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comparing the patients with Down’s syndrome and normal
controls, a statistically significant decrease of the level of
prealbumin and statistically significant increases of the
levels of alpha,-macroglobulin and immunoglobulin A
were noted. The level of IgA in patients with Down’s
syndrome is a matter of controversy, different authors
finding increased, normal or even decreased levels’"!%. Qur
results would be in line especially with those studies which
revealed elevated IgA in older groups of patients as con-
trasted to normal values in young children'®-'2,

1 We are indebted to Prof. T.C. Bog-Hansen, University of

Copenhagen, for the helpful discussion of our resuits.
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Staining of the gels with naphthyl acetates yielded a typical
pattern of esterase activity contributed by cholinesterase
(brownish-red) and arylesterase (orange)’. It is shown by
this study that the electrophoretic mobilities of both plasma
esterase activities are unaltered in Down’s syndrome.

The behaviour of the protein fractions studied in the case
of translocation G21/22 is noteworthy as it differs in many
respect from that typical for trisomy G-21 (figure 2).
However, the scarcity of material precludes a broader
discussion of this point at present.
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Significant differential gene duplication without ancestral tetraploidy in a genus of mexican fish!
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Summary. A comparison of the protein products of 20-25 structural gene loci among the known species of the goodeid fish
genus Skiffia suggests that at least 4 loci (16-20%) have undergone species-specific duplications (or, in 1 case, apparent
loss) during the evolution of the genus. The species are clearly diploids, and the data therefore indicate that even a large
proportion of differentially duplicated loci within a group of related fish species is not critical evidence of common tetra-
ploid ancestry. Differential duplication of structural gene loci may be an important component of the genetic differences

that separate congeneric conventional diploid species.

In teleost fishes, gene duplications and species-specific dif-
ferences in the nature and number of homologous loci have
been detected mainly among the genomes of the Palearctic
cyprinids®® (barbs and minnows, most notably including
the carp)’, catostomids (suckers)!®, cobitids (loaches)!! and
salmonids (salmons, trouts, and whitefishes)!>*. The dif-
ferentially duplicated homologous loci in all of these fami-
lies have been attributed to ancestral tetraploidy (usually
allotetraploidy) followed by loss of some of the duplicated
loci by ‘rediploidization”®3*4 (fixation of mutations to
functional silence, but possibly also including loss of genes
by deletion). The little-known fish genus Skiffia presents
what appears to be a case of significant differential struc-
tural gene duplication among congeneric fish species that
clearly does not involve ancestral tetraploidy.

The 4 species of the genus (figure 1) are part of an impres-
sive adaptive radiation on the Mexican plateau of cyprin-
odontoid fishes of the endemic family Goodeidae into hab-
itats and trophic niches usually occupied by several diverse
fish families*!. Cytophotometric data (table) indicate that
all 4 species are at the same ploidy level. They are not tetra-
ploids with respect to other goodeids (average DNA con-
tent =2.17+0.03 pg/diploid nucleus, Turner and Rasch,
unpublished data) or other cyprinodontoid fishes. For ex-
ample, the rivuline and funduline killifishes, morphologi-
cally generalized and likely to be ancestral to all other new
world cyprinodonts®, have diploid nuclear DNA contents
that range from 14-32 pg, average =2.5+0.3 pg®. The
evidence of species-specific structural gene duplications in

Skiffia is taken from electrophoretic comparisons of the
protein products of approximately 20-25 structural gene
loci.

1. Hemoglobins. These proteins showed species-specific
patterns (figure 2,a) by gel electrophoresis or isoelectric
focusing; these patterns differ markedly in the number of
components displayed, as well as in their electrophoretic
mobility. The number of discernible hemoglobins in each
species, and the minimum number of globin chains (=num-
ber of globin genes) necessary to form the phenotype of
each species, given 2 different models of hemoglobin struc-
ture, are presented in the table. The hemoglobins of S. mul-
tipunctata and S. francesae were further analyzed by gel iso-
electric focusing of disassociated globin preparations® in
8M urea (figure 2,b). The results are consistent with dif-
ferences in the number of globin chains in the 2 species,
postulated in the table.

2. Malate dehydrogenase (MDH, figure 3,a). There are
apparently 3 loci that encode malate dehydrogenases in
nearly all goodeids (Turner, unpublished data) and all
other cyprinodontoid fishes so far studied®. 2 of these,
MDH-1 and MDH-3, encode cytosolic enzymes; a 3rd,
MDH-2 encodes the mitochondrial enzyme. The MDH-1
phenotypes of S. bilineata and S. lermae were invariant and
identical. The most frequent MDH-1 phenotype in S. multi-
punctata was identical to that of the st 2 species: 2 speci-
mens of S. multipunctata were heterozygous at the MDH-1
locus (genotype MDH-1la/MDH-1b). All specimens of
S. francesae appeared to be heterozygous at the MDH-1
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Comparisons of nuclear DNA content, hemoglobin phenotype, and apparent number of homologous gene loci in 4 species of the genus

Skiffia (family Goodeidae)

S. bilineata S. lermae S. multipunctata S.francesae

Nuclear DNA (pg/2 N nucleus + SEM)? 2.07£0.03 227+£0.07 1.93+£0.03 1.90+0.06
Number of Hb bands 5 6 8 6
Minimum number globin chains

(=number globin genes); model 1° 6 7 9 7
Minimum number globin chains

(=number globin genes); model 2¢ 4 4 5 4

Number of MDH-1 loci 1 [ 1 2

Number of a GPD loci 1 1 I 2

Number of 6PGD loci 1 1 2 2

Number of parvalbumin loci 3 2 2 or 3d 3

2 Determined by DNA-Feulgen cytophotometry of erythrocytes as described earlier®5, by these methods, chicken erythrocytes contain
2.5 pg DNA per diploid nucleus; ® Model 1: Hb structure is a,X», i.e. asymmetrical tetramers are not permitted. Globin differences
between S. multipunctata and S. francesae (figure 2,b) are consistent with this model; ¢ Model 2: Hb structure is asx;y, i.e. asymmetric
tetramers are permitted. The globin analysis (figure 2,b) was not consistent with the predictions of this model, but asymmetric
tetramers have been well documented in other fish groups?:3%; 4 § multipunctata sample was polymorphic for the number of

parvalbumins detected.

locus (presumptive genotype MDH-1a/MDH-1c); the rela-
tive staining intensities of the 3 MDH-1 allozymes in the
phenotype were identical to those of the obvious heterozy-
gotes in S. multipunctata. The ‘heterozygous’ MDH-1 phe-
notype of S.francesae was invariant in all 12 field-caught
specimens and in 64 laboratory-reared F, progeny. It is
therefore reasonable to suggest that the MDH-1 phenotype
of S. francesae is that of a fixed heterozygote resulting from
duplication of the MDH-1 locus. If this is correct, it is prob-
ably that the gene duplication is confined to S.francesae
alone. The MDH-1 variants in S. multipunctata had pheno-
types with the symmetrical relative allozyme staining in-
tensities of typical heterozygotes at a locus encoding a
dimeric protein. If a 2nd MDH-1 locus were present and
active the relative staining intensities of the allozymes
would have been markedly skewed toward the product of
the ‘a’ allele.

3. alphaglycerolphosphate dehydrogenase. Data in the
table.

a
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4. 6-phosphogluconate dyhydrogenase (6PGD, figure 3,b).
This enzyme is easily detected in hemolysates and homoge-
nates of nearly all tissues; it was separately surveyed in eye
and liver homogenates in our samples. The 6PGD pheno-
types of S. bilineata and S. lermae were divergent but mono-
morphic within species; the single-banded phenotype was
identical in all tissues. Eye homogenates of S. multipunctata
and S. francesae displayed 2 bands of roughly equal stain-
ing intensity. The slower of these 2 bands was of slightly in-
creased relative staining intensity in liver homogenates; the
latter also contained small amounts of a 3rd, slower band.
This enzyme is a dimer, is encoded by a single locus, and
displays symmetrical 3-banded patterns in heterozygotes in
a great variety of organisms, including many cyprinodont-
oid fishes (Turner, unpublished data); to our knowledge,
post-translational modifications of the enzyme that could
result in nongenetic electrophoretic heterogeneity are rare
or absent. It is therefore reasonable to postulate that the
6PGD phenotype of S. multipunctata and S. francesae is the

ﬁﬂ.‘(ar-n e

Fig.1. The known species of the
goodeid fish genus Skiffia; males
above females. a Skiffia bilineata
(UMMZ 198860, male is 25 mm
standard length (SL)); b S. lermae
(UMMZ 198812, male is 45 mm
SL); ¢ S.multipunctata (UMMZ
202426, male is 42 mm SL); d S.
francesae (UMMZ 185588, male
is 28 mm SL). Note the morpho-
logical similarity of the last 3 spe-
cies. Details of the samples used
in this study, and the distribution
and ecology of the genus, are
available from the first author.
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Fig.2. a Comparison of native (cyanomet-) hemoglobins in the 4 Skiffia species by starch gel electrophoresis of hemolysates prepared
from gill tissue (TrissEDTA-borate buffer, pH 8.6, containing 0.05% KCN; benzidine stain). Dotted regions in the S./lermae patterns
are very light-staining bands that could be discerned by eye but could not be reproduced photographically; » Analysis of globin
chains in S.multipunctata and S.francesae by narrow-gradient gel isoelectric focusing in 8M urea (5% total monomer, 1% Servalyte
5-7, 1% Servalyte 6-8, 0.1% Servalyte 3-10, stained with 0.4% Coomassie blue G250 in 5% perchloric acid). Globins were prepared
by cold acid acetone precipitation®® of gill hemolysates, followed by solution of the precipitated protein in 10M urea and dialysis
against 8M urea for 2-3 h at 37°C. Note that the patterns are consistent with the presence of at least 2 globins (arrows) in
S.multipunctata that are absent in S.francesae. Lighterstaining bands on these gels are probably serum proteins, which contaminate

gill hemolysates at low levels.
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Fig.3. a Malate dehydrogenase (MDH) patterns of the 4 Skiffia
species compared by starch gel electrophoresis (12% Electrostarch,
lot 682; Tris-EDTA-citrate buffer, pH 6.7); ‘subbands’ of MDH-2
have been omitted from the diagram. Note that MDH-1 in S. mul-
tipunctata is polymorphic, and that the invariant phenotype in
S.francesae closely resembles that of the heterozygote in S.multi-

result of the interaction of the products of 2 homologous
loci, 5SPGD-1 and 6PGD-2. The 6PGD-1 locus is more ac-
tive, and the zymograms of most tissues contain 6PGD-1
homodimers and 6PGD-1/6PGD-2 heterodimers only; the
6PGD-2 locus is relatively more active in the liver, and a
small number of 6PGD-2 homodimers can be detected in
liver homogenates. This hypothesis suggests that a duplica-
tion of the 6PGD structural gene occurred in the common
ancestor of S. multipunctata and S. francesae, and the dupli-
cated loci subsequently diverged in their tissue expression.
We have been unable to detect any intraspecific polymor-
phism in either S. multipunctata or S. francesae that might
provide a critical test of this 2-locus hypothesis (e.g., by
demonstrating independent variation), and have thus been
unable to directly eliminate the unlikely alternative hypo-
thesis of postranslational modification in the 2 species of
the product of a single 6PGD locus.

5. Parvalbumins (figure 3,¢). 3 parvalbumins were detected
in muscle homogenates from all specimens of S. bilineata
and S. francesae, though only 1, parvalbumin-3 (pl approxi-
mately 4.1) was identical in both species. 2 parvalbumins
were detected in all specimens of S. lermae. 18 specimens of
S. multipunctata had a 2-parvalbumin phenotype identical
to that of §.lermae, 30 had a 3-parvalbumin phenotype

punctata in both number and relative staining intensities of bands;
b 6-phosphogluconate dehydrogenase (6PGD) phenotypes in the
4 Skiffia species (starch gel electrophoresis, 12% electrostarch, Tris-
EDTA-borate buffer, pH 8.6; patterns independent of the addi-
tion of exogenous NADP to the gel or electrolyte solutions). Both
bands detected in eye homogenates of S. mulfipunctaia and S, fran-
cesae are present in homogenates of all other tissues; the light-
staining, silow band was detected in liver homogenates only;
¢ parvalbumins from muscle homogenates of the 4 species as
compared by electrophoresis in 12% polyacrylamide gels (above)
and by narrow gradient (2% Servalyte 3-5) isoelectric focusing
(below). Though polyacrylamide gel electrophoresis is a standard
technique for the analysis of parvalbumins®, isoelectric focusing
resolved additional components. Note that S.multipunctata is
polymorphic for the number of parvalbumins observed, and that
there are only 2 parvalbumins in S. lermae.
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identical to that of S.francesae. Since 3 parvalbumin loci
are present in the genomes of nearly all goodeid fishes
(Turner, unpublished data) we assume that the common
ancestor of all 4 Skiffia species had 3 parvalbumin loci, and
that the 2-parvalbumin phenotype of S.lermae resulted
from the loss (=mutation to silence?) of 1 of the ancestral
parvalbumin genes. Our sample of S.multipunctata is
apparently polymorphic for the number of parvalbumin
genes present or expressed.

The number of loci that apparently encode the homologous
groups of proteins in each species are summarized in the
table.
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Effect of different food plants on the development and reproduction of Heliothis armigera (Hbn.)
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- Summary. Studies on the rate of development and reproduction of Heliothis armigera Hbn. on 8 different food plants at
2612 °C revealed that cotton was the most suitable host and tomato and sorghum were the least suitable,

The gram pod borer, Heliothis armigera, is a polyphagous
and notorious pest causing economic damage to several
crop plants. Outbreaks of this pest in cotton crops are
closely associated with the availability of other host plants
in the environment!. So it is necessary to study the suit-
ability of alternative host plants for its development, using
some economically important plants. The net reproductive
rate, weight of the pupae and percentage of pupae and
moths formed were the criteria used to compare different
host plants.

Materials and methods. The food plants used for this study
were bengalgram, (Cicer arietinum L.), redgram (Cajanus
cgjan L.), lab-lab (Dolichos lab-lab L.), (Gossypium hirsu-
tum L.), tomato (Lycopersicon esculentum Mill.), sorghum
(Sorghum vulgare Pers.), maize (Zea mays L.) and sunflow-
er (Helianthus annuus L.). A laboratory culture of H. armi-
gera was used for this study. A known number of adult
pairs were released for egg-laying in cages (30x30 cm).
Eggs laid on white muslin cloth were collected with a wet
camel-hair brush and 100 eggs were kept for hatching.



