELQAAL
QQPSTQEGS

>NDCB80_Eimeria_necatrix [646]
MEPLIGGPTSPFRSANTPAASSLPLDSQQPRELSDFSFYKAVNTADKTLHSTYRRGKRSAEASKLKSLQSQ
DSFKRDALRTITRFLSFSEFPGPLSAKALSSPQRSLLIEIWGHLFRRCFDDSVKITAENVNDEVPRLFKEIGY
PFPISKSAMLAPGTGHQWPHHLAALSWLCELLIYENEFFFQEEETSECSGPADVVGKLVAAAYPQLGKDPQ
ALRTAVLGQLQAMKRDAETAQQQMQQQLQQQQQQLAGIETELRDNASLMDTIEQLRREADSLRRQIAETR
TEISNEESVAAATEAERDSLLQQQKAALEEVKRLEERIKAQGIDKAEVERIRHDVGRLREGVSHRAKEIEVLS
EGLQDLVDKIADDSEKLRIAGQSVNEALSNMAQLAVSGKLQTAEAWSALPKMETVPAAAAAAAAAGGAAA
AGSGGSAAAERAAAAVAAAAACDVKRATKEILGVDWTELKKEMLRVMRLEEEAKEETQQQRQRLGKEIEK
LKKAIKDLLANRKTLEKRMQLVQEDLQQLQQQQONEQQQLQEAEREHLEGVREAKQQHQQQQQQLQRV
VQQQEQLLQQEERQQQQQAAAAVQDLQQQQQQALQQKHLLLQQLKCLAETKQAEYTALEQQLLELSEAL
GPSPNQEEPPQ

>NDC80_Eimeria_praecox [469]
MEPLIGGPASPFRLGNTPAPSAHPMDSQQARELSDFSFYKAVNTGEFLSFSEFPGPLSAKALSSPQRSLLI
DIWGHLFRRCFDDSVKITAENVNDEVPRLFKEIGYPFPISKSAMLAPGTGHQWPHHLAALSWLCELLIYENE
FFYQEEEAAEMQAARGDLVGRMFAAAYPQLGKDPQALRAAVLGQLHAMNREAEATQQQLQQQLQQRQQ
QLAAVEAELRDNASLMDSIEQLKKEISTLRCRIADTRAEISHQESLAAATEAERDSLLLQQKTAMEEVQKLAE
RVKAQGIDKAEVERIRHDVSRLREGLSHRSKVADDSEKLRIAGQSNRKTLEKRMQLVQEDLQQLQQQQQD
EQQQLLEAERRHLEGMRMRETKQQYQQQQQQLQHLVQQQQQLLEQEERQQQQQVAAAIEELQQQQQL
ALQQKEILLQQLRSITETKVAECAALEQQLSELTDLLGHPSSEDSSTH

>NDC80_Eimeria_tenella [645]
MEPLIGGPTSPFRSANTSAASSLPLDSQQPRELSDFSFYKAVNTADKTLHSTYRRGKRSAETSKLKSLQSQ
DSFKRDALRTITRFLSFSEFPGPLSAKALSSPQRSLLIEIWGHLFRRCFDDSVKITAENVNDEVPRLFKEIGY
PFPISKSAMLAPGTGHQWPHHLAALSWLCELLIYENEFFFQEEETSECSGPADVVGKLVAAAYPQLGKDPQ
ALRTAVLGQLQAMKRDAETAQQQMQQQLQQQQQQLAGIETELRDNASLMDTIEQLRREADSLRRQIAETR
SEISNEESVAAATEAERDSLLQQQKAALKEVKRLEERVKAQGIDKAEVERIRHDVARLRDGVSHRAKEIEVL
SEGLQDLVDKIADDSEKLRIAGQSVNDALSNMAQLAVSGKLQTAEAWSALPKMETVPAAAAAAGGAAAAA
AGSGGSAAAERAVAAVAAAAACDVKRATKEILGVDWTELKKEMLRVMRLEEEAKEETQQQRQRLGKEIEK
LKKAIKDLLASRKTLEKRMQLVQEDLQQLQQQQQNEQQQLQEAEREHLEGVREAKQQHQQQQQLLQRLV
QQQEQLLQQEERQQQQQAAAAVQDLQQQQQQALQQKHLLLQQLKCLAETKQAEYTALEQQLLELSEALG
PSPNQEEPPQ

>NDCB80_Cyclospora_cayetanensis [481]
MEPLIGGPTSPFRANAISAASSILPESQQPRELSEFSFYKAVNPADKALHSTYRRRKRSAEATKLKSLQTQD
SFKRDALRTITRQGVQLNKFGPVEQEVQSPFCRCCAFDLPCPHRESLVMAVASILIASQRLFKKNSDYRAW
DIVIVRRFLSFSEFPGPLSAKALSSPQRSLLIDIWGHLFRRCFDDSVKITAENVNDEVPRLFKEIGYPFPISKS
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AMLAPGTGHQWPHHLAALSWLCELLIYENEFFFQEEEIADFYEGHAAAAAAERDLLLQQQKGVLAEVRQLE

ERIKAQGIDKAEVEQIRHDISRLREGLAHRTKEIESLNEAVQALIDQVNECISSMSQLAVSVKLPTAEAWNAL
PRMTPAAGGAAAAADRIAEAAAAAAACDVKRAANGIPLLGREVQGEALVRLLLVPQLGLDWASMKKEMLR
LMQLEEAAKEETHQQRQRAEREIDKLKKAMKDLLAVSAVGTRDFTVYGVS
>NDCB80_Eleutheroschizon_duboscqi [633]
MRAYGDSRSPYPSQGGPQRGGEGFSLYERGRARPKVSVQSMSFWKPANSGDTAGTAGGGGTRKLLDA
SLAKNQTFRNHQLQQVLRFLAYSSFPHKVEPKSFANPSRTLLVEVWNHLFKMYFDDNIEITMTNANEEVPK
LFRDIGCPMQLSKSSMPAPGAGHQWAHHLYALSWLCELLIFETEAFPDLSLDAEIVSQSRWKAGLGQHSF
SDAELNRGGAIRRPPTSGPDRGLASIIANAFTQLQEGKDAQATRGNILKQIETDIDRSRQTLEKQRRAFREA
TDALETANSECQANAKLAPDLAAMEADRQKFLELQHHHEHKIASLTDDIQEIEANKKELEEQLRTVTAECDQ
LQHVIQNQGICKDEMQKITHDLNIANRQLQTITAELEKQNNDNALAHDKINNLDNQITTSRAVNCLISGCRTA
ATRLPTSKVWAELKTFSIRSDAADLNEMAGLDWKTWKTAVKKNVQDDAAELNKAEVRLAQENKAHVDNVK
DIQKLKRNKSLEQTKLDTLQMDVDAENTQHEDRNNNLSQRIQEIRTNIAGLQDDLEWQLGKEKSALQECSA
RQRDNVPKYQEQVNVFLAAIESTRRTLLAHKASTCGYLEHLVTAKGKSMQEYNEKIRVLRVQLQGS
>NDC80_Cryptosporidium_andersoni [686]
MNSGIPHQLGANSARRGGSNDILPASATRPTTGTNKGQSPTHYATTSFSIKGTGLAVGGIYKGVSNQNIPV
NSNNRVMKSNVNSNTTFINSGNNSGSYQNISVNSLTASSRTRNYSDNKREGLKTILTFLSKRGYHGQINPK
SLSSPTRTLYLEVLQFIINQYDPKIKLSRPDEDIPRFFKDIGYPFTINKTTIIAPGAPNTWPQHIAAMSWLCELL
DYEQATFPYLNFSKEGELNFVPDLTGTSTLANAFTGTAGSMNADHMSIDSAKLLSQTLNKRLSESYKLFLG
GQSDGGLLAETLEAYCRERKGQAQQAFDRKKQDLEQMQMEMQKIQHELQEGDLLFQKNHTLSQDILKME
YAVGQCLTAIRQVDNSYSDKENIMQIKRKELRTIEDEVEKLQKRIATQSIQRDDVSRVYQDMKVKRQTIRNL
RSDREKAEKENWALELQIEELSTKLYQLSRLWNNKYQEIINITSNEIRNHEIGSFNSLQNLSMSILNSDELNN
ETRIDDIGQSWRNMKHSCKKCIVEVEMWRRKLKTQEIQFNEIKSTKDTIQKKQACDALEKKIRNLDGDMT
VCDKREMRQLEQIQEKVKKYKTEFEQKKDEALKRLETARSRVAKLEQQLVLAENHAKNELQQCKQVINSD
VSLLHKLKSNISLYMSQLLNNVVETSYMEVEKNELKLTELK

>NDCB80_Cryptosporidium_muris [686]
MNSGIPHQLGANSARRGGANDILPASATRPTTGTNKGQSPTHYATTSFSTKGTGLAVGGIYKGVSNQNIPV
NSNNRVMKSNVNSNATFINSGNNSGSYQNISVNSLTASSRTRNYSDNKREGLKTILTFLSKRGYHGQINPK
SLSSPTRTLYLEVLQFIINQYDPKIKLSRPDEDIPRFFKDVGYPFTINKTTIIAPGAPNTWPQHIAAMSWLCELL
DYEQAIFPYLNFSKEGELNFVPDLTATSTLANAFTGTTGSMNADHMSIDSAKLLSQTLNKRLSESYKLFLGG
QSDGGLLAETLEAYCRERKGQAQQAFDRKKQDLEQMQMEMQKIQHELQEGDLLLQKNHTLSQDILKMEY
AVGQCLTAIRQADNSYSDKENIMQIKRKELRVIEDEVEKLQKRIATQSIQRDDVSRVYQDMKVKRQTIRNLR
SDREKAEKENWALELQIEELSTKLYQLSRLWNNKYQEINITSNEIRNYEIGSFNSLQNLSMSILSSDELNKET
RIDDIIGQSWRNMKHSCKKCIVEVEMWRRKLKTQEIQFNEIKSTKDTHQKKQACDALEKKIRNLDGDMTVC
DKREMRQLEQIQEKVKKYKTEFEQKKDEALKRLETARSRVAKLEQQLIVTENHAKNELQQCKQVINSDVSL
LHKLKSNISLYMSQLLNNVVEISYMEVEKNELKLTELK

>NDCB80_Cryptosporidium_hominis [696]
MSSNAFRPFGQNSMRRTTGFRDNSENGDLNSQDVVMTSFSIGQNKTQSPTHFATSSLLMKGGNSNNINNI
NNAWAYSSSRGGNSQRGANAVGTSSMTGNMGSAAASSSKGRSISDSRREGLKTILTFLSKRGYPNQINPK
TLNSPTRALYLEVLQFIISQYDPRIKISKPDDEIPRFFKDIGYPITINKTTHAPGAPNTWPQHIAAMTWLCELLD
YEQAVFPHLNYSKDGEFGGYMADTSLTSTLSNIFQHANSSVANGFPNFEGNNNNLDSSKLLSQTLNRRLS
ESYKLFLNGQNDGGLLNETLEAYCRERKNQAQQALEKKKHELEQMNMEIQKINHELQEGELLLQRNHTLS
QDLLKMEHAVGQCQNSIRQMENSCNDTENILNIKKKELRDIEDEIEKLQKRIANQGIQRDDVSRVYQDMKVK
RQTIRNLRTERENTEKENWEIELSIEEHSTNLYNLSRAWNSIYQEITNITSNDIRTNEVCSFNLLQPLSLNISY
SGSNDKSQGVDGIIGQNWSNMKHSCKRCIVEVEMWKRKLKTQEVQFSEIMKSTKDTIIQKKQACDALEKKI
KNLDGDLSVCDKREMRQLEQIQEKVKSYKAEFERNKDEALKRLEKAKSRIIQLEQQSNLQESHSRNEIIQCK
QVIQSDAEAIFKLKEYIIQNLSNSLNSISNLKNQVKLRNNSKLIEVEKWKK
>NDC80_Cryptosporidium_meleagridis [695]
MSSNAFRPFGQNSMRRTTGFRDNSENGDLNSQDVVMTSFSIGQNKIQSPTHFATSSLLMKGGNSNNINNT
SNAWVYSSSRGGNSQRGANTVGASSVTGNMGSAAASSSKARSISDNRREGLKTILTFLSKRGYPNQINPK
TLNNPTRALYLEVLQFIISQYDPRIKISKPDDEIPRFFKDIGYPITINKTTHAPGAPNTWPQHIAAMTWLCELLD
YEQAVFPHLNYSKDGEFGGYMADTSLTSTLSNIFQHTNSMVPNGFPNFEGNNNLDSSKLLSQTLNRRLSE
SYKLFLNGQNDGGLLNETLEAYCRERKNQAQQALEKKKHELEQMNMEIQKINHELQEGELLLQRNHTLSQ
DLLKMEHAVGQCQNSIRQMENSCNDTENILNIKKKELRDIEDEIEKLQKRIANQGIQRDDVSRVYQDMKVKR
QTIRNLRTERENTEKENWEIELSIEEHSTNLYNLSRVWNSIYQEITNITSNDIRTNEVCSFNLLQPLSLNISYS
GSNDKSQGVDGIGQNWSNMKHSCKRCIVEVEMWKRKLKTQEVQFSEIMKSTKDTIQKKQACDALEKKIK
NLDGDLSVCDKREMRQLEQIQEKVKSYKAEFERNKDEALKRLEKAKSRIIQLEQQSNLQESHSRNEIIQCKQ
VIQSDAEAIFKLKEYIVQNLSNSLNSIANLKNQVKLKNNSKLIEVEKWKK
>NDC80_Cryptosporidium_parvum [696]
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MSSNAFRPFGQNSMRRTTGFRDNSENGDLNSQDVVMTSFSIGONKTQSPTHFATSSLLMKGGNSNNINN

TSNAWAYSSSRGGNSQRGANAVGTSSMTGNMSSAAASSSKGRSISDSRREGLKTILTFLSKRGYPNQINP
KTLNSPTRALYLEVLQFIISQYDPRIKISKPDDEIPRFFKDIGYPITINKTTIIAPGAPNTWPQHIAAMTWLCELL
DYEQAVFPHLNYSKDGEFGGYMADTSLTSTLSNIFQHANSNVANGFPNFEGNNNNLDSSKLLSQTLNRRL
SESYKLFLNGQNDGGLLNETLEAYCRERKNQAQQALEKKKHELEQMNMEIQKINHELQEGELLLQRNHTL
SQDLLKMEHAVGQCQNSIRQMENSCNDTENILNIKKKELRDIEDEIEKLQKRIANQGIQRDDVSRVYQDMKV
KRQTIRNLRTERENTEKENWEIELSIEEHSTNLYNLSRAWNSIYQEITNITSNDIRTNEVCSFNLLQPLSLNIS
YSGSNDKSQGVDGIIGQNWSNMKHSCKRCIVEVEMWKRKLKTQEVQFSEIMKSTKDTIIQKKQACDALEKK
IKNLDGDLSVCDKREMRQLEQIQEKVKSYKAEFERNKDEALKRLEKAKSRIIQLEQQSNLQESHSRNEIQC
KQVIQSDAEAIFKLKEYIQNLSNSLNSISNLKNQVKLRNNSKLIEVEKWKK

>NDCB80_Lecudina_tuzetae [261]
VSTQSTWGEMNTPSRSGGGRLHGGCSHRSQDGGRSAPRLTASGASPVVRSGYEARWTASRLHGHQDQ
RTPLVVSGPMSTVAMVSKNSLSRKMHDPASRNEAIRTVLRYLTTRGFPRQVSAQELQSPAKALYVSVMEF
LIIQVDNQSRIKDPEEDICRFFKDVACPLTITKSAIKAPGAPTTWPTLLMAMSWLCELLIWDEMVCQPMMGD
GAHSALDIPEEQRTFDQQIQVCYRRMLEENLDEAGAREVLERQREKDHAAAR
>NDCB80_Pterospora_schizosoma [645]
YQRRVHGTSGSSGQVPHTFDMNIGDGVRPATAPSRHSRYQNESGIVTSYIGVPSRAVAPLIDCLSYKAENI
QIVMSFISKFPDFMGRHGLNEQSIHSPTKTVYVAIMDFLMHQFDASIKIMQIEEDVPKFYRDMGCPVLITKSY
VTAPGTPSTWPTLLMAMAWLCELLRYEQSISNHSCPIGAVSEQNTSFNHVILKAYQLKTRCSTQKELNAQQI
LEQYCESSESMGTSTLNEIKSKLADVRQKTRDCRDQLENADTTALRNEDLEEDEKKLKIAYAKCCSNYNEC
GANKMSTDELYEEKKKMLDNIEKSNAELTDMIKAQNICVKDIVDMETEVSTQQQRLEDVTSKYDNVDNKILQ
LLEKNKKQCQGITVKLNSDLIPCTTNIKQIEEESTEFVGDTCMHVIMEVERALHKWRSYYTSLEDKNVYESCH
NRLRSSAADIPEDLLKPVAANIENQIVHFEGEQQRIDEQVMKYKKNIDDSLRRLKEKQREIKNIEASINSKKHE
IESAVAFHERECSEIKNDTQEKQKMHSCLGDDIANKVKHATTCNKDLKIRLEVAQKEHYKNLKNLNHVVVK
MTSTAMDCQRECESKLESFAVSSSKTCKSYYQVCSEAYRLLENVSSPPAINKEQCCKHITHATDACIK
>NDCB80_Selenidium_pygospionis [742]
MHSFQPQARTPVRQSNSTQRSAGASSLLGFNTPGTGRRGLLRQSHRSASRERPATVDRGGGGDSAYTS
PRLHGGPCTFGSTDGAMSAPRKPTNAMVAQIPVGAMSVGRHFVGSHNTGQSGLGGFTKSSEARREGAE
PSKKESLKNVVRYLTNHNYPSPVTAKSLSSPTRAAYLDILMFLIARVDPLVPSTFTKVEEDVPRFFKDMGYP
ERINKTSMIAPGAPNTWPQHVAAMSWLCDILLYEEEVFPSLCECWTGPGTPSGTPNGRTGSEIVEGTDFS
NGQGGHWEGVTRAIADAYRVYMLTPADEATSVKEEAANDELIEGLIEAKKAQFERAQRKKQSELDNIKNQII
DLERQTKTYDDLSESIKDARVQLTELETSMSRVQHELKQKISLVEQKTQAVEALNVDINVSTSRCDELENTIS
RQGINRVEVRQIDSDLKVKKKRLLSLRSERTSKEKEVYELQVQIREKIDALGGLHTKAAVEHSSLSATVKHY
PDHPSTSHSSTSLNAASQRSSVASSSPELRGIRPLEMDLSMITAHLTSIEDTKEAREERRFTVDDVFKVKWK
QHKEQLTRCINKEQSAQFQLEREVASVSESCAVVEKDISKRANNVVELQRQVESNESEARLFESQEEESIK
RVEEQVKAVSLDIASYKSNVQDKLANCQVSKGSIESEIQEKEALLERILLEARTQFFRCAKSLVELKEFTESG
FAGAVKQCEAISKSLPEPPRSDQGLSDSVIE

>NDC80_Colpodella_sp [85]
SGAGVRKDTRPLTEKKWQETNLKNLIQFLISRGYPHSLTSNSLKKPQMVEFASLMKFLVTEFDPDFDFGTT
RNFNEDVEKFIKAI

>NDCB80_Colpodella_angusta [66]
KNLIQFLISRGYPHSLTSNSLKKPOQMVEFASLMKFLVTEFDPDFDFGTTRNFNEDVEKFIKAIGYP
>NDC80_Colpoda_aspera [616]
MSTRYRASIGGMSFGGKLPTDMNHSRSTSSNTRQTIGYNPKHPQRSASTGRESLGAGGLRADLKPVSPF
SKPKRKLESKIHVDKKDLAGLINNIFEFLSSHNYEAAISKKGLGSGNRNIFLSMLGFIISFLDRKFAADIMVWN
EDEVMKLLKFIGYPFSFPKNFFAAIGAPSNWNQCLHVLSWIVELIKYFEFVKTVKKKEPAEKTDSDLLNDYV
QKKFVKGDLMENEGQNELTEKLIKRNQHLQQLCNDYKLKIENIELMMQNTLHDYPDPSALQNKISHLKDEA
FNIEQQIARQKNENSDLYESNVNRRRHLENLNTDLDRLKAEKQHLSAMIQNQPLTIEESERLNKEIQKCENN
RSKLRQTKQEKMKQRDVLMQSKEELVNELESRAKEFNNTIQSEREIFTKCSGFQIKLNENALMDPRADDOQI
DSDEQVFIKHLCGISPKEEVRPVLREILDATNERVRNMEEEVTNQKFLCAQLGDQKQELAAKIDEQRFRLKR
VTEIHDDRVEALSREHVNFTEKREKIQKEIDKLREKVSEVESENGVLTTRYNTLTSELEQLKQETEANRSDIT
NMLANDVERALVHKKEIESLRDIDLKFGKIKESFEDFLNQ

>NDC80_Chromera_veila [733]
MESPLMLHRNVTHTANLRFVTMGVGNRKDKDPRPLANAGWQSRAITSLVDFLVNHDFPHQINQNSLKRPT
RTVFMVVAKHLISLYDPAWHWSDKPDEDVAQFFKMAGYPYEIHKSKIAAVGAPNTWPHLLGALSWLVDLL
QYGESVGITAQLAEKSGLSLISSVPEYDEKAILARTLREDAIETWDLLERGIESSPEHDRKLTNYLKSHVRSQ
QLNIEYVRQEREECENDIAEFERKCRQASEEQREHSKVRKEYEEMKRREEERLRDARGPLAERSALQERV
VRLSKERDAKRRECESLRERVNSQPMSREDFESTRRGIEKTREVLAQREAELAEVDRDAAAEREVIRDIGF
ELDAIAREVRAADDELVQTAQSSKGFIDKPEAHPRHLLDCPARICRDLEGGAEDAETEGLGEGDVNSVLGF
RWKDQVKPLLKDADLLVFTKHRENLKIHEELQSDRLQLEREEQALTYEKDRLARRVAETQAEREREETEAA
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QEIEKNFAEAEAREAALERDIAEEEGKVQDLKEQEKVEMRTLRKAQEDGEAARATAQSRVNAMSDGLAQL
RQEERQRFKAATEAARAVREKLRSSFEENLVPLLENLSARVADLAERAGVNLDSDSSMQEADEGAAAERE
GHDAGRDSAQVSSGPSGDSPDCDMGCEQSASASASSSSARPENSGETEGDGANGCCFFFEVPVDDDV
GVKGGTTEEVTEGQVCAEEGEEEQTGDCLV
>NDCB80_Piridium_sociabile [386]
MADENTGTTTPRRRPTAVGPSRVISARQPGMATTCLRPINQTHCPMVTPQPGRGAANNVPVSSTQLRSSA
MPSRATNNRPVVGKMSNAFCHQNGSKKASDPRDVSSRVFQLECFKDVTAFLQTYDYPHTISIKQFSSPTR
NDVLNITSFIFSFIDPNWTMQKGLEVDVPQFLKFIKYPTPIRPALLLNTGAPSTSPIIAAIQWLSDLAIFVTQHH
GTICGTNGGATADCNSTDQSEAQVSPLMLAQQALCNFTREAYSLWLQGEDEFQEQTSRLSSDLARANDILI
SRTNEYRQESKNLEASKAGLLEDIDQEGILQDSIRRAQTDVEKLQRELRKLRDTKKHKDGPWGYADKNQR
DLLECQNHVQSLLDEERRLRDKIANQDVT
>NDCB80_Vitrella_Brassicaformis [673]
MDSHTPRRGLSIPPNSRSAASMRAPSRTPVPSSAYRPLVGKPSLTGKASLGGKAGALVKGGKRAGAGLRYV
SQSLGKGSKRADPRNFHDRGFQKECGMQLLQYLNAHDYPYPMTAKQLNSPSRNDFFNVVKFLIGVYDNE
YRYDKSIEVDISSFFRYVRYPNPISKTALLNVGAPNTWPSLLAALQWLIELCQYAEQLDDREDPFGVSDVEE
EGAHGSSEASPLSPSSSLTSSLRREQWVCLKETYALYMAGEDHYPEQDRRLKAHYEQMESALQTRLQNA
RDRSAEQAASKLGYQEDLQKEDTLKASIARKQTDMEKLSREIRRLQENRQKKEGPWGEVARAQREVEAV
RQIVQELSAEEKRLKETVAAQEISASDVEHLLSEQRRYETKYKADRDDKAKLDHSVMQMEDKLHQRQSSL
SSNSRKLQSLMSAIRHDGQLPSTDSPTIGSFLALPTPCLMLQCDALQPAALEQHEKDKREWTDVVDSVLGV
DSQRFRDQLEGLIEQEAQHHSKLSAEADELQRAIDAMTKTIKQNQQAKDRSHCRYERHVDELQRLQKQHE
EEVNNINKETQATIAKVEKEQADEERSLRQIEEEKELLRDQITAQREEWQQRAKTACDIIKESVRMVDAAQP
PVVKALNDGFQALVDVKKHLSQQEAAMPLRMPTFPTDEEPQ
>NDC80_Platyproteum_vivax [363]
MSNPSNKEYMSIIHFLFTLLDKHFSPVKKLEDEIPPFFKQIGYPFMITKTNLIAPGAPNTWPNLLGAASFLVEL
LQYDLERENLNETDEEHKDNIINNQIADGYMAFMTGSDDIEKHDASIADHFVSRNQEIQKECAMLQETIQRY
EEQIEVFKSDQYSLPALQQSLQVREEELLHAQHEAKKMQEAVCQKEDVIKDKEKVIEDQKTERSEVEQEIE
RLKIQVEKQEISREELQKMLSDRARLSDELDVLRNEKNGAQKELLDTESLLHKKGEDLQRMGRQINQEASR
ASATVLSQPSWDFEHLPTIDLNGRNIEALLGGNVSKLEELLLNDIRDAKKRLNEAHDQEGWSLQRQLQLLT
DEE
>NDCB80_Digyalum_oweni [609]
LTMPQSIQGGSRRSLGPPQRPTAGPRTDSMANRPSLNSSSLSLGRTLGVGGSLNPGRGKMSDSRPLKDR
EYMNAQTRKLLDFLVSSNYPHPIAPKAMVNPSSKEFLSILTFLIMLLDPHYLPLKKIEDEIPSTFKQFGYPWMI
TKTNLIAPGAPNTWPNLLGAASFVVDLLIYDQERQIEGSSAYEGDNERKDTMFVNEKLASGYITWMTGNDDI
TCHDTSVVTYFHQRNEEIKNSIGQLQETLNQQEQQLLTFGGNEYSLPSLEVKLHERNETLKAKQHENESQA
SVLKHWEEKIRDKNNIQEQLNEKLPLQNELEKLKHQLDSQEISREELQRMLTDRQTLQNELERLRDEKDNL
NSRLWDLKDKSGSYEEILHKLARQISQDAAKLGKIPKSRTDTESGSIDLPKIDLTARKNIKQLLGGNMEVTID
ALEAQLKTGEEALQQAKDEEEWKYGSEISMLETQQKQLIESIEWKTKRESAMKNEDALTQERFNKQLSEM
RNHLEEAEKGTEKNLAFFEAWLKKENQSQLELVLLEEESRLLIESERQQADKIVARVSDIVLKCQRKNNERI
HHSEVAMQSYVDQLQSNPLRLPAAPLTVLQSLHTIN
>NDCB80_Perkinsus_marinus [634]
MEPTTPARSEKAPRRVTINPMSAPKTTRKKSVGQRQQQQQQQPGSGAKSGAVRDLYQTALPTSHTGLQA
SLSPKPVQATLLDPPRSHDGTVRLKDERPLQSKGYRKACAEYVYAYLSKHGYRSDRMKPGWFDSPSTRE
FFSLCEFLLERIDPNLIVSAPQKKSTPEDLISIVRTKLLYPYDVPKSALASVGAITTWPALLGLLSWLVEEADE
ADRMRERINSVSDTCRAREKALGTAYTSWVQAGQAETLEETAMLDKIEGLTRAQYEELRSENAKCLKIIGD
NEAAIEKIKESGDLDDPEQYERKNEEIRGCVAEKEREVGELRRREKEAAEERQKWEERTAREKEKEKKLR
DRIDELSQRVDAQTYSHEDLAQLLARSKRLDEEARHLQEQIARCDSDTNAEDAQLRTEQDTLQRLCHQFN
ECIGAGGHPAIPRANFNPEATEFLKRGFGSLAAPGLNIESLVDARVEDTRKQLNKAEDALREYVESREQAD
KQLRKAKKEIKTVAMKEAEWKETREALLKERADSEKKAVADAEARLVELDKQSKHLHESSKAQKVKVIEDT
ATAKEEARDLEERTEQSVRERKVYEQRFEAAVDVINSIVEHGLKKADDLDQCLDDELARMQEELPIRSG
>NDC80_Symbiodinium_microadriaticum [597]
MASTPKQKFRPSLGEPSRVSRLRAQSPGASSVGSGEDIGTSPRRRALFPSGTGRTRALVSSRHSRDPRPV
GDRAFTAQCAKNVVELLSARGYSKTFSHDKLLKDPSTKEFYDVFRFLIAQLDPQLEVEGKMEDEVPSIMRR
LKYPVEVNRSKLQAISGPNTWPQLLAVLDWLTVLVRINDELIEPLAACQLGLSDVGDPDRDAGDHHVLRSL
HENYLNFLSGKDDSGDEERLRMIYMQRLEALQSEIQRLENQQVEMQQRLQDFQGEHDRLLELQKMPAQL
EVEADRLRSIIQAQEHKVQTIEDEMLCKEAEEREQQKEIETLQAKRAYLAEQVESQAYSRRDIERLHAERSH
LRQLFKDLKAEGERADEEVWELGMQEKSRAEEIGRLVRQVNDTVECLTHALTEEEADIFDFRVRVDLSEPS
DALASLAFDDQKTWAQAASSSHGERLQQAELALHELLEEQRGLQTSLAEKEGEARHMRARHEQLTRIYQE
YREWSASQIDDAQKTTEATEDAVHEISIGSAAPSLRDAAEVDKLKLTLASVQTQGAHERAQLEEQIRRDEE
RLEEHRQLIMRELDSYAKASTALCEDVEAALL
>NDCB80_Tetrahymena_thermophila [671]
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J. Cell Sci.: doi:10.1242/jcs.245753: Supplementary information
MRHTEFFRGPNDTSDSGSSKASQSQKNSSNNNTHLFFKEGNYNANYNSDKLNQSMNFSSIRMTNLNQPI

RNTVIQNTYKKDGNYKNNLNEKNIFILQDLLSFINLNIYQDSPISEQQLKNPTQKIFFEIFWGFIRIIDPSINSKVI
SVDEIPQLMKFWNCPFQLNKNILTTIGAPHTLKQTQNLLFWLYQLSKEVKSMSESLLDNQKSILQNSQSQSQ
RNDMEILNQYIAQSFRRKDNDLLKGANFSKHNSSKKNPQQNQSMLISQIGMSEDEKEAKDIADLLKQKNIYL
QQVIKELELKIETLQLSNKNLCLKQPDLSEVGNKIEQQQDVINMEQELIYQLSSEIESNQKDIDNYHNIFNEKM
IAIHELEQEKSNIQKQITDQEYSIVEAEKKLKEIERLKKQKAQIDLQISQTSDQRTVSYTQNEGQINEIHQLIND
YNRILNTSNELFIQCQGIEAFVNEEKIRADNLDILTKGLQIKSEDLKQGLDSFTNSKNNSKIIKSMINIDLKKVS
EQLKAKLQDYQVSVVKQEESIKQINRQIEEKKTNINDLDIKINQLNIKSQQKQDELKQVNFKHKSEEQLQANS
NIKQQINQSKQKQFSLENDLTNFMNQIEVRKKLLQKEKEESIQILENQAIKINQAKQQIILKFQQLHSYYQALN
KKSFLINKS

>NDC80_Aurantiochytrium_limacinum [678]
MQSQPRRPPLGRVSNSRLNAARGSLGGGMGSGLSGVGVAKKTRMSLGPGTLPRHSLGGGMGTAAKKAK
SHKRMSMMPSMGSSLSMQSNAQSQTSSSNSRRQSSVSVASRRKSIAVMGGGGSSALKSDPRPLTDKAF
RAQCIETVIRFLSEHNYDQAISPKILHRPTGKDFEHIVLFLFRQVDSNRKFAGKFADEVTTMMKGLRYPFNIS
KTSLAAVGSPHTWPSLLASLLWLVELVEYDELAGLQDDEDGDDEGEIDRIFFTYIRKAYWCFLNGDDNRYE
ELDTELGNKFRERDVAIEEEIEDLERKQAELKDELETETQKQSLIPELEQRKRDFTSDKLKWDKLIRQFLENK
EIMVAKVREREAEVRAKEAELAQAEQAKAKVQIILDEQELNPADAERMTQEKRSLEASCNTVLEQRDEIQK
ETWETELSITKRTKHIESLLEEYNAIAKSLKLTQTVEAGQQRQGANIQLRLDTRRNVLMSLTENGDQGDRVD
VDEMTSALQNLREDSIKRTHQIRTSNMELQAKVEENDEAQEAIRSEIREFEHHLRQAEANLQQDKASMEEE
LNQRASETEAVEEDIHRLQLEAEEIELPLRDAEATVEELRARVKSEADRHSKDIGALGDDLNSAIDAFLSYKE
NIAAIIADLNSSLQNQLNDANAFCESYKASIKPLCNSA

>NDC80_Bigelowiella_natans [616]
MSLRRRTLGVINHNERVSEDGNTNKRRFSMAPNRRLDERKVGRGARFSVGRPSIGFMKGRKSFGRLSIAP
NGRPSIGRRSSMYNRSGKITDPRPLSDRKYINKNTRILVEYLTSHGYDKQITPKQVTAPSLKDFKNIVGFLFK
QMDPEFEFSQNLDDIRDILKIIGYPFNISKSSLSAVGSPHTWPPILAMLVWVIELLSYLEKLDAEEENQVAND
DGKIFFEFLASAYRNFLDEKDHSAEDLEEGFREANEQRCAVVKDEIKRFEDENDELSKELQELSSTTNTVEH
LQKKLSDHVSDLAKFEKLNQKLEKHLEVLMQKEEAAKSTLKELEGEKEQYVENQKNLKVAVEEQPLSRKEV
OMITQETKMKKDSIESLLQQKEELKRQVWDSEMLQCKEIGNVEEFVNEYNNLVYELGLKNASQATKNIDYQ
IKFDSAGNDIKEMVSKDLTHVIKKSLSHLETRAKSELRGLESELRDVKQETIRTTDLRSEAEASLNQHEQRLE
KIHEAYRTERKDMNKQCSESISAIEETELHIHRTRTARATELRVSEQKIQEIEEQLKVVLSEQEDIEQKTKDSI
LSSVEGLVRHKDWIVQTLTTLSDKATQGREGIESMCSGK

>NDCB80_Arabidopsis_thaliana [568]
MRGGAAGKRRTTVGFGGAPPPPPPSIEQQRHLFNSRDSDASFASSRPSSIGLGGRGASDDRSSMIRFINA
FLSTHNFPISIRGNPVPSVKDISETLKFLLSALDYPCDSIKWDEDLVFFLKSQKCPFKITKSSLKAPNTPHNWP
TVLAVVHWLAELARFHQHLVSNSTSVPEDNSMNFFAIQSFGHFIRGEDDKVNDLDSQFLGKLEAEKTSVAE
TISGCEKISGELEAKLESLRKGPSKKESLEKVKADLENDVNKFRTIVVEYTDRNPAMEKVVEEKAKELKAKE
EERERISVENKELKKSVELQNFSAADVNRMRRELQAVERDVADAEVARDGWDQKAWELNSQIRNQFHQI
QTLAIDCNQALRRLKLDIQFAVNERGETPAAVMGVDYKSVVKPALCSLCDGIKGSSAEKVEELVTLQHHKS
EMASKIESKRSLLGSIQLQINDLEEKMKLVKKETQELSTKCDLEAKTLVESVKAEALNLEVVEKEAAEFVKAS
ELRLQEAVKESEEEVQACAAQLFALIDSISKQKEYMDSKISEIKTGVADTASAVSEIYKANFKKNLGI
>NDCB80_Trichomonas_vaginalis [507]
MMSRIPMKASRIPVKPAQSENTTKTQNLTQVSKVGKPKTGKKKSENKLSKQEIVTRIQEMMETITEDSFKLD
PAKLDSKTYLLILNTIFSCFPIDLKQDKVDYMFIKDFLGYIGCPHQVNKTHLQTIGNLQSFADIMAPLVWFYDL
LKLYQTGDEFPQDQETNYAETNFNNLLAFYHEFEELGRDDDDGPIKERIAQTFEEQYDAAIKSCKDKIEDYQ
NQISFSEQKMEQMNQKAKIIHEKKSNIDTLQKELTKLISETEVLESQSSAMDLEMTKLOQMELERSQNKYSEIV
KQRNSAETKVQELNFDANEVEKIKFKKEAIIKQIQTELEKQSATKKDIMNLRKDLEGAHEAYDRFAPYFVEN
MPPNHTLPDSNDKENRLSQAKALINALKAELSQEDPHEIEKQLLDEQSDIESQIADLEKLQRSLEKEFSVSKP
KKKDESTDVLQEKLKNVLNNQKKFEVERQKNIADAKAKLDEAVDALNSYKADAETAFNLILREVEMTMGTI
>NDC80_Naegleria_gruberi [700]
MSFSKRSALRDITNTSGTGSIHTGMHHHGGSAPLKSNLSIMNNTTTMNNSHSILNSSHSLGNHLSTTATSTA
TSTTTTNNNNLLSTSKPPRESMIMKQTQTLKNSKTSSSSLNTTSSTTPNSNNIQYMLNALYEFFSQENISIEM
TPKTFREGDSSKLRYFLNYLFTHLDRNICVIVPTPSEVREMEKKNNSSGNTMDARRRTMNHLNSLSMNAS
MMNGMNHPSVQSSSSTITTMTTINNKPPSISGLDEDLIIELVDFFKLPISLNKRHFTITPQSSRNWQTMIQVLY
YLTGLVKYSRERDFIERDLELQEVSIFFSFLSDLYAPFLENNQREMDRLVNDWRNKFNMDCTRSRENLTQL
KNLHESIKNRLNYFNTRQDPFHELEEKRIVLESQFLNLNESSRSNEEKLNSLLHFREITKAKIVSTNQQIDSKK
RDNEVCARQLEHQEITPLEAQALYREKSLYEEEEERILKRTDYTRNQVENAQRHLSQCNEQITTLTSQYNSI
VLKIDPNLRLLSLSSNNAKWRIDDSKQKKTILKQQFTTLQSQIQQLNETLAQKDEMIQVLNEHLQDVKESLTQ
ETNSFNNLESLLVQIKQQHQEELFEYDRRIKTIEDQSVQIHSEKNRWKQEFENTELLIAQLEEEMQREEQEQ
IEQRNTLFNLSVFTLQKAAEHKENAKKIINATEKSGSESFAAIKQLQIV

>NDCB80_Dictyostelium_discoideum [855]
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EINGLMKFLCLHIDPHFKLPTEKPEEEIISFFKMMGYRSAGFTKRVFSQVGNAHTRGHLLGAIIWMVELIEYD
QIIRQMDSHIEREILNGNTIDENGNLTTTTSATNTNEDGNFNLTTQIFSKHVFKSYEAFLKGDDGNHVDQFLE
EKFNEVNELIVKECEESMERQKKIKQEIVNLTQYITNDDIDQLNFKLEQTNQEIATHDLINDNELEDQKLDQEI
DONQTHFQELEIQQKEHQKKKQEFESRIQIQQSNSVDAKRINQETFELKEELDKVQREQSRHDQLKQEKSK
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QDQTFDITQREENIEQLKSSNKKLIDDGVRELEKTIQLLESQREEHSRLKIDLKQSSEQMKLQYLKRIERFISH
RQLIGSQIFDTLRQMEELSLTQKILFPPPPPPPQLSQQHQQLMQQQHQNNTIDIDE
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MQSSTSTDQHVLHHMDPHRFTSQIPTATSSQLRRRNSTNQGLTDMINKSIARNTISGTGIPTGGINKNKRTR
STVAGGTNGTALALNDKSNSRNSVSRLSINQLGSLQQHLSNRDPRPLRDKNFQSAIQEEIYDYLKKNKFDIE
TNHPISIKFLKQPTQKGFIIFKWLYLRLDPGYGFTKSIENEIYQILKNLRYPFLESINKSQISAVGGSNWHKFL
GMLHWMVRTNIKLDMCLNKVDRSLINQNTQEITILSQPLKTLDEQDQRQERYELMVEKLLIDYFTESYKSFL
KLEDNYEPSMQELKLGFEKFVHIINTDIANLQTQNDNLYEKYQEVMKISQKIKTTREKWKALKSDSNKYENY
VNAMKQKSQEWPGKLEKMKSECELKEEEIKALQSNISELHKILRKKGISTEQFELQNQEREKLTRELDKINIQ
SDKLTSSIKSRKLEAEGIFKSLLDTLRQYDSSIQNLTRSRSQLGHNVNDSSLKINISENLLDRDFHEGISYEQL
FPKGSGINESIKKSILKLNDEIQERIKTIEKDNITLEKDIKNLKHDINEKTQINEKLELELSEANSKFELSKQENE
RLLVAQRIEIEKMEKKINDSNLLMKTKISDAEELVTSTELKLEELKVDLNRKRYKLHQQVIHVIDITSKFKINIQS
SLENSENELGNVIEELRNLEFETEHNVTN
>NDC80_Homo_sapiens [642]
MKRSSVSSGGAGRLSMQELRSQDVNKQGLYTPQTKEKPTFGKLSINKPTSERKVSLFGKRTSGHGSRNS
QLGIFSSSEKIKDPRPLNDKAFIQQCIRQLCEFLTENGYAHNVSMKSLQAPSVKDFLKIFTFLYGFLCPSYEL
PDTKFEEEVPRIFKDLGYPFALSKSSMYTVGAPHTWPHIVAALVWLIDCIKIHTAMKESSPLFDDGQPWGEE
TEDGIMHNKLFLDYTIKCYESFMSGADSFDEMNAELQSKLKDLFNVDAFKLESLEAKNRALNEQIARLEQER
EKEPNRLESLRKLKASLQGDVQKYQAYMSNLESHSAILDQKLNGLNEEIARVELECETIKQENTRLQNIIDN
QKYSVADIERINHERNELQQTINKLTKDLEAEQQKLWNEELKYARGKEAIETQLAEYHKLARKLKLIPKGAEN
SKGYDFEIKFNPEAGANCLVKYRAQVYVPLKELLNETEEEINKALNKKMGLEDTLEQLNAMITESKRSVRTL
KEEVQKLDDLYQQKIKEAEEEDEKCASELESLEKHKHLLESTVNQGLSEAMNELDAVQREYQLVVQTTTEE
RRKVGNNLQRLLEMVATHVGSVEKHLEEQIAKVDREYEECMSEDLSENIKEIRDKYEKKATLIKSSEE
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