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INTRODUCTION

Among emerging molecular technologies, restriction
fragment length polymorphism (RFLP) has imminent application
to plant breeding (Murray et al. 1990; Tanksley et al. 1989)
‘by enabling inspection of an individual plant’s genotype over
its entire genome using mapped RFLP markers. This method is
environment—independent, economic in terms of time, space, and
labor, and precise in genotypic information obtained. And,
since RFLP monitors natural genetic recombination, it stirs
little regulatory concern compared to genetic transformation.

The most immediate application of marker-based selection
is to backcross breeding, where one or two desirable traits
are  introduced to further improve established genotypes. By
assaying at the DNA level rather than by conventional
phenotypic measurement, the breeder can select individuals
with the highest recurrent genome content in each backcross
generation, thus producing the final product in a substantially
shorter amount of time and with greater precision (Paterson et
al. 1988; Ma et al. 1990). Results from utilizing RFLP
technology to facilitate conventional backcross breeding of
rapeseed at Agrigenetics Company are reported here.

MATERTALS AND METHODS

Genomic DNA from leaf tissue of the canola cultivar
"Westar" (Brassica napus) was digested with the restriction
endonuclease PstI, and.fragments of 500-3000 base pairs were
cloned into the plasmid vector pGEM-7Zf (+) (Promega). The
library was screened by colony hybridization (Sambrook et al.
1989) for low-copy-number-—-sequence clones.

The Agrigenetics Brassica rapa RFLP linkage map is being
constructed from an Fy population of two commercial cultivars
(AGC code numbers BR0002 and BR0019) and has been used at
various stages of completion. One Fz plant selected for two
desirable single-~locus traits (one from each parental line)
was backcrossed to the recurrent parent (BR0002). Fifty Fz2BCi
progeny plants selected for the same characters were subjected
to RFLP analysis with 50 genomic clones (Fig. 1). The 50
genomic clones, used as probes, detected 66 RFLP loci covering
550 map units. Twelve F2BC3; individuals with varying recurrent
parent genome content were chosen and backcrossed again. The
F2BC2 progenies were selected for the same traits and 37 of
them were subjected to RFLP fingerprinting with 96 genomic
clones, including the initial 50. The 96 clones detected 116
marker loci with about 1150 map unit coverage of the B. rapa
genome (Fig. 1).

The RFLP fingerprinting data were converted into graphic
representations of the genome constitution of each progeny.
The estimated percent genomic content of each parental line
was computed with programs developed at Agrigenetics Company.
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RESULT ND DI

The AGC B. rapa RFLP linkage map was constructed de novo
based on segregation data obtained from an Fj populatlon
Within the time span of one breeding generation in the green-
house, i.e., before the F3BC; progeny produced from a selected
lend1v1dual bloomed, 80 RFLP marker loci had been placed on
10 independent linkage groups (Fig. 1). The genome coverage of
these markers was about 550 map units. When this map was used
to analyze the genomic constitution of 50 selected F,BC)
progeny, individuals with estimated recurrent parent genome
content between 64.9% and 88.2% were observed. The estimated
.-mean parent genome content for all 50 plants was 74.5%.

In a succeeding breeding generation, the total number of
mapped RFLP marker loci increased to 200. These markers were
distributed on 10 major linkage groups plus two unassigned
"segments". Together they covered about 1150 map units of the
B. rapa gencme. When the newer version of the map was used to
analyze the genomic constitution of the same 50 FzBC; plants,
the range of estimated recurrent parent genome content became
64.1% - 82.3%, with the mean at 73.4%. For each individual,
the two values of recurrent parent genome content estimated
from the earlier subset and the later set of marker loci
correlated quite well (r? = 0. 75, Fig.2). The individuals with
hlgh recurrent parent genome content selected for advancement
in backcross breeding using either version of the map would
therefore be the same. The two mean values of the estimated
recurrent parent genome content matched quite well with the
expected value of 75% for a random FBC; population, even
though the population was subjected to selection for traits
from both parents.

Twelve F2BC; individuals were advanced to the next back-
cross generation. The recomputed mean recurrent parent genome
content for these 12 individuals was 75.0%, with a wider spread
(standard error was 4.8%, vs. 4.0% for the set of 50). Ten
seedlings were raised from each of the 12 F3BC; progenies and
were re-selected for the same traits from the parental lines.
Various numbers of individuals re-selected out of each progeny
formed a sample for the F3BCy; generation (Table 1). The
estimated recurrent parent genome content in these individuals
ranged from 73.2% to 92.8%. The average recurrent parent
genome content weighted to adjust for varying progeny sizes
was 84.8%, clese to the expected 87.5% for a random F2BC)
populatlon We wish to note that in this study the F2BCi
individuals selected came from both ends of the distribution
(Fig. 3), whereas in applied breeding using RFLP, only the
individuals with the highest recurrent parent genome content
would be chosen. .

Fig. 4a and 4b showed the genomic constitution of C192,
one of the F2BCj; individuals with high recurrent parent genome
content, and RO1l5, the F2BCz progeny with highest recurrent
parent genome content. R015 was derived from C192. Some of
the cr0551ng over points can be deduced from comparing the two
genomic constitution graphs.

These results demonstrate that RFLP provides a means-to
accurately assess actual percent recovery of the recurrent
genome in backcross progenies. A simple comparison will
illustrate the advantage of utilizing RFLP fingerprinting in
facilitating recurrent genome recovery in a backcross breeding
project. Assuming no selection and random crossing-over, each
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backcross will bring the recurrent parent genome content of
the previous generation half way towards 100%, on the average.
When an F2BC; plant with high recurrent parent genome content
(C192, Table 1) was chosen for advancement, the selected
progeny showed above-average recovery. On the other hand,

when an FpBC; individual with low recurrent parent genome
content (Cl178) was used for backcrossing, only two of the
eight selected progeny achieved even the expected recovery
which was approximately that of the high F2BC; individual.
Without the assistance of RFLP fingerprinting, there was a 50%
chance that the individual with low recurrent parent genome
content (C178 in this example) would have been used. The fact
that trait selection was practiced in each generation might
interfere with the recovery of recurrent parent genome at
-later generations, but does not affect the fairness of the
comparison cited above.

The application of RFLP fingerprinting to select for
recurrent parent genome content in this study resulted in BCy
progeny that were at a BC3 level of recovery. This amounts to
a 25% saving in breeding time and expense, using only a small
population in each generation.
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Fig. 1. Agrigenetics Brassica rapa RFLP Linkage
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included in the later analysis, when the revised map

covered an estimated 75% of the genome.)
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Fig. 2. Comparison of Estimated Recurrent Genome Content of F2 BCy
Individuals Using Partial RFLP Linkage Maps
*Based on a hypothetical 1500-unit map.
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Table 1. Recurrent parent genome content of selected backcross progenies
(The F2BC2 (R) progeny follow their corresponding FoBC| (C) parents.) :

Cl78 64.4% C197  75.8% C247  73.6%
R131  84.0% R0O21  91.6% R083  82.2%
R132  732% RO25 85.9% R0O8  79.0%
R133  80.4% R0O26 88.5%
R134  80.5% C251  71.4%
R136 78.6% C206 723% R104 81.8%
R138 81.3% RO31 81.5% R105 76.4%
R139  77.2% R106 82.8%
R140 82.1% C215 733% R108 79.9%
R043  88.7% R110 82.4%
C191 78.8% R044 84.1%
R004 89.3% R046 83.7% C255 72.0%
RO08  83.6% R047 84.5% R116 84.5%
RO09 92.5% R049  80.9%
RO10 89.1% R0O50 89.2% C256 72.8%
R123  83.4%
C192  81.1% C230 753% RI126 85.9%
RO15  928% RO64 85.9% R130 86.1%
RO19  91.3%
C231  799%
R0O74  85.6%

Weighted mean for the R progenies  84.8%
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Fig. 3. Distribution of Genomic Constitution of F2BC1 (the C’s) and
F2BCy (the R’s) Populations

(Individuals used for advancement are indicated by bold-face type.)
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Fig. 4a. RFLP Genotype for F, BCy Individual C192
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Donor 7.2%
Recurrent 92.8%

Fig. 4b. RFLP Genotype for F2BC2 Individual RO15
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