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ABSTRACT

An application of DNA fingerprints (DFP) for gene introgression in breeding programs of both
farm animals and plants is proposed. DFP loci, detectable by minisatellite probes, are extremely
polymorphic. Individuals have unique patterns of DFP and thus can be selected for maximal genomic
similarity to the recipient line, and minimal similarity to the donor line, using their DFP patterns as
the criterion for similarity. This genomic selection (GS) can be performed at generations BC,, BC; or
both, and thus significantly reduce the required number of backcross generations in introgression
breeding programs. The association between genomic and DFP similarity is demonstrated. Theoretical
distributions and variances of the relative percentages of the donor and recipient genomes as the basis

for the GS approach are presented.

ODERN techniques in molecular biology are
expected to be of great significance to animal
and plant breeding. On one hand, these developments
lead to the cloning of specific genes with which com-
mercial lines can be transformed (BRINSTER and PAL-
MITER 1982; MACLEAN, PENMAN and ZHU 1987; SAL-
TER ¢t al. 1987). On the other hand, molecular biology
techniques can be applied to classical breeding proc-
esses and increase their efficiency. The present paper
is concerned with the latter.

In introgression breeding programs, a general sim-
ilarity to the recipient line is sought. This similarity is
too general to be gauged by the level of resemblance
in one or several defined quantitative traits. Indeed,
such breeding programs have as an aim the genome
in its entirety. We therefore propose the term genomic
selection (GS) for these processes.

The greatest hindrance to a successful genomic
selection is the great number of backcross generations
required. TANKSLEY and Rick (1980), TANKSLEY,
MEDINA-FILHO and Rick (1981) and BECKMANN and
SoLLER (1986) have suggested that the number of
backcross generations could be reduced by the use of
polymorphic markers scattered in the genome. We
propose that the markers best suited for tagging the
entire genome are alleles of minisatellite loci, and
expect them to substantially decrease the number of
backcross generations required.

Eucaryotic genomes have been found to include
highly polymorphic minisatellite loci, consisting of
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variable number of tandem repeats of relatively short
sequences ( JEFFREYS, WILSON and THEIN 1985a, b;
JEFFREYS et al. 1987a; NAKAMURA et al. 1987). These
variable numbers are possibly the result of errors
occurring during DNA replication or unequal cross-
ing-over ( JEFFREYS ¢t al. 1985a; JEFFREYS 1987). Al-
leles at these extremely polymorphic loci are inherited
as codominant Mendelian traits. Alleles at many such
loci can be detected simultaneously by minisatellite
probes, based on tandem repeats of the “core” se-
quence shared by many minisatellites. These probes
reveal DNA band patterns (JEFFREYS, WILSON and
THEIN 1985b) which are individually-specific to a
degree that justifies the name “DNA fingerprints”
(JEFFREYS, WILSON and THEIN 1985a, b). DNA fin-
gerprints (DFP), have been revealed in several farm
animals and plants including poultry (HILLEL et al.
1989), fish and cattle (GEORGES et al. 1988; VASSART,
GEORGES and MONSIEUR 1987), dogs (JEFFREYS and
MorToN 1987), rice (DALLAS 1988), sheep, pepper,
maize, papaya and tomato (our unpublished data).

The application of minisatellite allele patterns to
genomic selection for introgression breeding pro-
grams is dealt with in this manuscript.

MATERIALS AND METHODS

DNA was isolated from white blood cells according to
JEFFREYS and MORTON (1987). DNA samples of 10 ug were
digested with Hinfl restriction endonuclease (N.E. Biolabs),
ethanol precipitated and dissolved in water. DNA was sep-
arated on 35 cm long, 0.7% agarose (FMC) gels, prepared
as described by JEFFREYS and MORTON (1987), which were
run at 30 V for 15 hr followed by 12 hr at 100 V and
blotted onto Hybond-N membranes (Amersham). Mem-






