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PROTEIN AND LYSINE CONTENT IN DOUBLE MUTANT
ENDOSPERMS OF MAIZE INVOLVING THE floury-2 GENE!

Hélio M. Barbosa® and D. V. Glover®

ABSTRACT

Twelve near-isogenic single mutant lines of the maize (Zea mays L.) inbred
Oh43 homozygous for each of the genes ae, bt,, bt,, du, fl,, fl,, h, 0,, sh,, su,, su,,
and wx, their respective double mutant combinations involving the fI, gene, and the
normal inbred were used in this study. The objective was to determine the effect of the
interaction of the fI, gene in double mutant combinations with other endosperm
mutants on protein and lysine content of the endosperm.

When combined with other endosperm mutants, fI, tended to increase
protein percent and decrease protein yield in the endosperm but did not significantly
affect lysine yield per endosperm. However, fl, increased lysine percent of sample
and lysine percent of protein when combined with each of the other genes except
0,. With the exception of the o, fl, combination this effect was cumulative with all
starch-modifying genes and this provides support favoring the hypothesis that there
may exist different pathways leading to reduced zein synthesis in fI, and 0, as compared
to starch-modifying mutants with high lysine concentrations.

! Part of a thesis submitted by the senior author (H.M.B.) in partial fulfillment of the
requirements for the Ph. D. degree, Purdue Univ. Journal Paper No. 7434, Purdue
Univ. Agric. Exp. Stn., West Lafayette, IN 47907.
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3 Department of Agronomy, Purdue University, West Lafayette, IN 47907, U.S.A.



236 Barbosa and Glover

INTRODUCTION

There are many mutants in maize which produce striking changes
in texture, form, and amount of endosperm. Some of these mutants affect
the gelatinization temperature of starch (Kramer, Pfahler, and Whistler,
1958; Sandstedt, Hites, and Schroeder, 1968), the digestibility of starch
(Sandstedt et al, 1968; Sandstedt, Strahan, Ueda, and Abbot, 1962),
and the synthesis of amylose, amylopectin, water-soluble polysaccharides,
and sugars in the endosperm (Creech, 1965 ; Kramer et al., 1958). The effects
of several endosperm mutants, and of double and triple-mutant combinations
on carbohydrate synthesis were summarized by Creech (1968). None of these
combinations included the mutants floury-2 (fl,) or opaque-2 (0, ). These
two mutants improve protein quality in maize by increasing the concentra-
tions of the amino acids lysine and tryptophan in the endosperm (Mertz,
Bates, and Nelson, 1964; Nelson, Mertz, and Bates, 1965). Feeding tests
have shown that fI, is superior to normal maize for rats (Veron, 1967), chicks
(Cromwell, Rogler, Featherston, and Cline, 1968), and children (Harpstead,
Pradilla, and Linares, 1969). The lysine content of fI, maize is usually
intermediate between that of 0, and normal (Dudley, Alexander, and Lam-
bert, 1975; Glover, Crane, Misra, and Mertz, 1975; Misra, Jambunathan,
Mertz, Glover, Barbosa, and McWhirter, 1972; Villegas, 1975). For this
reason the work with fI, has been greatly reduced (Purdue University, 1974).
However, unexpected interactions frequently occur between endosperm
mutants in maize. Thus, it is of interest to explore possible genetic interac-
tions between fI, and other endosperm mutants, as reported by Barbosa and
Glover (1978 a, d) with the o, gene. This paper reports the effects of the
incorporation of fI, in double mutant combinations with other endosperm
mutants on protein and lysine content of the endosperm.

MATERIALS AND METHODS

Twelve near-isogenic lines established in the inbred Oh43 homo-
zygous for each of the genes, amylose-extender (ae), brittle-1 (bt, ), brittle-2
(bt, ), dull (du), floury-1 (fl, ), floury-2 (fl,), soft-starch (h), opaque-2 (0, ),
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shrunken-1 (sh, ), sugary-1 (su, ), sugary-2 (su, ), and waxy (wx/, and the 11
respective double mutant lines of each of these genes with fI,, and the
normal Oh43 inbred line were used in this study. The double mutant geno-
types were isolated as described by Barbosa and Glover (1978b).

Kernels of each genotype were planted in rows 3 m long and 1 m
wide. Spacing between plants was 33.3 cm and there were 10 plants in each
row (plot). The experimental layout was a randomized complete-block
design with two replications. All plants were self-pollinated.

Harvest was made at maturity and ears were forced-air dried. Well-
-filled ears from competitive plants were selected. A 30-kernel sample was
taken from one ear in each plot and degermed. In this paper degermed
kernel is referred to as endosperm due to the negligible contribution of the
pericarp to the protein and lysine content as compared to that of the
endosperm (Barbosa and Glover, unpublished results).

Endosperm samples were ground in a Wiley-mill prior to defatting.
The defatted samples were further ground to a very fine powder in a
Wig-L-Bug (Crescent Dental Mfg. Co.). Protein percent (N x 6.25) was
determined by the micro-Kjeldahl procedure. Lysine analyses were made by
ion-exchange column chromatography.

RESULTS AND DISCUSSION

The data on endosperm protein and lysine content of the single
mutants, with the exception of sh, (Table I), were previously reported
in a companion paper (Barbosa and Glover, 1978d). Therefore the discussion
will be limited to the double mutants and the comparisons with the respective
single mutants.

The double mutant bt, fl, (bt, bt,; fl, fl,) showed the highest
protein percent (17.30), significantly different from that of the other double
mutants, among which there was no significant difference (Table I). However,
protein yield per endosperm was extremely low in bt, fI, as a consequence
of its reduced kernel weight (Barbosa and Glover, 1978¢). With the exception
of bt, fl,, o, fl,, and su, fl,, protein yield per endosperm of the other
double mutants did not differ significantly. A comparison between double
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mutants and their respective single mutants (Table IT) showed that, in general,
fl, increased protein percent when combined with the other endosperm
mutants. The double mutants also tended to have higher protein percent than
the single mutant f7, . However, due to reduced kernel weight of the double
mutants (Barbosa and Glover, 1978¢) all of them yielded less protein per
endosperm than the single mutant counterparts or f7, .

Data on endosperm lysine percent of sample, lysine yield per endos-
perm, and lysine percent of protein (L/P) are presented in Table IIL Lysine
percent of sample of fI, was intermediate between that of 0, and normal as
observed by Dudley et al. (1975), Glover et al. (1975), Misra et al. (1972),
and Villegas (1975). Lysine percent of sample in bz, fI, (0.583) was signi-
ficantly higher than the other double mutants, and there were no significant
differences among the other double mutants (Table III). As shown in Table
IV, the double mutants had higher values for lysine percent of sample, many
of which were significantly different, than the respective single mutants. One
exception was the double mutant fI, 0, whose lysine percent of sample was
practically the same as that found in o, (Table III). With the exception of
0, fl, combination, this cumulative effect of fI, in enhancing lysine percent
of sample when combined with other endosperm mutants, was similar to,
but less intense than, the effect of o, as shown by Barbosa and Glover
(1978d). We have shown that the effect of the 0, gene in increasing lysine
percent of sample is cumulative with that of the other genes, except fI,.

Lysine yield per endosperm (Table III) ranged from 0400 mg in
bt, fl, to 0.647 mg in ae fl,. However, with the exception of b¢, fI, and
su, fl,, there was no significant difference among the fI, double mutants.
The high lysine yield of ae fI, was similar to that found in ge o, (Barbosa
and Glover, 1978d). As shown in Table IV, there were no significant differ-
ences between double mutants and their single mutant counterparts or
A1, , with the exception of the comparison wx vs wx fI, .

Few significant differences were found for lysine percent of protein
among the double mutants (Table III). However, it is interesting to note
that, with the exception of 0, f,, all double mutants had higher values for
lysine percent of protein than the respective single mutants (Table IV). These
data give additional supporting evidence favoring the hypothesis of Misra
et al. (1972, 1975) and Barbosa and Glover (1978d) that different pathways
may exist leading to differential synthesis of the protein fractions in the
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maize endosperm in fI, and o, as compared to starch-modifying mutants
with high lysine concentrations.

ACKNOWLEDGMENTS

This research was supported in part by a Rockefeller Foundation
Fellowship to the senior author (H.M.B.) and The Agency for International
Development under contract Purdue University AID csd/2809 and AID/ta-C-
1211, “Inheritance and Improvement of Protein Quality and Content in

t44

Maize”.

REFERENCES

Barbosa, HM. and Glover, D.V., (1978a). Isolamento e descrigdo de endos-
permas duplo-mutantes de milho (Zea mays L.) envolvendo o gene
opaco-2. Experientiae 24: 43-54.

Barbosa, HM. and Glover, D.V., (1978b). Isolamento e descri¢do fenotipica
de endospermas duplo-mutantes de milho (Zea mays L.) envolvendo o
gene farinaceo-2. Experientiae 24: 55-65.

Barbosa, HM. and Glover, D.V., (1978c). Peso de sementes e porcentagem de
germe em mutantes que afetam o endosperma do milho (Zea mays L.).
Experientiae 24.: 66-717.

Barbosa, H.M. and Glover, D.V., (1978d). Genes and gene interactions af-
fecting protein and lysine content in the endosperm of maize. Rev.
Brasil. Genet. 1:29-39.

Creech, R.G., (1965). Genetic control of carbohydrate synthesis in maize
endosperm. Genetics 52: 1175-1186.

Creech, R.G., (1968). Carbohydrate synthesis in maize. Advan. Agron. 20:
275-322.

Cromwell, G.L., Rogler, J.C., Featherstone, W.R., and Cline, T.R., (1968).
A comparison of the nutritive value of opaque-2, floury-2 and normal
corn for the chick. Poult. Sci. 47: 840-847.



240 Barbosa and Glover

Dudley, J.W., Alexander, D.E., and Lambert, R.J., (1975). Genetic improve-
ment of modified protein maize, p. 120. In: High Quality Protein Maize.
Dowden, Hutchinson, and Ross, Inc., Stroudsburg, Pa.

Glover, D.V., Crane, P.L., Misra, P.S., and Mertz, E.T., (1975). Genetics of
endosperm mutants in maize as related to protein quality and quantity,
p- 228. In: High Quality Protein Maize. Dowden, Hutchinson, and Ross,
Inc., Stroudsburg, Pa.

Harpstead, D.D., Pradilla, A., and Linares, F., (1969). Response of malnou-
rished children to diets of opaque-2, floury-2 and normal maize. Agron.
Abstr. p. 59.

Kramer, H.H., Pfahler, P.L., and Whistler, R.L., (1958). Gene interactions
in maize affecting endosperm properties. Agron. J. 50: 207-210.

Mertz, E.T., Bates, L.S., and Nelson, O.E., (1964). Mutant gene that changes
protein composition and increases lysine content of maize endosperm.
Science 145: 279-280.

Misra, P.S., Jambunathan, R., Mertz, E.T., Glover, D.V., Barbosa, HM., and

" McWhirter, K.S., (1972). Endosperm protein synthesis in maize mutants
with increased lysine content. Science 176: 1425-1427.

Misra, P.S., Mertz, E.T., and Glover, D.V., (1975). Studies on Corn Proteins.
VI. Endosperm protein changes in single and double endosperm mutants
of maize. Cereal Chem. 52: 161-166.

Nelson, O.E., Mertz, E.T., and Bates, L.S., (1956). Second mutant gene
affecting the amino acid pattern of maize endosperm proteins. Science
150: 1469-1470.

Purdue University, West Lafayette. (1974). Annual report on the inheritance
and improvement of protein quality and content in maize, U.S. Agency
for International Development/Purdue Univ. Contract csd/2809. 1973-
-1974. West Lafayette, IN. P. 122.

Sandstedt, R.M., Hites, B.D., and Schroeder, H., (1968). Genetic variations
in maize: Effects on the properties of the starches. Cereal Sci. Today 13:
82-94.

Sandstedt, R.M., Strahan, D., Ueda, S., and Abbot, R.C., (1962). The digesti-
bility of high-amylose corn starches compared to that of other starches.
The apparent effect of the ae gene on susceptibility to amylase action.
Cereal Chem. 39: 123-131.

Veron, 0.A., (1967). The determination of the protein quality of opaque-2,



Protein and Lysine in Maize 241

floury-2 opaque-2, and high protein opaque-2 maize. Ph. D. Thesis,
Purdue University. P. 75.

Villegas, E., (1975). An integral system for chemical screening of quality
protein maize, p. 330. In: High Quality Protein Maize. Dowden, Hutchin-
son and Ross, Inc., Stroudsburg, Pa.

(Received December 11, 1978)



242

Barbosa and Glover

Table I - Protein percent and yield (mg/endosperm) in defatted endosperm
of single and double mutant genotypes.

Protein
% mg/endosperm
Genotype
Double Double
Single mutant Single mutant
mutant with fl, mutant with fl,
ae 11.65 bed*Y/ 12.05b 24.02 abed 2142 a
bt, 12350 12450 21.47 bed 19.09 abc
bt, 1490 a 17.30a 1522e 12.04 d
du 10.95 bede 13.30b 26.00 ab 20.55 ab
fl, 10.90 bede 10.85b 24.06 abed 20.51 ab
fl, 11.45 bed - 23.76 abcd -
h 11.35 bed 10.90 b 28.53 a 23.08 a
0, 940e 11.25b 18.69 de 16.49 bed
sh, 11.95 be 1260 b 23.43 abcd 20.87 ab
su, 1240b 13450 19.84 cde 15.54 cd
su, 11.45 bed 12.20b 24.83 abe 22.57a
wX 10.00 de 11.60b 25.00 abe 21.94 a
Normal 11.45 bed - 2775 a -
CV.(%) 6.43 8.95 1040 9.82
Sg 0.52 0.79 1.71 135

2y Means within each column followed by the same letter do not differ at the
0.05 level according to Duncan’s Multiple-Range Test.
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Table II - Difference in protein percent and yield (mg/endosperm) among
several genotypes.

Single vs. double mutant fl, vs. double mutant
Difference Difference
Genotypes Genotypes
compared Protein Protein compared Protein Protein
percent  yield percent yield
ae -ae fl, 040 2.60 fl, -ae fl, -0.60 234
bt, -bt, fl, -0.10 2.38 fl, -bt, fl, -1.00 467"
bt, -bt, fl, 240" 3.18 fl, -bt, 1, -585% 11.72**
du -du fl, 2.35* 5.45* fl, -duv fl, -1.85 3.21
fl, -, f, 0.05 3.55 fi, -, fl, 0.60 3.25
h -h fl 045 5.45* fl,-h fl, 055 0.68
o, -0, fl, -1.85 2.20 fl, -0, fl, 0.20 7.27
sh, -sh, fl, 0.65 2.56 fl, -sh, fl, -1.15 2.89
su, -su, fl, -1.05 4.30 fl, -su, fl, -2.00* 8.22*"
sy, -su, fl, 0.75 2.26 fl, -su, fl, -0.75 1.19
wx -wx fl, -1.60 3.06 fl, - wx fl, -0.15 1.82

* and ** indicate significant differences at the 0.05 and 0.01 levels, respec-
tively, according to Least Significant Difference Test.



Table III - Lysine percent of sample, lysine yield (mg/endosperm), and lysine percent of protein in defatted endos-
perm of single and double mutant genotypes.

7}

5 :

M Lysine

g Percent of sample mg/endosperm Percent of protein

2 Genotype

3 Double Double Double

Single mutant Single mutant Single mutant
mutant with fl, mutant with fl, mutant with fl,

ae 0.273 be*d/ 0.364 b 0.561 ab 0.647 a 2.34 be 3.02ab
bt, 03190 0.360 b 0.556 ab 0.552 abe 2.58 b 2.89 ab
bt, 0461 a 0.583 a 0.471 ab 0400 c 3.09a 335a
du 0.250 bed 0.338b 0.596 ab 0.522 abc 2.27be 2.54b
fl, 0.221 cde 03120 0.490 ab 0.592 abc 2.04 cde 2.88 ab
fl, 0.261 bed - 0.543 ab - 227 be -
h 0.192¢ 0.282b 0.483 ab 0.598 abc 1.68 ¢ 2.58b
0, 03100 0.315b 0.615a 0.461 abc 33la 2.80 ab
sh, 0.265 bed 0.363 b 0.520 ab 0.601 ab 2.22 bed 2.88 ab
su, 0.278 be 03750 0.443 ab 0.434 be 2.25be 2.79 ab
su, 0.214 cde 0.297b 0.464 ab 0.557 abe 1.87 cde 2440
wX 0.170 e 0.308 b 0.425b 0.582 abc 1.71 de 2.65b
Normal 0.197 de - 0.447 ab - 1.72 de -
CV.(%) 10.84 15.81 14.47 14.97 9.62 9.89
55 0.020 0.040 0.052 0.057 0.15 0.20

T 1/ Means within each column followed by the same letter do not differ at the 0.05 level according to Duncan’s

N Multiple Range-Test.
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ACRIFLAVINE AND ETHYL
METHANESULFONATE-INDUCED MUTANTS OF
Aspergillus nidulans STRAINS WITH CHROMOSOME
DUPLICATION.

Yoko Bomura Rosato' and Jo4o Licio de Azevedo®

ABSTRACT

Two mutagenic agents, acriflavine and ethyl methanesulfonate (EMS), were
used to induce mutations by treating conidia of a haploid stable strain and an unstable
strain with a chromosome duplication and on morphological deteriorated strains derived
from it. Different types of morphological variants were obtained, EMS being more
effective than acriflavine. The production of mutants with acriflavine varied with the
strain used, chromosome duplication appearing to lead to a greater susceptibility to this
agent. Morphological variants isolated after mutagenic treatment were submitted to
genetic analysis. Four of them induced by EMS from already deteriorated strains have
shown suppression of the original determinants of deterioration in concomitance with
the appearance of new ones at new locations and behaving as single gene mutations. This
was explained either as the result of two events both induced by EMS, that is loss of the
original determinant and new genetic alteration, or by transposition of the original

! Present address: Departamento de Genética e Evolugdo, Universidade Estadual de Cam-
pinas, S P., Brasil.

? Setor de Genética de Microrganismos, Instituto de Genética, C.P. 83, 13.400 PIRACI-
CABA, S. Paulo, Brasil.
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determinant of deterioration from one region of the genome to another. Two other
variants, also induced by EMS had the determinants of morphological changes in linkage
group VIII and alleles of other determinants of deterioration spontaneously obtained
from the same duplication strain. This suggested that EMS acts by favouring or selecting
transpositions to this site of A. nidulans genome.

INTRODUCTION

The occurence of instability in strains of Arpergillus nidulans
containing chromosome duplications was first demonstrated by Bainbridge
and Roper (1966). Nga and Roper (1968, 1969) utilized strains with more
favourable genetic markers. These strains had a duplication of part of linkage
group I translocated to linkage group II, a characteristic *“‘crinkled” morpho-
logy, reduced growth rate and were also unstable. They produced sectors
showing various degrees of phenotypic improvement as well as sectors with
deteriorated morphology. The origin of improved sectors was attributed to
total or partial loss of the duplicate segment, while the deteriorated sectors
were suggested to be due to tandem duplications. An unequal crossing-over
or a crossing-over in an intrachromosomal loop may lead to the simultaneous
formation of the two classes of sectors. The deteriorated sectors were later
studied in more detail by Azevedo and Roper (1970), and their origin was
explained tentatively as new duplications arising within one or another
duplicate segment producing in this way, extra genetic material. This
provokes enhanced instability; greater stability is achieved by transposition
of all or part of this extra genetic material to another site in the non-dupli-
cated part of the genome. In fact, in almost every case the determinants of
morphological change segregated as single genes and they were designated
“determinants of deterioration™. It was also shown that instability may be
altered by adding certain drugs to the culture medium (Cooke et al., 1970;
Roper et al., 1972; Bonatelli Jr. and Azevedo, 1977; Majerfeld and Roper,
1978), as well as by genetic factors (Azevedo, 1975). However, little has
been done to verify the action of drugs or mutagens on the instability of
deteriorated variants derived from strains with chromosome duplication.

The objective of this research was to study the effect of two chemi-
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Figure 1 - Master strain E (MSE) with genetic markers in all eight linkage
groups.
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cal mutagens, acriflavine and ethyl methanesulfonate (EMS), on a strain with
chromosome duplication and also on deteriorated variants derived from this
or related strains and to observe the genetic alterations produced in mutants
with morphological characteristics differing from those of the parent strains,
.obtained after mutagenic treatment.

MATERIAL AND METHODS
Culture Media

The general techniques and culture media used were those described
by Pontecorvo et al. (1953). The minimal medium (MM) was Czapeck-Dox
with 1% glucose, and the complete medium (CM) was a complex medium
containing yeast extracts, hydrolyzed casein, yeast nucleic acids, vitamins,
etc. The solid medium contained 1.5% agar.

Strains

The Aspergillus nidulans strains, derived from Glasgow stock, were
kept in tubes with CM slopes at 5° C. The genetic markers used in this study,
and designated according to Clutterbuck (1974), were: w A3; y A2, white
and yellow conidia, respectively; ad E20, nic B8; paba A6;pro Al, pyro A4,
ribo B2, and s B3, requirements for adenine, nicotinic acid, p-aminobenzoic
acid, proline, pyridoxine, riboflavin, and sodium thiosulfate, respectively;
gal Al; fac A303, inability to grow in medium containing galactose or acetate
as the only sources of carbon, respectively; su Al ad E20, suppressor of ad
E20. Master strain E (MSE) carrying markers on all eight linkage groups
(Figure 1) was that of McCully and Forbes (1965). The strain with chromo-
some duplication was the A strain (Nga and Roper, 1968), which has a dupli-
cation of linkage group I translocated to II (Figure 2). We also used strains
V3, derived from strain B, and V8 and V9, derived from strain A, but having
deteriorated phenotypes due to the presence of the determinants of deteriora-
tion v3, v8 and v9, respectively (Azevedo and Roper, 1970). Finally, strain
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pro Al, paba A6,y A2 (a normal haploid) was also used.

Plating Methods and Incubation

Conidia were plated from suspensions prepared in 0.1% Tween 80
solution (v/v), or inoculated into CM-containing plates. Replication was done
with a 26 point nichrome wire replicator (Azevedo et al., 1976). Incubation
was carried out at 370 C, unless stated otherwise.

Treatment with Mutagens

Conidia suspensions in Tween 80 (0.1% v/v) were prepared with the
following strains: pro Al, paba A6,y A2 (normal haploid), A (with chromo-
some duplication), and V3, V8 and V9 (deteriorated strains). Acriflavine was
added to the suspension tubes at a final concentration of 12.5 ug/ml and EMS
at a final concentration of 1.33% (v/v). After a 24 hour period of incubation
at 370 C for acriflavine and 4 hour treatment at 28° C for EMS, the suspen-
sions were diluted and plated on CM. Counts were carried out after 3 days
incubation. Preliminary tests had already shown that these treatments produ-
ce about 10% survival for each mutagen. The control suspensions were proces-
sed in the same way, with no mutagens added.

Genetic Analysis

Genetic analysis was performed according to the techniques of
Pontecorvo et al. (1953). The diploids were prepared by the technique of
Roper (1952). Mitotic analysis was done by haploidization (Forbes, 1959),
using p-fluorophenylalanine (Morpurgo, 1961).
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RESULTS
Morphological Variants Obtained with Acriflavine

Different types of morphological variants were obtained by treating
the strains with acriflavine (Table I). Some variants of deteriorated strains
show improved phenotypes, i.e. more rapid growth and better conidiation
than the original strain. However, most morphological variants include light,
reduced-growth mycelial types which are easily lost in successive subcultures.
No morphological mutants were obtained from the normal pro Al, paba A6
y A2 strain. Due to the difficulty in sustaining morphological variants, only
one isolate (V3.4), derived from strain V3, was selected for further analysis.
The new isolate was designated according to the nomenclature proposed
by Azevedo and Roper (1970).

Table I - Percentage of morphological variants obtained with acriflavine and
EMS treatment (10% survival) of Aspergillus nidulans strains with
and without chromosomie duplication.

Strain Control Acriflavine EMS

pro Al,paba A6;y A2 0 0 11.43
A 0 487 24.92

V3 0 0.74 7.81

V8 10 27.34 39.33

V9 0 424 7.90

Morphological Variants Obtained with EMS

Treatment with EMS produced a higher percentage of variants
than produced by acriflavine (Table I). The V8 strain shows a higher frequen-
cy of morphological variants than any other strain, consisting mainly of
deteriorated phenotypes, but with improved characteristics when compared
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to V8. The V8 strain also spontaneously produces mutants disomic for
linkage group III with frequency (Azevedo and Roper, 1970). After treat-
ment with EMS, the following isolates were selected: N1 and N2, obtained
from strain pro Al, paba A6, y Al; V33 and V34 obtained from strain A;
V8.2 and V8.3, obtained from strain V8; V9.6 and V9.7, obtained from
strain V9.

Sector Production

The instability of the isolated mutants was verified by sector produc-
tion. No instability was detected in isolates N1 and N2. Isolates V3.4, V9.6
and V9.7 exhibited colonies with irregular edges, so that no clear sector could
be detected. Isolate V8.3 showed a frequency of 0.9 sectors/colony, while
V8.2 turned out to be quite stable; V33 and V34 showed about 0.3 sectors
per plate.

Genetic Analysis

The nine, isolates obtained after treatment with acriflavine and EMS
were submitted to genetic analysis. All nine retained the genetic markers
pro Al, paba A6 andy A2 of the original strains. Diploids were synthetized
between them and the MSE strain, and the results of haploidization showed
the genetic alterations which had.occurred. Table II shows the complete
results of mitotic analysis for two of the nine isolates (V33 and V34). Table
IIT summarizes the results for the mutants analyzed and the linkage groups
involved. Meiotic analysis was also carried out for all cases, always using
the MSE strain (Table III).

On the basis of the results of genetic analysis, the nine isolated
mutants were divided into the following groups:

a) N1 and N2, EMS-induced morphological isolates derived from the
normal haploid strain. Consequently, they are stable and have none of the
characteristics observed in typical deteriorated isolates obtained from strains
with chromosome duplication. Mitotic analysis of N1 shows association of
linkage groups IV and VIII, since all normal segregants are pyro ribo™,
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Table II - Mitotic analysis: Haploids from V33//MSE and V34//MSE.

Haploids from V33//MSE Haploids from V34//MSE

Linkage Genetic Nommal Deteriorated =~ Normal Deteriorated
Group  Markers Sectors Sectors Sectors Sectors
I pro’ paba® 11 7 19 2
pro paba 6 0 4 0
I W+ 0 * o *
w 17 * 21 *
11 gal* 7 2 23 2
gal 10 5 0 0
v pyro+ 3 16 0
pyro 11 4 7 2
\4 fact 8 4 9
fac 9 3 14
VI st 13 4 22 2
s 4 3 1 0
VIl nict 13 4 11 2
nic 4 3 12 0
ribo” 0 7 0 2
ribo 17 0 23 0

" Colour not distinguishable
** The two sectors are yellow and exhibit normal morphology, having
probably lost the duplicated segment in linkage group I All other sectors
were white (w), since sectors with duplications are. selected against in
pFA-containing media.
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Table III - Meiotic segregation and mitotic analysis of the isolated variants.

Meiotic segregation Linkage group

Variant Normal : Deteriorated Implicated by haploidization™

N1 237 :118 IV-VIII

N2 65 :62 I

V33 55:61 VIII

V34 143 : 179 VIII

V34 87 :100 I

V8.2 97 :50 VII

V8.3 104 : 97 Tor VII

V9.6 101 :83 A1

V9.7 110:193 I1-VI

* All variants, except N1 and N2, have chromosome duplication in linkage
group II, which is selectively eliminated in culture media containing p-FA.

while the morphological segregants are pyro+ ribo™, a result showing IV-VIII
translocation. Meiotic segregation (2 normal: 1 morphological) confirms
translocation. The absence of a class indicated that this translocation must
be of the non reciprocal type, as already described by Bainbridge and Roper
(1966), Ball (1967), and Clutterbuck (1970).. Thus, the altered morphology
may probably be associated with the breaking point is linkage group IV or
VIIL Genetic analysis of N2 shows that the gene responsible for the morpho-
logical phenotypic changes is located in linkage group L.

b) V33 and V34, derived from the duplicated strain A after EMS
treatment. In both cases, the determinants of deterioration (v 33 and v 34)
were located in linkage group VIII (Table II) and segregated as single genes.
A deteriorated segregant obtained by crossing V33 with the MSE strain was
in turn crossed with V34, exclusively producing segregants of the deteriorated
parental types. These data suggest allelism between v 33 and v 34. Crossing
of V33 and V34 with a strain carrying the determinant of deterioration
v 20, spontaneously obtained from strain A, as described by Azevedo and
Roper (1970), and located in linkage group VIII, also produced deteriorated
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segregants of the parental types only, a fact which leads us to include v 20,
v 33 and v 34 in a single allelic series.

¢) V3.4. This was the only analyzed isolate obtained after acriflavine
treatmente of strain V3. The determinant of deterioration for V3 (¥3) is
located in linkage group II (Azevedo and Roper, 1970). v3.4 is also located
in linkage group II, and behaves as a single gene. Crossing of V3.4 with a
meiotic segregant of V3 x MSE carrying v3, resulted in two types of
segregants with deteriorated morphology (V3.4 and V3) and absence of
normal colonies. Thus, these results indicate allelism between v3 and v3.4,
with v3.4 representing an allelic form of v3 probably induced by acriflavine.

d) V8.2, V8.3, V9.6 and V9.7, obtained from already deteriorated
strains after EMS treatment. Strain V8 (determinant of deterioration in
linkage group IV) is quite stable although producing a large number of
disomic conidia for linkage group III. However, after EMS-treatment, variants
V8.2 and V8.3 were isolated. Both isolates V8.2 and V8.3 did not show the
presence of v8 originally present in linkage group IV of V8. In V8.2 a new
determinant of deterioration was located in linkage group VII and also a
ITII-VI translocation was detected; in V8.3 there was involvement of linkage
group I or VII in the morphological changes and a 1 normal: 1 deteriorated
meiotic segregation was obtained (Table III). Finally, V9.6 and V9.7, two
variants of V9 (determinant of deterioration in linkage group III) also showed
absence of the original ¥9 marker and a new determinant of deterioration in
linkage group VII (in V9.6) which segregates as a single gene, and the involve-
ment of linkage groups III and VIin V9.7.

DISCUSSION

The effect of some drugs such as tripan-blue, caffein and coumarine
has been studied on unstable strains of 4. nidulans (Cooke et al., 1970; Parag
and Roper, 1975; Majerfeld and Roper, 1978). In these cases, and increase
in improved sectors from a strain with chromosome duplication was observed.
These improved sectors were the result of variable size deletions of the
duplicated segment; when tripan-blue or coumarine is used, there is prefer-
ential loss of the translocated segment. Other drugs, such as ethidium bromide
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(Bonatelli, Jr. and Azevedo, 1977) and oxathiin (Azevedo et al., 1977) reduce
the number of sectors. In all cases cited here, the effect of the drugs on
mitotic instability was observed by adding the drug directly to the solid
culture medium where the strain would be inoculated. In the present
research, the two mutagens were added in suspensions of nongrowing vegeta-
tive cells, which after treatment were plated in a drugless solid medium, a
method which differs considerably from that used by the other authors.

Production of morphological variants obtained with acriflavine is
considerably different according to the strain used. The only mutant analyzed
(V3.4) shows determinant of deterioration (v3.4) as an allele of v3. II-I
duplication must produce a greater susceptibility to the action of acriflavine,
since the standard haploid strain practically exhibits no morphological vari-
ants. The effect of acriflavine on A. nidulans is complex and its effective
action involves interaction of the genotype with environmental conditions
(Ball and Roper, 1966). Under the conditions used, it is difficult to distin-
guish whether the different response of the strains in the production of
morphological variants reflects different permeability or metabolic processes.
Acridins have been suggested to be acting as mutagens by inhibiting the repair
system (Dulbecco, 1964) even in some case of A. nidulans (Ball and Roper,
1966). A weak mutagenic effect has been observed for Escherichia coli
(Lerman, 1963), and even an antimutagenic action has already been de-
scribed (Magni et al., 1964). The effect of some drugs on processes of mitotic
nonconformity has been generally interpreted to be an interaction of these
with the mutagens. The results obtained in the present case by plating treated
conidia in a drugless culture medium show that the production of morpholo-
gical variants is mainly, or exclusively, induced by acriflavine action, since
the untreated conidia produce no morphological variants. Strain V8 repre-
sents an exception; however, there is a considerable increase in morphological
variants which may be attributed to the action of acriflavine. A similar line
of reasoning can be followed for EMS, adding that the action of this mutagen
is more drastic than that of acriflavine, inducing a greater frequency of mor-
phological variants. In the case of EMS, chromosome duplication does not
appear to lead to a greater susceptibility when compared to the standard
haploid strain, as was the case with acriflavine.

Genetic analysis of the mutants obtained by treating already deterio-
rated strains with EMS indicates the occurrence of a complex mutagenic
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action, i.e. suppression of the original determinants of deterioration in
concomitance with the appearance of new ones behaving as single genes
at new locations, and in some cases the occurrence of chromosome breaks.
Linkage group II seems to remain unaltered despite the replication errors
of the duplicated segment (Cooke et al., 1970; Parag and Roper, 1975).

Suppression of the original determinant of deterioration in conco-
mitance with the appearance of new factors at different locations is a phe-
nomenon which occurs spontaneously, although to a lesser extent, in
deteriorated strain. This phenomenon has been explained by transposition of
genetic elements from one region of the genome to another, which creates the
conditions for the appearance of a new phenotype (Azevedo and Roper, 1970).
A similar phenomenon occurred in our study with the morphological variants
obtained from strains V8 and V9. This explanation however, although plausible,
is more difficult to accept in the case of treatment with mutagens such as
EMS, since one could also hypothesize that alkylating agents which are
powerful mutagens for A. nidulans (Duarte, 1971), may cause new mutations
in the genome which, in turn, would lead to phenotypes with altered morpho-
logy, a fact which actually occurred in our study with the standard haploid
strain (isolates N1 and N2). The effect of these new EMS-induced mutations,
added to that of the already existing determinants of deterioration, must be
very drastic and possibly lethal or selected against during the isolation phase.
In fact, Azevedo and Roper (1970) have already demonstrated that certain
determinants of deterioration produce extremely reduced viability when
associated with others. Menezes and Azevedo (1978) have also shown that
some of them are suppressed or even spontaneously lost with relatively high
frequency. Thus, we may hypothesize that when, upon treatment with EMS
the original determinant of deterioration is lost and new genetic alterations
are observed, this may be the result of two events (EMS-induced new altera-
tions and loss or suppression of the original factors), since the occurrence
of these two events would give advantages to the colonies when they are
selected by the method used. However, we must not discard the hypothesis
that EMS acts by inducing transpositions, even at a very early phase, since
all the variants analyzed here were obtained by plating conidia and not as
sectors of duplicated strains. It should actually be pointed out that the two
mutations v33 and v34 obtained with the use of EMS from strain A were
alleles of v20, which was spontaneously obtained from the same strain. In this
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case, we may assume that EMS acts by favouring or selecting transposition to
this site in linkage group VIIL
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SEX CHROMATIN IN NORMAL NEWBORNS DURING THE
FIRST TWO WEEKS OF LIFE: ABLIND STUDY*
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ABSTRACT

X-chromatin bodies and drumstick counts were performed in 38 normal
newborns, 19 males and 19 females, on the 1st, Sth and 15th day of life. Complete
clinical and hematological examinations were conducted at the same time. In the female
newborns, X-chromatin frequencies were 4.32%, 16.18% and 10.40%, and drumstick
values were 9.96%, 7.60% and 5.65%, in the three successive counts. Variations in sex
chromatin observed between periods were statistically significant. In the male newborns,
drumsticks occurred very rarely, and X-chromatin formations were never found. No
correlation between drumstick frequencies and neutrophil counts or between X-chro-
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matin and drumstick values was statistically detected. Drumstick counts from enriched
blood smears seem to represent a reliable and quick method for determining genetic sex
in the early days of postnatal life.

INTRODUCTION

X-chromatin investigation represents an important screening method
for detecting abnormalities of sexual differentiation (Barr, 1972). In popula-
tion surveys, it has been studied in buccal smears and in amniotic cells
(Mikamo, 1968; Robinson et al. 1969). In addition, Y-chromatin can also
be studied in human interphase nuclei by fluorescence techniques (Dal-
lapiccola, 1971; Lewin and Conen, 1971; Robinson, 1971; Golob and
Wagenbichler, 1973).

Although neutrophil drumsticks are rarely used in clinical tests, their
investigation should be complementary to ordinary blood smears (Davidson
and Smith, 1954) or to concentrated blood smears (De La Chapelle, 1961).

Variations in X-chromatin frequency of female cells have been re-
ported under different circumstances: during various hormone treatments
(Taylor, 1963; Schetty et al. 1966; Dokumov and Spasov, 1968); in extensive
bumns (Weste et al., 1967); during menstrual cycles (Blanco de Del Campo and
Garcia-Ramirez, 1965; Schmidt et al., 1966; Hagy and Brodrick, 1972) and
during pregnancy (Smith et al., 1962; Wegman and Smith, 1964 ; Towsend et
al., 1970; Chiantera, 1971). Alterations in Barr body size were also related to
antibiotic use (Sohval and Casselman, 1961).

The frequency of drumsticks in normal females varies during the
menstrual cycle (Caratzali, 1963), after the administration of ACTH and
insulin (Caratzali and Phleps, 1958), with senility (Tonomura et al., 1962)
and with cachexia (De Castro, 1963). In mammals there is evidence that
X-chromatin bodies and drumsticks represent the heteropicnotic X-chromo-
some (Fraccaro et al., 1964; Bamford et al., 1964; Grimberg et al., 1966) and
the fluorescence technique applied to blood smears has made it possible
to correlate drumsticks with the number and size of Y chromosomes in
normal males (Lamborot-Manzur et al., 1972).

Low frequencies of X-chromatin in buccal smears were found in the



Sex Chromatin in Normal Newborns 265

first few days of life by Smith et al. (1962) and Taylor (1963) and were
confirmed subsequently by Frasier et al. (1964) and Wegmann and Smith
(1964). Eidenbenz (1964) and Méhes and Sulyok (1968) have also observed
low chromatin frequency in full term newborns during the first days after
birth but notin prematures. The study of Homma and Kajii (1968) has confir-
med that low sex chromatin frequencies do not occur in true prematures and
that, in small-for-date newborn infants, low X-chromatin frequencies were
seen soon after birth.

Oral and vaginal smears of normal newborn females have revealed
an increase in X-chromatin percentages from day 1 to day 4 of life, with some
stabilization thereafter (Golob, 1969). Golob et al. (1968, 1969) have indi-
cated a relationship between estrogen activity in the vagina and the frequency
of X-chromatin in thie buccal smear of female newborns. Reporting the
absence of suppression of sex chromatin in prematures during the initial
days of life, Eidenbenz (1964), Homma and Kajii (1968) and Méhes and Sulyok
(1968) have reinforced the idea that the factors which cause a decrease in
X-chromatin bodies in female newborns act at the end of gestation.

Data on drumstick variation in the neonatal period are scarce.
Kosenov and Scupin (1956), Van Harnack and Strietzel (1956) and Peiper
and Oehme (1956), have found much higher percentages of drumsticks in
female newborns than in adult women. Peiper and Oehme’s work with
fetuses has shown that the number of drumsticks tends to increase progres-
sively during gestation, reaching a peak at birth.

Resore-Quartino and Piccinini (1967) have performed time-variation
studies of Barr chromatin and drumsticks in female newborns. From day
1 to 5, X-chromatin was found in increasing and drumsticks in decreasing
frequencies. However, gestational age, Apgar rating, birth weight, clinical
conditions and medication were not considered.

The purpose of the present study was to determine the frequency
variation of X-chromatin and of drumsticks in normal newborn infants,
during the first two weeks of life. Recognition of X-chromatin abnorma-
lities can help newborn patients with genital ambiguity by earlier diagnosis.

MATERIAL AND METHODS

Thirthy-eight normal newborns, 19 males and 19 females, were
investigated. Among them, 26% were white, 71% mulattoes and 2.6% of
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mixed Indian and Negro ancestry (“cafuso”). Only full-term neonates born
after 38-42 weeks of gestation (Battaglia and Lubchenco, 1967), weighing
3000-4000 g, and with Apgar scores of 8 or more at S minutes were included
in the investigation. All subjects had normal cephalic deliveries, either spon-
taneous or assisted by low forceps. Newborns whose mothers had prolonged
deliveries of more than 12 hours or had received general anesthesia, were
excluded. Cases of early amniotic membrane rupture (Dorros et al., 1969)
were also excluded. Newborns whose mothers had infections were excluded,
as well as infants of diabetic mothers or born to mothers who received
antibiotics or hormones during the last month of pregnancy (Sohval and
Casselman, 1961; Schetty et al., 1966; Spasov and Dokumov, 1968). Weight
and length were followed longitudinally. The examination was intended to
exclude any infants with minor or major congenital malformations. Evidence
of jaundice on first examination excluded the newborn from the study. At
the second examination, only non-physiological jaundice caused exclusion.
Any pathological condition or medication, especially antibiotics, preceding
the second or third sampling resulted in exclusion. An intramuscular injection
of 1 mg of vitamin K was given to all newborns soon after birth. The samples
on the first day were obtained from 1 to 23 hours. Out of 38 newborns, 6
(2 females) received maternal milk before the first sampling.

The main anthropometric average values for the 38 newbormns on
the first day of life, classified by sex, appear in Table I. Other clinical-geneti-
cal data concerning individual hematological values, pediatric conditions,
incidence of malformations in the sibship, parental conceptions, etc., were
presented elsewhere (Gonzalez, 1972). Table II shows the hematological
average values observed among 38 healthy newborns on the first, fifth and
fifteeenth day of life, classified by sex.

Three counts of X-chromatin in bucco-mucosal cells and of drum-
sticks in polymorphonuclear neutrophils were performed for each newborn,
on the first, fifth and fifteenth day of life, when clinical examinations and
CBC were carried out.

X-chromatin studies of oral mucosa cells were done by the modified
Feulgen technique. Four buccal smears were taken at the same time from
each individual. Slides of many newborns were coded and mixed before
“blind” examination. Counts of 500 nuclei were performed during each
sampling time for each individual, by oil immersion objective. Only homo-
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geneously stained nuclei were studied, with well defined membranes, without
clumping of chromatin in not overlapping cells. Only clear chromatin
bodies approximately 1 micron in diameter and located at the periphery of
the nuclear meémbrane were counted.

Drumsticks were studied in enriched blood smears. Two cm® of
venous blood were obtained and placed in a tube with EDTA. One cm® of
the blood was centrifuged in Wintrobe tubes at 1500 r.p.m. for 15 minutes.
The supernatant was removed with a Pasteur pipette and discarded. The
fine and clear intermediary layer was removed with a second pipette. This
leucocyte “cream” was then used to make at least 4 smears. After staining
with Leishman dye, the slides were numbered. Drumstick counts were always
done with oil immersion objectives in “blind” tests after mixing together
many coded slides from several newborns with different days of life. Drum-
sticks were recorded according to the criteria of Kosenov and Scupin (1956).
For each count, 500 neutrophiles with two or more segments were examined
for the presence of drumsticks and the total number was the sum of peduncu-
lated (type A) and sessile (type B) types.

A sample of 0.5 ml of blood was used for the hemogram determina-
tion in each of the samplings. Erythrocyte and leukocyte counts were made
with an electronic Coulter counter, Model A. Two counts were made for
each blood sample and the result was expressed by their arithmetic average.
The differential leukocyte count was worked out by the usual methods.

Results concerning glucose-6-phosphate dehydrogenase activity
investigated in the newborns will be reported elsewhere (Itskan, Gonzalez
and Saldanha, 1978).

RESULTS

Table III shows the frequencies of Barr bodies in bucco-mucosal
cells and drumsticks in segmented neutrophiles among 19 healthy female
newborns, on the first, fifth and fifteenth day of life. While the percentage of
drumsticks decreases steadily in three successive counts, Barr body frequen-
cies increase rapidly up to the 5th day, but the values decrease on the 15th
day.



Hajaj Gonzalez et al.

268

$'SE-S1E EUTFL9€E 09¢-0'1¢ STTFO0IE (o) 20UBIAJWINDIL JIORIOY ],
09¢-STE 801 7 LT PE $'9¢- 0gE SOT ¥ I8¥¢ (wo) sousrsjuImdID
[eruo1g-011d1v0gy

8TS-SLY 8T FIC6Y €€S- Lo 191 7L0°0S (wo) Buary
0S6¢ - 0£0€ £0€ 7 ILES 0L8€ - 000€ L9T 7 0£be (8) 1yBrom
Jdury ERLEIN ofuey (S ¥ UBdp I9jouIRIRg

(61) sUIOqMIU JTBUISD]

(61) suroqmau ey

"X3s AQ DIIJISSBID ‘9J1[ JO ABD ISIY 9] UO ‘SUIOqMaU g¢ I0] San[eA ueaw oujawodoryiuy - [ 9[qef,



269

Sex Chromatin Normal Newborns

$6-6 000°0Z - 00t't 1 -0 §81 -L01 P9~ 6€ s8uer
€LF 16T 690°¢ ¥ 8L8°0T €TF69°0 ST 7l VoF 9% ps F W Aep yi51
09-6§ 00%'91 - 00%'9 €t ¥0 vic -¢¢l I'9- 9¢ oguer
LLF19%¢ $9S°T * L60°01 LTFETT 9T %79l SOFITS psF¥w Aep g
8L~ 61 000°€T - 00€°8 oL- 80 81C - ¥l oL~ ¥v aguer
I'8%68IS LEG'E ¥ TPO9T ITFERT 0T *V¥LI1 190% €S ps W Aep 151
$9Xas 30g
75-6 000°0Z - 00¥/'S I't- €0 §'81 -CT1 ¥o- v a8uer
€01 ¥ €8T 8LI'E ¥ €L9°01 6T0F9L0 9T F8¥I S0F L'b ps ¥ W Kep gy
65- TC 00Z°9T - 006'S LT ¥0 ¥Ic ~Tel 9- v afuel
OTTF0LE €09'C ¥ THT01 €0+ 80°1 8T ¥991 So0F I'S pszw Aep mg
8L- LT 000°€Z - 00901 0L- ST 81T -6'¥l1 L= ¥V oguel
YITF 8PS SLLEFTEL9T  STIFTIE 61 FSLI L0OF ¥S  psFw Aep 351
SUIOQMIU [BUIS,]
§S-11 000°L1 - 00Vt I'it- 20 CLI- L0 L's- 6'¢ aguer
§O0T ¥0°0¢ 620°€ ¥ ¥80°11 STOF 190 VI F6°€l Y0oF SP psyuw Aep gy
09-6 00t°91 - 0029 £€C- +0 081 - 8¢l 6'S- 9¢ oduel
LorFzee 06S‘CT¥7S6'6 ISO0F8I'1 Tl 7651 S0F 0S pszut Aep g
IL-61 00S°1T - 00€'8 0s- 80 PIC-vvl 65~ 9 ouer
Y11 +88p vLOY ¥ TSE'ST 8U'T 45T 0T 7691 Y0F IS pszuw Aep 151
SUI0QMAU S[BN
(urur
(%) serrydonnau (urur 1ad) (%) (qu 10d 3) 1od suoryur) aum
pajuawdsg motﬁoogﬁ 91Ko0[money]  UIQO[SOWdl]  91AdOIPAIY Suydureg

"xas AQ PaJIssB[o ‘91|
Jo Aep yjueslJIj pue Yy ‘IsIj Y} UO suroqmau AYifedy g¢ SUOUIE PIAIISGO SOT[BA UBIW OISOJOIBWIAY - I 2[qB]



270 Hajaj Gonzalez et al.

The frequency of X-chromatin bodies was consistently low and
drumsticks were appreciably high in females on the first day of life, as com-
pared to adult values (cf. Saldanha, 1967).

No X-chromatin bodies were found in any of the male newborns.
The number of drumsticks varied between O and 4 per 500 nuclei. In 26
counts one drumstick per 500 neutrophiles was found; in 6 counts, there
were two; in 2 counts there were three drumsticks, and in one count there
were four drumsticks. In 35 counts, there were no drumsticks. A great
number of “small drumsticks” was found in many smears from newborns
who were subsequently identified as males. They were observed with equal
frequency on the 1st, Sth and 15th day.

Variances concerning absolute distributions per 500 nuclei of Barr
bodies and drumsticks in females between the first, fifth and fifteenth day
of life were analyzed (Table IITI). The heterogeneity of distributions of
X-chromatin in each period was statistically significant (Turkey test). The
data presented in Table III seem to indicate to some extent an association
between variation in Barr bodies and drumsticks. Similarly, it is likely that
the presence of drumsticks is related to the frequency of segmental neutro-
philes (Table II).

Table V shows the linear correlation between frequencies of Barr
bodies and of drumsticks as well as between values of drumsticks and of
segmented neutrophiles in females on the first, fifth and fifteenth day of
life. The coefficient of correlation varies between 0.10 and 0.20 but the
differences are not statistically significant, probably due to the smallness
of the samples.

Table III - Mean percentages of Barr bodies in bucco-mucosal cells and of
drumsticks in segmented neutrophiles among 19 healthy female
newborns on the first, fifth and fifteenth day of life.

Barr bodies Drumsticks
Sampling time  Mean + SE Range Mean+ SE  Range
1st day 432 +1.09 08- 88 996+158 6.2-158
5th day 16.18+194 106-268 7.60+139 4.2-14.2

15th day 1040+ 1.61 64-154 565+121 38- 84
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Table V - Correlation between frequencies of Barr bodies and of drumsticks
as well as between values of drumsticks and of segmented neutro-
philes in female newborns on the first, fifth and fifteenth day of

life.
Barr bodies Drumsticks vs
Sampling time vs Drumsticks Segmented neutrophiles
r* t ™ t
1st day 0.20 0.82 0.13 0.55
5th day 0.14 0.56 0.22 0.92
15th day 0.10 0.40 0.08 0.31

*

r = coefficient of correlation based on arc sen transformation; sample size
= 19; critical (g 5y = 2.11

DISCUSSION

X-chromatin counts were consistently low in female newborns on
the first day of life. Their frequencies increased by day S but by day 15 had
decreased somewhat. The mean percentages of sex chromatin are slightly
lower than those reported in the literature. This may be due to the standar-
dization of the methods and procedures adopted. X-chromatin bodies in
newborns were observed to be often faintly colored, especially on the first
day of life. i

Smith et al. (1962), Taylor (1963), Frasier et al. (1964), Businco
and Vignetti (1964) and Rasore-Quartino and Piccinini (1967) have reported
sex chromatin variations of 4 to 22% in their studies of newborns on the
first day of life. Although different techniques and standardizations were
used, all reports, regardless of the absolute count for day 1, indicate a consis-
tent rise in the percentage of sex chromatin beginning on day 2. Highest
frequencies are reported for days 3 and 4. However, these authors did not
usually provide data for day 15. In the study presented here, day 15 data
are similar to the day 15 data reported by Ciornea et al. (1971).
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Van Harnack and Strietzel (1956), Peiper and Oehme (1956) and
Rasore-Quartino and Piccinini (1957) have found a mean percentage of drum-
sticks of about 10% on the first day of life and of 3.57% on the fifth day of
life. The value observed in the present study (9.96%) agrees with the day 1
observations of most reports, but our means for day 5 are higher (7.6%).
There are no data in the literature concerning drumsticks in normal newborns
on day 15. While the frequency of X-chromatin bodies rose by the fifth day,
the frequencies of drumsticks decreased steadily from the first to the
fifteenth day.

Total leukocyte counts vary considerably from child to child and
from day to day in each child. Full term infants have from 9000 to 30,000
leukocytes at birth, generally with a mean of 15,000 to 20,000/mm’®.
During the first few days of life there is a preponderance of polymorpho-
nuclear neutrophiles, normally 61% of the total cell count. On day 14 the
mean percentage of segmented neutrophiles is about 34% of the total cells
(Oski and Naiman, 1966).

In our investigation all of the 38 newboms had a mean percentage
of 51% polymorphonuclear neutrophiles or segmented neutrophiles on day
1; on day 5, 34%; and on day 15, 29% (Table II). Corresponding values for
19 female newborns appear also in Table II. The decrease in percentage of
segmented neutrophiles and in the total number of neutrophiles is similar
to the decrease observed in drumsticks. However, a significant positive
correlation between the values of segmented neutrophiles and the values
of the drumsticks in the three determinations could not be detected probably
because of the sample size needed for the observed coefficient values. Higher
frequencies of drumsticks are more likely to be found with higher percentages
of segmented neutrophiles.

According to some authors (Taylor, 1963; Eidenbenz, 1964), the low
frequency of sex chromatin on the first day of life could be explained by meta-
bolic processes which include electrolyte alterations due to hormonal mecha-
nisms. The same hormonal dynamics may explain the variations observed during
mentrual cycle phases or during pregnancy, and the process was confirmed
during various types of hormone treatments (Taylor, 1963; Schetty et al.,
1966; Dokumov and Spasov, 1968). On the other hand, there are some
observations of the variations of the frequency of drumsticks in normal
females during the menstrual cycle (Caratzali, 1963) and after the adminis-
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tration of ACTH and insulin (Caratzali and Phleps, 1958). The results
observed in these investigations confirm the probable role of the hormones
in the frequency of X-chromatin. To date, no explanations exist for the
high drumstick percentages found in female newborns. It is likely that the
significant variations in X-chromatin and drumstick counts for the three
periods studied have common causes, that is, variations in neonatal hormone
levels.

The findings described here confirm the data concerning low sex
chromatin percentages at birth. However, our data draw attention to the
high drumstick frequency at birth, previously not emphasized by others.
From a clinical point of view, this would aid the cytological diagnosis of sex
at birth. Frequencies of Barr chromatin as low as those observed in normal
female newborns on the first day of life might, at least in part, have led to
erroneous diagnosis or unnecessary doubts. An additional blood smear may
facilitate the diagnosis. Leukocyte concentration allows quick, easy and
precise determination of a full-term newborn’s genetic sex. Drumstick
percentages as high as those observed during the three periods of our study
leave no doubt for diagnosis, even considering the possibility of X chromo-
some mosaicism. If these measurements were supplemented with fluorescent
techniques for Y chromatin detection, few errors should occur in diagnosing
gonosomal sex constitution at birth.
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MUTAGENIC ACTION OF INTEGERRIMINE, AN ALKALOID
PRESENT IN SENEC/O BRASILIENSIS (SPRENGEL)
LESS., IN DROSOPHILA*
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ABSTRACT

The mutagenic activity of the pyrrolizidine alkaloid integerrimine, extracted
from Senecio brasiliensis Less. var. tripartitus, a very common plant in the south-central
region of Brazil, was tested on two strains of Drosophila melanogaster, Riverside,
California (RC,) and Columbia (CO,). Integerrimine concentrations of 0.0025 M,
0.005 M, and 0.01 M produced 7.59, 16.23, and 16.38% sex-linked recessive lethals in
the RC, strain, respectively, and 10.26, 9.89, and 17.14% in the CO, strain. Sex-linked
recessive lethals in ultreated controls were 0.19% for RC, and 0.28% for CO,, thus
demonstrating the mutagenic activity of integerrimine. The RC, strain was more sensi-
tive than the CO; strain to the induction of recessive lethals by integerrimine. In the
concentration range studied, the dose-effect curve was not linear.

* This research was supported by the following grants: FINEP/CNPq/PIG/04/044,
FAPERGS 19/78, and 154/78.

! Departamento de Genética, Universidade Federal do Rio Grande do Sul. Caixa Postal
1953, 90000 Porto Alegre, RS, Brasil.
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INTRODUCTION

The genus Senecio, belonging to the family Compositae, contains
pyrrolizidine alkaloids (Fig. 1) which are also known as the senecio alkaloids,
since they were first isolated from plants of this genus. Later, their presence
was demonstrated in plants of other families and genera such as Crotalaria
and Heliotropium.

There are about 128 Senecio species in Brazil (Cabrera, 1957)
which are mainly distributed in the south-central region of the country.
Senecio brasiliensis (Sprengel) Less., popularly known as “Maria Mole”
(= lazy Mary), is the most common. Although it is difficult to distinguish
between its Brazilian varieties fripartitus and brasiliensis botanically, they
can be differentiated on the basis of their alkaloid content. Both varieties
contain two alkaloids. Retrorsine, the secondary alkaloid, is common to
both. The major alkaloids, however, are different; senecionine is found in
brasiliensis and integerrimine in fripartitus (Motidome and Ferreira, 1966).

The mutagenic activity of some pyrrolidizine alkaloids was first
tested by Clark (1959, 1960) in Drosophila melanogaster by analysis of
sex-linked recessive lethals. Later, further studies were made on Drosophila
by Clark (1963), Brink (1963, 1966, 1969) and Cook and Holt (1966),
and on other organisms by Hirchinson and Hill (1960), Avanzi (1961, 1962),
Alderson and Clark (1966), Bick and Jackson (1968), Bick (1970), and
Martin et al. (1972). The mutagenicity of some of these alkaloids was
confirmed by these investigators.

MATERIAL AND METHODS

Due to the difficulties of botanical differentiation of the Senecio
brasiliensis Less. varieties, all the collections were made at the same place,
in the region called Depressfo Central do Rio Grande do Sul (an area in the
central part of the State of Rio Grande do Sul, in southern Brazil).

Alkaloids were extracted from the leaves according to the technique
of Novelli and Varela (1945) as modified by Motidome and Ferreira (1966).
After purification, they were identified on the basis of melting point and
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Figure 1 - Chemical structure of the pyrrolizidine ring.

s s
CH3—CH=(|J—CH2—CH—C'I—OH
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Figure 2 - Chemical structure of the pyrrolizidine alkaloid integerrimine.
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infrared spectrum, and by thin-layer chromatography. The identification of
the material as fripartitus was made on the basis of botanical and chemical
data.

Isolated integerrimine (Fig. 2) was dissolved in a minimal volume
of 0.IN HCl (Clark, 1963) and added to a sterile solution of 1% sucrose
at final concentrations of 0.0025 M, 0.005 M, and 0.01 M. The solution was
fed to males of two Drosophila melanogaster strains: Riverside, California
(RC,), and Columbia (CO,). The insects, all of similar age, were allowed
to feed on the solution over a period of 24 hours after 12 hours of fasting. The
induction of sex-linked recessive lethals was determined by genetic analysis
(Muller-5).

RESULTS

The alkaloids extracted from the Senecio brasiliensis Less. were
chemically identified as retrorsine and integerrimine on the basis of melting
point an infrared spectrum, and by thin-layer chromatography.

The percentages of sex-linked recessive lethals induced by 0.0025 M,
and 0.01 M integerrimine were 7.59, 16.23, and 16.38% for the RC, strain,
and 10.26, 9.89, and 17.14% for the CO, strain, respectively. The values for
the RC, and CO, strain controls were 0.28 and 0.19%, respectively (Table I).

These data show that the RC, strain was more sensitive than the
CO, strain to the induction of recessive iethals by integerrimine. The
maximum effect was obtained with 0.005M in RC, , while 0.01M was needed
to obtain the maximum effect in CO,. The data were analyzed by linear
regression and the t-test was applied to determine if the dose-response curve
was linear. The t values obtained for the RC, and CO, strains, 1.33 and 2.55,
respectively, indicate that dose-response curves were non-linear.

DISCUSSION

Taxonomic determination and alkaloid content were used to
identify the variety studied as Senecio brasiliensis Less. var. tripartitus.
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Table I - Effect of pure integerrimine extracted from Senecio brasiliensis
Less. var. tripartitus on the induction of sex-linked recessive lethals
in two Drosophila melanogaster strains.

Lethals
Strain Concentration Analyzed
M Chromosomes nr. %
RC, 1568 3 0.19
0
CO, 1820 5 0.28
RC, 158 12 7.59
0.0025
CO, 273 28 10.26
RC, 154 25 16.23
0.005
Cco, 182 18 9.89
RC, 177 29 16.38
0.01
CO, 175 30 17.14

The comparison between sex-linked recessive lethal percentages
induced by integerrimine and those of the controls demonstrated that this
alkaloid is mutagenic. The pyrrolizidine alkaloids seem to act inside the cell
through their metabolites dihydropyrrolizidine derivatives or “pyrrole deriva-
tives” (Fig. 3) - by alkilation. According to this mechanism (Fahmy and
Fahmy, 1959), DNA could be modified at phosphate groups to form semis-
table triesters, as well as at the nitrogen ring of the bases. The sex-linked
recessive lethals observed may be due to single event mutations originating
from the reaction of the alkaloids with DNA.

The fact that a linear relationship between dose of integerrimine and
induction of lethals was not observed may be due to the selective elimination
of the cells more sensitive to the mutagen due to the toxic effects of these
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agents (Fahmy and Fahmy, 1961). Indeed integerrimine satisfies the require-
ments of a toxic alkaloid suggested by Mattocks (1972).

The difference in sensitivity beyween the RC, and CO, strains to
mutations induced by X-rays, ** Co gamma radiation and alkilating agents
such as DES and EMS has been observed by other authors (Marques and
Wallace, 1971; Diehl, 1974; Rodrigues, Reguly and Marques, 1975; Andrade,
1976; Reguli and Marques, 1976). Andrade (1976) suggests that this differ-
ence in sensitivity is due to the repair mechanism in each strain and is not
specific to the mutagen.

Reguly and Marques (1976), when analyzing the action of *°Co
gamma radiation and EMS on RC, and CO, strains pretreated with caffeine,
suggested that the resistance of CO, as compared to RC, was due to a
common repair mechanism which occurs at the level of the pre-mutational
damage.
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