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Abstract

Six crosses between three naked oat (Avena sativa L.) germplasm sources from the USA and Australia and three Brazilian hulled
genotypeswere studied for the segregation of naked grain and multiflorous spikel et traitsin the F, and F; generations. One major genewith
incompl ete dominance and expressivity for both traitswasidentified in all populations. The occurrence of intermediate typesfor naked
grain varied with the population and did not depend on the germplasm source of naked grain used. The frequency of intermediate types
varied among F, populationsindicating that selection for higher expressivity of naked grain could be used to devel op Brazilian oat lineswith

naked grain.
INTRODUCTION

In southern Brazil, oat (Avena sativa L.) acreage has
increased from about 10,000 hato more than 400,000 ha
inthe past 10 years. The main reasonsfor the popularity of
oatsareitshigh nutritional valueand itsuseasacover crop
(Federizzi et al., 1995). One of the drawbacks of using oats
for feeding livestock isitsthick fibrous hull, which lowers
the energy vaue of thegrain. Moreover, thelow bulk den-
sity of the grain makesit more expensiveto transport and
storethan other cereals. Naked oats eliminate these prob-
lemsand have been used throughout theworld for non-ru-
minant feeding (Va entine, 1995).

Onemgjor dominant genein oat, N-1, hasbeen reported
to beresponsiblefor the naked graintrait (Simmonset al .,
1978). In some crosses up to three (Moule, 1972) or four
epistatic genes in oats (Jenkins and Hanson, 1976) were
found to beinvolved in control of thetrait. In all cases na
kedness appearsto beinfluenced by amgjor regulatory gene,
the expression of which can be modified according to the
genetic background withinwhichit occurs(Vaentine, 1995).
Therefore, theexpressivity of thistrait hasusualy beenre-
ported to beincomplete and greatly influenced by the envi-
ronment (Jenkinsand Hanson, 1976).

The presence of multiflorous spikel ets has been asso-
ciated with naked grain and has been used asamorphol ogi-
cal marker for selection of thistrait (Marshall and Shaner,
1992). However, normal spikelets can sometimes have na-
ked grain, so the correlation of the two traits is incom-
plete. There have been reports about theinheritance of na-
ked oat (Marshall and Shaner, 1992). However, the number
of genes present in the germplasm used in the present study
and whether they relate to the N-1 gene sources were not
reported. Wereport thefirst study of naked grain segrega-
tionin crosseswith Brazilian oat genotypes.

The objectivesof the present study wereto determine
the inheritance of naked grain in crosses between three
exotic sources of oat germplasm and Brazilian genotypes.
We also wished to evaluate the association between
multiflorous spikeletsand naked grain, and to identify the
best source of germplasm from which to develop naked
grain oat varietiesfor Southern Brazil.

MATERIAL AND METHODS

Three naked grain oat genotypesfrom the USA and
Australiaand three hulled genotypesfrom Brazil were used
inthisstudy (Tablel). Crosses were made between naked
versus hulled grain classes in the greenhouse in 1994 re-
sultingin six segregating F, populations (Tablell). F, seeds
were sown in June, 1995, in a screen house located in
Eldorado do Sul, RS (30°05' 52" south latitude, 51° 39" 38"
west longitude; elevation 46 m), to obtain the F, genera-
tion.

One hundred and fifty seeds of each F, population and
20 seedsof each parental genotypeweresowninthefieldin
1996 at the Agronomic Research Center of the Federal Uni-
versity of Rio Grande do Sul, located in Eldorado do Sul,
RS, inacompletely randomized design. Each plant wasan
experimenta unit. The plots were seeded at a rate of one
seed per 0.15minrowsspaced 0.3 mapart. Themain panicle
of each plant was harvested at maturity. Beforethreshing,
each paniclewasanalyzed for thetotal number of spikelets
and the number that was multiflorous. Individual panicles
werefurther manually threshed and the total grain number
and the number of naked grainswere recorded.

Ten seeds of each F, plant of three populationswere
planted (as above) in thefield in 1997 at the Agronomic
Research Center of the Federal University of Rio Grande
do Sul using the same seeding rate asin 1996 (TableI11).
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Tablel - Oat genotypes used, their origin, genealogy and relevant traits.

Genotypes Qrigin Genealogy Type of
Grain Spikelets

UFRGS8 Brezil Doral/3/Gemini/Cav2700/2/Sel .5872-1/X2682-1 Hulled Normal
UFRGS10 Brazil Cocker selection1217X//Cor/BCLA Hulled Normd
UFRGS831971 Brazil Unknown Hulled Normd
Paul USA C19221/Hudson//RL3038/Da/3/RPB120-73/ Naked Multiflorous

RL3038//Noble/4/02998-22/5/022557A6-

100-5/3/RL3038/Dd//Noble
1084 USA Unknown Naked Multiflorous
0X831069 Australia Unknown Naked Multiflorous

Tablell - Segregation of F, plantsfor naked grainin six oat crosses.

Crosses Number of F, plants x> Probability
_— (32
Naked®  Hulled
Paul x UFRGS881971 83 2 0415 052
Paul x UFRGS8 74 A 242 012
Paul x UFRGS10 n 21 0.231 063
10894 x UFRGS881971 6 3 0.450 050
10894 x UFRGS10 2 % 0.333 056
0OX881069x UFRGS10 50 18 0.078 0.78

#Plants that had at least one naked grain in the main panicle.

These popul ations were chosen because they were supe-
rior for important agronomic traits, having shorter plant
height and earlier maturity than the others. At maturity the
main panicle of each plant was harvested and analyzed for
thetotal grain number and the number of naked grainsas
described for the F, generation. F,sfamilieswere kept sepa-
ratefor theanalysis.

Thefrequency distribution for each F, population was
madefor type of grain and spikelet using aclassinterval of
about onefourth of the standard deviation of each popula-
tion, according to Steel and Torrie (1980). Segregation ra-
tiosweretested for goodness-of-fit to predicted segrega-

tion ratioswith achi-squaretest. The parent-offspring heri-
tability was calculated for type of grainwith theformulah?
=covariance (F;F3) / (var F, . var F3)Y2,

RESULTS AND DISCUSSION

A continuous distribution of F, plantswith aconcen-
tration of individualsin the extreme classeswas observed
in al crosses in terms of both the percentages of naked
grain and multiflorous spikelets (Figure 1). Althoughthere
was usually ahigher number of individualsthat were 100%
naked, for most crossesasignificant number of individuals
were also found that wereintheintermediate classes (10to
90% naked). The hypothesis of one dominant genefor na-
ked grain wastested considering the hulled (0%) versusthe
naked (10to 100%) class. A 3 naked:1 hulled grain segrega-
tionwas supported for al crosses(Tablell). Thisindicates
that thereisamajor gene segregatingin all populations.

Thebroad range of the naked class, which varied from
10to 100%, was probably dueto partial dominance asso-
ciated with incomplete expression of the gene for naked
grain. Thishypothesiswas supported by the observations
of the behavior of the F,; families compared to their F,
generation means (Tablelll). Although the genetic hypoth-
esisof 1:2:1 was supported with datafrom the segregation
of the F,; families, abroad range of responseswas observed

Tablelll - Segregation of F, families and parent-offspring heritability (h?) for naked grain in three oat crosses.

Crosses Classes® No.of F,  Average of F, 1 Probability ~ h?
families F, plants (121
Range® Average

Paul x UFRGS8 N 2 0 - 0 064 0.72 D
| 45 782 122-985 611 - -
H 18 100 - 100 - -

10894 x UFRGS881971 N 18 0 - 0 527 007 8
| 5 60.1 0.66-96.8 503 - -
H 15 100 - 100 - -

10894 x UFRGS10 N 13 0 - 0 583 005 &
| L 738 0.30-98.3 521 - -
H 10 100 - 100 - -

Classes of F, families, where N = naked, | = intermediate, H = hulled. "Range of F, family means.



Genetics of naked grain oats

for the intermediate classes, which for the UFRGS10 x
10894 crossvaried from 0.3 to 98.3% of naked grain fam-
ily means. Partial dominance alone could not account for
this variation because we would expect three distinct
classes. Moreover, some of the F,;lines derived from F,
plants without naked grain segregated for thistrait. This
occurred at a higher frequency for the populations from
crosses with the 10894 naked grain source. In the case of
the cross 10894 x UFRGS881971, 18 out of the 87 F,;
lineswere 0% naked, based on the average of all plants of
each line(Tablelll), while 23 out of 88 F, plantswere 0%
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naked (the differencefrom 87 to 88 was dueto loss of one
line because of germination problemsin 1997). Therefore,
five F, plantsthat were 0% naked originated morethan one
Fs plant that had some naked grains. Apparently thereare
other genes with smaller effects that are segregating not
only inthese, but probably in all populations. It isalso pos-
siblethat the environment i nfluenced the expression of the
naked grainin these populations. Even though the parental
Brazilian genotypeshad 100% hulled grain, thegrain taken
from the bottom of the panicle of the naked parentsdid not
alwaysthresh asexpected.

10894 x UFRGS881971

10894 x UFRGSI10

0X881069x UFRGS10

iﬂiumiﬁ

0 0 0 IV 40 L €O MO O D 10

% of naked grain (CJ) and multiflorous spikel ets ()

Figure 1 - Frequency distribution of F, oat plants for grain (open bars) and spikelet (closed bars) typesin six crosses between three
naked (Paul, 0X 881069 and 10894) and three hulled (UFRGS8, UFRGS10 and UFRGS881971) genotypes.
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TablelV - Segregation of F, plantsfor spikelet type
and correlation between multiflorous spikelets and naked grain in six oat crosses.

Crosses Number of F, plants® 1 Probability r
(31
Multiflorous Normal
10894x UFRGS381971 67 ) 101 031 0.83*
Paul x UFRGS881971 8 2 049 048 0.88*
10894 x UFRGSI0 ) 162 021 0.75*
Paul x UFRGS8 8l 3 006 082 0.67*
0OX88069x UFRGSI10 50 19 02 064 0.85*
Paul x UFRGS10 % kS 750 001 0.58*

aPlantsthat had at |east one multiflorous spikelet in the main panicle. * Significant at 5% level.

Our results are in agreement with those of Moule
(1972), whoidentified oneincomplete dominant gene mo-
dified by secondary genesfor naked grain. However, con-
trary tothefindings of Moule (1972), we suggest that these
modifier genes may act independently of the mgjor gene.
We speculate that these modifier genes may influence the
degree of lemmallignification. Consequently, even hulled
genotypeswithlesslignified lemmamay thresh quiteeasily.

The parent-offspring heritability was high for all
crosses but was not 100%, aswould be expected for cases
of partial dominancewithincompleteexpresson (Tablelll).
Heritability values were smaller for the two populations
involving crosses with the 10894 naked grain source, re-
flecting the broader range of F.,.; family means observed
for these populations (Tablel1l).

The segregation observed for the multiflorous spike-
let trait wassimilar totheonedescribed for naked grain (Table
IV, Figure 1), confirming what would be expected for two
pleotropically inherited characters (Jenkins and Hanson,
1976). However, the correl ation between naked grain and
multiflorous spikelet varied from 0.58 to 0.88 (Table 1V).
The correlation was not equal to one because inside the
paniclenormal spikel etswith naked grain were common. On
the other hand, paniclesthat had naked grain also had at least
one multiflorous spikel et, indi cating that the presence of this
type of spikelet may be an easy way to select for plantswith
the major gene for naked grain. However, selection for a
higher degree of naked grain expression should bedirect and
not through the expression of multiflorous spikelets.

Apparently the higher frequency of intermediatetypes
for naked grain is not a consequence of the source of the
germplasm (Figure 1), rather it depends on both the naked
and the hulled genotypesinvolved in the cross. Thus, the
Paul x UFRGS10 population (Figure 1) would be one of
the easiest to select for in the F, generation becauseit had
thelowest frequency of intermediate typesfor naked grain.
Whether the germplasm sourcesused in thisstudy all have
the same or different genesfor naked grain remainsto be
determined through the analysi s of segregating populations
from crosses among them.

Although naked grain seemsto bean easy trait totrans-
fer to oat Brazilian germplasm, high selection pressurefor

expressivity should be used in order to develop linesthat
may be competitive asvarieties. Using thisstrategy wehave
been ableto sdlect advanced oat lines, whichweareentering
inadvancedtrials. Theselineshavethe potentia to become
thefirst legitimate Brazilian naked grain oat varieties.
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RESUMO

A herancados caracteresgréo sem cascaaderidaacariopse
eespiguetasmultiflorasfoi estudadaatravésdaandise dasgeragtes
F2 e F; de seis cruzamentos entre trés fontes de germoplasma
nudados EUA e Austrdiaetrés gendtiposbrasileiroscom gréo
com casca. Um gene com dominanciaeexpressividadeincompletas
foi identificado em todas as popul ages paraambos os caracteres.
A freqiiénciade plantas F» com expresséo intermedi&riaparao
caréter gréos nudos variou de uma populagdo para outra e ndo
dependeu apenas dafonte de nudautilizada. Selecéo paramaior
expressividade do cardter gréos nudos deve ser feitaparao desen-
volvimento delinhagenshbrasileirascom gréo néo aderido acariopse.
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