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ARTICLE INFO ABSTRACT

Keywords: For 25 years, analysis of the gp60 gene has been the cornerstone of Cryptosporidium subtyping, particularly for

Cryptosporidium Cryptosporidium hominis and Cryptosporidium parvum, during population-based and epidemiological studies. This

860 gene, which encodes a 60 kDa glycoprotein, is highly polymorphic with several variable features that make it

:?]?: enicriature particularly useful for differentiating within Cryptosporidium species. However, while this variability has proven

cr )tlgGegno or useful for subtyping, it has on occasion resulted in alternative interpretations, and descriptions of novel and
YP! typ

unusual features have been added to the nomenclature system, resulting in inconsistency and confusion. The
components of the gp60 gene sequence used in the nomenclature that are discussed here include “R” repeats, “r”
repeats, alphabetical suffixes, “variant” designations, and the use of the Greek alphabet as a family designation.
As the subtyping scheme has expanded over the years, its application to different Cryptosporidium species has also
made the scheme more complex. For example, key features may be absent, such as the typical TCA/TCG/TCT
serine microsatellite that forms a major part of the nomenclature in C. hominis and C. parvum. As is to be expected
in such a variable gene, different primer sets have been developed for the amplification of the gp60 in various
species and these have been collated. Here we bring together all the current components of gp60, including a
guide to the nomenclature in various species, software to assist in analysing sequences, and links to useful
reference resources with an aim to promote standardisation of this subtyping tool.

1. Introduction sequencing part of a highly polymorphic gene encoding a 60 kDa

glycoprotein (gp60) (Xiao and Feng, 2017). Over this time, the number

Species of the protozoan genus Cryptosporidium are globally impor-
tant One Health pathogens, causing the gastrointestinal illness crypto-
sporidiosis in both humans and animals (Innes et al., 2020). There are
unequal impacts of this disease, for example, moderate-to-severe diar-
rhoea, growth faltering and increased mortality in young children in
low- and middle-income countries, a burden of losses in intensive agri-
cultural systems, and widespread human outbreaks of public health
importance in all ages recognised in high-income countries (Innes et al.,
2020; Levine et al., 2020; Yang et al., 2021; Zahedi and Ryan, 2020).

Investigations into the molecular epidemiology of Cryptosporidium
have relied heavily over the past 25 years on PCR-based genotyping,
particularly at the small subunit rRNA (SSU rRNA) gene, to determine
the species causing infection, and within-species subtyping by

of species identified has increased to more than 40, and many more
host-adapted genotypes are awaiting valid species status (Ryan et al.,
2021a). The gp60 subtyping has mainly focused on the two species that
cause most human infections, C. hominis (predominantly anthroponotic)
and C. parvum (zoonotic with a wide host range), and the latter also
impacting livestock (Feng et al., 2018).

The gp60 gene codes for an immunodominant surface glycoprotein
that mediates host cell invasion and thus plays a role in host infectivity
and pathogenicity, consistent with its highly polymorphic nature (Li
et al., 2024). The DNA, and corresponding amino acid, sequence vari-
ation seen at this locus both within and between Cryptosporidium species
has provided multiple features for discrimination that have been
included in the nomenclature of the gp60 subtyping scheme. These
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features include DNA sequence polymorphisms and mini- and micro-
satellite repeats. While the gp60 typing scheme started with a simple
nomenclature (i.e. Roman numeral for species and alphabetical family
designation) (Strong et al., 2000), it has evolved as new features have
been discovered by different investigators and has become increasingly
complicated. The evolution of these new features and contradictions in
their use has led to the nomenclature becoming confusing. This has led
to errors, mostly incorrect naming or misinterpretation of the nomen-
clature, which differs depending on the species or allelic family in
question, making it difficult to compare subtypes. This highlights the
need for a comprehensive guide to standardise and promote a
harmonised nomenclature for gp60 subtyping, including online re-
sources and tools to aid the community in the future evolution of this
scheme. Here, we describe the various features underpinning a stand-
ardised nomenclature, highlighting pitfalls to avoid errors in interpre-
tation, and provide useful reference resources for those analysing this
locus.

2. The evolution of gp60 subtyping and some of the problems
encountered along the way

Since the Cryptosporidium gp60 gene was first described by Strong
et al. (2000), its use as a target for subtyping has been widely accepted
by the scientific community and globally used in population studies as
well as investigations into human and animal cryptosporidiosis, espe-
cially outbreaks (Xiao and Feng, 2017; Feng et al., 2018; Chalmers et al.,
2019; Ryan et al., 2021b; Yang et al., 2021). The majority of gp60
studies, particularly in the early days, focused on the two main species of
veterinary (C. parvum) and public health (C. parvum and C. hominis)
importance. Over the years the gene has been explored and described in
many more Cryptosporidium species, each of which is provided with a
gp60 designation as the first part of the nomenclature (Table 1).

2.1. Basic gp60 nomenclature developed for C. parvum and C. hominis

The initial gp60 subtyping nomenclature was developed by Strong
et al. (2000) for C. hominis and C. parvum (at that time referred to as
C. parvum genotype I or “human” genotype and genotype II or “bovine”
genotype, respectively). Distinct allelic groupings were identified by

Table 1
A list of Cryptosporidium species with described gp60 genes.
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sequence polymorphisms extending the species designations I and II to
define “gp60 families” named Ia, Ib, Ic and Id for C. hominis and II for
C. parvum. The family Ic was later corrected to C. parvum allelic family
IIc, and the name “Ic” retired to avoid future confusion (Sulaiman et al.,
2005). This gp60 family differs from other C. parvum families as it ap-
pears to be primarily host-adapted to humans, whereas other families
such as Ila and IId are considered zoonotic.

Sulaiman et al. (2005) also introduced the second main element of
the gp60 subtype nomenclature, which describes the composition of the
serine repeat located upstream of the family-defining region. The serine
microsatellite is composed of TCA, TCG or TCT codons and the number
of each is counted and recorded, prefixed by A, G or T, following the
subtype family name (Sulaiman et al., 2005). For example, IeA11G3T3 is
a subtype of C. hominis belonging to the Ie allelic family with 11 TCA, 3
TCG and 3 TCT codons in the serine repeat, and IIdA23G1 is a C. parvum
subtype belonging to the IId allelic family with 23 TCA and 1 TCG co-
dons in the serine repeat.

The count of serine codons recorded in this way terminates at the
first non-serine codon. However, the following R repeat in some subtype
families often includes a single serine codon, which occasionally was
added to the count of serine codons and resulted in inconsistencies in the
nomenclature as discussed below in Section 2.2 on “R” repeats. However,
as with many subtyping schemes, particularly one as nuanced as this,
there are some uncommon exceptions to this rule, as discussed below in
Section 2.3 on “r” repeats.

2.2. The R repeat designation

In addition to the polyserine repeat, occasional mini- and micro-
satellites that define different subtypes are also incorporated in the
nomenclature of a few gp60 subtype families (e.g. C. parvum Ila,
C. hominis Ia and If, and C. cuniculus Vb) as an “R” repeat (see Table 2).
These R repeats, which follow different nomenclature rules depending
on the species and gp60 family, have been the source of some confusion
leading to errors and misnaming of isolates, which often remain on
NCBI’s GenBank and in turn exacerbate the problem during new BLAST
searches. The R repeats can be different sequences between species and
subtypes and in alternative locations within the gene. For example, the R
repeats in C. parvum Ila (ACATCA) and C. cuniculus Vb (ACA), are

Species gp60 designation Key references

C. hominis I Strong et al. (2000); Sulaiman et al. (2005)
C. parvum I Strong et al. (2000); Sulaiman et al. (2005)
C. meleagridis 111 Glaberman et al. (2001); Stensvold et al. (2014)
C. fayeri I\ Power et al. (2009)

C. cuniculus \% Chalmers et al. (2009)

C. equi VI Xiao et al. (2009)

C. wrairi VII Lv et al. (2009)

C. sciurinum VIII Lv et al. (2009)

C. tyzzeri X Lv et al. (2009)

Mink genotype X Feng et al. (2011)

Opossum genotype I XI Feng et al. (2011)

C. ubiquitum XII Li et al. (2014)

C. erinacei XIIT Laatamna et al. (2013)

C. mortiferum X1V Guo et al. (2015)

C. viatorum XV Stensvold et al. (2015)

Skunk genotype XVI Yan et al. (2017)

Apodemus genotype I XVII Condlova et al. (2019)

Apodemus genotype II XVIII Condlova et al. (2019)

C. felis XIX Rojas-Lopez et al. (2020); Jiang et al. (2020)
C. canis XX Jiang et al. (2021)

C. ryanae XXI Yang et al. (2020)

C. myocastoris XXII Jezkova et al. (2021)

C. xiaoi XXIIT Fan et al. (2021)

C. occultus XXIV Unpublished: PV067136-PV067140

C. suis XXV Lebbad et al. (2024)

C. bovis XXVI Wang et al. (2021)
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Table 2
The features of standardised gp60 nomenclature for Cryptosporidium spp. For full details, see Supplementary file S3. An up-to-date, contemporary version with the
current accepted families and features is available online on the Cryptosporidium gp60 Resource Page at https://cryptodb.org/cryptodb/app/static-content/gp60.html.

Roman Subtype TCA/TCG/TCT Families in Families in Families in Numerical Example subtypes (GenBank
numeral family serine which R which r which designation ID)
designation range trinucleotide repeats repeats alphabetical representing
repeats present occur occur suffixes occur” sequence
variations
C. hominis 1 Ia-Io Yes Ia, If No b° No IaA12R3 (EU095263),

IbA9G3b (JF927195),
1eA11G3T3 (AY738184),
IfA19G1R5 (AF440638)
C. parvum il 1la- Yes 1Ia, I11 Ila Ilc, IId No 11aA14G1R1rl (AB777446),

Ilgamma 1IcA5G3j (HQ005749),
1IdA20G1d (AY738186),
MIA19R3 (KP997147),
IIgammaAll (PP157591)

C. meleagridis il Ila-IlTk Yes No No Yes No 1IaA24G3a (AF401499),
1IfA16G2 (EU164813)
C. fayeri v IVa-IVg Yes No No No No IVaA11G3T1 (FJ490060),
IVfA12G1T1 (FJ490076)
C. cuniculus A% Va-Vb Yes Vb No Vb No VaA18 (FJ262730),
VbA20R2b (KU852735),
C. equi VI VIa-Vid Yes No No No No VIaA11G3 (FJ435960),
VIcAl6 (KU852738)
C. wrairi VII Vlla-VIIb Yes No No No No VIIaA17T1 (GQ121028),
VIIbA13 (PP454709)
C. sciurinum VIII VllIa-VIIic Yes No No No No VIIIaA5G2 (GQ121029),
VIIIcA12G2 (MF411081)
C. tyzzeri X IXa-IXc Yes Yes® No No No 1XaA6R3 (GQ121030), IXbA6
(HM234177)
Mink genotype X Xa-Xg Yes No No No No XaA5G1 (HM234174),
XdA4G1 (KU608304)
Opossum XI Xla Yes No No No No XI1aA4G1T1 (HM234181)
genotype I
C. ubiquitum XII XIla-XIId No No No No XIla XIIa3 (JX412915), XIId
(JX412922)
C. erinacei X111 Xllla- Yes Yes No No No XII1aA20R10 (KF055453)
XIIIb
C. mortiferum XIV XIVa Yes No No Yes No XIVaA18G2T1b (KP099086),
XIVaA20G2T2 (KP099083)
C. viatorum XV XVa-Xvd Yes No No Yes No XVaA3c (KP115938),
XVcA2Gla (MK433562)
Skunk XVI XVia- Yes No No Yes No XVIbA16G2b (KX698285),
genotype Xvid XVIdA29 (KX698301)
Apodemus XVII XVIIa No Yes No No No XVIIaR2 (MH912979),
genotype I XVIIaR3 (MH912981)
Apodemus XVIIT XVIlIa No No No No Yes XVIIIal (MH912970), XVIIIa2
genotype II (MH912974)
C. felis XIX XIXa-XIXe No No No No Yes XIXal5 (MT458679), XIXc2
(MT458668)
C. canis XX XXa-XXj No No No No Yes XXa4 (ON863565), XXg2
(ON863569)
C. ryanae XXI XXIa-XXTk No No No No No XXIa (MT588099), XXIf
(MT588094)
C. myocastoris XXII XXIIa- No No No No No XXIla (MW280995), XXIIb
XXIIb (MW280993)
C. xiaoi XXIIT XXIlIa- No No No No No XXIIla (MW815183), XXIIlk
XXIII1 (MW815253)
C. occultus XXIV XXIVa- No Yes No No Yes XXIVa (PV067136), XXIVb
XXIVb (PV067140)
C. suis XXV XXVa No Yes* No No Yes* XXVaR37 (MH187875),
XXVa3 (PP467568)
C. bovis XXVI XXVlIa- No No No No No XXVIa (MZ977200), XXVIf
XXVIf (MZ977143)

2 Alphabetical suffixes are used to differentiate members of the same subtype. As such, they are not used for all members of that subtype family, and there can be
sequence variation in the downstream region between different subtypes using the same suffix. For example, the downstream sequence is different between III-
bA21G1R1b and IIIbA22G1R1b (Stensvold et al., 2014), and between XIVaA18G2T1b and XIVaA19G2T2b (Guo et al., 2015).

b Alphabetical suffixes in family Ib should only be used for those subtypes that are more variable, such as IbA9G3 and not highly conserved subtypes, such as
IbA10G2 that may have a few rare variants (Supplementary file S1 and Supplementary file S2).

¢ The R regions in C. tyzzeri are still being fully characterised as there are multiple longer repeats. Therefore, it is currently better to describe each of these longer
repeats than assign an R count.

4 In C. suis a 21 bp minisatellite R repeat is present, but difficult to amplify and is normally not included in the nomenclature which instead uses a numerical count to
represent sequence variation in the downstream region (Lebbad et al., 2024).
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located immediately after the polyserine repeat (Sulaiman et al., 2005;
Lebbad et al., 2021), whereas C. hominis has R repeats in families Ia
(AAGACGGTGGTAAGG) and If (AAGAAGGCAAAGAAG) that differ not
only in their repeat motifs, but also in their distances from the end of the
serine microsatellite (95 bp downstream for Ia and 25 bp for If) (Cama
et al., 2007; Xiao and Feng, 2017). Although some other species and
families have these motifs, particularly ACATCA at the end of the serine
repeat, they should not be included in the nomenclature, unless they
have been shown to display different numbers of repeats within subtype
families (see Table 2). For example, Bujila et al. (2024b) reported the
new subtype families Ily and IIz, both of which contain the ACATCA
repeat straight after the polyserine repeat and proposed IIyA23G1R1
and I1zA14R2, but no variation in the number of this R repeat has yet
been identified in those families and therefore these subtypes should be
named IIyA23G1 and 11zA14 respectively. Should variation be subse-
quently identified in future samples, comparison of the sequences would
identify the original R repeat(s).

R repeats are also used for some other species including C. tyzzeri,
C. erinacei and C. suis (Xiao and Feng, 2017; Lebbad et al., 2024) and are
described below in Section 2.8.

Another area of confusion with R repeats is their DNA sequence
variability making it particularly difficult for users to identify them as
repeats and hence the correct number. This is due to how the repeats
have been described, based on a repeat identified from the nucleotide
sequence, often using Tandem Repeat Finder (Benson, 1999), whereas
investigating the resulting amino acid sequence can simplify the iden-
tification. Two of the R repeats that cause the most difficulty are in
C. hominis subtype families Ia and If.

The Ia R repeat is defined as a series of 15 bp repeats of
AAGACGGTGGTAAGG (Cama et al., 2007; Xiao and Feng, 2017) and a
final repeat which has a G to A substitution at nucleotide 3 and three
base-pair deletions at nucleotides 10, 11 and 15 (AAAACGGTGAAG).
However, the original Ia repeat stated by Strong et al. (2000) was
described as a tandemly repeated DGGKE amino acid sequence (trans-
lated from GACGGTGGTAAGGAA) and would have been simpler to
follow with no deviations, but unfortunately this was overlooked in the
nomenclature and historical precedence makes it impossible to correct.

The If R repeat is even more complicated and although originally
defined as the 15 bp motif AAGAAGGCAAAGAAG (Xiao and Feng,
2017), the repeat motifs vary in size (12-16 bp) and sequence (see
Fig. 1). These repeats were initially identified using the Tandem Repeats
Finder (Benson, 1999), which does not consider reading frames and

IfA11G2R6repeat1: A A G A A G G C A AGAGAAG
If R repeat motif: A AGAAGGCAA-AGAAG
*
IfAT11G2R6repeat2: C A G A A G G C A A AGAAG
If R repeat motif: A AGAAGGCAAAGAAG
*

IfA11G2R6 repeat 3:
If R repeat motif:

IfA11G2R6repeat4: A A G A A G G C A A AGAAG

If R repeat motif: A AGAAGGCAAAGAAG

IfA11G2R6repeat5: - - - A G G G C A A AGAAG

If R repeat motif: A AGAAGGCAAAGAAG
* * * *

IfA11G2R6repeat6: A A G A G G G C A G G A
If R repeat motif: A AGAAGGTCAA G A
* *

* > =
> >

Fig. 1. Example of the variability in R repeats in a IfA11G2R6 (MH796379)
sample and how they vary (*) from the published If R repeat sequence.
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amino acid sequences. Therefore, many of the If R repeats are not
identical to the defined consensus motif, and a more accurate descrip-
tion of the repeat sequences described would be [A/C]AGA[A/G]GGCA
[A/G]1[A/T1GAAG, with additional notes: the first repeat contains a G
insertion at position 11, the fifth repeat in an R6 subtype is 12 bp long as
the first three nucleotides are deleted and the last repeat contains an
A-to-G transition and A-to-T transversion at positions 10 and 11 (Fig. 1).

In some of the published literature R repeats have been defined
differently resulting in an alternative subtype nomenclature, which
unfortunately adds an additional complication when trying to compare
isolates. Three publications and related GenBank entries redefined the R
repeat in C. parvum and C. hominis as the trinucleotide codon for thre-
onine ‘ACA’ or ‘ACG’ and included the subsequent TCA/TCG/TCT serine
codons in the microsatellite count (Jex et al., 2007; Jex and Gasser,
2008, 2010). This resulted in C. parvum Ila subtypes with additional As
and Gs (e.g. IIaA18G3R1 misnamed as [IaA19G3R1). Furthermore,
C. hominis Ib and C. parvum Ilc subtypes were allocated R repeats
because their serine repeat ended with ACAACA (e.g. IbA10G2R2 and
IIcA5G3R2 instead of IbA10G2 and IIcA5G3, respectively). This con-
tinues to impact the correct naming of subtypes (e.g. Banda et al., 2022).

2.3. The r repeat designation in Ila

In C. parvum family Ila, the very rare occurrence of an ACA threonine
codon within the polyserine repeat region has been designated as an “r”
repeat with a digit to represent the number of repeats and an alpha-
betical suffix to signify its different positions within the serine tract. This
nomenclature stems from Amer et al. (2013), who described an unusual
ITa sequence from a calf in Egypt, IIaA14G1R1r1b, which included an
additional ACA codon, sandwiched between the end of the serine repeat
and the ACATCA R repeat (GenBank: AB777446). They hypothesised
that this extremely rare repeat could be due to either a T to A substi-
tution in the last serine repeat or a deletion of the TCA codon in the first
of two R repeats (Amer et al., 2013). However, the position of this ACA r
repeat is variable as seen in GenBank: EU078321 from a sheep in Ger-
many and GenBank: JX183796 (Silverlas et al., 2013) from a calf in
Sweden where the position of the ACA r motif is part way along the
serine tract with 11 repeats before and four after. All three of these r
repeat subtypes had 14 TCA repeats and 1 TCG repeat, and it was pro-
posed to differentiate between them using an alphabetical suffix. Thus,
both EU078321 and JX183796 are IIaA14G1R1rla, and AB777446 is
[1aA14G1R1rlb (Amer et al., 2013). Subsequently, [ITaA14G1R1rla was
reported in six human cases in Sweden, of which two reported foreign
travel - one to Spain and one to Uzbekistan (Lebbad et al., 2021).

The presence of this r sequence interspersed in the serine repeat has
resulted in naming errors that are still present in GenBank entries
EU078321 and JX183796. Although the r group nomenclature was not
published until the third finding (GenBank: AB777446), the rest of the
reported subtype names were also incorrect as the rules for R repeats had
not been followed by Silverlas et al. (2013). EU078321 was reported as
ITaA14G1R2, where the authors correctly counted the number of TCA
and TCG repeats but included the ACA motif as an extra ACATCA R
repeat. JX183796 was published as [IaA13G1R2, as the “ACATCA”
within the serine repeat was included as an additional R repeat, resulting
in 13 TCAs reported instead of 14 (Silverlas et al., 2013).

2.4. Alphabetical suffix designation

The use of alphabetical suffixes in gp60 nomenclature is not
restricted to variations in r motifs. Traditionally, alphabetical suffixes in
gp60 subtyping are used to differentiate variants of the same subtype.
The most common use of these suffixes is within the IIc C. parvum gp60
subtype family. The vast majority of Ilc subtypes share the same poly-
serine repeat, which contains five TCA and three TCG repeats, and rely
upon single nucleotide polymorphisms (SNPs) in the downstream
family-defining region to differentiate, each of which is designated an
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alphabetical suffix (Cama et al., 2007). Some of these vary by only a
single SNP, such as IIcA5G3p and IIcA5G3s, some by a few SNPs, such as
IIcA5G3a, IIcA5G3j and [IcA5G3m, and others differ by more than 30
SNPs, such as IIcA5G3b.

It is not only Ilc isolates that have alphabetical suffixes assigned to
further differentiate subtypes, but also C. parvum IId due to individual
SNPs in the post-repeat region (Sulaiman et al., 2005; Silverlas et al.,
2010; Gilchrist et al., 2018; Lebbad et al., 2021). Sulaiman et al. (2005)
identified SNPs in the downstream region of four IIdA20G1 sequences
and named them a-d. Silverlas et al. (2010) also noted further variation
(IIdA20G1e) as well as SNP differences in IIdA22G1 isolates. Here,
alphabetical suffix designation was based on individual microsatellite
subtypes rather than standardising the SNPs for subtype family se-
quences regardless of the serine repeat. Therefore, the downstream SNPs
for IIdA20G1c differ from those in IIdA22G1c (Sulaiman et al., 2005;
Silverlas et al., 2010). This has also been applied to other species (e.g.
C. meleagridis) and families (e.g. Ib and Ila) (Misic and Abe, 2007; Sil-
verlds et al.,, 2013; Alsmark et al., 2018; Lebbad et al., 2021). As
mentioned above in Section 2.3, family Ila has the added complication of
alphabetical suffixes to indicate the position of an ACA r repeat within
the polyserine repeat (Amer et al., 2013).

Gilchrist et al. (2018) described two suffixes (a and b) for IbA9G3
isolates in Bangladesh based on a SNP in the downstream region, with
the two subtypes showing different temporal distribution. There are
several groups of downstream SNPs in Ib sequences that can be used
similarly to further differentiate subtypes (Supplementary file S1 and
Supplementary file S2). However, assigning alphabetical suffixes is only
useful in more variable subtypes such as IbA9G3, and application to rare
variants in highly prevalent subtypes such as IbA10G2 may be confusing
and is not recommended (Table 2).

The practice of alphabetical suffixes is also adopted for some other
species. Cryptosporidium viatorum subtypes (e.g. XVaA3a-g) mostly
contain three TCA repeats and are differentiated based on post-
repetitive region SNPs (Stensvold et al.,, 2015). However, for
C. mortiferum the suffix use differs, designating the order of
TCA/TCG/TCT repeats and post-repeat SNPs, but these designations are
not standardised. For example, within subtype XIVaA18G2T1a there is a
tandem repeat of 4 serine codons TCTTCATCGTCA in the microsatellite,
whereas in XIVaA18G2T1b this feature is rearranged to TCATCTT-
CATCG and there is a G-to-A transition in the downstream region. In
contrast, XIVaA19G2T2a and XIVaA19G2T2b differ only by a single
differently located G-to-A transition (Guo et al, 2015). The
C. mortiferum suffixes for downstream variations are also not based on
defined sequences, unlike those in C. parvum Ilc. For example, subtype
XIVaA18G2T1b has the same downstream sequence as XIVaA19G2T2a,
while XIVaA18G2T1a and XIVaA19G2T2b have other, different down-
stream regions (Guo et al., 2015).

2.5. “Variant” designation

While some publications have designated alphabetic suffixes to se-
quences containing variations in the position of a TCG repeat within the
polyserine microsatellite region (Alsmark et al., 2018), Lebbad et al.
(2021) instead reserved the alphabetic suffixes for the 3' SNPs (e.g.
IIaA16G1R1b) and added the word “variant” where this TCG variation
was present (e.g. [IaA15G1R1 variant and ITaA16G1R1b_variant). In
their study of Cryptosporidium diversity in infections acquired in Sweden
and abroad, they identified several C. parvum Ila variant samples that
had TCA and TCG in the 3rd and 4th serine positions instead of TCG and
TCA, respectively. The problem is that the word “variant” is not quan-
tifiable. It does not provide information as to the position of the TCG
repeat or an individual designation that can be labelled in a reference
sequence (unlike those using alpha-numeric designations), and if a third
or fourth position for the TCG repeat is identified, how would this be
represented? So, although we do not recommend the use of this termi-
nology as part of the standard nomenclature, it is useful that these
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variations are detected and compared, and we propose v1, v2, etc. for
such purposes.

2.6. Use of Greek alphabet

With the recognition of the large number of C. parvum gp60 families,
the allocation of Latin alphabet letters reached its end with the sub-
mission of Ily and IIz to GenBank in 2021 (Bujila et al., 2024b). This
created a dilemma for the future naming of families. In 2022, the next
new family was published on GenBank using the Greek alphabet and
named IIf (GenBank: ON646229), although “beta” was spelled out in the
GenBank record rather than using the symbol. This has been followed by
IIy (GenBank: PP157591) identified in a human in Sweden (Bujila et al.,
2024a). However, the adoption of the Greek (or any) alphabet to
continue the allocation of C. parvum families comes with limitations. The
first letter used was p rather than a, due to the similarity to the Latin
letter a in some fonts. This will also be the case with several of the other
letters in the Greek alphabet, including vy, n, x, v, o, p, v, ¥ and ®. To
overcome this problem, we recommend that the Greek alphabet letter
name is written in full (alpha, beta, gamma, etc.) rather than using the
symbol. If this approach is taken then all of the Greek letters can be
applied, adding an additional 24 potential family designations. When
the Greek alphabet is exhausted, another extension of the nomenclatural
system will have to be considered.

2.7. Notable unusual gp60 subtypes

Some gp60 subtypes are more common than others in different hosts
and settings as has been reviewed extensively in previous publications
(Xiao and Feng, 2017; Ryan et al., 2021a, 2021b; Oladele et al., un-
published), however there are some unusual subtypes that are worth
noting for their interesting epidemiology.

The anthroponotic C. parvum Ilc subtypes are consistently described
as having the same serine A5G3 repeat units, with the only differences
being SNPs within the 3’ region. However, there are exceptions, for
example during examination of Ilc isolates causing human infections in
England and Wales in 2013 and 2014, a cluster of five cases infected
with subtype IIcA3G2a (represented by GenBank accession PV013404)
were identified, all of which were from adults (four 50-59 year-old
males with HIV and a 27 year-old female) in southern England. Dur-
ing the same investigation we also identified a single IIcA6G2j isolate
(PV013405) in a specimen from a 29 year-old female from the East
Midlands in England.

While C. hominis is considered an anthroponotic species with in-
fections largely restricted to humans, there are reports of some specific
C. hominis gp60 families causing infections in non-human primates such
as Ii, Ij, Im and In (Chen et al., 2019) and equids with subtype family Ik
(Ryan et al., 2021b). However, these subtypes of C. hominis have very
divergent genomes (Huang et al., 2024). Although not regularly iden-
tified in humans, they appear to be zoonotic with some human cases
reported, particularly from humans that have had potential exposure to
non-human primates or their environment (Lebbad et al., 2018; Toriro
et al., 2024; PV013406).

2.8. gp60 in different Cryptosporidium species

The majority of Cryptosporidium species contain the characteristic
gp60 serine microsatellite region that is used in the standard nomen-
clature; however there are some exceptions in which it is lacking,
including C. ubiquitum (XII), C. felis (XIX), C. canis (XX), C. ryanae (XXI),
C. xiaoi (XXIII) and C. bovis (XXVI) (Li et al., 2014; Rojas-Lopez et al.,
2020; Yang et al., 2020; Jiang et al., 2021; Fan et al., 2021; Wang et al.,
2021). Consequently, their nomenclature consists only of the species
designation (e.g. XII for C. ubiquitum), the subtype family determined by
sequence variations/SNPs (a, b, c, etc.), followed by a numerical count
to differentiate between variations. For example, gp60 subtype XXb2
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refers to the 2nd subtype found within the C. canis subtype family b
(Jiang et al., 2021).

In addition to the sequence variations in the C. felis gp60 gene that
differentiate between the families (currently a-e), there are several
tandem repeats and indels, including two long minisatellites (33 bp and
39 bp) a 3 bp GGT microsatellite, that differentiate subtypes within the
families that are represented by a numerical count, particularly within
XIXa (e.g. XIXal to XIXal8) (Jiang et al., 2020).

Some species, such as C. erinacei, show the presence of the ACATCAR
repeat that occurs in some of the C. parvum gp60 subtype families, while
there are other species that display longer or multiple R repeats. For
example, C. tyzzeri (IX) tends to have a short, less variable serine repeat,
typically containing six TCA codons, but in subtype families IXa and IXb
there are two blocks of additional minisatellites (12 bp and 18 bp re-
peats) that can differentiate the subtypes further. The 18 bp repeat
differs slightly in sequence between the two families (IXa: ATTCTGG-
TACTGAAGATA and IXb: GGTACTGAAAATAATTCT) while the 12 bp
repeat for both subtype families is GGTACTCAAGGA (Kvac et al., 2013).
Multiple R repeat regions make it difficult to name, and currently, there
is no standardised approach to include this in the nomenclature.

Recently, the gp60 gene has been described in C. suis, and although a
relatively short serine repeat unit is present, it comprises AGT/AGC
repeats instead of the typical TCA/TCG/TCT (Lebbad et al., 2024). In
addition to the atypical polyserine repeat, the C. suis gp60 gene is un-
usual in that it is one of the longest gp60 genes identified to date
(sometimes more than 1.6 kbp, compared to about 1 kbp for C. hominis
and C. parvum). This is due to the presence of a 21 bp minisatellite R
repeat (GGTG[A/G/TITCAAG[A/G]GAATGC[C/T]CAG), with examples
identified in Sweden containing 37 (XXVaR37) and 39 (XXVaR39) re-
peats equating to 777 and 819 bp, respectively (Lebbad et al., 2024).
This exceptionally long minisatellite with its high number of repeats
made it difficult to design a PCR assay to cover the entire variable re-
gion. The solution was a shorter product covering the sequence flanking
the minisatellite, but with some loss of discrimination, and nomencla-
ture similar to that of C. canis (Jiang et al., 2021), reflecting the species
(XXV), subtype family (a) and numbered variations (1-3) (e.g. XXVal,
XXVa2 and XXVa3) (Lebbad et al., 2024).

3. The standardised gp60 nomenclature

As described, there are many features of the gp60 nomenclature
which have evolved over time and led in some instances to alternative
interpretations and inconsistencies. In order to avoid misinterpretation,
we propose a standardisation of the naming of newly identified subtypes
that is intuitive and easy to understand. This is challenging with gp60
and the multiple types of variation in the gene both across and within
Cryptosporidium species. Table 2 provides a summary of the different
features used in the standardised gp60 subtyping nomenclature.

4. Analytical workflows and tools for gp60 investigations
4.1. PCR assays and recommended primer sets

Unsurprisingly in such a highly variable gene, many primer sets have
been developed for amplification from various Cryptosporidium species
(Table 3). Some, such as those published by Alves et al. (2003), have
been widely used for the past couple of decades, particularly due to their
broad applicability across many species. Most of these primer sets are
designed for nested PCR, which has the advantage of increasing sensi-
tivity when amplifying a single copy gene from a parasite that can be
scanty in samples, particularly as an infection begins to wane or is
asymptomatic. Nevertheless, samples often escape gp60 typing. This is
likely due, not only to assay sensitivity, but also to the highly variable
nature of the gene resulting in sequence variation within the primer
binding regions. The disadvantages of a nested PCR approach, particu-
larly during public health investigations or screening large numbers of
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samples, are the increased time, cost and human resource required to
perform two rounds of PCR and gel electrophoresis for the detection of
amplicons prior to sequencing. To reduce time, cost and human re-
sources in these instances, a real-time PCR assay with good sensitivity
and broad specificity across several species was developed. The assay,
using a fluorescent dye-based master mix to detect positive amplifica-
tion prior to Sanger sequencing, has been described and is used routinely
for gp60 subtyping of clinical specimens in England and Wales
(Robinson et al., 2025).

Following successful amplification with an appropriate primer set,
products are Sanger sequenced, ideally in both directions although good
quality single direction sequencing can be sufficient for economical
subtype characterisation. However, all sequences generated for sub-
mission to repositories such as NCBI’s GenBank should be bi-directional
to give a good quality consensus sequence that fully spans between the
primers. Any sequences submitted to these repositories should have the
primer sequences deleted, this is because mismatched nucleotides be-
tween the primers and original DNA sequence may be introduced into
the consensus sequence during the PCR process.

The use of phylogenetic trees for the comparison of gp60 sequences is
useful in certain instances, particularly for species that do not have the
highly variable polyserine repeat and thus sequence comparison de-
termines the subtypes. When creating gp60 phylogenetic trees, thought
must be given to the purpose. For example, if comparing subtype fam-
ilies and different species, it is often beneficial to align the sequences and
remove the serine microsatellite prior to tree construction due to the
extent of variation that region can introduce, whereas if the purpose is to
investigate subtypes of the same family the microsatellite variation is
particularly important.

4.2. Reference resources and gp60 resource webpage

As the range of Cryptosporidium species and genotypes grows, and our
knowledge of them increases, designation of some of the gp60 families
and subtypes may be readjusted. For example, the original Ic family
described by Strong et al. (2000) was corrected to Ilc to fall under the
C. parvum umbrella. More recently several gp60 families have been
re-designated due to new findings or clashes in nomenclature as
different groups attempted to designate the next available family. For
example, Laatamna et al. (2015) and Liu et al. (2015) both published
different sequences for C. hominis Ik in 2015, but because Laatamna et al.
(2015) was published first, their nomenclature remained (GenBank:
KJ941148) and that of Liu et al. (2015) (GenBank: KP314263) was
re-designated as C. hominis family Il. Likewise, due to findings of
Condlova et al. (2019), C. ubiquitum XIle and XIIf were corrected to
XVIIa and XVIIIa as the specimens were re-identified as Apodemus ge-
notypes I and II, respectively. This highlights another problem for re-
searchers who rely on NCBI's GenBank repository, as updates are not
often made, leaving incorrect data within the online record. For
example, both KJ941148 and KP314263 described above still state
subtype Ik.

Lack of curation is one of the pitfalls of using a public repository like
GenBank to determine and keep track of the current nomenclature sta-
tus. The community relies upon published data in periodic reviews or
through personal communication with Dr Lihua Xiao, who has histori-
cally kept a master-list of the current gp60 designations. In this publi-
cation, we provide some useful resources to the Cryptosporidium
community including the current master-list of gp60 nomenclature at the
time of this publication (Supplementary file S3), and a weblink to a gp60
resource page containing a curated live version of the master-list,
allowing researchers to access the contemporary nomenclature
(https://cryptodb.org/cryptodb/app/static-content/gp60.html). In
addition to the curated table, there is a contact link on the site to allow
researchers to submit information for the allocation of a new gp60
species or family designation, thereby reducing the chance of clashes
and dual publication of different sequences under the same designation.


https://cryptodb.org/cryptodb/app/static-content/gp60.html

Table 3
Selected PCR primer sets for the amplification and Sanger sequencing of the gp60 gene in Cryptosporidium species.
Species amplified Assay type  Primers Sequence (5'-3") Fragment size” (bp)  Reference
C. hominis, C. parvum, (others including: C. cuniculus, C. equi, C. wrairi, C. sciurinum, Nested 1°F: AL3531 ATAGTCTCCGCTGTATTC 1000 Alves et al. (2003)
C. tyzzeri, C. erinacei, C. myocastoris and Mink, Opossum I and Skunk genotypes) 1°R: AL3535 GGAAGGAACGATGTATCT
2°F: AL3532 TCCGCTGTATTCTCAGCC 800-850
2°R: AL3534 GCAGAGGAACCAGCATC
Nested 1°F: F1 ATGAGATTGTCGCTCATTATCG 1000 Roellig and Xiao (2020)
1°R: R1 TTACAACACGAATAAGGCTGC
2°F: AL3532 TCCGCTGTATTCTCAGCC 800-850
2°R: R2 GGAAGGAACGATGTATCT
Real-time F: AL3532 TCCGCTGTATTCTCAGCC 400-600 Robinson et al. (2025)
R: 500R CCAGAGATATATCTTGGTGCGGG
C. meleagridis Nested 1°F: CRSout115F GATGAGATTGTCGCTCGTTATC 1100 Stensvold et al. (2014)
1°R: CRSout1328R AACCTGCGGAACCTGTG
2°F: ATGFmod GAGATTGTCGCTCGTTATCG 900
2°R: GATR2 GATTGCAAAAACGGAAGG
C. fayeri Nested 1°F: outF CCACACATCTGTAGCGTCGTCA Unknown Power et al. (2009)
1°R: Mar4 CAGTCGTCTTAATTCACGGT
2°F: ATGF ATGAGATTGTCGCTCATTATCG 1000
2°R: MAR3 CGTGAGAACATTCTGGAAGCT
C. ubiquitum and Apodemus genotypes I and II Nested 1°F: Ubi-18S-F1 TTTACCCACACATCTGTAGCGTCG 1044 Li et al. (2014)
1°R: Ubi-18S-R1 ACGGACGGAATGATGTATCTGA
2°F: Ubi-18S-F2 ATAGGTGATAATTAGTCAGTCTTTAAT 948
2°R: Ubi-18S-R2 TCCAAAAGCGGCTGAGTCAGCATC
C. mortiferum Nested 1°F: GP60-Chipmk-F1 TTTACCCACACATCTGTAACGTCG 1072 Bujila et al. (2021); Guo et al. (2015)
1°R: GP60-Chipmk-R1 CCTGTGAGAATATTCTGGAAATTA
2°F: CrChigp60Gt1Fw3 GGAAAAATGAGATTAACGCTTATC 966
2°R: GP60-Chipmk-R2 TACTCTTAAAACGCTTAAACTCTTAA
C. viatorum Nested 1°F: CviatF2 TTCATTCTGACCCCTTCATAG 1192 Stensvold et al. (2015)
1°R: CviatR5 GTCTCCTGAATCTCTGCTTACTC
2°F: CviatF3 GAGATTGTCACTCATCATCGTAC 950
2°R: CviatR8 CTACACGTAAAATAATTCGCGAC
C. felis Nested 1°F: GP60CF_F1 TTTCCGTTATTGTTGCAGTTGCA 1200 Rojas-Lopez et al. (2020)
1°R: GP60CF_R1 ATCGGAATCCCACCATCGAAC
2°F: GP60CF_F2 GGGCGTTCTGAAGGATGTAA 900
2°R: GP60CF_R2 CGGTGGTCTCCTCAGTCTTC
C. canis Nested 1°F: GP60-Canis-F1 ATACTCTGGTCTCCCGTTT 750 Jiang et al. (2021)
1°R: GP60-Canis-R1 GTACTCGGAAGCGGTGTA
2°F: GP60-Canis-R1 AAGGCGCCTCACTCATT 700
2°R: GP60-Canis-R2 TCAGTTAGATATCACCCATTAA
Nested 1°F: Canis-Fox-gp60-F1 TTCACAGTCTACTTTGATGG Unknown Wang et al. (2022)
1°R: Canis-Fox-gp60-R1 ~ GTACTCGGAAGCGGTGTA
2°F: Canis-Fox-gp60-R1 GACCCGGACGTTACATTTGATGG 850
2°R: Canis-Fox-gp60-R2 TCAGTTAGATATCACCCATTAA
C. ryanae Nested 1°F: Ry-gp60-F1 GCTCGAGTTCTGAGTCGA 1068 Yang et al. (2020)
1°R: Ry-gp60-R1 ATACCGTTAAAATGAAGGCCAA
2°F: Ry-gp60-F2 CCTCAGATAATGAGCAGTCTA 1024
2°R: Ry-gp60-R2 GATGGGATAACATATCTATAACCAAA
C. xiaoi Nested 1°F: Xiaoi-gp60-F1 CCTCTCGGCACTTATTGCCCT Unknown Fan et al. (2021)

1°R:

Xiaoi-gp60-R1

ATACCTGAGATCAAATGCTGATGAA

(continued on next page)
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Table 3 (continued)

Reference

Fragment size” (bp)

Sequence (5-3)

Primers

Assay type

Species amplified

711-1266

CCTCTTAGGGGTTCATTGTCTA
TACCTTCAAAGATGACATCAC

2°F: Xiaoi-gp60-F2
2°R: Xiaoi-gp60-R2

~918 Currently unpublished

ATGAGATTATCATTCATTATCGTATTG
GCGAAAATTGCAAATATGGATGG

GCTTTCCGTTATCGTCTCTGT

1°F: Occ-gp60-F1
1°R: Occ-gp60-R1
2°F: Occ-gp60-F2
2°R: Occ-gp60-R1

Nested

C. occultus

~893

GCGAAAATTGCAAATATGGATGG
TTTACCCACACATCTGTAACGTCG
CCTGTGAGAATATTCTGGAAATTA

Lebbad et al. (2024)

Unknown

1°F: GP60-Chipmk-F1
1°R: GP60-Chipmk-R1
2°F: GP60-Chipmk-F2
2°R: GP60-Chipmk-R2

Nested”

C. suis

~2000

ATAGGTAATAATTACTCAGTATTTAAT
TACTCTTAAAACGCTTAAACTCTTAA
TGCTGTTGCTACTGAAGCTAGTGG

GAAGAACGCGGCGAAAATTG

Lebbad et al. (2024)

685

1°F: CsuisN1F
1°R: CsuisN1R
2°F: CsuisN2F
2°R: CsuisN2R

Nested®

632

CTACTGATGATACAAAGAGTGC
GGATGGAATGACATATCTAAG

Wang et al. (2021)

Unknown

ATGCGACTTACGCTCTACATTACTCT

1°F: Bovis-gp60-F1
1°R: Bovis-gp60-R1
2°F: Bovis-gp60-F2
2°R: Bovis-gp60-R2

Nested

C. bovis

GACAAAATGAAGGCTGAGATAGATGGGA

CCTCTCGGCATTTATTGCCCT

1162-1292

ATACCTAAGGCCAAATGCTGATGAA

# Estimated from data published, but due to the polymorphic and repetitive nature of the gene, the fragment sizes can be highly variable.
b Assay can struggle to cover the long 21 bp minisatellite repeat sequence that increases subtype discrimination.

¢ Assay limited in discriminatory power as only the post-repetitive region is amplified.
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NCBI's GenBank is an immensely powerful resource, but due to the
high volume of sequence data available (often multiple identical se-
quences from the same studies) and errors or alternative classifications
within records, it can be difficult for researchers to correctly identify
subtypes or have confidence in the generated results. The use of a library
file containing selected known reference sequences to locally BLAST
query sequences in freeware such as BioEdit (https://thalljiscience.gith
ub.io/) can provide greater confidence in manual identification. Se-
quences used to generate a local library should be trimmed to exclude
the serine repeat, as the BLAST search is primarily to identify the sub-
type family. Enumeration and analysis of the serine repeat is preferably
manual. Additionally, library sequences from closely related families
and species should be of a similar length to ensure accurate identity
matches. BLAST queries of longer sequences might more closely match a
different species, due to the lower proportional difference in each
nucleotide variation.

In addition to these BLAST issues, the complexities of determining
unusual and variable R repeats can be challenging with many re-
searchers seeking assistance in what, and how, to correctly identify and
align these repeats. We have created a gp60 resource page (https://cr
yptodb.org/cryptodb/app/static-content/gp60.html), which is hosted
on the CryptoDB site, and aims to assist researchers by containing links
to reference sequences and alignments demonstrating the various fea-
tures identified in different gp60 subtypes.

4.3. Software and web-based analysis

4.3.1. Software for gp60 analysis: CryptoGenotyper

To assist further, an automated tool called CryptoGenotyper was
developed for analysing both gp60 and SSU rRNA (single or mixed SSU)
Sanger sequences to increase the accuracy and speed of genotyping
(Yanta et al., 2021). The gp60 part of the tool accepts “.ab1” input files
and determines the sequence based on fluorescent intensities. The
software includes a reference database against which the sequence is
BLASTed and the number of repeat regions, species and subtypes are
reported. The updated CryptoGenotyper v1.5.0 now has a new added
feature for direct analysis of nucleotide sequences stored in text-based
FASTA files in addition to Sanger sequencing chromatogram data files
in “.ab1” format. The manually curated reference database for classi-
fying the sequences has also been updated and now includes: the
multitude of newly described species and families with distinct
nomenclature; updated algorithms for repeat region detection; and the
standardized nomenclature described in this paper. This tool is espe-
cially useful when processing large number of sequences.

The tool is available on several platforms, including the web-based
platform Galaxy installable from the public ToolShed repository (htt
ps://toolshed.g2.bx.psu.edu/, tool id: cryptogenotyper, owner: nml),
from the public Galaxy EU server (https://usegalaxy.eu/root?too
| id=CryptoGenotyper), or as a standalone Bioconda package (https:
//anaconda.org/bioconda/cryptogenotyper). The source code is avail-
able at https://github.com/phac-nml/CryptoGenotyper.

4.3.2. Software for detecting heterogenous populations: TIDE

TIDE (Tracking of InDels by Decomposition) is an algorithm origi-
nally developed to analyse DNA sequencing data for the identification
and quantification of indels (insertions and deletions) in heterogeneous
populations (Brinkman et al., 2014). Specifically, TIDE was designed to
help resolve complex mixtures of DNA sequences, such as those that
arise from CRISPR-Cas9 editing experiments. It decomposes the
sequencing data into its constituent genotypes, allowing for precise
quantification of the different alleles present in a sample, even when
they are in mixed populations. The algorithm was shown to be useful
when repurposed as a bioinformatics tool for interpreting Cryptospo-
ridium gp60 sequences, including those with only archived chromato-
grams available (Dettwiler et al., 2022). Based on chromatograms from
the Sanger sequences of Cryptosporidium gp60, the tool identified and


https://thalljiscience.github.io/
https://thalljiscience.github.io/
https://cryptodb.org/cryptodb/app/static-content/gp60.html
https://cryptodb.org/cryptodb/app/static-content/gp60.html
https://toolshed.g2.bx.psu.edu/
https://toolshed.g2.bx.psu.edu/
https://usegalaxy.eu/root?tool_id=CryptoGenotyper
https://usegalaxy.eu/root?tool_id=CryptoGenotyper
https://anaconda.org/bioconda/cryptogenotyper
https://anaconda.org/bioconda/cryptogenotyper
https://github.com/phac-nml/CryptoGenotyper

G. Robinson et al.

quantified mixed infections and could thereby record mixes that may
otherwise be missed. In addition, the tool also detected PCR stutter ar-
tifacts that may arise during the elongation step of the amplification. As
expected, the stutter artifacts were particularly evident in sequences
with longer repeat regions. This tool is useful if manual sequence anal-
ysis suggests that mixed populations may be present in your sample and
is available online at https://tide.nki.nl.

4.3.3. Future scope for a Cryptosporidium gp60 database in PubMLST.org

A useful future addition to the tools used for analysis and comparison
of Cryptosporidium gp60 subtypes might be a database hosted on Pu
bMLST.org. This site hosts public databases for molecular typing and
microbial genome diversity that integrate sequence data with sample
provenance and other metadata (such as patient demographics). Inclu-
sion would enable the sharing of gp60 data with public and animal
health professionals and allow for data comparisons between countries,
for example, as an overview of trends or if there are widespread out-
breaks. As a curated database, the quality control of included data
should be more reliable.

5. Recommendations

To assist in gp60 genotyping and standardise the nomenclature we
suggest the following recommendations.

e Select the appropriate assay and primers for the species, study or
purpose in question (Table 3)

e Use the reference resources and tools available on the gp60 Resource
Page (https://cryptodb.org/cryptodb/app/static-content/gp60.
html), including CryptoGenotyper (https://usegalaxy.eu/root?too
L id=CryptoGenotyper), to assist with gp60 genotyping while
ensuring correct contemporary use of nomenclature of isolates is
used:

o Use the reference sequences and libraries provided for
comparisons

o Use the reference alignments provided to identify complicated R
repeat sequences

o Check the rules for different families or species, as they differ

o Write out in full Greek alphabet family names to avoid confusion
with Latin letters in some fonts

e Use amino acid translations to assist with correct alignment and
identification of new repeat units

o Refer to the gp60 Master-list on the gp60 Resource Page to identify
the subtype family, or to determine new subtype families or species
designations, and use the contact link to notify curators of any novel
designations. This will ensure curation and avoid duplication thus
preserving the nomenclature

e Submit updates of any additional features discovered, for example,
the discovery of new R repeat variation, to the gp60 Master-list by
using the contact link on the gp60 Resource page

e Update or correct erroneous records on NCBI's GenBank if new in-
formation becomes available

6. Conclusions

The gp60 gene has been widely used for over 25 years to subtype
Cryptosporidium species and has been useful in the epidemiological
investigation of these parasites, particularly C. hominis and C. parvum.
Although it is not a perfect subtyping scheme, partly due to the limita-
tions of using a single locus to differentiate a sexually recombinant
parasite, it continues to provide useful data for comparing isolates and
characterising outbreaks. The gp60 scheme has continued to evolve for
an increasing number of species including those where the features used
to name the subtypes differ substantially. This, along with different in-
terpretations of the nomenclature and historical sequence errors
remaining on the NCBI GenBank repository, has made characterising
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subtypes more complicated. Here we have attempted to outline the
details and rules for gp60 subtyping into a single place and provide
useful resources to standardise the nomenclature, which will hopefully
assist the community. Undoubtedly, the increased use of multi-locus and
genomic methods will become more common place in epidemiological
investigations, but the current limitations of these methods indicate that
gp60 subtyping will continue to be useful for the foreseeable future.
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