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Summary. Isozymes and restriction fragment length poly-
morphisms (RFLPs) have been proposed for use in vari-
etal identification and selection for agronomic traits. Al-
though the use of isozymes for these purposes has been
well documented, evaluation of the efficacy of RFLP
technology as applied to crop improvement is far from
complete. This investigation was conducted to study the
relationship between RFLP-derived genotypes and het-
erotic patterns of a group of maize (Zea mays L.) inbred
lines. A total of 22 inbreds was crossed to four testers
(B73, B76, Mo17, and Va26) in combinations that mini-
mized crossing within heterotic groups. Forty-seven sin-
gle-cross progeny were subsequently evaluated for sever-
al agronomic traits (including grain yield and moisture,
ear height, and root lodging) over 2—4 consecutive years
at two to four Iowa locations in a randomized complete-
block design. The inbred lines were subjected to RFLP
analysis, which involved 47 genomic clones and the re-
striction enzymes EcoRI and HindIIL Hybrid RFLP pat-
terns were predicted from their inbred parents. Modified
Roger’s distances were computed to estimate genetic dis-
tance among the inbred lines. Principal component anal-
ysis facilitated ascertainment of relative dispersion of the
inbreds based on the frequency of variants at specific
RFLP loci. Evident associations of variants with genes
affecting agronomic traits were identified by principal
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component regression analysis, in which adjusted hybrid
means were regressed on the matrix of hybrid variants
frequencies. The hybrid means were adjusted by remov-
ing environmental effects, using residuals as dependent
variables in the regression analysis. Results from this
study suggest that RFLP analysis may be of value in
allocating maize inbreds to heterotic groups, but no rela-
tionship between RFLP-based genetic distance and hy-
brid performance was apparent. Principal component re-
gression identified variants potentially linked to genes
that control specific agronomic traits.

Key words: Modified Roger’s distance — Principal compo-
nent regression analysis — Hybrid performance — RFLPs

Introduction

A primary goal of most breeding programs is to optimize
the effectiveness of selection for quantitatively inherited
agronomic traits. Selection for these traits has heretofore
been based on phenotype or genetic population parame-
ter estimates. Currently, attempts are being made to inte-
grate molecular biological technology and conventional
plant breeding procedures.

Initially, research was done to determine the potential
of isozyme-aided selection in maize. Efforts to evaluate
the utility of isozymes as criteria for selection and predic-
tion produced varied results. Stuber et al. (1980) reported
changes in allozyme frequencies after several cycles of
selection for improved maize grain yield, but several oth-
er researchers found no discernible relationship between
isozyme-based genetic diversity and hybrid vigor (Hadji-
nov 1982; Price et al. 1986; Lamkey et al. 1987). Frei et al.
(1986), on the other hand, found isozyme diversity to be
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predictive of maize hybrid yield when evaluating lines
with similar pedigrees.

The relatively small number of isozyme loci currently
available has compelled usage of restriction fragment
length polymorphisms (RFLPs) as genetic markers. He-
lentjaris et al. (1985) and Evola et al. (1986) have discov-
ered a high frequency of polymorphic loci in maize. To
date, methods of RFLP data analysis and design of ex-
periments to evaluate the utility of RFLPs for selection
purposes remain unexplored. As a preliminary evaluation
of the RFLP technology, as applied to agronomic crop
breeding, this study was initiated to: (1) investigate the
potential for using RFLPs to assigh members of a diverse
group of maize inbred lines to their correct heterotic
groups, and (2) identify associations between RFLPs and
genes that control quantitatively inherited traits.

Materials and methods

Forty-seven single-cross hybrids of maize were produced by
crossing 22 inbred lines to four testers (B73, B76, Mo17, and
Va26) in combinations that minimized crossing within heterotic
groups (Table 3). Lines from the Iowa Stiff Stalk Synthetic
(BSSS) or the Reid Yellow Dent heterotic group were B14A, B37,
B73, B76, B84, B89, H100, Va95, Va96, Va97, and Va98 (Table 1).
Lines from the Lancaster Sure Crop heterotic group were H98,
H112, Mo17, Pa870, Va22, and Va26. The lines B79, B88, B90,
B91, De811, Oh8710, Pa91, Va99, and Val100 were considered to
be of diverse origin (Henderson 1984), and were placed in one of
the two heterotic groups on the basis of prior single-cross perfor-
mance.

The hybrids were evaluated over a period ranging from 2 to
4 consecutive years (1984—1987) at two to four Towa locations
(Ames, Clarence, Harlan, and Martinsburg). Each hybrid was
evaluated in at least 7 of the 15 year/location combinations. The
experimental design was a randomized complete block with
three replicates per location. Planting densities ranged from
58,000 to 68,500 plants ha~!. Two-row plots were 5.4 m long,
with 0.76 m between rows. Data were collected for grain yield
(Mg ha™*), percentage grain moisture at harvest, ear height
(1-35 scale), and percentage root lodging.

An RFLP genotype was determined for each of the 26 in-
breds. The RFLP analysis procedure consisted of DNA isolation
(Saghai-Maroof et al. 1984) and digestion of DNA with the re-
striction enzymes EcoRI or HindIIIl. The DNA was subsequent-
ly loaded onto neutral agarose gels, electrophoresed, and trans-
ferred to nylon membranes according to the Southern blot
procedure (Southern 1975). Blots were then treated with prehy-
bridization solution to Helentjaris et al. (1985, 1986). Forty-sev-
en clones were selected from collections of mapped clones pro-
vided by B. Burr (Brookhaven National Laboratory), T.
Helentjaris (Native Plants, Inc.), D. Grant (Pioneer Hi-Bred In-
ternational, Inc.), and D. Hoisington (University of Missouri
Columbia). The clones were distributed over the ten chromo-
somes as listed in Table 2. Clones were radiolabelled by random-
primer synthesis of isolated inserts (Feinberg and Vogelstein
1983) and hybridized to DNA fragments positioned on the nylon
membranes (Helentjaris et al. 1986). For each clone, only data
from the restriction enzyme that provided the greatest number
of polymorphisms were used in subsequent analyses. This was
done to enhance chances of detecting associations between poly-
morphisms and genes that control agronomic traits. Each

Table 1. Pedigrees and heterotic groups of 26 inbred lines of
maize

Inbred Pedigree Heterotic
group
B14A Cuzco x B148 RYD
B37 BSSS RYD
B73 BSSS(HT)C5 RYD
B76 CI31A x B372 RYD
B79 BS10 RYD
B84 BSSS(HT)C7 v RYD
B88 BS6(RC)C2 LSC
B89 BSSS(R)C7 RYD
B90 BSCB1(R)C7 LSC
B91 BSCB1(R)C8 LSC
De811 B68 x {[B73Ht RYD
x (C103 x Mp3204)] —sel} |
H98 Hy x Oh43 LSC
H100 N28 x H91 RYD
H112 (H99 x H98)H98 LSC
Mo1l7 C103 x CI187—2 LSC
Oh8710°
Pagt [(WF9 x Oh40B)S4] LSC
x {[38—11 x L317)38—11]S4}
Pag70 75F —5 x Oh43 LSC
Va22 Va17 x C103 Backcross LSC
Va6 Oh43 x K155 LSC
Va9s (B73 x H84)B73 RYD
Va96 (B73 x H84)B73 RYD
Va97 (B73 x H84) RYD
Va98 (B73 x H94) RYD
Va99 Oh7B x Pa91 LSC
Va100 Indiana HCBS A LSC

* RYD=Reid Yellow Dent; LCS=Lancaster Sure Crop
b Pedigree and heterotic group of this line are unknown

unique RFLP pattern at a given clone/enzyme combination
(Table 2) was considered a variant. RFLP patterns of the 47
hybrids were inferred from the RFLP patterns of their constitu-
ent inbred parents.

Statistical analysis of RFLP data consisted of estimating
genetic distances between inbreds according to the modified
Roger’s distance (MRD) equation (Rogers 1972) as presented by
Lee et al. (1989). An MRD value of one indicates no variants
common to the two inbreds, whereas a value of zero represents
complete variant concordance between the two inbreds. Simple
correlation coefficients were calculated between MRD values
and means of agronomic trait residuals that resulted from re-
moval of environmental effects.

The variant content for each clone/enzyme combination in
each hybrid was represented as a numerical value of 0, 1, or 2.
These values were converted to corresponding frequency values
of 0, 0.5, or 1 and were arrayed in a 47 x 187 matrix, in which
rows corresponded to hybrids and columns represented vari-
ants. The model chosen for analysis of the data was Y=BX,
where Y is a 47 x 1 vector of agronomic performance data, with
each individual element being the mean performance value for
one of the 47 hybrids, X is the aforementioned 47 x 187 matrix
of variant frequencies, with each row being matched by hybrid
to the corresponding element of the Y vector, and Bis the 187 x 1
vector of unknowns that serve to relate variant content to hybrid
performance. The model so constructed clearly takes account of
only the additive (or linear) effects between variant content and



Table 2. Probe and number of variants resulting from RFLP
analysis of 26 inbred lines of maize

Probe? Chromosome Restriction No. of
arm® enzyme variants

UMCT76 1-8 EcoRI 3
UMC29 1-S EcoRI 3
UMCI11 1-S HindII1 8
UMCS6 1-L HindIIT 2
BNLS8.10 1-L EcoRI 2
BNL5.59 1-L EcoRI 4
UMC34 2-8 HindIII 5
UMCS53 2-8 EcoRI 2
UMC49 2-L HindIII 6
UMCSS 2-L HindIII 2
UMCI10 3-S Hind T 2
UMCI18 3-L HindII 6
UMC26 3-L EcoRI 2
UMC39 3-L HindIII 6
UMC19 4-S HindIIT 3
UMC31 4-S HindIII 2
UMC52 4-L EcoRI 3
UMCI15 4-L EcoRI 6
BNL7.65 4-L EcoRI 8
UMC27 5-8S HindHI 2
UMCT2A 5-S HindII 3
UMC54 5-L EcoRI 2
BNL4.36 5-L EcoRI 4
UMC104 5-L EcoRI 7
BNL6.29 6-S EcoRI 2
UMCS5 6-S HindITI 3
UMC65 6-L EcoRI 3
UMC46 6-L HindIII 4
UMCT71 6-L HindIII 3
UMCS80 7-L HindIII 3
UMCS6 7-L EcoRI 3
UMCI116 7-L EcoRI 5
BNL13.05 8-S HindIII 3
BNL9.11 8-L HindIII 8
BNL9.08 8L HindIII 4
NPI268 8-L HindIII 5
UMCB9 8—-L HindIII 4
UMC103 8-L HindIII 5
BNL5.04 9-S EcoRI 5
UMCS1 9-8 HindIII 2
UMC114 9-8S HindIII 4
BNL5.09 9-L EcoRI 3
BNL3.04 10-S HindIIT 4
UMCs7 10-L EcoRI 3
P1010.33 10-L HindIIT 6
BNL7.49 10-L HindIII 7
BNL.10.13 10-L EcoRI 5
* Probe abbreviations represent the following sources:

“BNL”=Brookhaven National Laboratory; “NPI”=Native
Plants Inc.; “PIO”=Pioneer Hi-Bred International, Inc.; and
“UMC” =University of Missouri-Columbia

b The number represents a chromosome, whereas “S” refers to
the short arm and “L” represents the long arm of that chromo-
some
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hybrid performance. The model Y=BX can be regarded as a
system of linear equations in which the elements of Y are the
dependent variables, the elements of the columns of X are the
independent variables, and the elements of B are unknowns.
Agronomic data were adjusted for environmental effects, where
an environment was a particular year/location combination. Ad-
justment involved regressing agronomic data on a set of 15
independent variables, representing the 15 year/location combi-
nations. The independent variables had values of 1 and 0, corre-
sponding to the presence or absence of a hybrid in that eviron-
ment. Residuals from regression were subsequently used as
dependent variables in principal component regression.

Since the rank of the augmented matrix [X, Y] is at most
only 47, a number less than the number of unknowns (187), the
system has infinitely many solutions. Principal component re-
gression has been suggested as a method for analyzing data
containing multi-colinearities (Hocking 1976). In this approach,
letting V represent the eigenvector matrix for X’X, the model is
rewritten as Y=ZG+E, where Y is a previously described,
Z=XV, G=VB, and E is a 47 x 1 vector of deviations from
regression. The variables represented by the remaining zero
columns (arising by virtue of linear dependencies among the
columns of X) drop out of the model. Further, if any of the other
variables represented by the columns of Z are shown by subse-
quent regression analysis to account for little variation in the
dependent variable, they, too, can be eliminated from the model.
Letting G represent the vector of regression coefficient estimates
in the reduced rewritten model and W the matrix comprised of
the corresponding columns of V, the vector of regression coeffi-
cient estimates, in terms of the parameters of the original model,
is

By.=VG. @)

If the eigenvalues of X’X are ordered in a manner such that the
first s eigenvalues are those that correspond to the variables
removed from the rewritten model, Eq. (1) can be expressed as

r
Bpe= ¥ 171y v, XY )
j=s+1

where p is the total number of independent variables in the
original model, I; is the /™ eigenvalue, and v, is the corresponding
column from V. The regression coefficients so obtained are
biased, but reflect the essential sources of variation in the depen-
dent variables. In Eq. (2) it is obvious that the inverse of small
eigenvalues have a large effect on the regression coefficient esti-
mates and contribute substantially to their variances.

Principal component estimates were tested for statistical
significance by computing the test statistic
t=Bpc(y/[MSE (T I, * vi)]*? 3

Jr

where By ;, is a principal component estimate for the j** predic-
tor variable, MSE is the error mean square, [~ ! is the reciprocal
of the r® cigenvalue among those retained, and ¥}? is the square
of the /™ element in the r'" eigenvector (Gunst and Mason 1980).

Principal component analysis (SAS 1985) was performed on
the simple correlation matrix computed from inbred variant
frequencies. Plotting of the first three principal components per-
mitted visualization of the dispersion of the inbred lines accord-
ing to their RFLP patterns.

Results and discussion
The hybrids in Table3 are arranged according to

testcrossed inbred lines. Most inbreds were crossed to at
least two testers, and usually the testers represented het-
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Table 3. Agronomic trait means and modified Rogers’s distance for 47 hybrids of maize evaluated over several years and locations

Hybrid Modified Grain Grain Ear Plants root
Rogers’ yield moisture height lodged
distances Mgha™! % 1-5 %

Mo17 xB79 0.80 9.08 228 39 19.7

B73 xB79 0.79 9.23 241 41 221

Va26 x B79 071 8.62 24.1 3.5 23.8

Va26 x B84 0.84 9.41 24.2 3.8 264

Mo17 x B84 0.83 9.93 23.5 4.0 26.3

B76 xB84 0.73 8.18 231 3.7 23.0

B73 xB88 0.85 9.40 232 39 20.5

B76 xB88 0.80 8.64 214 3.8 7.8

Va26 x B88 0.80 9.19 21.8 31 17.3

Mo17 x B88 0.76 9.14 214 3.8 15.0

Va26 x B89 0.81 8.10 21.7 31 18.3

Mo17 x B89 0.76 8.46 21.8 35 18.7

B73 x B89 0.65 8.18 22,0 39 29.1

B76 xB90 0.85 8.56 21.6 35 134

B73 xB90 0.81 9.26 211 3.6 224

Mo17 x B0 0.73 8.59 20.7 35 19.1

B76 xB91 0.79 8.42 20.6 3.5 16.5

B73 xB91 0.74 9.32 21.4 3.6 227

B73 xDe811 0.73 9.31 249 3.7 233

Mo17 x De811 0.7 8.63 2390 39 26.3

B73 xOh8710 0.81 9.28 24.5 42 7.9

Mo17 x Oh8710 0.76 8.83 239 3.8 43

B76 xPa91 0.81 8.68 237 3.6 10.7

B73 xPa91 0.76 9.58 250 39 279

Mol7 x Pa870 0.80 8.06 24.7 3.0 6.2

B73 x Pa870 0.74 8.75 253 3.4 18.1

Va26 xVa95 0.83 9.12 23.8 33 17.8

Mo17 x Va95 0.83 8.92 236 35 25.3

Mo17 x Va96 0.81 8.52 224 3.6 220

Va26 xVa96 0.77 9.21 22.8 3.3 229

Va26 x Va97 0.83 8.89 23.0 34 14.8

Mo17 x Va97 0.83 9.24 229 3.4 16.0

Va26 xVa98 0.73 8.62 212 33 14.6

Mo17 x Va98 0.81 8.06 209 34 16.2

B73 xVa26 071 9.18 232 3.7 22.0

B76 xMol7 0.81 8.54 21.8 39 18.8

B73 xMol7 0.81 9.04 23.0 4.2 25.5

B76 xB73 07 8.18 224 3.6 15.1

B73 xVal00 0.86 8.13 21.8 4.1 52.5

B73 xVa22 0.84 9.16 24.3 4.3 31.4

B73 xH98 0.80 8.75 24.2 3.9 19.4

B73 xHI12 0.80 8.50 202 3.6 28.1

B73 xVa9%9 0.77 10.04 26.4 4.1 31.6

Mo17 x B37 0.81 8.68 24.1 39 13.1

Mol7 x B14A 0.77 8.08 221 4.1 18.4

Mo17 x B91 0.77 843 214 35 20.6

Mo17 x H100 0.73 9.26 24.5 39 18.0

erotic groups that differed from that of the testcrossed
inbred. Unadjusted mean grain yield computed according
to tester were: B73—-9.02 Mg ha™!, Va96-8.93 Mg ha ™',
Mo17-8.75 Mgha™!, and B76-8.46 Mg ha™'. For a
given inbred line, the hybrids in Table 3 are ranked ac-
cording to MRD, from highest to lowest.

Generally, the lowest MRD values were computed
between BSSS inbreds (Table 4). These genetic distance
estimates suggest that B37 and B76 are similar among the
lines included in this study, with the lowest MRD value
of 0.25. Other similar lines include B73-VaS5, B73-Va96,
Va95-Va96, Va95-Va97, and H98-H112. MRD values for
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non-BSSS pairs tended to be larger than those of their
BSSS counterparts, implying relatively greater genetic
diversity among the non-BSSS lines.

No clear relationship was evident between agronomic
traits (Table 3) and MRD values (Table 4). In some cases,
hybrids with low MRD values actually had relatively
high yields. The highest yield was obtained from
B73 x Va99 (10.04 Mg ha™?), a hybrid with a relatively
low MRD value (0.77). Other traits exhibited a similarly
random association with genetic distances. Correlations
between MRD and the traits confirmed the absence of a
relationship between RFLP diversity and agronomic per-
formance. MRD was not significantly correlated with any
of the traits (MRD versus yield, r=0.09; moisture,
r=—0.03; root lodging, »=0.03; ear height, »=0.004).
Given the narrow range of MRD values and the minimal
crossing within heterotic groups, these results may indi-
cate only that RFLP information adds little to prediction
of performance of single-cross hybrids between unrelated
inbreds beyond that grained from prior experience.

The molecular data also were used to estimate the
potential utility of RFLP analysis in allocating maize
inbred lines to heterotic groups. A similar analysis was
reported earlier by Lee et al. (1989). However, in our
study, the group of inbred lines was much more diverse
than that evaluated by Lee et al. (1989). In both studies,
principal component analysis was performed on the cor-
relation matrix obtained from the matrix of inbred vari-
ant frequenies. The first, second, and third principal com-
ponents, in this study, accounted for 12.1%, 8.1%, and
7.2%, respectively, of the total variation present among
variants. The plot of principal components one, two, and
three (Fig. 1) shows a tendency for the inbred lines to
aggregate according to the heterotic groups identified in

Third principal component

) -0.85 :
{ componen; -158 X2

Fig. 1. Plot of the first three principal components from the
simple correlation matrix computed from the inbred variant
frequencies. Pyramids designate lines from the Reid Yellow
Dent heterotic group; cubes designate lines from the Lancaster
Sure Crop heterotic group; and a cylinder designates a line with
unknown heterotic grouping

Table 5. Principal component regression analysis of adjusted

means vs. RFLP variant frequencies

Trait RFLP variant®  Regression Prob > |T|
coefficient
Grain UMCI11-8 —0.096 0.009886
yield BNL5.59-4 0.113 0.003324
UMC49-3 —0.163 0.008446
UMC49-4 0.155 0.002719
BNL4.36-2 —0.182 0.007186
UMC104-2 —0.167 0.007664
BNL6.29-1 0.138 0.008927
BNL6.29-2 —0.138 0.008927
UMC80-3 —0.126 0.006551
BNL9.11-4 0.142 0.005281
BNL5.09-3 0.160 0.007983
BNL3.04-4 —0.147 0.007995
Grain UMC11-8 —0.294 0.000029
moisture BNL5.59-4 0.174 0.000057
UMC52-2 —0.505 0.000006
UMCS52-3 0.453 0.000046
BNL7.65-1 0.134 0.000078
BNL7.65-4 —0.469 0.000017
BNL7.65-6 0.663 0.000038
BNL14.36-1 0.746 0.000064
BNL4.36-3 —0.399 0.000053
UMC104-3 0.497 0.000033
BNL6.29-1 0.360 0.000098
BNL6.29-2 —0.360 0.000098
UMC65-3 0.134 0.000078
UMCR9-2 —0.398 0.000027
UMCR0-3 —0.239 0.000029
UMC114-2 0.134 0.000078
Ear UMCR6-1 0.021 0.000090
height UMCS86-2 —0.021 0.000090
BNLS8.10-1 —0.031 0.000099
BNLS8.10-2 0.031 0.000099
UMC34-2 0.023 0.000093
UMC26-1 -0.019 0.000092
UMC26-2 0.019 0.000092
UMC39-2 —0.004 0.000093
BNL6.29-1 —0.017 0.000087
BNL6.29-2 0.017 0.000087
UMCS80-1 0.004 0.000098
BNL9.11-4 —0.024 0.000093
UMC103-2 —0.021 0.000088
BNL5.09-1 —0.026 0.000088
Root UMC76-1 —0.810 0.000046
lodging UMCT76-2 2437 0.000010
UMC29-1 1.254 0.000083
UMC11-5 —1913 0.000057
UMC11-8 1.178 0.000084
UMC86-1 2.301 0.000070
UMCS86-2 —2.301 0.000070
UMC34-3 —0.958 0.000049
UMC34-4 —2.281 0.000046
UMC34-5 2433 0.000005
UMC49-1 1.961 0.000007
UMC39-4 —0.734 0.000064
UMC15-6 —0.783 0.000027
BNL7.65-5 1.120 0.000001
BNL7.65-7 1.961 0.000007
BNL4.36-3 2.088 0.000013
UMCS89-2 2.009 0.000017



Table 5. (continued)

Trait RFLP variant®*  Regression Prob >|T|
coefficient
UMC80-1 2.306 0.000008
UMC56-3 —0.863 0.000014
UMC116-2 —0.783 0.000027
BNL13.05-1 —1.721 0.000095
BNL13.05-3 1.936 0.000026
BNL9.11-2 —2.672 0.000053
BNL9.11-5 —0.958 0.000049
NPI268-1 —1.631 0.000011
UMC103-2 2.329 0.000029
UMC81-1 0.781 0.000027
UMCS81-2 —0.781 0.000027
BNL5.04-1 —0.783 0.000027
BNL7.49-1 1.848 0.000016
BNL10.13-3 1.120 0.000001

* Numbers affixed to clone designation indicate assigned variant
number

Table 1. Among the Reid Yellow Dent inbred lines, only
H100 and B79 were markedly different from the remain-
ing lines in that heterotic group (Fig. 1). Variant frequen-
cies were more variable in Lancaster Sure Crop lines than
in the Reid Yellow Dent lines. Based on their positions in
Fig. 1, six Lancaster Sure Crop lines (B90, B91, De811,
H98, H112, and Va100) had variant frequencies noticeably
distinct from those of the remaining lines in that heterotic
group. This result indicates that significant genetic differ-
ences can exist among lines within heterotic groups. De-
spite this within-group variation, however, the general
dispersion pattern suggests the potential for using RFLP
data to identify combinations of inbred lines from differ-
ent heterotic groups.

Several variants had principal component regression
coefficients that were statistically significant at the 0.01%
probability level for grain moisture, root lodging, and
ear height, and the 1% level for grain yield (Table 5); 12
variants were associated with genes controlling maize
grain yield, 16 variants with grain moisture, 14 with ear
height, and 32 with root lodging. Clone UMCS80 had
variants significantly associated with all four traits,
whereas UMC 11, BNL4.36, BNL6.29, and BNL9.11 had
variants that were significant for three of the traits. Statis-
titical significance suggests that, when attempting to in-
crease grain yield, one could select for the presence of
variants that have positive regression coefficients and for
the absence of variants with negative coefficients. To ob-
tain reductions in grain moisture, ear height, or root
lodging, favorable variants would be those with negative
principal component regression coefficients.

In research that involves RFLP analysis, it may not
be possible to include an adequate number of observa-
tions so as to reduce or eliminate linear dependencies.
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Optimally, the number of traits should be greater than
the total number of RFLPs variants. Frequently, howev-
er, the primary goal is to saturate the genome with as
many markers as possible. If the number of observations
is not correspondingly increased, statistical problems,
such as those described in this study, will ensue. Biased
regression procedures, such as principal component re-
gression, are suggested as statistical tools for reducing the
impact of highly correlated predictor variables when at-
tempting to relate RFLP patterns to agronomic data.

Provided that the variants in Table 5 are verified to be
of agronomic importance, an effort to use plant transfor-
mation techniques to transfer the chromosomal segments
to designated recipients may be in order. Furthermore,
once important segments of chromosomes are identified,
they may be saturated with RFLP loci to more precisely
elucidate linkages between polymorphisms and quantita-
tive trait loci. A logical extension of this research is to
predict, from RFLPs and linkages of polymorphisms
with quantitative trait loci, single crosses that optimize
performance for a given trait.
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