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Indeed, 1 band of intermediate mobility, which is absent in
the fresh sample, appears in the pattern of the samples
stored at —20°C and frozen and thawed. The pattern of the
sample stored at —80°C is indistinguishable from the
pattern produced by the fresh ones.

Another enzyme, glucose-6-phosphate dehydrogenase
(G6PD), which is monomorphic using the method® we have
employed for its analysis has been studied in blood sam-
ples. In this case the sample showed the same electropho-
retic pattern regardless of the storage conditions. Such a
result suggests that in the PGM isozymic bands array, the
slower isozyme is the primary form to be synthesized while
the others derive from this form through secondary struc-
tural changes occurring during the sample ageing.

Our results on PGM show that if samples from different
individuals are stored in different ways, such as those
described above, and then compared by starch gel electro-
phoresis, a pattern is obtained that mimics a true genetic
polymorphism. This effect is due to the appearance of a
new sharp intermediate migrating band in the frozen and
thawed homogenates that, together with the band given by
the fresh preparation and still active, produces a phenotypic
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pattern which closely resembles the pattern one could
expect from an heterozygote (figure 2).

Our observations indicate that some care should be used in
the analysis of genetic polymorphisms, a topic which is at
present acquiring increasing importance both in evolution-
ary and in population studies’®.
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Karyotypes and nuclear DNA contents of Polypteridae (Osteichthyes)!
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Surﬁmary. Calamoichthys calabaricus, Polypterus palmas, P.weeksii, P.delhezi and P. ornatipinnis have the same amount of
DNA per erythrocyte nucleus. The karyotype of P.weeksii has 38 chromosomes and differs from the karyotypes of the
other species, all with 36 chromosomes, by a Robertsonian chromosomal rearrangement. The karyotype condition is

regarded as derived for vertebrates.

In recent work, Polypterus and Calamoichthys have been
placed either in the Actinopterygii as derived chondro-
steans>3 or outside the actinopterygians in a group of their
own, the Brachiopterygii*>. Papers on karyotypes®® and
DNA contents'™!! of Polypteridae stressed the differences
from actinopterygians - chondrosteans in particular - and
noted some resemblances with Dipnoi and Amphibia.

The' Polypteridae exhibit remarkable chromosomal homo-
geneity; the 6 species reported (C.calabaricus, P.palmas,
P.delhezi, P.ornatipinnis, P.senegalus and P.endlicheri con-
gicus) had 36 chromosomes, all with median (m) or subme-
dian (sm) centromeres’; the papers, however, disagreed
over the number of m and sm chromosomes. The karyotype
similarity seems to be accompanied by marked differences
in DNA contents: values of 8.54 pg (C.calabaricus)®,
11.7 pg (P.palmas)!! and 13.67 pg (P. bichir)'® were teport-
ed

Materials and methods. Relative DNA amounts of 5 species
(table) were determined from erythrocytes by Feulgen
cytophotometry in a Zeiss UMSP 1'2. Blood films were
fixed in ethanol:acetic acid (3:1) for 30 min; 4 separate
series, which included 2 slides from each species, were
hydrolyzed with 1 N HCI at 60°C for 6 min and stained
following the procedure of de Tomasi®®. 240 cells per
species (30 cells from each slide) were measured.

The specimens of C.calabaricus (from Cameroun) and of
Polypterus (from the Zaire river near Kinshasa) listed in the
table as well as 3 males and 1 female of P. delhezi from lake
Tumba (Zaire) were karyotyped. For each fish at least 4
metaphase spreads’ were analyzed. Nomenclature for cen-
tromeric position, determined from chromosome arm ratios
(r=long arm/short arm), follows Levan'4.

Results. The table shows the similarity between the DNA
amounts of the 5 species studied here; no statistical differ-
ence (0.05 level) was found between C. calabaricus and each
of the 4 Polypterus species.

No differences were found between the karyotypes of
C.calabaricus, P.palmas, P.ornatipinnis and P.delhezi.
Figure 1 shows a karyotype of P.delhezi with the 36
chromosomes divided in 3 size groups: a) large chromo-
somes: 4 pairs were clearly m but the 5th pair, with
r=1.6 +0.23 (SD from 32 metaphases), varied around the
m-sm borderline (r=1.7); b) medium-sized chromosomes:
4 m and 4 sm pairs but 2 pairs classified as sm were also
borderline cases; ¢) small chromosomes: 5 msm pairs,
which arm ratios could not be determined more precisely.
Only the large pairs 1 and 5 could be identified in all
metaphases. The karyotype of P.weeksii (figure 2), with
2n=138, differs from the karyotypes with 2n=36 by the

DNA contents in Polypteridae

Species Speci- DNA SDin %
mens content of mean
in % of
C.cala-
baricus
C. calabaricus Smith, 1865 338,19 100 6.8
P.palmas Ayres, 1850 28,29 98 83
P.delhezi Boulenger, 1899 28,29 107 79
P. ornatipinnis Boulenger, 1902 28,19 105 10.1
P.weeksii Boulenger, 1898 24,29 108 8.4
P.bichir'0 164
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absence of 1 medium-sized m pair and the presence of 2
small pairs with nearly terminal (t) centromeres. No chro-
mosomal sexual dimorphism was noted.

Discussion. Previous papers gave different DNA values for
C.calabaricus'® and P.palmas"! whereas I found they had
the same relative DNA content. The disparity may be
accounted for by the choice of the standard values used to
convert relative values into picograms. Indeed, Vialli'® used
the lowest of the values (4.9 pg?, 5.6 pg'®, 6.3 pg!”) reported
for his standard species S.irideus (= S.gairdneri); on the
contrary, Bachmann!! used for his standard species much
higher values (B.bufo: 15.1 pg, R.sphenocephala: 14.8 IP%)
than those reported elsewhere (e.g. 11.6 pg for B. bufo)'> ™.
But the difference between P.bichir and C.calabaricus
(table) was found by comparison with the same standard'®,
The disagreement between previous descriptions of poly-
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Fig.1. Karyotype from gill epithelium of Polypterus delhezi
(2n=136); bar=>5 um.
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Fig.2. Karyotype from gill epithelium of Polypterus weeksii
(2n=138); bar="5 pm.
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pterid karyotypes, exemplified by thé case of P.delhezi,
concerns only the classification of chromosomes with r near
the m-sm borderline: Cataudella’® classified them all as m
while Urushido® classified all except the small ones as sm.
The substitution of 1 medium-sized m pair in the karyotype
with 2n=36 by 2 small t pairs in the karyotype of P. week-
sii, with 2n=138, clearly indicates a Robertsonian chromo-
somal rearrangement; the direction of the change, centric
fission of the m pair or centric fusion of the 2 t pairs, is
more difficult to evaluate. In favour of fission speaks the
fact that the 38 chromosome karyotype seems to be excep-
tional for Polypteridae; however, the karyotypes of
P.bichir, P.retropinnis and P.ansorgei (the most primitive
member of the family)® have not yet been reported.
Comparison with other vertebrate groups indicates that the
polypterid karyotypes could be the result of chromosome
fusion on a larger scale. Indeed, Morescalchi’s suggestion®!
that a karyotype with high 2n and with microchromosomes
is primitive not only for tetrapods but for jawed vertebrates
in general is supported by the finding of such a karyotype
in sturgeons and a paddlefish (Chondrostei)?>?*, in rat-
fishes, rays and a shark (Chondrichthyes)*>? as well as in
lampreys (Cyclostomata)®. It follows that the chromosome
complements of the Polypteridae, irrespective of their
placement within or outside the Actinopterygii, are the
likely result of chromosome number reduction - not by loss
but by fusion as indicated by their high DNA value. The
karyotypes of Zpolypterids, dipnoans'® and modern groups
of amphibians®! resemble each other by low 2n and lack of
microchromosomes; there are no indications that this
resemblance has been inherited from a common ancestry.
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