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Summary. This paper presents the method of estimation of genetic parameters
associated with additive gene action, domination and non-allelic interaction on the basis
of double haploid lines and F; and F, hybrids. Theoretical considerations were illustrated
by an example concerning the 1000-kernel weight in barley.

Basic genetic information in studies concerning the inheritance of quantitative
traits may be obtained on the basis of estimates of genetic parameters associated
with some effects of gene action. The so-far methods of estimation of genetic para-
meters dealing with additive gene action, domination and non-allelic interaction
were based on the analysis of variation of F,, F,, Fy, B;, B, hybrids.

This paper presents a new method of estimation of genetic parameters using
-doubled haploid lines and F, and F, hybrids.

ESTIMATION OF GENETIC PARAMETERS m, [d], [%]

Four types of doubled haploid lines — AABB, AAbb, aa BB and aabb may be
obtained from F; hybrids (4AaBb) as a result of crossing two homozygous forms
P, and P, differing by two pairs of genes A-a and B-b and by applying afterwards
the double haploid methods. The ratio of the frequency of particular lines corres-
ponds to that of the respective gametes produced by the F; hybrid and amounts
to 1:1:1: 1. The expected phenotypic values of the lines presented as functions
of genetic parameters are given in Table 1 (Fo-metric). As seen from the table,
the phenotypic values of doubled haploid lines are functions of the mean m and
parameters associated with additive gene action d and with homozygote X homo-
zygote interaction 1. |

The expected mean phenotypic value for a set of lines covering all recombina-
tion types (compare Table 1) is equal to:

Liy=m. (1)

1 Received for publication: June 1983. This work was performed under subject B.U.7.
2 First author: Dr.; second: Dr.; third: Dr. Present address: ul. Strzeszyriska 30-36, 60-479

Poznan, Poland.
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Table 1. Expected phenotypic values of
doubled haploid lines in the case of segre-
“ gation of two genes

Double.d haploid Frequency | Phenotypic value
lines
AABB » 3 m+ds+do+tav
AAbb 3 m~+da—dp—1tap
aaBB 1 m—da+do—iad
aabb 1 m—da— b+ tap

Each set of doubled haploid lines has a line distinguishing by a maximal and minimal.
expression of a given trait (lines A4BB and aabb). As seen from Table 1, the ex--
pected phenotypic values for the line L, with the maximal value of a trait and for-

the line L, with the minimal value of the trait are equal to:
Ef=m+da+db+iab,
—, | (2)
’ Li=m—ds—dp+iap.

Generalizing the discussed phenotypic values of the lines in the case of segregation.
of two pairs of genes for any number of gene pairs, the above formulas (2) will be::

Li=m-[d]+[],
Li=m—[d]+[3].

Having the expected values of the lines Ly, L, and L,, one can find estimators.
of the parameters m,[d], [¢]. They are as follows:

(3)

T,
[d]=% (L,—Ly), (4)
[31=% (Ly+Ly)—Lnm.
ESTIMATION OF THE PARAMETERS m, [d], [2]), [1], [I]

Having only doubled haploid lines it is possible to find estimates of the [d}
and [-] parameters. The both parameters are important in the studies of genetic
transgression, since they concern effects of action and interaction of homozygous
genes. If we want to obtain information about effects of domination ([7] parameter)’/
and heterozygote X heterozygote interaction ([I] parameter), it is necessary to lay
out an experiment, which beside doubled haploid lines would also contain F; and
F, plants. Estimates of the parameters m, [d], [%], [¢] and [I] may be obtained in a way
similar to that described in Kaczmarek, Surma and Adamski (1982). The
expected values of means of F; and F, generations are equal to (Mather and
Jinks 1971):

Fi=m+[h]+[1],

_, (5)
Fi=m+} 14300
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Knowing the expected means for doubled haploid lines and F, and F, hybrids,
it is possible to find estimators of the parameters m, [d], [2], [¢], [!] solving the
equation:

b=Ag, (6)
where

b':[.—L—m, El’ [_/2, Fl’ F2]’>
is a vector of values of experimental means,

g=[m, [d], [~], [<], (I])’

is a vector of the corresponding genetic parameters, whereas

1 0 0 0 o
1 1 0 1 0
A=|1—1 0 1 0
1 0 1 o0 1
1 0 3 o 1

is the matrix of the coefficients of these parameters.

As a result of equation (6) the following estimators of the parameters are
obtained:

m:Em )
[d]=} (L,—L,),
[h]=4F,—F,—3Ln (7)

[11=% (Ly+Lo)—Lm,
[1]=2F,—4F, 2L, .

The above theoretical considerations are true when the following conditions
are fulfilled: homozygosity of the parental forms, diploid segregation, no linkage.
In addition to that, it is assumed that a set of doubled haploid lines represents all
the types of gametes produced by F; hybrids and that the probability of obtaining
individual lines is similar.

TESTING OF HYPOTHESES

The significance of particular parameters may be tested by the ¢ statistic, which
is a ratio of a parameter estimate and standard error corresponding to it. The
roots of variance of individual parameters estimated in the following way are
taken as standard errors: |

Vm: VZ,,. ’
Vig=2 (VL. +VL),
Viy=9Vi.+VF +16 V7, , (8)

V[,;]: Vim—l-‘}: (VZ, ‘I‘ VZ-) ’
V[l]=4VZm+4VF’1+16 VI«” :
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where Vi, Vi., Vi., VF,, VF, are estimates of variance of the means of doubled
haploid lines and F, and F, generations obtained in the experiment.

Using the above estimates of the parameter variance, one can test the hypo-
theses:

Hy : [d] =0, of no effects of additive gene action,

Hp,:[k] =0, ofno domination effects,

Hy;:[i] =0, of no homozygote X homozygote interaction effects;
Hy - [ =0, of no heterozygote X heterozygote interaction effects.
EXAMPLE

\

Determination of estimates of genetic parameters described in this paper is
illustrated by an example from studies conducted on doubled haploid lines of barley
at the Institute of Plant Genetics, Polish Academy of Sciences in Poznan. Diha-
ploid lines were obtained by bulbos method (Kasha and Kao 1970; Adamski
1979).

The experiment containing 43 lines derived from F, hybrids of the cross Emir
X Himalaya, as well as F, and F, hybrids was laid out at a completely random
block design. Traits of the grain yield structure were studied. In the example, data
concerning the 1000-kernel weight were used. Means and variances of means for
the doubled haploid lines L, and Ly, i.e. lines with the highest and lowest 1000-kernel
weight, as well as the mean and variances of the mean for the whole set of L, lines

Table 2. Means and mean variances of the
1000-kernel weight for doubled haploid
lines and F, and F, hybrids of barley

daixtes a?nd hyb- Mean Variance of mean
rids
L, 51.84 0.317
L, 30.82 0.355
Lm 42.93 0.249
F, 53.85 0.205
T ] 4040 0.305

are presented in Table 2. This table contains also means and mean variances for
F, and F, hybrids. Using data from Table 2, we can find estimates of the genetic
" parameters m, [d], [k], [¢], [{] and their standard errors. They are equal to:

m=42.9340.50,
[d]=10.514-0.41,
[h]=—21.04+2.71,
[7]=—1.60-10.65,
[1]=31.961-1.29.
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DISCUSSION

As mentioned before, having only doubled haploid lines, oné obtains estimates.
of the parameters [d] and [¢] and, therefore, information about effects of additive
gene action and about homozygote X homozygote interaction effects.

In the discussed example effects of additive gene action and homo Xhomo
interaction appeared to be significant. The significant parameter {¢] indicates that
non-allelic interaction occurs in the studied set of doubled haploid lines. This infor-
mation is of fundamental importance regarding the use of these lines for further
genetic studies.

~ Estimates of the parameters [d] and [¢] may be sufficient with respect to genetic
analysis of doubled haploid lines, however, they do not give a full answer to the
question concerning the inheritance of the considered trait in the studied cross.
This fact is particularly important in the case of studies on the occurrence of hetero-
sis. In this respect it is necessary to conduct observations of hybrids of ¥, and F,
generations. In the case of using the method of double haploids, hybrids of these
generations constitute an integral part of the process of obtaining doubled haploid
lines, and for that reason their incorporation in the experiment does not make di-
fficulties.

In the presented example the joint analysis of lines and F; and F, generations
permitted to obtain, beside estimates of the parameters [d] and [¢], also estimates.
of [A] and [I]. Estimates of the both parameters associated with domination effects.
appeared to be significant, attention is being drawn by their relatively high abso-
lute values in comparison with the mean m and the value of the parameter concer-
ning additive gene action [d]. These results show that the effect of heterosis in the
1000-kernel weight, which was found in earlier studies (Surma 1978), was caused
by domination and interaction between loci in a heterozygous state.
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WYKORZYST ANIE LINII AUTODIPLOIDALNYCH DO WYZNACZANIA OCEN
PARAMETROW GENETYCZNYCH

Streszczenie

‘W pracy przedstawiono metody estymacji parametréw genetycznych, zwigzanych z addy -
tywnym dzialaniem genéw, dominacjg i niealleliczng interakeja, na podstawie linii autodiplo-
idalnych oraz mieszaticéw pokolenia F, i F,. Rozwazania teoretyczne zostaly zilustrowane
przykladem dotyczgcym masy 1000 ziarn u jeczmienia.

TICITOJIL3OBAHUE VIBOEHHBIX I'AIIJIOMIHBIX JIWUHWUM JJ1s ONPEAEJIEHUS OEHOK
ITEHETUYECKUNX ITAPAMETPOB

Pe3omMe

B HacTosmme#i paGoTe MNpPEACTaBIEH METOH ONpPEAC/ICHHMS ICHETHYECKHX IapaMeTpOB, CBA3AHHBIX
aiITABHBIM ACHCTBHEM I€HOB, JOMHUHANUEH B HEAUICIMYECKAM B3aMMOACHCTBAEM HA OCHOBAHAH Y ABOCH=
BIX TAIUIOWIHBIX JIMHAN M THOpAOB IoKoseHus F; B F,. TeopeTuieckue pacCy X ACHAS WLTIOCTPAPYIOTCH
pHEMEPOM OTHOCHTENIbHO Macchl 1000 3epeH y sSYMEHS.



