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ABSTRACT - Understanding the genetic control of phenotypic traitsis essential to increase the efficiency of selection for
adapted, high-yielding genotypes. The purpose of this study was to determine the genetic control of nine traits of hexaploid
oat. Phenotypic data were collected from a population of 162 recombinant lines derived fromthe cross ‘ UFRGS17 x UFRGS
930598-6'. For thetraits plant growth habit, hairs on leaf edges and panicle type, monogenic genetic control was observed.
A quantitative and/or polygenic genetic control was stated for the traits panicle weight, panicle length, vegetative cycle, plant
height, test weight and grainyield. High heritability was estimated for the traits vegetative cycle (h?= 0.89) and plant height
(h2 = 0.79), while moder ate heritability was determined for test weight (h? = 0.51) and grainyield (h? = 0.48).

Keywords: heritability, grainyield, plant height, quantitativetraits.

INTRODUCTION

Oat isanimportant cereal grownin different regions
of the world. Cultivation is most widespread and
concentrated in temperate and humid climate zones in
North Americaand Europe (Murphy and Hoffman 1992). In
Latin America, Brazil isamajor producer of oat, whereitis
grown in the winter and plays an important role in grain
production in crop rotation, such as soybeans. Most
cultivated varieties of oat belong to Avena sativa L., an
allohexaploid species, with 2n = 6x = 42 chromosomes,
originated from the aggregation of three ancestral diploid
genomesAA, CC, DD (Rineset a. 2006).

The development of modern farming practices,
optimization of natural resources and the selection of
superior genotypes with desirable agronomic traits have

increased cereal yieldsin recent decades. Theincreasein
oat grain yield asaresult of genetic improvement ranged
from zero to 0.8 % per year, depending on the site and the
genotypes for the different evaluation periods (Holland
1997). Many economically important traits in recently
released oat cultivars have been improved, e.g., greater
lodging resistance, higher harvest index and lower seed
coat content. However, the genetic gainsin oat are lower
than for other cereal species such as wheat and barley,
which can be attributed to the presence of undesirable
traits in elite germplasm, such as disease susceptibility
(Stuthman 1995).

A better understanding of the genetic control related
to the phenotypic variation in morpho-physiological and
qualitative-quantitativetraitsis seen asafundamental step
in breeding programs. Thisallowsan improved efficiency
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in the selection of well-adapted genotypeswith high yield
potential. Several studiesinvestigated the genetic control
of important oat traits, such as partial leaf rust resistance
(Martinelli et al. 2009), photoperiod sensitivity and flowering
(Locatelli et a. 2008), toleranceto duminumtoxicity (Oliveira
et a. 2005, Navaet a . 2006), morphology of primary grain
(Cabral et a. 2001), plant height (Mariot et al. 1999), and
panicletype (Bertagnolli and Federizzi 1994).

Although the expression of some phenotypic traits
in oat is controlled by one or afew loci of strong effect,
most traits of economicimportance are complex, multigenic
and measured on aquantitative scale. Our objectiveswere
to determine the genetic control of nine oat traits and
estimate the heritability coefficient for thetraits vegetative
cycle, plant height, test weight and grain yield in a
population of recombinant lines of hexaploid oat.

MATERIAL AND METHODS

Themain mechanism of genetic control of ninetraits
in cultivated oat (Avena sativa L.) was analyzed in this
study. Genetic analysis of a population of recombinant
lines derived from crosses between the parental lines
‘UFRGS 17 and‘ UFRGS930598-6' wasperformedandnine
phenotypic traits were evaluated (Table 1). The parenta
linesUFRGS 17 and UFRGS 930598-6 were crossed in 1998.
The population of recombinant lines was developed by
themodified SSD method (Single Seed Descent), inwhich
apanicle instead of one seed per plant was harvested. So
from all F, plants a panicle was removed which after
threshing the grain was sown in single-hill plots in the
following year in the F; generation. One panicle was
randomly collected from each single-hill plot which was
threshed and sown in single-hill plots in generation F,.
And so forth, until the F5 generation, where each panicle
resulted in two paired 2-m rows that were bulk-harvested
to form the recombinant lines used in this study.

Phenotypic datawere collected in experimentsat the
agronomic experimental station (EEA) of the Federal
University of Rio Grandedo Sul (UFRGS), inthegrowing
seasons of 2003 and 2004. The EEA islocated in Eldorado
do Sul, RS(lat 30°05' 27" S, long 51°40" 18" W and mean
altitude 46 m adl). The soil of the EEA was classified asa
sandy clay loam Acrisol (Paleudult) (Embrapa 1999).

A population of 162 recombinant lines in the Fs.;
generation was analyzed for the traits plant growth habit,
hairs on leaf edges and panicletype, weight and length, in
the 2003 growing season. These traits are some of the oat
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Table 1. Morphological description of the parental lines UFRGS
17 and UFRGS 930598-6 for nine traits in the growing seasons of
2003 and 2004

Trait UFRGS 17 UFRGS 930598-6
Growth habit Intermediate (5)  Semi-prostrate (7)
Hairs on leaf edges Present (1) Absent (0)
Panicle type Compact (2) Loose (1)
Panicle weight (g) 39+0.86 2.8+0.72
Panicle length (cm) 19.2 +1.80 20.1+£1.40
Vegetative cycle (days) 107 £2.20 112 £1.05
Plant height (cm) 105 £3.90 96 £ 4.60
Test weight (g) 57.3+1.02 56.2+£0.72
Grain yield (kg ha™) 5.114 £ 281.10 4.293 £326.20

+ standard deviation (positive or negative) from the mean of the metric
traits evaluated in the parental lines UFRGS 17 and UFRGS 930598-6.

descriptors used in the protection of plant varieties by the
Servico Nacional de Protec&o de Cultivares. Recombinant
linesand parental lineswere planted intwo 2 mlong rows,
spaced 0.2 m apart, without replications. Row spacing
between different lineswas 0.4 m, sown at adensity of 300
seeds per m2.

The trait plant growth habit was evaluated 45 days
after emergence: semi-upright or semi-vertical (score 3),
intermediate (score 5), semi-prostrate (score 7) and
prostrate habit (score 9). Thetrait hairson leaf edgeswas
assessed when plants had six fully expanded |eaves, by
visual observation of absence (score0) or presence (score 1)
of hairs along the leaf edges. The trait panicle type was
evaluated at physiological plant maturity, differentiated
in loose panicle (score 1) and compact panicle (score 2).
Panicleweight was determined by weighing 10 individual
panicles collected randomly from each plot. The same
panicleswere assessed separately from theinsertion point
of thefirst node to the apex, to determine panicle length.

For the experiment of the 2004 growing season, the
same recombinant lines described above were evaluated
for vegetative cycle, plant height, test weight, and grain
yield. Each linewas sown mechanically infive 3-mrows,
spaced 0.2m apart, at aplanting density of 300 seedsm' and
evaluated in a complete block design with three
replications. The growing cycle was measured by the
number of days from sowing to flowering at stge 55" on
Zadoks growth scale (Zadoks et al. 1974). Height was
measuredin 10 plantsafter physiologica maturity. Test weight
was measured as the mass of kernels (awns clipped) that
occupy avolume of 250 mL, converted to the mass of a
volumeof 100 liters. Thegrainyield was composed by the
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total volume harvested from each plot and converted to
kg hal.

From the phenotypic data, genetic hypotheses
regarding the number of genesinvolved in controlling the
traitsof plant growth habit, hairson leaf edgesand panicle
type were formulated. The expected frequency for each
trait was estimated from recombinant lines in the Fs.;
generation, which had a low frequency of heterozygous
loci. Lines segregating for the trait under study were not
considered in genetic analysis. The deviations between
the observed and expected frequenciesfor each trait were
compared by the Chi-square (y?) test.

For traitswith continuous phenotypic variation, such
as panicle weight, panicle length, vegetative cycle, plant
height, test weight and yield, genetic analysis was based
on the frequency distribution of the mean value of each
line for the trait under study. The definition of the class
interval and the number of classes were determined
according to Steel and Torrie (1980).

The data were tested by analysis of variance, using
the Ftest a 1% probability. From themean-square expectation
E(MS) the components of total phenotypic variance (VP)
were partitioned in genetic variance (V G) and environmental
variance (VE). Thus, the heritability coefficient (h?) was
estimated for the traits vegetative cycle, plant height, test
weight, and grainyield. Heritability estimateswere based
on themean of recombinant lines evaluated at onelocation
with threereplications(r), according to themodel described
by Vencovsky (1973).

RESULTSAND DISCUSSION

The use of recombinant lines obtained by the SSD
method for genetic analysis may be biased in the case of

selection or the loss of a significant number of plants
over generations. This was not the case in this study
since in the number of plants lost from F, to F5 was
not significant. Genetic analysis of thetrait growth habit
in oat was performed in apopul ation of 158 recombinant
lines. The growth habit of the parental lines UFRGS
17 and UFRGS 930598-6 was intermediate (5) and
semi-prostrate (7), respectively (Table 1). In 22 of the
lines evaluated, the growth habit was semi-upright (3),
in 52 intermediate (5), in 60 semi-prostrate (7) and in
24 prostrate (9) (Table 2). The results showed that the
growth habit of 72 % of the tested lines was similar to
the parental lines (5 and 7), and that 28% exhibited a
recombinant phenotype (3 and 9). The expected
frequency for each phenotypic class was estimated
based on the recombination frequency. Thus, it is
expected that the growth habit of 14% of the linesis
semi-upright (3), 36% intermediate (5), 36% semi-
prostrate (7) and 14% prostrate (9). From the observed
and expected frequencies for plant growth habit in oat,
the genetic hypothesis of two linked genes was tested.
Thechi-square test (2= 0.6584, P=0.8829) demonstrated
that the difference between the observed and expected
frequencieswasnot significant, supporting the hypothesis
of two linked genes (Table 2). The results showed that
the frequency of the parental lines represented in this
model by the genotypes AAbb (UFRGS 17) and aaBB
(UFRGS 930598-6) was higher than of the recombinant
genotypes AABB and aabb, with the distribution typical
of linked genes (Table 2). The upright or semi-vertical
growth habit (AABB) has been incorporated in most
commercially released modern oat cultivars. In general,
the plant growth habit is upright or semi-vertical and

Table 2. Chi-square test (x?) of the observed and expected phenotypic ratios in the model of two linked genes involved in the genetic

control of growth habit trait in hexaploid oats

Growth habit

Lines Semi-vertical Intermediate Semi-prostate Prostrate (9) Sum
(3) AABB (5) AAbb (7) aaBB aabb

UFRGS 17 100%
UFRGS 930598 100%
Observed proportion (RILsa) 22 52 60 24 158
Expected proportion (RILs") 22 57 57 22 158
Gamete frequency (%) 14 36 36 14 100
Chi-square test 0.6584b

2RILs = Recombinant Lines; ® Calculated probability of x%=0.8829.
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low height allowsthe band application of higher N doses
without lodging and consequently higher grain yield
(Kolchinski and Schuch 2003).

For the trait hairs on leaf edges, the phenotype of
the parental linesUFRGS 17 and UFRGS 930598-6 ishairy
(1) and non-hairy (0), respectively (Table 1). The 160
recombinant lineswere evaluated, of which 135 lineswere
hairy (1) and 20 lines non-hairy (0) along the leaf edges
(Table3). Based onthisclassification, the genetic hypothesis
of three genes controlling the trait was established. With
three genes involved, a segregation ratio of 7:1 between
the recombinant lineswould be expected. The Chi-square
test (2= 1.4286, P =0.2320) demonstrated that the difference
between the observed and expected frequencies was not
significant and the genetic hypothesis was accepted
(Table 3). If thedifference between the parental genotypes
isthreeloci, eight different genotypes can be obtained in
the recombinant linesfor thetrait hairson leaf edges. The
ratio of 7:1 indicates that only the recessive genotype for
thethreeloci (e.g. aabbcc) isnon-hairy. The presence of a
dominant allele at any of the three loci makes the hairs
appear on the leaf edges. Sincethetrait isrecessive, once
anon-hairy plant in any segregating generation isidentified
and selected, it will no longer segregate and the trait will
befixed.

Theparental linesUFRGS 17 and UFRGS 930598-6
have compact (2) and loose panicles (1), respectively
(Table 1). The trait panicle type was determined in a
population of 158 lines, of which 84 lineshad loose (1) and
74 lines compact panicles (2) (Table4). With just onegene
involved, a segregation ratio of 1:1 (loose: compact)
between the homozygous lines was expected. The Chi-
square test (y2 = 0.6328, P = 0.4263) indicated that one
geneisinvolved in thetrait control of panicletypein oat

Table 3. Chi-square test (%2 of the observed and expected
phenotypic ratios in the model of three genes involved in genetic
control of the trait hairs on leaf edges in hexaploid oat

(Table4). One major gene controlling thistrait and related
to the gene responsible for height reduction in oat was
shown by Federizzi and Qual set (1989) and Bertagnoli and
Federizzi (1994). However, no linkage between the genes
responsible for compact panicle and short plant height
was observed in this study, since the parental lines
UFRGS17 and UFRGS 930598-6 represent recombinant
plants. Thus, the population of lines developed from this
cross segregated independently for the trait panicle
type. The occurrence of recombinant plants with the
phenotypes loose panicles/short stature and compact
panicle/high stature was also observed by Marshall and
Murphy (1981) and Federizzi and Qual set (1989).

Thetrait control of growth habit, hairson leaf edges
and panicle type were monogenic or oligogenic; oneor a
few independent or linked genes are responsible for their
expression. The genetic control of these traits allows the
selection of plants with the desired phenotype within
populationsor segregating familiesfromF,onwards Moreover,
thesetraitsareimportant for the experiments of distinctness,
uniformity and stability - DUS, underlying the application
for cultivar protection by the Servico Nacional de Protecéo
de Cultivares (SNPC) of the Ministério daAgricultura.

In contrast to the traits described above, where the
studied lineswere grouped in few clearly distinguishable
classeswith Mendelian segregation proportions, thetraits
panicle weight, panicle length, vegetative cycle, plant
height, test weight and grain yield varied continuously in
a large number of intermediate and also recombinant
classes, better and worse than the parental genotypes
(Figure 1). Small phenotypic differences were observed
between lines withanearly normd frequency distribution. The
results of thisstudy show afrequency distribution pattern
of quantitative and possibly polygenic genetic control, in

Table 4. Chi-square test (%2 of the observed and expected
phenotypic ratios in the model of one gene involved in the genetic
control of the trait panicle type in hexaploid oat

Hairs on leaf edges Panicle

Lines Present (1)  Absent (0) Sum Lines Loose (1) Compact(2) Sum
7¢ 1° aa AA

UFRGS 17 100% UFRGS 17
UFRGS 930598-6 100% UFRGS 930598-6 100% 100%
Observed proportion (RILs") 135 25 160 Observed proportion (RILs") 84 74 158
Expected proportion (RILs") 140 20 160 Expected proportion (RILs") 79 79 158
Chi-square test 1.4286° Chi-square test 0.6328"

2RILs = Recombinant Lines; ® Calculated probability of ¢ = 0.2320.
“Genotypes of each class : 7 (AAbbcc, aaBBcc, aabbCC, AABBcc, AAbbCC,
aaBBCC, AABBCC): 1 aabbcc.
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Figure 1. Frequency distribution of six morphometric traits assessed in an oat population of recombinant lines derived from cross UFRGS 17
x UFRGS 930598-6.

which a |arge number of genes with small effect on the Table 5. Andysis of variance, partitioning of total phenotypic variance
henot s be i lved. Th Its also sh in genetic and environmental components and heritability estimates

phenotype mu € Invoivea. €S€ TESUILS SO SNOW 46 four traits of hexaploid oat

that the system to obtain recombinant lines used in

thi_s study effectively maintained the variability for most igg;iiiigiv(:)rlatlon (flf) 131/[ ssr Gg(ivlgsc:%
trats. Genotype (g) (g-1) MSg o3 +10%
Variance analysis also indicated significant Error (e) (g-1) (r-1) Mse A
differences between the recombinant lines for the traits Variable MS F test (genotype) CV (%)
vegetative cycle, plant height, test weight, and grainyield ~ Plant height 320.08 12.09%* 5.13
(Table 5). The phenotypic variation observed can be Zeg.etat?vfdcyde g 63651'4113 g 236'7539:: 1160537
attributed to genetic differences between the lines T;:tn\lvzlieght 2066 4.00%+ 4.90
(inheritable component) and environmental differences Variable VG VE h?
(non-inheritable component). High heritability wasestimated Plant height 97.87 26.48 0.79
for the traits vegetative cycle (h2= 0.89) and plant height ~ Vegetative cycle 11.27 1.32 0.89
(h?=0.79), whilemoderate heritability wasestimated for 2" }e/zlieglhdt 2IS 2l o

. . o S 5
thetraitstest wei ght (h _ 0:51) and granyl eld (h - 0'48) ** significant at 1% probability; E(MS) = mean square expectation; VG =
(Table5). Theseresultsindicated that for vegetativecycle  genetic variance; VE = environmental variance; h?= mean heritability.
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Controle genético de caracteres agronémicos em uma
populacao de linhagens recombinantes de aveia

RESUM O - O entendimento do controle genético de caracter es fenotipicos € fundamental para aumentar a eficiéncia de selegéo de
genoti pos adaptados e com elevado potencial de rendimento. Os objetivos deste trabalho foram determinar o controle genético de
nove car acteres de aveia hexapl 6i de. Observagoes fenotipicas foram col etadas em uma populagdo de 162 linhagens recombinantes
derivadas do cruzamento ‘ UFRGSL7 x UFRGS 930598-6'. Os caracteres habito de crescimento vegetativo, pilosidade na borda
dasfolhasetipo de panicula, apresentam control e genético monogénico. Control e genético quantitativo e/ou poligénico foi determinado
para os car acteres peso de panicula, comprimento de panicul a, ciclo vegetativo, estatura de plantas, peso do hectolitro e rendimento
de gréos. Alta herdabilidade foi estimada para os caracteresciclo vegetativo (h2= 0,89) e estatura de plantas (h?= 0,79), enquanto
que herdabilidade moderada foi determinada para os caracteres peso do hectolitro (h?2= 0,51) e rendimento de gréos (h2= 0,48).

Palavr as-chave: herdabilidade, rendimento de gréos, estatura de planta, caracteres quantitativos.

and plant height, a greater proportion of phenotypic
variation can be attributed to genetic variation, while test
weight and yield are more influenced by environmental
variation. Although heritability isan intrinsic measure of
thetrait and valuesvary in different populations, locations
and years, this estimate is very useful in breeding, for
indicating the response that can be expected in artificia
selection (Carvalho et al. 2002). Moreover, environmental
variation is partially controllable, since breeders can
minimize environmental effectsonthetrait expression and
decrease the genotype - environment interaction in the
selection of superior plants. Greater uniformity among
replications and experimental units decreases the
experimental error and allowsaclearer isolation of genetic
from environmental effects, increasing the expected genetic
gain dueto higher selection efficiency.
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