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RELATIONSHIP BETWEEN INBREEDING COEFFICIENT
AND CLONAL SELECTION IN
A POTATO CULTIVAR DEVELOPMENT PROGRAM

F. Loiselle!, GC.C. Tai?, B.R. Christie3, and T.R. Tarn?

Abstract

It is often assumed that the inbreeding status of progenies influences
artificial selection. A study of the influence of the inbreeding coefficient
of potato genotypes on the selection intensity in a potato cultivar develop-
ment program was conducted. The inbreeding coefficient for the genotypes
of 105 crosses investigated ranged from 0 to 0.11 and averaged 0.022. No
significant relationship was found between the inbreeding coefficient and
the proportion of genotypes saved at the single-hill, four-hill, ten-hill and
hundred-hill stage of selection. The inbreeding coefficient was of little use
in predicting a prior: the selection pattern of a cross in a multitrait type of
breeding program.

Compendio

Se asume con frecuencia que la condicién de endocria de las proge-
nies influencia la seleccién artificial. Se condujo un estudio de la influen-
cia del coeficiente de endocria de genotipos de papa sobre la intensidad
de seleccién en un programa de desarrollo de cultivares de papa. El coefi-
ciente de endocria para los genotipos de 105 cruzamientos investigados varid
de 020,11 y promedi6 0,022. No se encontré una relacién significativa entre
el coeficiente de endocrio y la producién de genotipos retenidos durante
las etapas de seleccién con una, cuatro, diez y cien matas. El coeficiente
de endocria fue de escaso valor para predicir a priori el modelo de seleccién
de unb cruzamiento en un programa de mejoramiento del tipo de carac-
teristicas muiitiples.
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Introduction

The inbreeding coefficient is sometimes used in breeding programs
to estimate genetic similarity or hybrid vigor where its reduced cost is an
advantage over agronomic and molecular marker measures of similarity
(13). The inbreeding coefficient (I) was first defined by Wright (16) as the
correlation between uniting gametes. Malécot (8) further defined the term
as the probability for two alleles at a single locus to be identical by descent.
Various mathematical estimates of coancestry have been used to estimate
genetic similarity, heterozygosity, heterosis or its corollary, inbreeding
depression.

For polyploid, clonally propagated crops, it has been claimed that high
inbreeding coefficients in the progenies should be avoided (9, 18) and that
a large gene pool should be used (4). Linear or curvilinear responses have
been observed between vigor related traits and inbreeding coefficients (1,
2, 3, 7, 10). Since inbreeding depression supposedly influences artificial
selection (3), an accurate prediction of inbreeding depression with the use
of F could have important practical applications in planning crosses in potato
breeding programs.

Selection practiced in cultivar development is based on many charac-
teristics. The purpose of this study was to determine if this multitrait selec-
tion, at four clonal generations in a potato cultivar development program,
was influenced by the inbreeding coefficient of the genotypes.

Materials and Methods

A wide range of potato genotypes were grown and selected at the Ben-
ton Ridge Potato Breeding Substation of the Agriculture Canada Research
Station, Fredericton, New Brunswick, between 1975 and 1988. Genotypes
were successively planted in single-hill (SH), four-hill (FH), ten-hill (TH)
and hundred-hill (HH) single row plots and selected for various agronomic
traits (appearance, quality, yield, maturity etc.) (14). The number of geno-
types planted and selected were recorded every year and entered in a com-
puterized selection data base (15). Entries were chosen from this data base
so that genotypes from each of the full-sib families were planted in at least
two different years. This reduced biases caused by the influence of combi-
nations of genotypes, years and selectors. The number of single hills planted
per cross ranged from 214 to 5570 with an average of 1604. The propor-
tion of genotypes selected was recorded for each of the four stages (SH,
FH, TH and HH) and for the four-year selection period (SH-HH). Among
the parents used in these crosses, 19 were named cultivars, 39 were advanced
clones from the Agriculture Canada Research Station, Fredericton, breeding
program and 12 were advanced clones from other breeding programs.

The inbreeding coefficients (F) were calculated with an “APLY program,
developed by the senior author for an autotetraploid mode of inheritance.
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The pedigree data base program at the Fredericton Research Station served
as the source of data for calculating inbreeding coefficients. The computer
program runs on a personal computer with custom data entry, can handle
many generations of information and can be used to calculate inbreeding
and parentage (relationship, coancestry) coefficients for autotetraploid spe-
cies (This program will be supplied by the authors upon receipt of an empty
5%" diskette).

The formula for the calculation of F is adapted from Wright (17) and
is the following:

Fx = 1/6(Fy +Fz + 4 Ryz)

where: Fx is the inbreeding coefficient of the genotypes of the full-sib fam-
ily; Fy and Fyz are the inbreeding coefficients of the parents.

and

Ryz = {(U/4! * n2 + 1[143F4]}.
where Ry7z is the relationship coefficient between the parents obtained by
summation of the preceding formula over the paths of relationship for all
common ancestors (Fa). The terms nl and n2 are the number of genera-
tions separating parents Y and Z from the common ancestor. Up to seven
generations of pedigree data were used for calculation of the coefficients.
The coefficient of simple determination (r?) was computed between
F and the proportion of genotypes selected over all four breeding stages
(SH-HH). The coefficient of multiple determination (R?) was computed
between F and the proportion of genotypes selected at the SH, FH, TH
and HH stages. A cluster analysis called FASTCLUST (12) was performed
on the proportions of genotypes selected at the four stages of selection to
assist in grouping the crosses into five patterns of selection (clusters). In-
breeding coefficients were averaged for each cluster. A canonical dis-
criminant analysis called CANDISC (12) was also performed, based on the
groups separated previously, to identify discrimination factors among
clusters.

Results and Discussion

Correlations (Table 1) indicate no significant relationships between
inbreeding coefficients and the proportion of genotypes selected at any of
the four stages. There were no significant correlations between the num-
ber of selections within full-sib families at one stage and the number at an-
other stage, excepted between SH and HH. Tai ¢t al. (15) obtained similar
results. This can be due to several factors. One is the large influence of non-
heritable variation of potato clones in visual selection of early breeding
generations (14). Another is the changing emphasis on different traits as
the four-year selection process progresses, which results in no significant
correlations between selections at succeeding stages (15). Breeder’s prefer-
ence can also introduce biases (11).
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TABLE 1. — Mean and standard deviation for the inbreeding coeffurent (F) and
Jor the proportion of genotypes selected at the single-tall (SH), four-hill (FH),
ten-hill (TH), and hundred-hill (HH) stages, and correlations between them.

Standard Correlations
Variable Mean deviation F SH FH TH HH
F 0.022 0.023 1.00
SH 0.160 0.051 0.07 1.00
FH 0.176 0.065 -0.10 0.04 1.00
TH 0.228 0.107 0.12 -0.07 0.04 1.00
HH 0.403 0.246 -0.07 0.20* 0.09 0.06 1.00

*Significant at the 0.05 level of significance with 103 degrees of freedom.

When simple and multiple determination coefficients were comput-
ed, again, no relationships were significant between the inbreeding coeffi-
cient of genotypes and the number selected from the full-sib families. This
was true for both the global proportion of selection (selected hundred hills
divided by planted single hills) (r?= 0.004) and the combined individual
proportions of selection (SH, FH, TH, HH) (R?= 0.039).

With cluster analysis five clusters were separated containing 6, 19, 56,
2, and 22 crosses in them. Canonical discriminant analysis showed that in
decreasing order of importance the hundred-hill, ten-hill, four-hill and
single-hill stages discriminated the most among the clusters formed. The
average inbreeding coefficients obtained for each of the clusters were 0.010,
0.021, 0.023, 0.017, 0.025 and the standard deviations were 0.015, 0.020,
0.020, 0.024 and 0.032, respectively. The relatively large size of the stan-
dard deviation of F values for each cluster indicates that no pattern of selec-
tion was associated with a distinct inbreeding coefficient.

These results suggest that valid predictions of the proportion of geno-
types that will be selected from a cross cannot be made from calculated in-
breeding coefficients. This finding relates specifically to the parental com-
binations and types of selection conducted by the Potato Breeding Group
of the Agriculture Canada Research Station, Fredericton. However, most
major potato cultivar development programs are conducted in a manner
similar to this Canadian program. Unless drastically different procedures
are used, it is felt that the use of the inbreeding coefficient will have limit-
ed application for this specific purpose.

There are several possible explanations for the lack of relationships
between inbreeding coefficients and proportion of genotypes selected. An-
cestors used to calculate inbreeding coefficients were themselves strongly
selected, which creates a bias in estimation of inbreeding coefficients (6).
There is no biometrical way to estimate this bias but it is possible that the
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inbreeding coefficient may be overestimated by not taking into account selec-
tion pressure towards heterozygous and vigorous genotypes used as par-
ents. On the other hand, the assumption that the oldest ancestors are un-
related probably underestimates the inbreeding coefficient values.

Secondly, the level of inbreeding of the crosses in this Canadian breed-
ing program (an average of 0.022) is probably not high enough to play an
important role. The distribution of F values are strongly skewed toward
very low values of inbreeding (Figure 1). The genotypes of only a few crosses
had F values in the 0.10 to 0.12 range. Glendinning (5) also reported low
levels of relationships in European material. Few of the recently released
cultivars in Europe possessed relationship coefficients higher than 0.125 (full
sibs), if one assumed no relationship between the old ancestors. In gener-
al, when a positive relationship between inbreeding coefficients and the per-
formance of genotypes has been found, the inbreeding levels reported were
of a greater magnitude than the ones calculated here (6). In sweet potato,
an autohexaploid crop, Yoshida (18) reported that inbreeding depressions
were not detected when F values were less than about 0.15.

A third reason why negligible relationships have been observed be-
tween F values and the proportion of genotypes selected could be the mul-
titrait type of selection used in potato. It can be postulated that plant vigor
occupies only a small portion of the decisional weight. Tai and Young (14)
pointed out that selection in the first clonal generation primarily retains
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FIG. 1. Distribution of the inbreeding coefficient for the number of crosses studied.
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genotypes of a “commercial” type. The selection emphasis is placed on good
tuber size and a high marketable yield and not on late maturing, vigorous
plants. Therefore, it is unlikely inbreeding coefficients would be a good in-
dicator of commercial value of a cross.

Based on the low levels of coancestry found in this study, we suggest
no special effort be put on calculation of F values to screen a prior: for high
retention percentage of genotypes within full-sib families. Nevertheless, in
a study conducted recently on potato (manuscript in preparation), F val-
ues in the 0.10-0.15 range were shown to be associated with lower yields.
Thus, the absence of relationship between F values and hybrid vigor should
not be completely overlooked in a potato breeding program.
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