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� Acanthamoeba Rns sequences in the
international DNA databases
increased to >1800 since 1986.
� Phylogenetic study of ‘‘complete’’

sequences refines sequence types
introduced (1996) by Byers–Fuerst
lab.
� Analysis relates Rns sequence types

and morphological groups and
species of Acanthamoeba.
� Sequence types clearly correlate with

groups but not with nominal species
of Acanthamoeba.
� Significant phylogenetic groups exist

within sequence types, and may
represent species.
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Species of Acanthamoeba have been traditionally described using morphology (primarily cyst structure),
or cytology of nuclear division (used by Pussard and Pons, 1977). Twenty-plus putative species were
proposed based on such criteria. Morphology, however, is often plastic, dependent upon culture
conditions. DNA sequences of the nuclear small subunit (18S) rRNA that can be used for the study of
the phylogeny of Acanthamoeba have increased from a single sequence in 1986 to more than 1800 in
2013. Some of the patterns of the sequence data for Acanthamoeba are reviewed, and some of the insights
that this data illuminates are illustrated. In particular, the data suggest the existence of 20 or more
genotypic types, a number not dissimilar to the number of named species of Acanthamoeba. However,
molecular studies make clear that the relationship between phylogenetic relatedness and species names
as we know them for Acanthamoeba is tenuous at best.

� 2014 Elsevier Inc. All rights reserved.
1. Background shape. Since the early part of the last century, taxonomic classifica-
The taxonomic classification of free-living amoebae has always
been challenging, given the pliable nature of amoebic cell size and
tion of small free-living amoebas was based primarily on morpho-
logical criteria (Pussard and Pons, 1977; Visvesvara, 1991). These
included the type of locomotion of the trophozoites, the morphol-
ogy of the cysts and the type of nuclear division of the organism. By
the late 1970s, however, new methods of analysis began to impact
taxonomy. The categorization of species, especially for simple
microbial organisms such as the free-living amoebae, began to
come under scrutiny. Previously accepted morphological criteria
rasitol.
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began to be questioned as biochemical and, later, molecular
criteria indicated inconsistencies in the patterns of classification.
Biochemical approaches to systematic classification used similarity
of allozyme patterns to group individuals and categorize species
boundaries in Acanthamoeba on the basis of similar protein pat-
terns (De Jonckheere, 1983; Daggett et al., 1982, 1985). They came
to the conclusion that the taxonomic assignments used at that time
did not, in general, correspond to biochemically distinguishable
lineages. Biochemical groups usually included members assigned
to multiple nominal species, and isolates assigned to the same
nominal taxa were often found in different biochemical lineages.
2. The Introduction of DNA sequencing and the 18S rRNA gene

By 1980, DNA analysis had begun to replace isozymes as the
methods of choice for evolutionary genetics. The seminal contribu-
tion that permitted DNA sequencing to be applied extensively was
the report of the sequence of the nuclear small subunit (18S) rRNA
gene for the Neff strain of Acanthamoeba castellanii (Gunderson and
Sogin, 1986). The most important aspect reported in this paper,
other than the fact that it represented the first 18S rRNA gene
sequence from Acanthamoeba, was the fact that A. castellanii Neff
possessed an 18S rRNA gene that had unusually long length and
(possibly) unusual characteristics. The gene was almost 500 nucle-
otides longer than a typical eukaryotic 18S rRNA gene. Further, the
increase in length was due to expansion of a series of regions that
were dispersed within the gene.

It quickly became clear that the nuclear 18S rRNA genes (desig-
nated Rns) of Acanthamoeba contained much more information
about interstrain relationships than was usually obtained when
sequencing eukaryotic 18S rRNA genes. In most situations, the
various strains of a particular genus are likely to have somewhat
similar nucleotide sequences. Natural selection acts to maintain
the functioning of the rRNA genes, because they are vital for the life
of the cell. As a consequence, changes in rRNA gene sequences over
evolutionary time are usually slow. Within-species polymorphisms
in these genes has usually been found to restricted. It is not
uncommon to find that most members of a species exhibit the
same sequence. Observations in which different conspecific indi-
viduals of animals or plants differ by more than a few nucleotides
(out of �1800 nucleotides in a typical eukaryotic 18S rRNA) are
rare. The definition of ‘‘species’’ in single-celled eukaryotes
becomes more difficult, but the observation that low rRNA
diversity is usually observed between ‘‘conspecific’’ organisms still
generally holds. However, that did not seem to be the case for
‘‘species’’ of Acanthamoeba. It quickly became obvious that the
extra sequence regions discovered by Gunderson and Sogin
(1986) were probably subjected to much weaker purifying natural
selection, and thus were able to vary much more extensively than
the majority of nucleotide sites within the gene. These regions
would provide the necessary information for an extensive analysis
of phylogenetic relationships among isolates of Acanthamoeba.

Following the publication of the first full sequence of the 18S
rRNA gene from ‘‘A. castellanii Neff’’ additional sequences began
to be determined. An increase in the number of Rns sequences
determined in the early 1990’s allowed the first sequence based
analysis of genotype diversity within Acanthamoeba to identify pat-
terns of phylogenetic relationships. The first extensive paper on
this approach was contributed by our lab (Gast et al., 1996), and
proposed that these sequences could be used for subgenus classifi-
cation. In our original paper we defined the sequence types on the
basis of criteria that we felt provided significant separation of types
while retaining isolates together that were substantially similar,
but not identical. Our original definition was ‘‘types are defined as
sequences or groups of sequences that differ from all other sequences
Please cite this article in press as: Fuerst, P.A. Insights from the DNA databases:
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by at least 6%, have a minimum of 134 base differences, or an evolu-
tionary distance greater than 0.8% in the current database’’ (Gast
et al., 1996). We never assumed that this definition would be set
in stone, since the number of sequences remained quite small.
We intended this definition to be applied to sequences that were
substantially complete, with respect to the original sequence of
Gunderson and Sogin (1986), and did not envision that it would
be applied to sequence fragments that represented a small fraction
of the total gene.

In the first definition of the sequence type, we defined four
genotype clusters from among a collection of 18 isolates. These
were designated type T1 through T4. The analysis included infor-
mation from the original Acanthamoeba isolate of A. castellanii
(ATCC 30011) and the isolate ‘‘A. castellanii Neff’’ (ATCC 30010).
These two sequences fell within the same sequence type, T4. Type
T4 was the predominant form that we observed and this has
remained the case as the number of sequenced isolates expanded.
In the initial set of 18 isolates, no sequence was identical to any
other, but 15 of the 18 isolates were designated T4.

The paper of Gast et al. (1996) on genotype groups also identi-
fied an important aspect of sequence variation within the Rns
sequences of Acanthamoeba. Twelve variable regions of the gene
were identified, most of which corresponded to sequence regions
that do not have obvious homologs in the Rns genes of other
eukaryotes. Eventually many of these regions were identified as
hypervariable sequence regions and have become the basis for
further analysis tracking disease cases as well as attempting to
further subdivide sequence types and endeavoring to bring
together species identification with sequence genotype analysis.
Within two years of our initial proposal of sequence types, by
adding the sequences of an additional 35 isolates we had identified
an additional 8 types within Acanthamoeba (Stothard et al., 1998).
This study was important because it included representatives of all
three morphological groups, and considered previous species
designations by including isolates that represented at least 16
named species of Acanthamoeba.

In the Stothard et al. (1998) study we revised our definition of
sequence types based on our ability to identify monophyletic
lineages that roughly corresponded to the diversity we observed
in the original sample of T4 isolates (Gast et al., 1996). We found
that sequence differences between types were at least 5%, and
were always greater than sequence differences within types. How-
ever, in that paper we never formally proposed the 5% difference
criterion that has shaped considerations by ourselves and others
of subsequent sequence discoveries. Nevertheless, the use of a 5%
criterion for the definition of new sequence types has become
entrenched in the analysis of Acanthamoeba. In preparing this
paper, an analysis of more than 330 Acanthamoeba small subunit
rRNA sequences exceeding 2000 bases in length suggests that,
while the arbitrary 5% cutoff is not grossly out of line, a more
appropriate value would be 4% (Fuerst et al., 2014). This would
separate almost all isolates that belong to different significant
monophyletic clades that are equivalent to our original sequence
types. However, it must be emphasized that even this value should
be used judiciously, especially in cases where a new proposed type
is represented by only one or two isolates. Furthermore, when we
examine the existing large dataset being reviewed here, using our
original approach of identifying significant monophyletic lineages,
we find support for the idea that we can identify formal sub-types
within sequence types. In this case formal sequence sub-types
would have similarities that distinguish each sub-type, but in
which sub-types differ by much less than 5%. Analysis of differ-
ences between possible significant sub-types (to be reported else-
where) suggests that different sub-types are usually characterized
by a level of pairwise sequence divergence of greater than 2% but
less than 4%. Application of this sub-type definition must include
Approaches to the phylogenetic structure of Acanthamoeba. Exp. Parasitol.
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careful examination to account for sequencing errors. Much addi-
tional details concerning sequence similarities cannot be provided
because of space considerations. A series of papers detailing the
phylogenetic relationships among isolates and relating sequence
types to species names and levels of differentiation is being pre-
pared (see Fuerst et al., 2014 for the first part of this analysis).

Since our last major compilation of sequence types (Stothard
et al., 1998), a number of other investigators have reported
sequences that do not fall into the 12 sequence types that we
described earlier (Horn et al., 1999; Gast, 2001; Hewett et al.,
2003; Lanocha et al., 2009; Corsaro and Venditti, 2010; Nuprasert
et al., 2010; Qvarnstrom et al., 2013). There appear to be about
20 sequence types that can be currently identified. However, some
confusion exists in the literature, in some cases with divergent
sequences being assigned the same new type number (Lanocha
et al., 2009; Corsaro and Venditti, 2010). There have also been
some claims of new types that have accompanied only partial
Rns sequences (Hewett et al., 2003; Lanocha et al., 2009). While
these may ultimately be validated, we strongly recommend that
no claim of a new type be made without information on a sequence
that spans essentially the entire Rns gene. (In fact, we would
propose a multigene analysis in the future.)
3. The identification of diagnostic fragments and their effect on
isolate screening

One of the main goals that our lab had for the analysis of
Acanthamoeba was to develop rapid screening procedures. While
the ability of obtaining almost complete Rns sequences was an
ideal goal, we examined whether smaller parts of the Rns sequence
contained a substantial proportion of the signal from the entire
gene. This would speed up the collection of sequence information,
and possibly speed the ability of rapidly passing diagnostic
information back to the clinician studying possible infections
involving Acanthamoeba. Our goal was to identify portions of the
Rns sequence that would be (i) highly specific for the genus
Acanthamoeba, (ii) obtainable from all known genotypes, and (iii)
useful for identification of individual genotypes. We were able to
identify specific regions of the Rns sequence that met these goals,
and which could be obtained easily by PCR (Schroeder et al.,
Fig. 1. Cumulative increase by year in the number of Acanthamoeba Rns sequences gre
November 2013.
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2001). One PCR amplimer, originally designated ASA.S1 (Acantha-
moeba-specific amplimer S1) and slightly greater than 400 nucleo-
tides in length in most sequence types, satisfied requirements (i)
and (ii) and resulted in a product that would be diagnostic for
the presence of Acanthamoeba. This amplimer did not, however,
appear to distinguish between all sequence types. A second set of
PCR primers were identified that would provide genotype identifi-
cation. We proposed that three amplimers should be routinely
obtained and designated these diagnostic fragments DF1, DF2,
and DF3 (Schroeder et al., 2001). It turned out that the most infor-
mative of these, DF3, which is a fragment of about 240 nucleotides,
was included within the bounds of amplimer ASA.S1.

Identification of isolates using the diagnostic fragments
associated with either ASA.S1 or DF3 has become the most widely
utilized screening tool, as measured by reports of studies identify-
ing Acanthamoeba in either clinical or environmental samples.
Within the DNA databases, exemplified by GenBank, approxi-
mately 220 bulk submissions (DNA submissions of 1 or more
sequences) involving either a publication or a proposed publication
occurred through the end of 2013. Of these, 115 involved
sequences obtained with the use of ASA.S1, 54 used DF3, while
63 included almost complete sequences. About twice as many
sequences in the DNA databases have been obtained using ASA.S1
compared to only DF3.
4. The growth in the number of Acanthamoeba sequences in the
international DNA databases

From the time of the first sequence report by Gunderson and
Sogin (1986) to the present has seen a remarkable increase in
the level of interest and in the number of reports from workers
around the world concerning the genetic diversity of Acantha-
moeba that have been found in clinical, nonclinical and environ-
mental settings. We have endeavored to compile this information
as it has been deposited in the international DNA databases, but
have also included sequences that in the course of a study or clin-
ical investigation have been collected but were not deposited for
further use. Many researchers generously responded to our inqui-
ries, providing us with information concerning such undeposited
sequences. These have been collated together with information of
ater that 2000 nucleotides in length in the international DNA databases through

Approaches to the phylogenetic structure of Acanthamoeba. Exp. Parasitol.
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sequences from the databases. We will be presenting detained
information from all of our collations on an updated Acanthamoeba
sequence database that is replacing an earlier version that had
been maintained at The Ohio State University. Numbers that are
presented in this report include information from both the
sequences that have been deposited from other sequences that
have been provided to us by our many generous collaborators.
Fig. 2. Phylogenetic relationships among various representatives of each of the current s
bases. The tree was constructed using the neighbor joining method.

Please cite this article in press as: Fuerst, P.A. Insights from the DNA databases:
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Since 1986, the number of Acanthamoeba Rns sequences has
increased substantially. In November 2013, data on nearly com-
plete (sequences >2000 nucleotides in length) or partial Rns
sequences had been reported for over 1820 isolates. This extensive
set of data allows a substantial number of questions to be investi-
gated, only a few of which can be presented here. The most phylo-
genetically informative subset of this data is represented by Rns
equence types as determined from Acanthamoeba Rns sequences greater than 2000

Approaches to the phylogenetic structure of Acanthamoeba. Exp. Parasitol.
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sequences that are 2000 nucleotides or longer. Fig. 1 presents the
yearly pattern of increase in the number of these ‘‘complete’’ Rns
sequences in the DNA databases. By November 2013, 333 such
sequences had been collected. Cumulative information on the growth
of DNA sequences in the database and the assignment of types and
subtypes to isolates is available at http://u.osu.edu/acanthamoeba/.
5. Distribution of isolates among standard genotypes

We have examined the phylogenetic relationship among these
long sequences, but will here present only summaries of our find-
ings, with the intention of presenting extensive details elsewhere.
The phylogenetic relationships encoded within this set of
sequences has been analyzed using several different methods,
including neighbor joining (Saitou and Nei, 1987), Maximum Like-
lihood (developed following Felsenstein, 1981) and Bayesian anal-
ysis (Huelsenbeck and Ronquist, 2001). All methods resulted in the
same general insights into the relationship among genotypes,
which we will discuss here, although specific relationships
between individual isolates were less likely to be the same when
different methods were used. The general relationships between
various sequence types within Acanthamoeba are shown in the
phylogenetic tree in Fig. 2. This tree shows only a representative
small subset of isolates from which the analysis was produced, in
order to provide a general indication of the patterns of divergence.
It does allow us to determine standard sequences that can be used
to place partial sequences accurately within sequence types.

While sequences of greater than 2000 bases provide us with the
most accurate information concerning the phylogenetic relation-
ships between sequence types, partial sequences dominate the
entries that have been deposited into the international DNA dat-
abases. Using the alignment and analysis based on the ‘‘complete’’
Rns sequences we can evaluate partial sequences and place them
into sequence types. We can also evaluate whether any unusual
types exist for which no complete sequence has been obtained.
By November 2013, there were 1487 partial Rns sequences in the
DNA databases, almost 5 partial sequences for every complete
sequence that had been determined. The increase each year in
the partial sequences in the database is shown in Fig. 3.

Given the large number of both complete and partial sequences,
we can examine the distribution of different sequence types in the
databases. The distribution of sequence types in both complete and
Fig. 3. Cumulative increase by year in the number of Acanthamoeba Rns sequences sho
November 2013.
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partial sequences is given in Table 1. It is clear that type T4 domi-
nates the data, represented by 1300 sequences, representing more
than 70% of all sequences in the databases. Only a single other
sequence type, T5, even reaches 100+ representatives in the dat-
abases, but still constitutes only 5.7% of sequences. Four other
sequence types (T3, T15 and T2–T6) exceed 2% of sequences in
the collection. The combination of T2 and T6 needs to be consid-
ered in more detail, below. As mentioned, T15 (which is consti-
tuted of isolates classified as Acanthamoeba jacobsi) lacks even a
single sequence that is viewed as essentially complete. The longest
sequence (AY262365 – A. jacobsi AC305) is 1468 bases in length.

Examination of Table 1 in conjunction with the information rep-
resented in Fig. 2 provides considerable insight into the relationship
between sequence types and their phylogenetic placement in the
genus. We can begin by examining how sequence type and phyloge-
netic relationships relate to morphological groups in Acanthamoeba.
6. Morphological groups and sequence types: group I

The Group I Acanthamoebae represent the most differentiated
members of the genus. With respect to sequence types, they are
found towards the bottom of the tree, and constitute Types T7,
T8, T9, T17 and T18, and in total represent slightly more than 2%
of all Acanthamoeba sequences. Several species names have been
applied to isolates that have been shown to have Group 1 morphol-
ogy. Type T7 is represented by Acanthamoeba astronyxis (Ray &
Hayes) (ATCC 30137). Type T8 includes Acanthamoeba tubiashi
OC-15C (ATCC 30867). Type T9 appears heterogeneous, with the
type strain being Acanthamoeba comandoni Comandon & de Fonbr-
une (ATCC 30135). However other T9 isolates have been described
(incorrectly?) as A. astronyxis (ATCC 30901). T17 may be heteroge-
neous, with variation among isolates. The T17 sequence type cur-
rently has no isolates identified to a named species. Type T18 has
only recently been reported, and has been given the new nominal
Acanthamoeba byersi (Qvarnstrom et al., 2013). Given the relative
rarity of Group I genotypes in the database, and their divergence
from other Acanthamoeba, more work to characterize them is
required. From our phylogenetic analyses, we believe that it is
likely that this group deserves generic recognition, and should
receive a generic tag such as Megacanthamoeba, given their larger
trophozoite and cyst sizes compared to Group 2 and Group 3
Acanthamoeba.
rter than 2000 nucleotides in length in the international DNA databases through
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Fig. 4. Phylogenetic relationships among various representatives of sequence types
T2 and T6 as determined from Acanthamoeba Rns sequences greater than 2000
bases. The tree was constructed using the neighbor joining method. Different
symbols indicate members of particular sub-clades within the T2–T6 superclade.
The sequences used as representative of each of the five sub-clades are labeled.
Further analysis of the T2–T6 superclade appears in Fuerst et al. (2014).

Table 1
Number of isolates and frequency of sequence types among data from the international DNA databases.

Sequence type [representative isolate (acc #)] # Sequences >2000 nuc. (% of total) # Sequences <2000 nuc. (% of total)

T1 – A. castellanii V006 (U07400) 2 – (0.6%) 12 – (0.8%)
T2* – A. palestinensis Reich (U07411) 13 – (3.9%) 28 – (1.9%)
T3 – A. griffini S7 (U07412) 7 – (2.1%) 86 – (5.8%)
T4* – A. castellanii ATCC 30011 (U07413) 235 – (70.6%) 1065 – (71.6%)
T5 – A. lenticulata Jc-1 (U94739) 14 – (4.2%) 90 – (6.1%)
T6* – A. hatchetti 11DS (AF251939) 10 – (3.0%) 61 – (4.1%)
T7 – A. astronyxis (Ray & Hayes) (AF019064) 3 – (0.9%) 4 – (0.3%)
T8 – A. tubiashi OC-15C (AF019065) 1 – (0.3%) 2 – (0.1%)
T9 – A. comandoni (AF019066) 6 – (1.8%) 4 – (0.2%)
T10 – A. culbertsoni Lilly A-1 (AF019067) 2 – (0.6%) 5 – (0.3%)
T11 – A. hatchetti BH-2 (AF019068) 7 – (2.1%) 24 – (1.6%)
T12 – A. healyi V013 (AF019070) 2 – (0.6%) 8 – (0.5%)
T13 – UWC9 (AF132134) 5 – (1.5%) 12 – (0.8%)
T14 – PN13 (AF333609) 2 – (0.6%) 0
T15 – A. jacobsi 31-B (AY262360) 0 41 – (2.8%)
T16* – U/HC1 (AY026245) 2 – (0.6%) 1 – (0.05%)
T17 – Ac E1a (GU808277) 5 – (1.5%) 8 – (0.5%)
T18 – CDC:V621 (KC822461) 10 – (0.3%) 0
T19 – OSU 04-020 (DQ451160) 1 – (0.3%) 16 – (1.0%)

* Sequence types T2, T4, T6 and T16 show evidence of significant subtypes.
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7. Morphological groups and sequence types: group 3

Interpreting the information from phylogenetic analyses, and
considering the species names that have been applied to various
isolates, it appears that the ancestor of Group 1 Acanthamoebae
and an amoebae that would evolve into a morphology equivalent
to that defined for Group 3 diverged from the common ancestor
of all members currently recognized as Acanthamoeba. In Fig. 2,
Group 3 forms are represented by sequence types T2, T5, T6, T10,
T12 and T14. I assume that sequence type T13 and T16 in Fig. 2
are also Group 2 forms, but I am unaware of morphological studies
that confirm or refute this hypothesis. With this caveat, examina-
tion of Fig. 2 indicates that Group 3 is a paraphyletic grouping of
sequence types with respect to the Group 2 Acanthamoeba repre-
sented by Types T3, T4 and T11. The isolates in sequence type T1
have been assigned species names placing them in Group 3, but
that placement should be carefully evaluated. Type T19 is a new
form just recently recognized, with a single complete sequence
available for study, together with a number of partial sequences.
It too should be evaluated for trophozoite and cyst form.

Types T13 and T16 are sister clades and very close to one
another in sequence, but represent very rare types in the dat-
abases, and presumably in the environment. Type T13 is best
known as forms that carry unusual bacterial endosymbionts
(Horn et al., 1999).

Genotypes T2 and T6 are closely related, and much more com-
mon. Careful analysis indicates that members of the two types often
do not meet the original 5% definition of separate genotypes in
Acanthamoeba. Analysis of phylogenetic relationships indicates that
the T2–T6 clade is heterogeneous, including five significant sub-
types within a larger super-type Fig. 4. Sequences placed with
Types T2 and T6 seem to represent a heterogeneous set of closely
related sequences that actually constitute five sub-types within a
larger super type. (This is somewhat similar to the more extensive
case for Type T4 that will be discussed below.) The original T2
classification is associated with the Reich isolate of Acanthamoeba
palestinensis (ATCC 30870), while the original T6 classification is
associated with A. palestinensis 2802 (ATCC 50708). Relationship
of species names with the other three subclades is unsettled, since
all are only associated with ‘‘Acanthamoeba polyphaga’’ which is
clearly a species name applied promiscuously throughout the
genus. The final relationships between species names and genotype
will have to be considered in a future paper. The three intermediate
sub-types have been designated T2/6a, T2/6b and T2/6c (Fig. 4).
Please cite this article in press as: Fuerst, P.A. Insights from the DNA databases:
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8. Morphological groups and sequence types: group 2

Fig. 2 indicates that almost all of the species names traditionally
associated with Group 2 Acanthamoeba fall into three Sequence
types, T3, T4 and T11. This group appears to have diverged from
within the Group 3 forms. Type T4 as mentioned previously is most
common in the DNA databases, and this appears to reflect both its
importance in the environment as well as for disease. It is certainly
the most frequent sequence type associated with keratitis.
Approaches to the phylogenetic structure of Acanthamoeba. Exp. Parasitol.
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Table 2
Number of isolates and frequency of T4 sequence subtypes among data from the international DNA databases.

T4 subtype Representative isolate Accession # Number of isolates in database

T4A A. castellanii ATCC 30011 U07413 620
T4B A. castellanii Ma ATCC 50370 U07414 252
T4C Fernandez ATCC 50369 U07409 86
T4D A. rhysodes Singh ATCC 30973 AY351644 172
T4E A. polyphaga Page-23 ATCC 30871 AF019061 111
T4F A. triangularis SH621 ATCC 50254 AF346662 22
T4-Neff A. castellanii Neff ATCC 30010 U07416 34
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Examination of the phylogenetic relationships between T4
sequences, however, suggests that this genotype is highly hetero-
geneous, and represents a series of moderately to well differenti-
ated clades that do not meet the 5% criteria for Type status, but
do represent monophyletic evolutionary lineages.

Subgroups have been assigned labels T4A through T4F and
T4-Neff to represent seven sub-types within Type T4. These may
well represent phylogenetically defined ‘‘species’’, especially since
questions concerning sexual reproduction in Acanthamoeba leave
application of the Biological species concept problematic. Table 2
lists a representative isolate with database accession number for
each of the subtypes, as well as the number of isolates in the
database that can be assigned to each subtype of T4.

As seen in Table 2, sub-type T4A is the most common form in
the database. It is represented by the original isolate of
A. castellanii. If one examines carefully each of the subtypes, it is
not clear that any, with the possible exception of T4F, is mono-
specific. There are at least 14 species names that have been applied
to isolates that are genotypically T4 and all of the subtypes contain
multiple species names. Clearly, almost all of the species
names that have been applied at one time or another within
Acanthamoeba should be viewed as invalid until they are redefined.

A second major aspect of the subtypes of T4 concerns the isolate
A. castellanii Neff. Even within the subtypes of T4, Neff represents a
very small minority of isolates (34 of 1300). The numbers are actu-
ally smaller, since separate cultures of ATCC 30010 have been
sequenced and deposited a number of times (perhaps as many as
5+ of the T4-Neff sequences are simply re-sequencing of ATCC
30010). The fact that this isolate has been chosen to represent
the genus for the original genome sequence may be unfortunate,
since genotypically it is not representative, and many of its charac-
teristics are also not representative, even of T4.

9. Summary

Over 1800 submissions of full or partial sequences of the 18S
rRNA gene of Acanthamoeba have been made to the international
DNA databases. These represent only a part of the information that
can be garnered for the analysis of the phylogenetic history of
these amoebae. There are other genes, such as the mitochondrial
16-S like small subunit rRNA gene (Ledee et al., 2003) or the mito-
chondrial cytochrome-C oxidase subunit I gene (Crary, 2012) for
which there is a much smaller, but growing set of sequences that
can be compared to the data from the nuclear Rns gene. Only when
we begin to incorporate multi-gene information will be completely
satisfied with the answers to the question concerning ‘‘What is
Acanthamoeba?’’, Future analyses will deal specifically with the
questions of what species names should be assigned to sequence
types and how data from different genes compare.
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