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TENDENCIES IN ECHINOCOCCUS SP. CODON USAGE

FERNANDO ALVAREZ**, BEATRIZ GARAT*, HECTOR MUSTO***: MARINA PICON* &
RICARDO EHRLICH*/*

Departamento de Genética* Departamento de Bioquimica** Unidad de Biologia Parasitana,

Facultad de Ciencias, Tristan Narvaja 1674, 11200 Montevideo, Uruguay ***Departamento de Genética,
Facultad de Medicina, Gal. Flores 2125

The analysis of DNA coding sequences of
a wide variety of organisms has revealed sig-
nificant bias in codon usage (K. Wada et al.,
1991, Nucl. Acids Res., 19: 1981-1986). Al-
though important variations in the use of alter-
native synonymous triplets have been found
among genes of a given organism (P, M. Sharp
et al., 1988, Nucl Acids Res., 16: 8207-8211),
the average codon usage appears to be spe-
cies-specific. The study of the bias in codon
usage 15 of interest in designing oligonucle-
otide probes from amino acid scquence data,
in translation improvement when expressing a
gene 1n hetcrologous systems, and in evolu-
tionary analysis,

This report presents the tendencies in codon
usage in Echinococcus sp. The coding se-
quences analyzed totaled 2310 codons. The
sequences were obtained from already pub-
lished work (M, V. Lightowlers et al., Mol
Biochem. Parasitol., 36: 287-290; H. B. Fer-
reira & A. Zaha, 1990, in; Basic Research in
Helminthiases, R. Ehrlich, A. Nieto & L.
Yarzabal, (eds.), p. 87-104, Logos, Montevideo;
J. C. Shephered, et al., 1991, Mol Biochem.
Parasitol., 44: 81-90; B, Facon, et al,, 1991,
Mol. Biochem. Parasitol., 45: 233-240). E.
granulosus homeobox-containing genes, EgHox
1-4, G. Oliver et al. (G. Ohliver, et al., 1992,
Gene, 121: 337-342) Df 1, an E. granulosus
stage-specific expressed gene, A, Esteves et
al. (A. Esteves, et al., 1993, Mol. Biochem.
Parasitol., 58: 215-222) and from personal
communications: an E. granulosus cDNA clone
coding for a highly immunogenic protein, A,
Zaha (Porto Alegre). Results arc summarized
in Table I.
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We have performed a vanation analysis of
the data (one-way analysis of variance) in order
to discard possible bias in codon usage char-
acteristic of particular groups of genes. The
differences between means that appear as sig-
nificant with this procedure correspond then,
to bias in the entire population examined. It 1s
interesting to note that variation analysis ex-
clude some cascs presenting apparent signifi-
cant differences in codon usage (see, for in-
stance, glutamine triplets in Table 1). In these
cascs, the absence of significant differences
could be atttributed to the differential use of
triplcts among gencs.

Our calculations revealed sigmificant dif-
ferences in codon usage for glycine, valine,
arginine, lysine, isoleucine, leucine and phe-
nylalanine at 1% level, and for cysteine, ty-
rosinc and alanine at 5% level.

Finally, it 1s interesting to compare the bias
in codon usage in Echinococcus sp. with that
displayed by Schistosoma mansoni, the Platy-
helminth most largely studied with molecular
approaches (H. M. Mecadows & A. J. G.
Simpson, 1989, Mol. Biochem. Parasitol., 36.
291-293). The companson reveals that, from
the 18 amine acids encoded by more than one
codon, 17 display significant diffcrences at 1%
level, whereas proline 1s significant at 5% (Con-
tingency table). Furthermore, while Echinococ-
cus sp. exhibits a significant G+C bias in the
third codon position, S. mansoni displays an
A+T bias at the same location (see Table Il
and K. Wada ct al.).
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TABLE I

Echinococcus sp. codon frequency table

Fernando Alvarez et al.

AA

Codon Freq. AA Codon Freq. AA Codon Freq. AA Codon Freq.
Lys AAA 244 50 Glu GAA 403.42 GIn CAA 195,59 * TAA 8.15
AAG 611.25 GAG 513.25 CAG 289.32 * TAG 0.00
Asn AAC 171.15  Asp GAC 277,10 His CAC 114.10 Tyr TAC 191.52
AAT 211.90 GAT 215.92 CAT 93.72 TAT 89.25
Thr ACA 118.17 Ale GCA 13444 Pro CCA 81.50 Ser TCA 73.35
ACG 77.43 GCG 122.25 CCG 57.05 TCG 114.01
ACC 191.52 GCC 207.82 CCC 73.35 TCC 134.47
ACT 187.50 GCT 232.27 CCT 154 _84 TCT 122,24
Arg AGA 85.58 Gy GGA 52.98 Arg CGA 130.40 o TGA 0.00
AGG 65.20 GGG 32,60 CGG 73.35 Trp TGG 85.57
Ser AGC 105.95 GGC 150.78 CGC 187.45 Cys TGC 135.95
AGT 110.02 GGT 224.12 CGT 191.52 TGT 52.97
Met ATG 338.22 Val GTA 65.20 Leu CTA 6520 Leu TTA 44.82
{le ATA 57.05 GTG 240.42 CTG 228.12 TTG 154.85
ATC 207 .82 GTC 150.78 CTC 224.12  Phe TTC 273.02
ATT 211.90 GIT 142.62 CTT 142.62 TTT 122.25

Frequencies are per 10000 codons. Amino acids for wich significant bias in triplet usage were found, are under-

lined.

TABLE 1I

Percentages of bases per codon position

Echinococcus sp.

Schistosoma mansoni

A C G T G+C A C G T G+C
I 29.95 23.02 31.66 15,72 34.68 29.36 33.75 16.21 20,70 49.96
I 36.30 20.82 16.54 26.69 37.36 35.00 21.82 17.96 25.24 39.78
[ 17.60 27.67 30.03 25.06 37.70 31.635 12.68 15.44 40.25 28.12

Frequencies for §. mansoni were calculated from data reported by Wada K. et al.



