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Abstract
Mitotic metaphase plates of a new species of the genusMacrostomum were studied using conventional Giemsa staining, Orcein staining and semi-
thin sections stained after Richardson. Because of the ease in culturing it, this species has the potential to become the new model organism for
developmental and evolutionary studies among the lower metazoa. The chromosome number was found to be 2n ¼ 8. Reaching a relative length
of 45.9% of the haploid genome size, the chromosomes of one pair were significantly larger than all other chromosomes. Of the smaller pairs,
chromosomes of one pair were slightly larger (relative length of 21.3%) than the chromosomes of the remaining two pairs (each with a relative
length of 16.4%). All chromosomes were metacentric (2m + 2m + 2m + 2m). For the first time, a diploid chromosome set of four pairs was
described for the genus, as compared with previous studies showing predominantly 2n ¼ 6 for 20 different Macrostomum species.
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Introduction

Macrostomum is a species-rich (about 130 described species)

genus of the family Macrostomidae, which is the most
advanced family in the order Macrostomorpha (Rieger
2001). Along with the Acoelomorpha, the Catenulida and
the Polycladida, the Macrostomorpha form the paraphyletic

�archoophorans�, characterized through production of entolec-
ithal eggs. All other plathelminths, the neoophorans, develop
from ectolecithal eggs. Among rhabditophoran plathelminths,

encompassing all plathelminths except the Acoelomorpha and
the Catenulida, the Macrostomorpha are the most basal taxon
(Ehlers 1995; Littlewood and Olson 2001; Rieger 2001; Tyler

2001). Recently, several molecular studies have been suggest-
ing a position of the acoelomorphs outside the plathelminths,
as a basal sistergroup of all other bilaterians (Ruiz-Trillo et al.

1999, 2002; Cook et al. 2004; Telford et al. 2004). These
findings are supported by studies on the nervous system
(Reuter et al. 1998; Raikova et al. 2000; Reuter et al. 2001)
and the cleavage pattern (duet spiral cleavage, see Apelt 1969

and Henry et al. 2000) of acoelomorphs. The likely totipotent
stem cell system, however, can be seen as a feature uniting all
of the plathelminths, including acoelomorphs (Ehlers 1995).

Macrostomum lignano Ladurner et al. (2005) is easily kept in
culture and is due to its size and transparency a suitable model
organism for cytological, histological and developmental stud-

ies that occupies a distinctly more basal phylogenetic position
than any of the presently used model organisms, such as
planarians or Caenorhabditis elegans (Ladurner et al. 2005).

Until now, karyotype or chromosome number of 20

Macrostomum species have been determined (Table 1). A
major part of these studies has been carried out by Ferguson
(1937a,b,1939a,b,c,1940a,b), while other chromosome descrip-

tions reach back to 1905 (Luther 1905). Recently and including
the present paper, two new investigations about M. gigas
(Yamamoto et al. 2003) and M. lignano add to the knowledge

about Macrostomum chromosomes.
For another genus in the family Macrostomidae, Promacro-

stomum, chromosomes have been characterized for the species

P. gieysztori (Papi 1951). A single member of the family

Microstomidae, namely Microstomum bispiralis, has been

subjected to karyological observation as well (Stirewalt 1937).
In the light of taxonomic revisions and new chromosome

findings, previous compilations/reviews by Ferguson (1940b)
and Benazzi and Benazzi-Lentati (1976) on Macrostomum

chromosomes need to be updated.

Materials and Methods

Macrostomum lignano was found in Lignano, Italy, at the shores of the
Mediterranean, and has been cultured in the laboratory since 1995 in
petri dishes with the feeding diatom Nitzschia curvilineata (Bacillari-
ophyceae) at about 32& salinity, 20�C, 60% humidity and a light and
dark cycle of 13–11 h. One litre of culture medium contains 32&
NaCl, 75 mg NaNO3, 5 mg NaH2PO4ÆH2O, 25 mg NaSiO3Æ5H2O,
4.36 mg C10H14N2O8Na2Æ2H2O, 3.15 mg FeCl3Æ6H2O, 0.18 mg
MnCl2Æ4H2O, 0.01 mg CuSO4Æ5H2O, 0.02 mg ZnSO4Æ7H2O, 0.01 mg
CoCl2Æ6H2O, 0.01 mg Na2MoO4Æ2H2O, 0.1 mg thiamineÆHCl, 0.5 mg
biotin and 0.5 mg vitamin B12.

Giemsa staining with air drying method (Imai et al. 1977 –

modified for planarians)

For metaphase plates of neoblasts, adult animals were cut transversely
and left to regenerate for 1 (n ¼ 5), and 2 (n ¼ 3) days in culture
medium. For metaphase plates of blastomeres (n ¼ 13), an embryo
with about 40 cells was selected. Animals and the egg were then treated
for 3–4 h in sea water with 10)6–10)4 M colchicine to arrest mitotic
cells in metaphase, followed by 0.5–1 h in culture medium with 0.2%
KCl. Specimens were washed with a freshly prepared mixture of acetic
acid, ethanol and distilled water at the ratio of 3 : 3 : 4, respectively. In
this solution, animals were dissected with needles to single out cells or
small groups of cells on the slide. Cell associations were rinsed in a
1 : 1 mixture of acetic acid and ethanol, half dried and then washed
with full-strength acetic acid and thoroughly dried overnight. Slides
were stained with 4% Giemsa’s solution for 10–15 min on the next
day, washed with tap water and air dried.

Orcein staining

Fifteen specimens were cut behind the pharynx and the tail pieces
(anterior regenerants) were left to regenerate for 1 day, then treated
with a 10)4 M colchicine solution for 4 h and washed in artificial sea
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water for 25 min. After relaxation with 7.14% MgCl2, specimens were
fixed with Carnoy (ethanol : chloroform : acetic acid ¼ 6 : 3 : 1) and
put for 2 min in 1 M HCl. Staining was conducted in 1% Orcein
solution (2.2 g Orcein dissolved in 100 ml hot glacial acetic acid and
diluted with distilled water 4.5 : 5.5) for 10 min, specimens were then
washed in 5% acetic acid and mounted with coverslips.

Richardson staining (Richardson et al. 1960)

Egg shells of eggs with early cleavage stages were punctured with
Wolfram needles and the eggs then fixed in Bouin and embedded in
Spurr’s resin. Semi-thin sections (0.5 and 1 lm) were prepared and
stained after Richardson (1 g Azur II, 1 g methylene blue and 1 g
borax in 100 ml a.d., filter before use).

Results

Observation of embryonic blastomeres stained with Giemsa
(Fig. 1) and neoblasts stained with Orcein (Fig. 2), supported
by semi-thin sections of embryos stained with Richardson

(Fig. 3) have revealed the karyotype of M. lignano to be

2n ¼ 8 ¼ 2m + 2m + 2m + 2m (nomenclature following
Levan et al. 1964). All chromosomes are metacentric. The
first chromosome pair is considerably larger than the second,
third and fourth pair. The mean relative length of the largest

chromosomes compared to the haploid genome size is
45.9 ± 1.7% (n ¼ 16). The chromosomes of the second
largest pair are to an average relative length of

21.3 ± 2.1% (n ¼ 16) slightly larger than the chromosomes
of the two smallest pairs which are about the same size, each
chromosome with an average length of 16.4 ± 1.4% (n ¼ 32)

of the haploid genome size. The statistical analysis was
performed after a preselection of the chromosomes into
different categories. While there is always the possibility that

such a preselection groups non-homologous chromosomes
together, non-overlapping standard deviations support our
preselection, indicating an actual length difference between
the selected chromosome categories. Measuring the absolute

chromosome size did not yield consistent data, the absolute
chromosome size varied with different staining methods and

Table 1. All available information on Macrostomum chromosome numbers are shown here. Also, studies on the closely related genus
Promacrostomum and one representative of the family Microstomidae are included

Name and authority

Chromosome number

Reference Additional informationHaploid Diploid

M. hystricinum Beklemischev 1951 2 Luther (1905) Developing eggs; doubted by Luther (1947)
M. thermale Reisinger 1933 2 Reisinger (1933) Developing eggs
M. beaufortensis Ferguson 1937 3 6 Ferguson (1937b) Somatic cells
M. fergussoni Beklemischev 1951 3 6 Ferguson (1939a) Meiotic metaphase in testis
M. finlandense (Ferguson 1940) 3 6 Luther (1947) Spermatocytes and somatic cells
M. gabriellae Marcus 1949 3 Marcus (1949)
M. gigas Okugawa 1930 6 Yamamoto et al.

(2003)
Somatic cells; the taxonomic status of

M. gigas is unclear; often regarded synomous
with M. tuba, it is kept here as a separate
species; belongs to tuba species group

M. glochistylum Ferguson 1939 3 6 Ferguson (1939b) Germinative and somatic cells
M. granulophorum (Ferguson 1940) 3 6 Ferguson (1940a) Spermatogones
M. lewisi Ferguson 1939 3 6 Ferguson (1939c) Spermatogones in metaphase; belongs to tuba

species group
M. reynoldsi Ferguson 1939 3 6 Ferguson (1939c) Germinative and somatic metaphase; belongs

to tuba species group; in Benazzi and
Benazzi-Lentati (1976), this species is missing;
instead, the chromosome number for
M. phillipsi is given, for which no chromosome
description is available

M. riedeli Ferguson 1940 3 6 Ferguson (1940a) Germinative (telophase in meiosis)
and somatic cells

M. ruebushi crenatostylum (Ferguson 1940) 3 6 Ferguson (1940a) Somatic metaphase
M. shenandoahense (Ferguson 1940) 3 6 Ferguson (1940a)
M. tenuicauda Luther 1947 6 Luther (1947) Spermatogones in metaphase; belongs to

tuba species group
M. truncatum (Ferguson 1940) 3 6 Ferguson (1940a) Somatic metaphase
M. tuba (Graff 1882) 3 6 Phillips (1936) somatic mesenchyme cells, oogones,

spermatogones, developing egg; belongs to
tuba species group

M. virginianum Ferguson 1937 3 6 Ferguson (1937a) Spermatogonal tissue
M. lignano 8 Present paper Belongs to tuba species group
M. hustedi Jones 1944 6 12 Jones (1944) Somatic cells, spermatocytes, oocytes;

probably polyploid (tetraploid)
other Macrostomidae
Promacrostomum gieysztori
(Ferguson 1939)

3 6 Papi (1951) 1. Meiotic metaphase in oocyte,
spermatogones

other Macrostomorpha: Microstomidae
Microstomum bispiralis Stirewalt 1937 8 16 Stirewalt (1937) Somatic cells; this species is similar to

M. jenseni described in Riedel, 1932 and
M. tortipenis (Steinböck, 1938)
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also with the same staining in different experiments (see also
Bennett, 1970).

Discussion

Albeit a fair number of Macrostomum species has undergone
chromosomal analysis, recently only two more studies have

been undertaken to examine the chromosome number.
With few exceptions, all studies on chromosome number in

the genus Macrostomum report six chromosomes for diploid

cells and three chromosomes for haploid cells (see Table 1).
Only in M. lignano eight chromosomes in mitotic metaphases
could be found, whereas M. hustedi with 12 somatic chromo-

somes is probably polyploid (Jones 1944). In M. thermale
(Reisinger 1933), merely two chromosomes have been reported
in mature eggs. Ferguson (1940b) gives a haploid chromosome
number for M. orthostylum of n ¼ 2 and refers to Braun as the

authority, but in neither of the listed references (Braun 1885,
1894) is information about M. orthostylum chromosomes
available. The respective chromosome number is therefore

considered to be unknown. In M. finlandense and M. hystric-
inum, Luther (1905) has seen two chromosomes, but later

Fig. 1. (a–b) Mitotic metaphase
plates of Macrostomum lignano
chromosomes from embryonic
blastomeres stained with Giemsa.
The diploid chromosome number
is 2n ¼ 8

Fig. 2. (a–d) Mitotic metaphase
plates of Macrostomum lignano
chromosomes from neoblasts
stained with Orcein. The diploid
chromosome number is 2n ¼ 8

Fig. 3. Metaphase in a 1-cell stage embryo of Macrostomum lignano
stained with Richardson. Not all chromosomes can be seen on a single
section
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corrected these findings with new data for M. finlandense in
Luther (1947) to three haploid chromosomes and doubted the
presence of only two chromosomes in M. hystricinum,

although without undertaking new experiments to confirm
this presumption.
In most of the studied Macrostomum species where a

chromosome description or picture is given, one chromosome
pair is larger than the other ones. Exceptions are M. truncatum
(Ferguson 1940a) and M. riedeli (Ferguson 1940b) with two
large chromosome pairs and M. ruebushi crenatostylum

(Ferguson 1940a) with three large chromosomes and three
small ones, according to the author’s descriptions. Looking at
his Fig. 11, depicting a metaphase of somatic chromosomes of

M. ruebushi crenatostylum, one could see two large chromo-
somes, two medium-sized and two small ones as well.
Ferguson’s karyotype description of M. beaufortensis is

inconsistent, the first source (Ferguson 1937b) claims that
there is a large, a medium-sized and a small pair, the second
one (Ferguson 1940b) describes two large pairs and one small

pair.
Neither picture nor description is given for the karyotype

(x ¼ 2) of M. hystricinum and M. thermale.
Macrostomum lignano is a member of the Macrostomum

tuba species group (Table 1, see Ladurner et al. 2005), a
classification which subsumes species with similar male cop-
ulatory stylets. All members of the M. tuba species group have

stylets with a blunt distal opening. Judging from the stylet
appearance and other morphological characteristics, M. ten-
uicauda is the closest relative of M. lignano. Luther’s (1947)

description of the M. tenuicauda karyotype distinguishes a
large pair, a medium-sized pair and a small pair of chromo-
somes. The magnification given in the original work does not

seem to reflect the actual chromosome size, though, as a
comparison with other Macrostomum karyotypes suggests.
Yamamoto et al. (2003) published karyotypes of M. gigas also
showing a large pair of chromosomes, a medium-sized pair and

a slightly smaller pair. In M. tuba (Phillips 1936), there is one
large pair of chromosomes and two slightly smaller pairs, a
similar situation as in M. lewisi and M. reynoldsi (Ferguson

1939c, see Fig. 4). Closely related species often show different
karyotypes (Puccinelli et al. 1990) and chromosome numbers
(Curini-Galletti and Puccinelli 1994), which can be interpreted

as a post-mating isolation mechanism for sympatric speciation.
The size difference between the large chromosome pair and

the smaller ones is much more pronounced in M. lignano than
in other members of the M. tuba species group. Regarding that

size difference, it appears to be possible that one medium-sized
chromosome pair has split into two smaller pairs, thus giving
rise to the extra pair in M. lignano (Robertsonian or centric

fission and subsequent pericentric inversion). The total amount
of DNA in M. lignano could therefore be comparable with
other closely related species, the additional chromosome pair

notwithstanding. A similar situation can be found in Bothro-
mesostoma personatum (Typhloplanoida) with 2n ¼ 8 (Valka-
nov 1938) and B. esseni with 2n ¼ 10 (Papi 1950, both

reviewed in Benazzi and Benazzi-Lentati 1976). While 2n ¼ 8
is believed to be the basic chromosome number in this genus,
the chromosome morphology indicates the fragmentation of a
pair of homologous chromosomes in B. esseni.

Other than fission of a larger pair into two smaller pairs, a
duplication of a small chromosome pair might have occurred
as well. This notion is supported by slight differences in the

three smaller chromosome pairs, two of which are of an
approximately equal size. The two smallest pairs are possibly
the result of a chromosome duplication. Interestingly,

M. lignano has proven to be the most robust Macrostomum
species so far to culture in the laboratory. It can only be
speculated if this feature is related to an additional chromo-

some pair derived from chromosome duplication (and thus,
gene duplication).

Last, the diploid number of eight can be seen as the
plesiomorph condition, from which through deletion of one

Fig. 4. Karyotypes of members of the Macrostomum tuba species group. Macrostomum tuba is based on three metaphase plates from Phillips
(1936), M. gigas is taken from two idiograms from Yamamoto et al. (2003, Fig. 4), M. tenuicauda is based on a metaphase plate from Luther
(1947), M. lewisi and M. reynoldsi are based on a metaphase plate from Ferguson (1939c). Chromosomes of M. tuba, M. reynoldsi, M. lewisi and
M. tenuicauda have been rearranged from the original figures according to size. Note the size difference of M. tenuicauda chromosomes to all
other karyotypes, this might be due to an incorrect magnification given in Luther (1947). The first karyotype ofM. lignano, stained with Orcein, is
somewhat smaller (largest chromosome is about 4 lm in length) than the three karyotypes stained with Giemsa (largest chromosome is about
5.3 lm in length)
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chromosome pair most other Macrostomum species were
derived. Such an assumption would not be supported by
morphological characteristics, though. Also, considering that

the closely related genus Promacrostomum showed the exist-
ence of six diploid chromosomes (Papi 1951) as is the case with
most studied Macrostomum species, it is likely that 2n ¼ 6 is a

basal, not a derived chromosome number in the Macrostom-
idae.

Using molecular techniques like FISH could be applied to
help distinguish which mechanism actually led to the super-

numeral chromosome pair (Lizarralde et al. 2003).
Establishing phylogenetic relationships between taxa on the

level of orders or above based on chromosome number is

problematic. Not only is there a high variation in chromosome
number within higher taxonomic levels, but also the ancestral
chromosome number for many taxa is uncertain. Thus, there is

a large gap between different authors� estimations for the
ancestral chromosome number in �turbellarians�. According to
Imai et al. (2002), 2n ¼ 2 comprises the ancestral chromosome

number of various eukaryotic taxa including �turbellarians�, as
opposed to Birstein (1991), who proposes 2n ¼ 16–20 for all
�turbellarian� taxa. The latter number is in accordance with
chromosome findings in many taxons, including Microstomum

bispiralis with 2n ¼ 16 (Stirewalt 1937). The family Micros-
tomidae is a primitive taxon within the Macrostomorpha
(Rieger 2001), further supporting an ancestral chromosome

number of 2n ¼ 16.
Chromosome numbers in the sponge Suberites domuncula

(2n ¼ 32, Imsiecke et al. 1995) and the cnidarian Hydra

(2n ¼ 30, Alexandrova et al. 2003) could suggest either a high
diversity in chromosome numbers also in metazoans below the
bilaterian level, or a higher ancestral chromosome number

than 2n ¼ 2 in these taxa.
All studied �archoophoran� orders (Acoela, Catenulida,

Macrostomorpha and Polycladida) show a large range in
chromosome numbers. Whereas chromosome counts in the

Catenulida revealed between 16 and 40 diploid chromosomes
(Ruebush 1938; reviewed in Benazzi and Benazzi-Lentati
1976), the Acoela come up with six to 34 diploid chromosomes

(Gardiner 1898; Ruebush 1938; Marcus 1952, 1954; Costello
1970; reviewed in Benazzi and Benazzi-Lentati 1976; see also
Apelt 1969; Crezee 1975; Birstein 1990). The variation is

similar in chromosome numbers for haploid chromosomes in
the Polycladida ranging from 2 (Notoplana necta, Marcus
1947) to 10 (Stylochus ellipticus, v. Name 1899; Bahr and
Hillman 1966; Notoplana igiliensis, L. Galleni and I. Puccinelli,

unpublished data; Hoploplana inquilinia, Patterson and
Wieman 1912; all reviewed in Benazzi and Benazzi-Lentati
1976). Remarkable is the variation in the genus Notoplana with

two to 10 haploid chromsomes. These data on �archooporan
turbellarians� suggest that chromosome number is not a
phylogenetic signal stable enough to warrant useful compar-

isons beyond the taxonomic level of families and genera. On
the other hand, more studies on chromosome numbers within
the genus Macrostomum could help to evaluate the affiliation

of species to different species groups proposed by Ladurner
et al. 1997 and Ladurner et al. (2005). Considering the
significance of chromosomes in the evolution of the eukaryotic
genome and the basal position of some �archoophoran�
flatworms in the evolution of the Bilateria, it seems to be
desirable to increase the database on chromosomes in the
acoelomorphs, macrostomids and catenulids.

Acknowledgements

We would like to thank Dipl. MTA Willi Salvenmoser (University of
Innsbruck) for technical assistance and Prof. Dr Marco Curini-Galletti
(University of Sassari), Prof. Dr Reinhard Rieger (University of
Innsbruck), Mr Kiyohiko Yamamoto (Junshin Women’s Highschool)
and Dr Wataru Yoshida (Hirosaki University) for expert advice. B.E.
was funded by FWF grant P16618, a grant by Hirosaki University and
a grant by the Tyrolean government.

Zusammenfassung

Chromosomenteilung oder -verdopplung in Macrostomum lignano
(Macrostomorpha, Plathelminthes) – Bemerkungen zur Chromosomen-
zahl in �archoophoren Turbellarien�

Mitotische Metaphasen einer neuen Art der Gattung Macrostomum
wurden mit Hilfe konventioneller Giemsa-Färbung, Orcein-Färbung
und semi-dünnen Schnitten, gefärbt nach Richardson, untersucht.
Dank der problemlosen Haltung in Kultur hat diese Art das Potential,
ein neuer Modellorganismus unter den niederen Metazoen für
entwicklungsbiologische und evolutionäre Fragestellungen zu werden.
Die Chromosomenzahl wurde als 2n ¼ 8 bestimmt. Mit einer relativen
Länge von 45,9% des haploiden Genoms waren die Chromosomen
eines Paares deutlich länger als alle übrigen Chromosomen. Von den
kleineren Paaren waren Chromosomen eines Paares etwas länger
(relative Länge von 21,3%) als die Chromosomen der restlichen zwei
Paare (relative Länge von jeweils 16,4%). Alle Chromosomen waren
metazentrisch (2m + 2m + 2m + 2m). Zum ersten Mal wurde ein
diploides Chromosomen-Set von 4 Paaren für diese Gattung besch-
rieben, während frühere Studien vorwiegend 2n ¼ 6 für 20 verschied-
ene Macrostomum-Arten ergeben haben.
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