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ABSTRACT

Sixty-three tissue culture-derived progenies (R1) and 53 progenies from the original population (O1) of
Stylosanthes guianensis were assessed for six traits of interest for pasture. An increase of 50.7%, 102.2% and
61.9% in the genetic variability was observed, respectively, for the traits basal area (BA), basal diameter (BD)
and plant vigor (PV) in the regenerated population. A decrease in the genetic variability of 45.5% for fresh
matter yield (FMY) and 32.9% for dry matter yield (DMY) was noted in the regenerated populations, while
no difference was found for main stem height (MSH). Except for MSH, the means of all traits in the
regenerated population were lower than those in the original population. Thus, the expected means of R(psr)
population were lower than those of control (lso) for the traits FMY (uso = 306.37 and psr = 248.76 g/plant)

and DMY (uso = 72.12 and Wsr = 61.61 g/plant).

INTRODUCTION

The genus Stylosanthes (Leguminosae) is native
to the tropical and subtropical regions of the American
continent. Some species from Africa and Asia also
occur. The center of genetic diversity is located in Brazil,
where extensive morphological variation exists. The
genus Stylosanthes is considered one of the most
important sources of natural tropical pastures,

including S. guianensis (Aubl) Sw., a perennial and -

self-pollinating species, which is adapted to acid and
low fertility soils. S. guianensis has been widely used in
Australia, where a large number of accessions
potentially useful for forage were introduced (Williams
et al., 1984; Edye and Cameron, 1984).

Tissue culture techniques and genetic manipu-
lation methodologies have been indicated to com-
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plement some Stylosanthes breeding programs. Several
studies reported the regeneration of Stylosanthes plants
from leaf, hypocotyl and cotyledon explants (Meijer and
Szabados, 1990), and also from protoplasts (Meijer and
Steinbiss, 1983; Szabados and Roca, 1986; Vieira et al.,
1990). Regeneration occurs by organogenesis with shoot
development on the surface of the calli. The genus
Stylosanthes may be considered, among leguminous
plants, as a model for in vitro regeneration. Under the
hormone treatment, the morphological responses, in
terms of callus development and shoot and root forma-
tion, depend on the part of the plant from which the
explanted material was obtained. Dornelas et al. (1992)
also found morphological differences between
Stylosanthes scabra Vog. callus cultures obtained from
cotyledonary explants. As for many legumes, the
response depends on which type and concentration of
auxin was used to supplement the culture medium.
Stylosanthes species represent clear examples of how
manipulation of chemical and physical environments,
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and genetic factors, can influence the reorganization of
cells in culture.

Tissue culture techniques have great potential
for generating somaclonal variation (Larkin and
Scowcroft, 1981; Evans et al., 1984; Sree Ramulu et al.,
1986; van den Bulk et al., 1990). Several authors suggest
that the mechanisms involved in the process of
variability generation are related to chromosomal
abnormalities, activation of transposable elements,
DNA methylation and point mutation (Lee and Phillips,
1988; Peschke and Phillips, 1992). However, the genetic
basis of somaclonal variation has not yet been
completely determined.

Most of the regenerants reported in the
literature have been assessed for qualitative traits
(Barwale and Widholm, 1987; Freytag et al., 1989;
Linacero and Vazquez, 1993), cytological alterations
(Karp and Maddock, 1984; Lee and Phillips, 1987a,b)
and biochemical modifications (Shenoy and Vasil, 1992;
Amberger et al., 1992). Studies related to the assessment
of quantitative traits have been limited to the
comparison of averages between the regenerated
population and the control (Ryan et al., 1987; Lee et al.,
1988; Adkins et al., 1990; Mohmand and Nabors, 1990;
Dahleen et al., 1991; Stephens et al., 1991, Hawbaker et
al., 1993), or estimates of phenotypic variance (Godwin
etal., 1987; Jackson and Dale, 1989; Dale and McPartlan,
1992). However, very few studies on somaclonal
variation assessment based on genetic parameters have
been reported (Liu and Chen, 1978; Baenziger et al.,
1989). The objective of this study was to evaluate the
genetic variability of quantitative traits in progenies
derived from original and regenerated populations of
S. guianensis, in order to verify whether tissue culture is
capable of generating a higher genetic variance than
that of the original population.

MATERIAL AND METHODS

S. guianensis (Aubl.) Sw. seeds cv IRI 1022
provided by the IRI Institute of Research, Brazil, were
scarified in sulfuric acid for 2 min and then sterilized in
70% (v/v) ethanol for 40 sec and in 2% (v/v) NaOCl
solution for 8 min. After washing three times in
sterilized water, seeds were germinated in half-strength
MS medium (Murashige and Skoog, 1962), containing
0.9% (w/v) agar and 1.5% (w/v) sucrose, under 16 h
light regime (30 pEm2s1), at 27 + 2°C. Hypo-
cotyledonary and leaf tissues were excised at 10 and 30
days, respectively, from in vitro germinated seedlings,
and placed on MS medium supplemented with 2.0
mg.I"l BAP (6-benzyl amino purine) for hypocotyls and

0.4 mg.I'! BAP + 0.1 mg.I'l NAA (1-naphthalene acetic
acid) for leaves. Shoot regeneration occurred after 30
and 60 days, with a short callus phase in cultures
derived from hypocotyledonary and leaf explants,
respectively. Shoots were isolated and transferred to the
same basal medium containing 0.2 mg.I'l IBA (indole-
3-butyric acid) to promote root formation.

The R, population (first regenerants) was made
up of 133 regenerated plants, that were kept in
greenhouse conditions along with a population of 100
plants obtained from seeds (O, generation). Progenies
were produced from seeds of individual plants
collected after two flowering cycles, in both
populations. Seeds of each progeny were sown in
plastic pots containing a mixture of soil, sand and
manure. The progenies R; and O, were evaluated in two
randomized complete block experiments, with three
replications at Piracicaba, SP, in 1994. Plots were 1.6-m
rows, spaced 1.0 m apart with 0.4 m within rows, and
with four plants per plot. In one experiment, 33 R;
progenies and 26 O, progenies were assessed, while in
a second experiment 30 R; progenies and 27 O,
progenies were evaluated. Progenies were randomly
assigned in the field experiments.

The following traits were recorded: main stem
height (MSH, in cm), basal diameter (BD, in m), basal
area (BA = (BD2/4)r, in m?), plant vigor (PV, evaluated
on a scale of 1 = poor vigor to 10 = good plant vigor),
fresh matter yield (FMY, in g/plant) and dry matter
yield (DMY, in g/plant).

Individual variance and covariance analysis
were performed, and pooled into a single analysis for
all traits by using Proc ANOVA from SAS program
(SAS Institute Inc., 1988). The following genetic and
phenotypic parameters were estimated by
manipulating the mean squares as follows: genetic
variance of progenies [6 = MSg - MSe)/r], phenotypic
variance at the mean progeny level [c}, = MSg/r],
heritability coefficients [h?% = (c%/ 6%, )100], expected
response to selection RS =i (03 /0p,) and RS% =
(RS/X)100. In these expressions, MSg and MSe are the
mean squares of the progenies and the experimental
error of the joint analysis, r is the number of replications,
and i = 1.755 is the standardized selection differential
for a 10% intensity of selection. The expected selected
populations means were both obtained by the
expressions U, = U, + RS, for the original and pu . =,
+ RS, for the regenerated population, where p, and u,
stand for the general means of the original and
regenerated populations, respectively. Estimates of
genetic [ry ) = COVy(, 11/ Og-Og(y)] and phenotypic
[*Ph(xy) = COVPh(xy)/ Og(x)-Og(y)] correlations for both
populations were obtained from the covariance analysis
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between traits, resulting in COVg = (MPg -MP,)/r and
COVpy, = (MPg)/r, where MP; and MP, refer to the
mean products of progenies and experimental error,
respectively (Falconer, 1989).

RESULTS AND DISCUSSION

Acclimation conditions, the 50% plant survival
rate in greenhouse conditions and variable reproduc-
tion rates, which included seed bareness of some Ro
plants, resulted in a reduction in the number of regen-
erated progenies from 133 to 63. Similarly, the original
progenies were reduced to 53.

The analysis of variance (not shown) detected
genetic variability for all the traits. The contrasts among
O; and R; progenies were highly significant (P < 0.01)

for all the traits, except for MSH (Table I). The averages
for BA, BD, PV, FMY and DMY in the original (uo) and
regenerated populations (ur) differed significantly (P <
0.01). The regenerated population showed a lower
range of variation than the original one for all traits,
although the range of variation for MSH and PV were
similar. The experimental coefficients of variation were
within the acceptable values for these traits, in this
species (Table I).

There were increases in the genetic variabilities
in the regenerated populations for BA, BD and PV as
compared to those recorded, for the same characters, in
the original populations (Table II). Therefore, h2% and
RS% also increased in the regenerated population.
However, the means of these traits in the regenerated
population were lower than those of the original
population. For the yield traits FMY and DMY,

Table I - Means, ranges and coefficients of variation (CV%) for the traits: main stem height (MSH), basal area (BA),
basal diameter (BD), plant vigor (PV), fresh matter yield (FMY) and dry matter yield (DMY), for the regenerated

and original populations.

Populations
Original Regenerated
Traits CV%
Means Ranges Means® Ranges
MSH (cm) 43.14 £ 3.42 29.17 - 61.08 42.37 + 342 ns 26.72 - 54.50 13.88
BA (m?) 0.31 +0.05 0.15-0.45 0.26 + 0.05** 0.08 - 0.44 29.87
BD (m) 0.61 + 0.05 0.43-0.74 0.54 + 0.05** 0.30-0.73 15.48
PV (1-10) 6.19 +0.52 517-7.92 5.87 + 0.52** 4.08 - 7.41 14.87
FMY (g/plant) 228.57 +49.09 106.76 - 112.61 199.29 + 49.09** 67.62 - 403.60 39.98
DMY (g/plant) 54.26 +12.07 24.32 - 100.45 48.35 + 12.07** 15.24 - 86.49 40.96

a: ns - Non-significant; **P < 0.01, referring to the significance of the mean squares of the joint analysis of variance

(F test) contrasting regenerated versus original progenies.

Table II - Estimates of genetic (o'é) and phenotypic (0'12>h) variances, heritability (hz%) and responses to selection
(RS%) for all traits in the original and regenerated populations.

Populations

Traits Original Regenerated

‘o2 o2, h%%  RS%® o? o, h2% RS%"
MSH 28.56 40.29 70.89 18.30 27.22 38.94 69.89 18.07
BAP 3.04 5.38 56.55 23.72 4.58 6.92 66.24 37.47
BDP 3.07 5.69 53.97 11.77 6.20 8.82 70.33 21.34
PV 0.20 0.46 42.53 8.22 0.32 0.59 54.45 12.45
EMY 3370.63  5780.82 58.31 34.04 1836.88 4247.07 43.25 24.82
DMY 185.13 330.88 55.95 32.92 124.15 269.90 46.00 27.43

Selection intensity = 10%; bcé and G%h values are multiplied by 10° for both populations.
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reduction in the genetic variability, heritability
coefficients, and responses to selection values in the
regenerated plants were also lower than those of the
original population. The reductions in genetic
variability were 45.5% and 32.9% for FMY and DMY
traits, respectively. However, for the MSH trait these
parameters were quite similar for the O; and R;
populations (Table II).

The estimates of the genetic (rgO and rgr) and
phenotypic (*ppo and IPhe) COrrelation between traits in
both population types were positive and high. The
genetic correlations apparently did not differ between
the populations, except for MSH x BA and MSH x BD,
which showed lower genetic correlation values for Oy
population comparated to the R; population (Table III).
We found that high values of ry and rpy, for this species
were reported by Pontes et al. (1983), involving all
combinations among the traits BD, BA, FMY and DMY.
However, lower genetic (r, = 0.172) and phenotypic (rpy,
= 0.322) correlation values were detected between the
traits MSH x DMY (Barros, 1978).

The expected means of the original and regen-
erated selected populations were similar (uy, and pg,)
for the MSH, BA, BD and PV traits, whereas for the yield
traits, FMY and DMY, tissue culture seems to have had
an adverse effect, reducing the expected means of the
regenerated selected population, for both fresh and dry
matter yield traits (Table IV).

Table III - Estimates of the genetic (rg) and phenotypic (rph)
correlations involving all traits for the original (upper) and
regenerated population (lower diagonal).

Genetic correlations

MSH BA BD PV FMY DMY
MSH - 0.35 0.38 0.90 0.48 0.52
BA 0.66 - 1.00 0.80 0.93 0.95
BD 0.72 0.99 - 0.81 0.94 0.94
PV 0.85 0.70 0.78 - 0.99 1.01
FMY 0.66 0.86 0.86 0.85 - 0.99-
DMY 0.70 0.93 0.93 0.84 0.99 -

* Phenotypic correlations

MSH BA BD PV FMY DMY
MSH - 0.41 043 0.73 0.50 0.52
BA 0.62 - 0.99 0.72 0.85 0.86
BD 0.66 0.98 - 0.74 0.84 0.85
PV 0.73 0.68 0.74 - 0.81 0.83
FMY 0.59 0.78 0.77 0.74 - 0.98
DMY 0.62 0.83 0.82 0.76 0.98 -

Table IV - Expected means of the selected original and regenerated
populations for the traits MSH, BA, BD, PV, FMY and DMY.

Improved populations®

Traits
Original Regenerated

MSH (cm) 51.04 50.02
BA (m?) 0.38 0.36
BD (m) 0.68 0.66
PV (scale) 6.70 6.60
FMY (g/plant) 306.37 248.76
DMY (g/plant) 72.12 61.61

®Selection intensity = 10%.

These results indicated that the methodology
used for S. guianensis plant regeneration increased the
genetic variability in 50% of the traits assessed (BA, BD
and PV), reduced the variability for the traits of FMY
and DMY, and did not significantly alter the MSH trait.
The data indicate a significant reduction in the mean of
the regenerated population for all the traits, except
MSH. Godwin et al. (1987, 1990) reported significant
reduction in the means of the DMY trait in 33.7% and
9.5% of the R, progenies of S. guianensis and S. scabra
and none R, progeny means were superior to the
control; however, 12.5% of R, progeny means of S.
hamata had greater and 2.5% had lower yields than the
parental controls.

The majority of studies on plant yield have
shown an adverse effect of the somaclonal variation,
with a reduction in the mean of regenerated wheat
(Baenziger et al., 1989; Mohmand and Nabors, 1990),
potato (Dale and McPartlan, 1992), maize (Lee et al.,
1988) and oat (Dahleen et al., 1991) populations.
However, Stephens et al. (1991) did not find differences
in yield among regenerated and control lines of
soybean, while Hawbaker et al. (1993) observed a
bi-directional variation for all traits studied, with
increase and decrease in soybean yield for different
cultivars. Beneficial alterations were observed for
maturity in maize (Lee et al., 1988), sorghum (Bhaskaran
et al., 1987) and flooding tolerance in rice (Adkins et al.,
1990). Dale and McParthan (1992) reported a significant
reduction in the means of plant height, tuber weight,
tuber number, large tuber weight and large tuber
number per plant in regenerated potato plants.

Variation among regenerated and original
plants was also found in Lolium (Jackson and Dale,
1989), Stylosanthes (Godwin et al., 1987) and sugar cane
(Liu and Chen, 1978). In the latter, genetic variability for
several traits related to sugar cane production was
estimated and only one clone showed a mean
significantly higher in relation to the control. Baenziger
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et al. (1989) reported genetic variance for di-haploid
lines (DHLs) derived from wheat cultivars. The DHLs
had a lower grain yield, but showed higher genetic
variance than the control.

S. guianensis plant regeneration caused a sig-
nificant reduction in the mean of all the traits except
MSH, an increase in the genetic variability for BA, BD
and PV, and a decrease for FMY and DMY. Comparing
the expected means of the populations after selection,
there is a similarity among the means for MSH, BA, BD
and PV. However, the means of the regenerated popu-
lation were 18.81% and 14.57% lower, for the traits FMY
and DMY, respectively, indicating that tissue culture
was not able to generate an increase in genetic variabil-
ity great enough to be used in breeding programs.

The experiments were conducted in just one
year and location due to the low amount of seeds pro-
duced per plant. Therefore, the estimates of genetic
parameters could be biased by genotype X location and
genotype X year interactions, though these interactions
are expected to influence O1 and R1 populations simi-
larly.

Modifications in the culture conditions (callus
phase, hormone concentrations) can increase the level
of somaclonal variation. There are also indications in
the literature of a genetic component influencing the
type and magnitude of the induced variation, resulting
in a higher degree of variability for certain wheat culti-
vars (Ryan et al., 1987; Mohmand and Nabors, 1990).
Thus, alterations in the methodology in the process of
Stylosanthes plant regeneration may generate high lev-
els of genetic variability, which may justify its use in
breeding programs. New studies need to be carried out
to identify cultivars more responsive to genetic altera-
tions and to detect the main in vitro factors responsible
for the increase of genetic variance in regenerated popu-
lations. These studies will allow us to make a better
decision in future somaclone generation and use.
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RESUMO

Sessenta e trés progénies derivadas da cultura de
tecidos (R1) e 53 derivadas da populagio original (O1) de

Stylosanthes guianensis (Leguminosae) foram avaliadas para
seis caracteres de interesse forrageiro. Verificou-se um
aumento na variabilidade genética da populagao original de
50,7,102,2 e 61,6% para os caracteres drea basal (BA), didmetro
basal (BD) e vigor de planta (PV), respectivamente. J4 para os
caracteres produgao de matéria verde (FMY) e produgéo de
matéria seca (DMY), ocorreu um decréscimo na variabilidade
genética da populagdo regenerada de 455 e 32,9%,
respectivamente. Para o cardter comprimento da haste
principal (MSH), néo verificou-se diferenca. Para todos os
caracteres avaliados, com exce¢ao de MSH, a média da
populagdo regenerada foi inferior a média da populagio
original. Para os caracteres de produgao, as médias esperadas
da populagio regenerada melhorada foram inferiores (FMY
= 248,76 e DMY = 61,61 g/planta) em relagdo as médias
esperadas da populagdo controle (FMY = 306,37 e DMY =
72,12 g/planta).
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