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Detection of OTL

For each trait, single factor analyses of variance were
conducted within marker-loci for the genotypic classes and
their trait value (Edwards et al., 1987). F-tests were used
to determine if significant variation in trait expression was
associated with the marker-locus genotypic classes.
Significant F-values provide evidence of linkage between a QTL
and a marker locus. For this research, evidence of linkage
was declared when the F-test at any locus for any trait gave a
probability lower than 1%. In addition, whenever the
probability for seed oil percentage was lower than 5%, and any
of its components at the same region was also lower than 5%,
evidence of linkage was considered. This criterion was
established because the probability of having two false
positives (at the 5 % level) located in the same genomic
region is lower than 5% when the two traits are not completely
correlated (r=1). At the stated per locus error rate (1%) the
probability of having at least one false positive across the
genome (type I error) is 87%. Since this the first
investigation designed to detect linkage between RFLP loci and
tactors affecting oil percentage, a more liberal test for
linkage may be appropriate.

For those loci where F-tests were statistically
significant, additive and dominant effects were calculated
according to Edwards et al. (1987). Those loci with highest

significant F-tests within regions of closely linked RFLP loci



54

were selected as flanking markers. Additive effects for the
interval between flanking markers were determined as the sum
of the two partial regression coefficients for the regression
of trait values on flanking markers (appendix 4). The sum of
the regression coefficients for the two flanking markers
estimates the additive effect of a QTL located in the interval
(Wright and Mowers, in review). The expected additive effect
for seed o0il percentage was estimated by multiplying the
additive effect of the component affecting seed oil percentage
in that region times the mean of the other component. The d/a
ratio scale described by Edwards et al. (1987) was used to
classify gene action. The d/a ratio was calculated by
dividing the dominant(d) to additive(a) effects of the
marker(s) significantly linked to the QTL.

Multiple regression analysis was conducted to estimate
phenotypic variation explained by additive effects. An
independent variable (Q;) was created based on the weight of
each partial regression coefficient on marker classes (AA, Aa,
aa; coded 1 0 -1, respectively). The dependant variables were
the seed trait values (appendix 5). The coefficient of
determination (R?) for multiple regression estimates the
proportion of variation accounted by the model. This
regression model estimates the sum total of additive effects.
This R? was compared with the estimated broad sense
heritability to calculate the amount of genetic variation

accounted by the regression.
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For detection of epistatic effects, two-way Analyses of
Variance were conducted for those loci with significant F-
tests for seed oil percentage. Pairs of markers were taken
and the interlocus interaction variance was partitioned into
additive x additive, additive x dominance, dominance x
additive and dominance x dominance interactions (Edwards et

al., 1987).
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RESULTS
Phenotypic Data
Trait means for the parents, F; and F, progeny are
presented in Table 1. Inbred HA89 seed oll percentage exceed
that of ZENB8 by 19 percentage points. This difference is
reflected by the higher kernel oil and kernel percentages of
HA89. 1In the F, progeny, the distribution of all traits
(appendix 6) did not fit a normal distribution («:0.05).
Coefficients of Skewness (y,) for seed oil percentage, kernel
0il percentage, and kernel percentage, were -0.54, -0.42, and
-0.54, respectively. 1In all cases the skewness was towards
high values. Transgressive segregants were not detected for
seed oil percentage. The seed o0il percentage of the F, plants
was within the range of the parents' mean values. Broad sense
heritabilities were 0.47, 0.29, and 0.41, for seed oil
percentage, kernel oil percentage, and kernel percentage,
respectively (Table 1).
Kernel oil percentage and kernel percentage were
positively correlated with seed oil percentage (0.82 and 0.47,
respectively). The correlation between these two components

was 0.33.

RFLP Data Analysis
The RFLP linkage map used for this study (Fig. 1) has
been reported in a separate manuscript (Berry et al., in

Yeview b). The average genomic composition of the F,
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population is shown in Fig. 2. The composition of individual
F, plants homozygous for HA89 or ZENB8 alleles ranged from 5.1
to 57.4%, or 5.4 to 47.5%, respectively. The allele frequency
across the genome was 51% and 49% for HA89 and ZENBS,
respectively.

The seed o0il percentage mean for the ten percent (i =
1.76) of plants having the highest (>49.5%) and lowest
(<38.0%) seed oil percentage was 50.7 and 35.5%, respectively.
ZENB8 allele frequency across the overall genome ranged from
25 to 57% and 36 to 66% for the selection with highest and
lowest o0il percentage, respectively. The ZENB8 allele
frequency across regions unlinked to QTL associated with seed
0il content ranged from 31 to 57% and 32 to 64% for the

selection for high and low seed oil percentage, respectively.

Detection of QTL

Overall, seven regions were significantly associated with
seed oil percentage or one of its components; however most
regions were significantly associated with more than one trait
(Table 2). In the majority of these regions, additive effects
were more important than non-additive.

For kernel percentage, nineteen percent of the phenotypic
variation (Table 3) was explained by four QTL (Fig. 1).
Individually, QTL accounted for three to seven percent of the
phenotypic variation. Additive effects in all regions, and

additive gene action in two of the four regions seems to
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control the expression of the trait. Dominance or partial
dominance gene action was present in the other two genomic
regions.

For kernel oil percentage five unlinked regions (Fig. 1)
explained twenty percent of the phenotypic variation (Table
3). A region with major effects was located to linkage group
‘B’ that accounted for 10% of the variation. Other
significant regions explained less than five percent.
Additive gene effects were present in almost all regions
except in linkage group ‘N’. The ratio d/a indicated that
kernel oil percentage was mainly controlled by additive gene
action; although, the region in linkage group ‘N’ exhibited
overdominance for lower kernel oil percentage.

Alleles at six genomic regions were significantly
associated with seed oil percentage. -QTL were located in
regions affecting kernel oil percentage and/or kernel
percentage (Fig. 1). These regions accounted for 27% of the
phenotypic variation, with regions in linkage groups ‘B’ and
‘G' having the largest contributions, 13% and 12% respectively
(Table 3). When only these two regions were included in the
multilocus analysis, they accounted for 23% of the phenotypic
variation. Other significant regions explained between 3 and
1%. 1Intralocus interaction was present in three regions with
overdominace gene action for higher or lower seed oil
percentage. Epistatic effects between pairs of marker loci

were not statistically significant.
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Additive effects for higher values of seed oil
percentage, kernel oil percentage, and kernel percentage were
usually derived from the alleles of the parent with highest
0il percentage (HA89) (Table 3). 1In one region (linkage group
‘J’) alleles coming from ZENB8 increased the seed oil
percentage.

In most cases, the observed additive effects of the
regions controlling oil percentage in the whole seed matched
their expected values estimated from the additive effects of
the seed o0il component(s) in those same regions (Table 4).
Although, in linkage group ‘G’ the observed additive value (-
2.53) was higher than the expected one (-0.92). The region
associated with kernel oil percentage in linkage group ‘Q’
(P<0.01) was not detected (P>0.05) when the analysis was done

with oil percentage in the whole seed.
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DISCUSSION
Phenotypic Results and QTL Detection
Significant QTL were found in this experiment for all
traits. Six genomic regions controlling seed o0il percentage

and at least one of the seed 0il components were identified.

Heritability and genetic variance explained by OTL

Heritability of seed oil percentage (Table 1) was lower
than previously reported values (0.6-0.7) for individual F,
plants (Martinez et al., 1979; Fick, 1975). Possibly, a
larger genetic distance between the parents used by Martinez
(high 0il H. annuus inbred x low o0il H. annuus wild type) and
Fick (o0il variety ‘Peredovik’ x confectionery variety
‘Mennonite’) and the environmental effects may account for
some of the difference in the estimations.

Broad-sense heritability estimates the phenotypic
variation due to genetic sources. Thus, the maximum
phenotypic variation that multiple loci analysis can explain
is the estimate of heritability. The coefficient of
determination (R?) in the multiple loci analysis of regions
associated with seed o0il, kernel oil and kernel percentages
explained 27%, 20%, and 19% of the phenotypic variation,
respectively. When comparing these values with the
heritability of the traits, the QTL explain 57%, 69% and 46%
of the genetic variation for seed o0il, kernel o0il and kernel

pbercentage, respectively. Dominance and genotypic by
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environment interaction are included in the estimation of the
genetic variance (Hallauer and Miranda,1988), while only
additive effects are included in the sum of the regression
coefficients of the flanking markers. Thus, it is expected
that the genetic variation explained by the model probably
underestimates the real importance of the six regions, since
the model does not account for dominant or interaction
effects. Since the RFLP map probably represents 60-80% of the
sunflower genome (Berry et al., in review b), it is expected
that these values may be an upper limit for the genetic
variation explained by the QTL.

The higher standard error of the mean for kernel
percentage in HA89 than that for ZENB8 (Table 1) could be
related to the different hull (or kernel) percentage between
the lines. It is more difficult to dehull seed with low hull
percentage (high kernel percentage) than that with high hull
percentage, as part of the kernel may be left with the hull.
This circumstance could have increased the kernel percentage
error variance and affect the heritability wvalue and the
genetic variation explained by the QTL. Variability in
dehulling lines with different hull percentage was also

reported by Dedio (1982).

Phenotypic correlation and OTL localization

Consistent with prior observations (Dedio, 1982) the seed

0il components kernel oil and kernel percentage were
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positively correlated with oil percentage in the whole seed.
The higher correlation of seed o0il percentage with kernel oil
percentage than with kernel percentage suggests that kernel
0il percentage has more influence in the determination of seed
0il percentage.

Phenotypic correlations between traits are determined by
genetic or environmental correlation. The sources of genetic
correlations are pleiotropy or linkage (Falconer, 1981). For
the six regions controlling seed oil percentage (Fig. 1) two
were only associated with kernel oil percentage (linkage
groups ‘C’ and ‘I’), two with kernel percentage (linkage
groups ‘G’ and ‘J’) and the other two with both traits
(linkage groups ‘B’ and ‘N‘). As kernel oil and kernel
percentage are -components of the oil percentage in the whole
seed, the coincidence in QTL localization suggests showing
pleiotropic effects. This effect could be responsible for the
degree of correlation reported between both kernel oil and
kernel percentages with seed oil percentage. It is impossible
to discern if the positive correlation (0.33) between kernel
01l and kernel percentages was due to linkage or pleiotropic
effects (linkage groups ‘B’ and ‘N‘’). Contrary to a previous
report (Dedio, 1982), in this population regions controlling
both traits were genetically associated. This discrepancy can
be explained by the fact that the presence of genetic linkage

between traits depends on the localization of the QTL that are
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segregating for the traits and this is function of the

population used in the study.

Gene action and effects

Additive effects mainly control the expression of seed
0il percentage and its components (Table 3). Although three
regions showed overdominance for seed oil percentage, the
means of the homozygous HA89 and heterozygous classes are not
statistically significant at the 5% level, at two regions
(linkage groups ‘C’ and 'I’). Thus, in these two regions it
is more likely that gene action is dominance rather than
overdominance. Also, gene action for kernel oil percentage in
these regions is additive or partially dominant. The fact
that dominant or overdominant gene action was associated with
the regions with lowest additive effects also suggests that
additive effects are much more important than non-additive
effects. This is supported by the small difference in seed
01l percentage mean between the F, and F, progeny. Moreover,
the success obtained i1n increasing the o0il percentage in
hybrid progeny by selecting for this trait in inbred progeny
could probably be explained by the relative importance of
additive effects in the expression of seed oil percentage,
since dominant effects are not transmitted from inbreds to
hybrids. This type of gene action agrees with results based

on conventional breeding and biometric methodologies (Gupta
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and Khanna, 1982; Bedov, 1985; Areco et al., 1985; Martinez et
al., 1979; Fick, 1975).

The observed seed-oil-percentage additive effect in
linkage group ‘G’ is higher (+1.61) than expected from the
kernel percentage effect (Table 4). The experimental error
incurred when dehulling the seed may have contributed to this
discrepancy. The mean kernel percentage of the HA89/HA89
genotypic class could have been lowered if some kernel pieces
remained with the hull in some samples. Thus, it is likely
that the observed additive effect of kernel percentage in this

HAB9 region was underestimated.

Level of significance for OTL detection

If only a 1% level of significance had been taken into
account in this experiment then regions for seed oil
percentage in linkage groups ‘I’ and ‘J’ (Table 2) would not
have been declared significant when in fact QTL for its
components kernel oil percentage in linkage ‘I’ and kernel
percentage in linkage ‘J’ were declared significant at the 1%
level. Moreover, both kernel oil and seed oil percentages are
significantly associated, at the 5% level in region(s) in
linkage group ‘C’. The probability of having two false
positives located in the same region is lower than 5% if the
two traits are not completely correlated. The region in
linkage group ‘Q‘ declared linked with kernel oil percentage

at the 1% level of significance was not declared linked at the
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% level with seed oil percentage. Either a type I error for
kernel oil percentage or a type II error for seed oil
percentage could have occurred. The simultaneous study of
seed 0il percentage with its components seems to help in the

detection and understanding of the traits.

Genomic Composition and Breeding Utility

If one wanted to conduct a backcross program to improve
the seed o0il percentage in ZENB8 by improving only one of its
components without affecting the other, then the backcrosses
should not include regions in linkage groups where both .
components are genetically associated (i.e., groups ‘B’ and
‘N’). Because region ‘B’ is controlling almost half of the
genetic variability, then the potential genetic gain would be
reduced; assuming components are genetically associated due to
pleiotropic effects.

The resources spent determining genomic composition of
individuals or families for mapping QTL can be utilized by
using the data to help conventional breeding in the selection
among families. The information could be useful to select for
diversity across families to initiate testcrosses, to select
for level of homozygosity, to select for degree of
relationship with one of the parents after selecting for the
trait of interest based on the phenotypic values. Among the
ten percent (i = 1.76) of plants having the highest oil

percentage, there is enough variation in ZENB8 allele
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frequency across overall genome (0.25-0.57) or across regions
unlinked to oil QTL (0.31-0.57) to use the RFLP genotype for
background selection.

Although in most regions higher trait values are coming
from the parent with higher mean trait value (HA89) there are
some regions where ZENB8 contributes to increase values.

Although, transgressive segregants could not be located.

In summary, Six genomic regions explainihg 57% of the
genetic variation of seed oil percentage were found. Of
these, two were associated with kernel oil'percentage, two
with kernel percentage and two with both components. Additive
effects were found tc be more important than non-additive
effects in the expression of seed o0il percentage and its
components. The study of seed oil percentage together with
its components seems to help in localizing QTL and getting a
better understanding of the seed oil percentage. F,, families
have been planted in four locations in Argentina to study the
repeatability of the results reported here and to define the
DNA regions of HA89 that will be transferred, through a
backcross program, to the high yielding (in specific hybrid

combination) but low oil percentage ZENB8 line.
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APPENDIX 1

Iy = O / ¥ (0% 0%))

Correlation coefficient between trait X and Y

=
%
[

]

Phenotypic covariance between traits X and Y
0%, & 0%, = Phenotypic variances for traits X and Y,

respectively
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APPENDIX 2

2 _. 2 2
h —Og/ L Y

%
]

Broad sense heritability

Q
n"

¢ = Genetic variance

0‘,;, = Phenotypic variance
2 _ 2 2

Og— Oph- Oe
6°. = Environmental variance

0%, = 0%, + 0%
0, = Average within row variance estimated in P,, P, and F,
rows.
02b=

Between row variance estimated in F, population.
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APPENDIX 3
X x= (z; X / x

X x = Average frequency of each marker class (k= 1 to 3; AA,
.Aa, aa) across the ith plant.

r = Number of F, plants.

X ;x = Frequency of each marker class in each ith plant across

the jth marker.
X.jk= (El Xijk) / n
Xi;x = Number of markers having the k™ class in each ith plant

across the jth marker loci.

n = number of molecular markers for the ith plant.
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APPENDIX 4

Y.

1

= biX;; + by Xy

Y; = Phenotypic value of the ith plant

X,; and X,; = Marker loci classes (coded -1, 0, 1; for AA, Aa,

aa) for loci 1 and loci 2, respectively.

b;and b, = Partial regression coefficients of flanking markers.
Wright and Mowers (in review) have shown that for large

F, populations and complete interference between flanking

markers (M; -“*- Q -%%- M,) the sum of the two regression

coefficients estimates the factor additive effect:

b1 cl/c
[bZ] « [CZ/C] , SO b +b,~«a

@ = Additive effect

M, and M, = Loci 1 and 2, respectively.

Q = Quantitative trait loci

¢l and c2 = Recombination fractions between loci 1 and Q and
loci 2 and Q, respectively.

C = cl + c2 (complete interference)
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APPENDIX 5

Y;= Bo + F:1Q + BoQz- ...+ B0,

Y; = Phenotypic value of the ith plant.
B, = Intercept coefficient.

B,...B, = Partial regression coefficients for the Q,...Q,th

variable

Qn = [bin /7 (byptbon) 1Xy, + [ba, /0 (byp+byn) 1X,,

Where b,, and b,, are the partial regression coefficients of the
two-variable flanking marker regression, with X, and X,, the
marker classes AA, Aa, aa (coded 1 0 -1, respectively) for the

flanking markers at the nth QTL.
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APPENDIX 6

Distribution of kernel percentage

Mean F2= 69%
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Table 1. Trait means, variance components and broad sense

heritabilities.

Material Seed o0il % Kernel oil % Kernel %
ZENBS 33 £ 1.4¢ 50 + 2.0 56 + 1.4
HA89 52 + 2.7 60 £ 2.2 72 £ 2.7
F, 46 + 2.8 57 + 2.1 70 + 2.8
F, 44 + 0.5 56 £+ 0.5 69 + 0.6
Estimates

o’pt 18.31 13.52 20.28
0°g§ 8.66 3.94 8.26
oq 9.65 9.58 12.02
h2# 0.47 0.29 0.41

t Mean * 2 Standard errors of mean (day 0, relative to F,
planting)

Phenotypic variance

Genotypic variance

Experimental error variance

H = W» +

Broad sense heritability
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Table 2. Loci detecting significant variation for seed oil,
kernel o0il and kernel percentages.
Linkage Seed o0il % Kerne%l oil Kernel %
group Marker P>F R?¢ P>F R*t P>F R%t
B C0952 * Kk 0.10 * Kk kk 0.09 * 0.03
B c0741 *kkx 0.13 * ok kK 0.13 ** 0.05
B C0696 * kK x 0.13 * ok Kk 0.12 * * 0.06
B C0791 * ok kK 0.13 * ok Kk 0.13 * * 0.05
B C1763 kK k 0.14 *x %k 0.13 * * 0.05
B C2308 *ok kK 0.15 *x KK 0.13 * % 0.05
B C0522 * kKK 0.12 * kK k 0.13 * 0.03
B C0036A  *x*x 0.11 * oKk * 0.10 * * 0.05
B c0284 * kK ok 0.13 *xkK 0.11 ** 0.04
B c0082 * kK 0.09 * kKK 0.08 * Kk 0.07
C C1395 0.01 * 0.03 0.01
C C1137 * 0.03 * 0.03 0.01
G C0357 * 0.03 0.01 0.01
G C0290 *Ex Kk 0.08 0.01 ** 0.05
G c0887 kA ok k 0.11 0.01 ** 0.05
G C1720 ** 0.04 0.01 0.01
I Cl1156 * 0.03 * 0.04 0.00
I C1728 * 0.03 * 0.04 0.00
I C1366 * 0.03 ** 0.05 0.00
I Cl147 * 0.03 * 0.04 0.00
I C06459 0.01 * 0.03 0.01
I C1407 0.02 * 0.03 0.01
I c0277A 0.01 * 0.03 0.01
I C1410B 0.01 ** 0.04 0.02
I C0175 0.01 * 0.03 0.02
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Table 2. Continued

Seed oil % Kern%3 oil Kernel %

Group Marker Prob. R?t Prob. R%t Prob. R?t
J c0007 0.02 0.00 * 0.03

J C1523 0.02 0.00 * 0.03

J C1160 * 0.03 0.01 * % 0.04

J C1067 * 0.03 0.00 * 0.04

J C1453 * 0.03 0.00 ** 0.04

J C0026 0.02 0.00 * 0.03

J C1294 0.01 0.01 * % 0.05

N C1965 * %k 0.07 * 0.04 0.02

N C1562 * % 0.05 0.02 * 0.03

N C2303 *xx 0.07 * 0.04 * 0.03

N C0503 * 0.04 0.02 0.02

Q C1713 0.01 * 0.03 0.01

0 C1380 0.01 * 0.03 0.01

Q C1195 0.01 ** 0.05 0.00

Q Cc0044 0.01 * 0.04 0.00
*, *x, **%  xxxx. Gignificance level of 0.05, 0.01, 0.001 and

0.0001 respectively.

t Coefficient of determination (R?).

explained by each marker.

Amount of variation
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Table 3. Location, genetic effects and contribution of

the regions controlling ¢il percentage

Trait Linkage = R? R?’t+ Additive:  High d/a§ Geneq
group effect parent actio
n
oil %
B 0.07 -2.25 HA89 +0.15 A
Kernel G 0.05 0.19 -1.67 HAB89 -0.68 D
% J 0.04 1.57 ZENBS +0.68 D
N 0.03 -1.09 HA89 +0.10 A
B 0.10 -2.20 HAB89 +0.42 A
Kernel C 0.02 -0.86 HA89 +0.34 A
oil % I 0.05 0.20 -1.17 HA89 -0.06 A
N 0.03 0.00 - -4.50 oD
Q 0.04 1.21 ZENBS +0.19 A
B 0.13 -2.98 HA89 +0.39 A
c 0.01 ~0.65 HA89  +1.49 OD
Seed G 0.12 0.27 -2.53 HA89 -0.24 A
oil % I 0.01 -0.59 HA89 +1.64 OD
J 0.03 1.14 ZENB8 -0.28 A
N 0.02 -0.81 HAB89 -2.47 oD

Amount of variation explained by all DNA regions with
significant F test.

Negative sign means an increase of the mean value of the
trait due to HA89 alleles. A positive sign means due to
ZENB8 alleles.

Ratio of the average dominant and additive effects of the
markers located within a significant region. A positive
sign means dominance for higher value of the trait. A
negative sign means dominance for lower value of the trait.
A=additive or partial dominance, D=partial dominance or
dominance, OD=overdominance. Based on the scale of the
ratio d/a reported by Edwards et al. (1987.).
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Table 4. Expected additive effects of the different regions
controlling seed oil percentage

Linkage group Seed o0il %
Expected Observed Difference
B -2.76 -2.98 +0.22
C -0.59 -0.65 +0.06
G -0.92 -2.53 +1.61%*
I -0.80 -0.60 -0.20
J 0.87 1.14 +0.23
N 0.60 -0.80 +0.20
Q 1.21 - -1.21*

* Significant at 0.05 probability
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PAPER III. GENETIC MAPPING OF SEED HYPODERMIS COLOR
AND ITS RELATION WITH SEED OIL CONTENT
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ABSTRACT

Sunflower seed color is determined by pigmentation of
three layers of the sunflower pericarp (hull), epidermis,
hypodermis, and phytomelanin layer. Although a major gene was
reported controlling the inheritance of color in pigmented
hypodermis, the inheritance of pigmented versus unpigmented
hypodermis was not reported. The objectives of this research
were to identify RFLP markers linked to factor(s) affecting
seed hypodermis pigmentation and to assess the relation
between this trait and oil percentage in the sunflower seed.
An F, single-cross population was produced from inbred parents
that differed for the traits. Two hundred sixty seven F,
plants and their F; families were evaluated.. A dominant
factor (Hyp) controlling the presence of white pigments in the
hypodermis was located to linkage group ‘G‘’. Seeds with white
hypodermis had lower oil percentage than those with
unpigmented hypodermis. The Hyp factor was found located in
the same map interval region as one QTL with major effects on

with seed oil percentage.
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INTRODUCTION
Seed Color

The sunflower achene is a fruit consisting of a kernel
(true seed) and a pericarp (hull). The kernel consists of an
embryo, endosperm and a seed coat. The pericarp (maternal
tissue) consists of several layers, cuticle (external layer),
epidermis, hypodermis, phytomelanin layer, fibrose tissue, and
finally parenchymal layers adjacent to the kernel (Nassanov,
1940; cited by.Vranceanu, 1977). 1In the sunflower research
community the word ‘seed’ is used synonymously with ‘achene’
and will be used so in this paper.

The pericarp color is determined by the pigmentation of
the epidermis, hypodermis, and phytomelanin layer (Putt, 1940;
Mosjidis, 1982). The epidermis layer can  be uniformly
unpigmented or have black or dark brown pigmented stripes of
varying thickness. Below the epidermis, the hypodermis can
also be either completely unpigmented or pigmented {(white or
purple). If the third layer (phytomelanin layer) is present
it has uniform dark brown-black pigments (Putt, 1944).

Genetic studies have identified factors with qualitative
effects on pigment development in the hypodermis. A dominant
gene T was reported controlling the presence of anthocyanin
pigments in the hypodermis (Sazyperow, 1914; cited by
Leclercqg, 1966). Mosjidis (1982) reported that a major
dominant gene (C) must be present to have purple color in that

layer, and two complementary genes (Y and P) gave different
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intensity of purple pigmentation. Leclercqg (1979) reported a
single dominant gene (Gb) controlling seed color but it was

not specified in his report which layer was being studied.

Relation between Seed Color and 0Oil Content

It is generally assumed among sunflower breeders that
white seed with black stripes has lower 0il percentage than
either black or gray seed (Stoenescu, personal communication).
If this assumption is true then seed color could be used as a
genetic marker for selecting high oil seeds when the parents
of a population differ in seed hypodermis color. However,
reports showing relation between seed color and oil percentage
could not be located.

The oil percentage in the sunflower seed is function of
the kernel o0il percentage, kernel (or hull) percentage and
hull oil percentage (Seed 0il %= [Kernel % x Kernel o0il % +
Hull $ x Hull 0il %] / 100). Kernel oil percentage, kernel
weight percentage and hull oil percentage vary from 40 to 70%,
48 to 78%, and 1 to 6%, respectively (Vranceanu, 1977). 1In a
recent study (Leon et al., in preparation) six genomic regions
controlling the expression of seed o0il percentage have been

located with RFLPs. All these regions were also significantly

associated with at least one of the seed 0il components.
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Molecular Markers

Few studies have been conducted using molecular markers
in sunflower. In general, the published nuclear DNA RFLP
analyses have been focused on studies of interspecific crosses
(Krauter et al., 1991) and the taxonomy of the genus
Helianthus (Choumane and Heizmann, 1983; Gentzbittel et al.,
1992). Berry et al. (in review a), using low copy genomic
probes to fingerprint inbred lines, has revealed RFLPs among
inbred lines of cultivated sunflower. Recently, an RFLP map
of sunflower was reported by Berry et al. (in review, b).
This was used to identify RFLP markers linked to QTL affecting
0il percentage in the seed (Leon et al., in preparation).

Although some research was done in the study of the .
inheritance of color in pigmented hypodermis, reports of the
genetics of pigmented versus unpigmented hypodermis and
linkage between seed color and oil content have not been
located. - The primary objective of this research was to
identify RFLP markers linked to region(s) controlling the
expression of pigmentation in the hypodermis, and to compare
their location with those QTL reported for seed oil

percentage.
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MATERIALS AND METHODS
Germplasm and Field Designs

The population used in this study was created by crossing
inbred lines ZENB8 and HA89. One Fl plant was self pollinated
to produce the F, generation. Three hundred and forty F,
plants were grown in Fargo, ND in the 1992 growing season
(Leon et al., in preparation) and self pollinated to produce
F; families. Two hundred sixty seven F, families were
evaluated in one replication of a completely randomized design
at Balcarce, Argentina, during the period November 92 through
March 93. Families were grown in single row plots 3 m long
and 0.70 m wide. Rows were planted and thinned to 10 pl/row
(47000 plants/ha).

ZENB8 is a proprietary inbred line derived from a cross
between two Argentine populations and maintained through more
than 10 generations of self-pollination. It has low seed oil
percentage (33%) and white seed color (white hypodermis with
black phytomelanin layer) with black stripes. HA89 is a line
released by the USDA in Fargo, N.D and has high seed oil
percentage (49%) and gray seed color (unpigmented hypodermis
with black phytomelanin layer) with black stripes in the
epidermis layer. Both parents have normal cytoplasm and

nonrestorer genes (B lines) for Leclercqg’'s cytoplasm.
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Trait Characterization

Characterization of hypodermis color and oil percentage
were accomplished using the seed harvested form each F, plant.
F, generation data were collected from a bulk of seed (equal
volume from each plant) harvested from the ten F; plants. F,
plants and F, families were placed into classes according with
the presence or absence of white pigments in the hypodermis.
Classes of F, plants were ‘white pigmented’ and ‘unpigmented
hypodermis’. For F; families, classes were ‘white pigmented’,
‘unpigmented’ and ‘segregating’. In accordance with a
previous classification scheme (Putt, 1940) unpigmented
hypodermis was declared when gray color was observed between
the black stripes of the epidermis. The ‘segregating’ class
consist of seeds with white and unpigmented hypodermis in the
bulked sample of the F, plants. This classification differs
from that used by Mosjidis (1982). He called ‘no pigmented
hypodermis’ the one that had white pigments, and pigmented the
one with purple pigments. It is also different from the one
used by the Plant Introduction Station (Ames,IA) since the
main seed color is the one which covers the biggest percentage
surface of the seed. Thus, HA89 was classified as black seed
with gray stripes since the predominant color of the seed was
attributed to the thick black stripes of the epidermis layer.
It was clearly stated by Putt (1940, 1944) and Mosjidis (1982)

that the stripes of the seed are present in the epidermis

layer.
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Seed o0il percentage was determined with a Nuclear
Magnetic Resonance Analyzer (NMR). A twelve gram sample of
seed was taken from each F, plant or the bulk of F, plants.
Samples were dried to 35 °C for 8 hours to approximately 4%
moisture, then 10 g samples were used for the seed oil

percentage determination.

RFLP Map and QTL Controlling
Seed o0il Percentage

The RFLP data collection and linkage map used for this
study was reported in a separate manuscript (Berry et al., in
review). The genetic markers covered 1380 centiMorgans (cM)
and were arranged in 17 linkage groups, corresponding to the
haploid number of chromosomes in this species. The average
interval size was 5.9 cM.

Six genomic regions controlling the expression of seed
oil content in the whole seed were located (Leon et al., in
preparation) in the same population used for this study. Of
these, two were associated with kernel oil percentage (linkage
groups ‘C’ and ‘I’), two with kernel percentage (linkage
groups ‘G’ and ‘J’) and two with both components (linkage

groups ‘B’ and ‘N’).
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Statistical Analysis

Number of factor(s) and localization

For the hypothesis of one dominant factor model Chi-
square tests were used to determine the goodness of fit of the
observed numbers of each hypodermis class and the expected
ratio 3 (white pigmented) : 1 (unpigmented) ratio an F,
generation (appendix 1). The observed number of each class in
F, families was tested to the expected ratio 1 (white) : 2
(segregating) : 1 (unpigmented). Since there is only one
degree of freedom for the Chi-square tests in the F,
generation a correction factor (-0.5) was applied (Gomez and
Gomez, 1984).

. The possible number of factors controlling the presence
of white pigments was also estimated using ANOVA. Single
factor analyses of variance (Edwards et al., 1987) were
conducted within marker loci for the genotypic classes and
hypodermis color (coded 0, 0.75, and 1; for unpigmented,
segregating, and white pigmented, respectively). Evidence of
linkage between an RFLP locus and a factor controlling
pigmentation in the hypodermis was indicated when the F test
gave a probability lower than 0.01. Coefficient of
determination (R?) for each marker locus was calculated as the
ratio of the sum of squares accounted for by the RFLP classes
and the total sum of squares.

At RFLP loci exhibiting significant association, additive

and dominant effects were determined from differences between
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mean trait values of marker locus genotypic classes, according
to Edwards et al. (1987). Within groups of closely linked
RFLP loci, those showing the highest significant F-tests were
selected as flanking markers for the factor locus. Additive
and dominant effects of the factor were estimated correcting
the effects at the RFLP locus by the recombination fraction
distance (r) between the marker and‘factor loci (Edwards et
al., 1987) (appendix 2). 1In the F, generation, families that
have heterozygous genotypic class in the F, for a given marker
loci express half of the dominant effects in the F, families
(Hallauer and Miranda, 1988), so dominant effects were
multiplied by a factor of two.

The d/a scale described by Edwards et al.(1987) was used
to classify gene action of the factor(s). The d/a ratio was
calculated dividing the estimated dominant(d) to additive(a)
effects of the factor.

MAPMAKER computer program (Lander et al.,1987) was used
to estimate the distance (r) between the flanking markers and
the factor(s) affecting hypodermis pigmentation. Hypodermis
pigmentation classes of F, families were used as morphological
marker classes (codominant marker) and placed with a LOD score

of 3.0 and a recombination value of 0.35 cM (Kosambi).

Relation between seed hypodermis color and oil percentage

Single factor analyses of variance (ANOVA) were conducted

for the hypodermis pigmentation classes and their seed oil
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percentage. F-test were used to determine if significant
variation in seed oil content was associated with the
hypodermis pigmentation classes. Among F, plants, the
difference between the two classes (white pigments vs.
unpigmented hypodermis) was tested with F test (a: 0.05). 1In
F, families, differences among the three classes (uniformly
white pigments, segregating, and uniformly unpigmented
hypodermis) were tested with F-test, and differences between
pair of classes were tested with the Least Significant

Difference (LSD; «:0.05).



95

RESULTS AND DISCUSSION

Linkage analvysis for hypodermis color

Characterization of the trait for the different progenies
is presented in Table 1. Segregation of hypodermis
pigmentation among F, plants and F, families fit the expected
ratios for a single dominant factor. White pigmented
hypodermis showed dominance over unpigmented. Concordant with
this results, single factor analyses of variance identified
one highly significant (P<0.0001) region associated with
inheritance of hypodermis pigmentation (Table 2). Results
from both progenies showed that C0290 is probably the closest
RFLP locus to the factor since it has the highest coefficient
of determination (0.70), additive and dominant effects. It is
also possible to predict that the most likely position of the
factor is within the interval C0290-C0887 than in C0357-C0290.
Since C0357 and C0887 have R? of similar magnitude, with
similar additive and dominant effects, it is expected that the
location of the factor is midway between these two markers and
this position is in the interval C0290-C0887.

Since this phenotype seems to be controlled by one
factor, it was used as a codominant morphological marker to
locate its position. Three point linkage analysis (MAPMAKER)
bPlaced the Hyp factor loci at 7.4 cM from C0290 and at 15.5 cM
from C0887 (Fig. 1). 1In the RFLP map (Berry et al., in
review) the interval between these two markers was 19 cM.

With the placement of the Hyp marker loci the distance changes
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to 22.9 cM. This kind of difference is expected due to the
lack of possibility to measure double crossovers between C0290
and C0887 without having a marker in the interval.

Additive and dominant effects of the Hyp factor estimated
from the RFLP genotypic class means at locus C0290 gave an
estimated additive and dominant effect of 0.49 and 0.51,
respectively. Since the phenotypic classes ‘white pigments’,
'segregating’ and ‘no-pigments’ were arbitrary coded with
values of ‘1’, ‘0.75' and ‘0’, respectively, the true additive
and dominant effects of the factor is ‘0.5’ if there is only
one factor with dominant gene action controlling the trait.
This expected values matched with the observed ones when
corrected by the distance to the factor locus.

A d/a ratio of 1.04 also indicated that dominant gene
action controls the expression of white pigments. Effects for
the presence of white pigments in the hypodermis are coming
from the parent with white hypodermis color (ZENB8). 1In other
words unpigmented hypodermis is a recessive trait, and alleles
are coming from HAB89.

Based on this experiment, it is not possible to discern
whether the Hyp factor is the same major gene reported by
Mosjidis (1982) or Sazyperow (1914; cited by Leclercqg, 1966)
since they worked with white and anthocyanin pigmented
hypodermis, and in this experiment, the presence or absence of
a white pigment in the hypodermis of the sunflower seed was

evaluated. At least two models can be developed from these
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observations. First, the presence or absence of pigments in
the hypodermis is controlled by one factor and in this
experiment both lines carry alleles for white pigments at
another locus. A second model is that this factor is the same
reported previously and there is an allelic series at this
locus that produces anthocyanin pigments, white pigments or

unpigmented hypodermis.

Relation between seed hyvpodermis color and oil percentage
Differences in seed 0il percentage among hypodermis
pigmentation phenotypes was highly significant when evaluated

in F, plants and their F; progeny (Table 3). Seed with
unpigmented hypodermis (HA89 type) had ten percent (3-4
percentage points) higher seed o0il percentage than white
pigmented hypodermis seed (ZENB8 type) in both types of
progeny. In F, families segregating for hypodermis
pigmentation the mean oil percentage is closer to the white
class than to the unpigmented one.

The Hyp locus is located in the same genomic region
(linkage group ‘G’) where a QTL with a major effect for seed
0il percentage has been located (Leon et al., in preparation)
in this population (Fig. 1). Gene action at this region was
dominance for low oil percentage. ZENB8 alleles contributed
the low 0il percentage. The higher oil percentage effect at
this region was explained by the higher kernel (or lower hull)

percentage effect of alleles coming from the line with higher
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seed o0il and kernel percentages (HA89). It was impossible to
determine if the Hyp locus that controls the hypodermis color
in the hull is.linked or has pleiotropic effects with that
controlling the seed oil percentage. But this similar map
position probably explains the relation between seed
hypodermis color and oil percentage in this population.

In summary, a major dominant factor (Hyp) controlling
hypodermis pigmentation was identified in linkage group ‘G’.
Phenotypic studies showed that seeds with white hypodermis
color had lower oil percentage than those with ﬁnpigmented
hypodermis. This Hyp factor was located in the same genomic
region as one QTL with major effect controlling seed oil
percentage. This coincidence in localization is probabiy
responsible for the relation between hypodermis pigmentation

and oil percentage in this population.
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APPENDIX 1
x2 = E (Oi-Ei‘O.S)Z / Ei

where Q; and E; are the observed and expected number of plants
or families having the ith phenotype (pigmented, segregating,
and unpigmented, respectively). The E; value was estimated
multiplying the total number of plants or families times the
. probability of having the ith phenotype for one dominant

factor model.
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APPENDIX 2

a= (M - mm/2) / (1 - 2r)
d = {Mm - (MM+mm)/2] / (1 - 2r)?

where a and d are the additive and dominant effects of the
factors, respectively; MM, Mm, mm the mean trait value of the
genotypic marker classes, and ‘r’ is the recombination

fraction between one RFLP marker and the factor loci.
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Table 1. Summary and analysis of segregation for hypodermis
pigmentation among F, plants and F, families.

Hypodermis pigmentation Expected
Generation White Segregating Unpigmented ratio 12t
F, 212 - 55 3:1 2.53
F, 74 131 50 1:2:1 4.72

t x2 (0.05) tabular is 3.84 for F,, and 5.99 for F3.
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Table 2. Summary of single factor analysis of variance in a
region in linkage group ‘G’.

Progeny Locus P>F R?t at as
units
C0357 0.0001 0.40 0.33 0.30
F, plants C0290 0.0001 0.65 0.42 0.37
c0887 0.0001 0.37 0.30 0.24
C1720 0.0001 0.16 0.20 0.14
C0357 0.0001 ‘ 0.48 0.33 - 0.35
F, families c0290 0.0001 0.70 0.42 0.38
c0887 0.0001 0.42 10.32 .24
C1720 0.0001 0.1¢ 0.21 0.17

t Coefficient of determination.

t Additive effect. A positive sign means an increase of the
mean value of the trait due to ZENB8 alleles.

§ Dominant effect. A positive sign means dominance for white
pigmented hypodermis.
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Table 3. Seed o0il percentage in seed with different
hypodermis pigmentation.

Progeny Hypodermis 0il %t LSD#
pigmentation
F, plants Unpigmented 46.5 + 1.0
White 43.4 + 1.0
Unpigmented 43.3 + 0.6 a
F, families Segregating 40.6 + 0.6 b
White 39.4 £ 0.6 c

t Mean + 2 standards error of the mean.

$ LSD{0.05)= €.70. Different letters indicate that means are
statistically different.
F-test were significant at the 0.001 level of probability
for both progenies.
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Localization of the Hyp locus in linkage group ‘G’.
Numbers represent distances (cM) between markers.
Black block shows the localization of a QTL
controlling seed 0il percentage according with a
previous research (Leon et al.,in preparation).
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GENERAL CONCLUSIONS

A linkage map of H.annuus was constructed based on the
segregation of 234 RFLP loci detected by 213 probes, in an F,
population of 289 individuals. The genetic markers covered
1380 centiMorgans (cM) of the sunflower genome and were
arranged in 17 linkage groups, corresponding to the haploid
number of chromosomes in this species. One locus was found to
be unlinked. Although the average interval size was 5.9 cM,
there were a number regions larger than 20 cM that were devoid
of markers. Twenty-three loci deviated significantly from the
expected Mendelian ratios for an F2 population (1:2:1 or 3:1);
all showing a reduction in the same homozygous class. The
majority of these loci were found to map to the same four
regions on linkage groups G, L, and P.

This sunflower RFLP map was then used for the genetic
linkage analyses. Significant associations were reported for
all traits studied in this research. RFLP markers located six
regions that explained at least 57% of the genetic variation
for seed o0il percentage. Two of these regions were associated
with kernel oil percentage, two with kernel percentage and two
with both components. Additive gene action was predominant
for seed o0il content and its components. The simultaneous
study of seed o0il content and its components seems to help in
localizing QTL and provide a better understanding of seed oil

content trait.
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Biometric studies showed that seeds with white hypodermis
color had lower oil content than those with unpigmented
hypodermis. A dominant genetic factér (Hyp) controlling the
presence of white pigments in the hypodermis of the seed was
located to linkage group ‘G’. This genomic region is located
in the same region as one QTL with mayor effects on seed oil

percentage.
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APPENDIX

Distances between RFLP markers (MAPMAKER output)

Chi-square analysis of segregation of markers
classes for a 12A:2AB:1BB or 3A_:1BB ratio

Single factor analyses of variance within loci for
the marker genotipic classes and their seed oil
content value

Single factor analyses of variance within loci for
the marker genotipic classes and their kernel oil
percentage value

Single factor analyses of variance within loci for
the marker genotipic classes and their kernel
percentage value

Single factor analyses of variance within loci for
the marker genotipic classes and their hypodermis
color in the F, population

Single factor analyses of variance within loci for
the marker genotipic classes and their hypodermis
color in the F,,; population

F, field data



TABLE Al.

LINKAGE GROUP A

Markers

67
46
182
26
117
226
183
211

LINKAGE GROUP B

C0562
C0433
C2241
c0266
C0997
Cllel
C2246
H2188
C1500
C0463B
C0252B
Cc0032
Cl174
C2263
C0606
Cc0689
C2007
C0243
cz2028
C0173

Markers

176
125
80

C2005
Cc1087
Cc0680
Cl129
H1070
€0593
C1165
C0425B
c0952
C0741
C0696
c0791
C1l763
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Distances between RFLP markers

20 markers

19 markers

(Mapmaker output)

log-likelihood=-898.87

log-likelihood=-776.02



TABLE Al. Continued

LINKAGE GROUP C

Markers Distance
227 C1161B 4.2 cM
9 0050 2.1 cM
142 C1395 3.7 cM
47 C0460 2.0 cM
140 C1378 3.4 cM
101 C0838 7.7 cM
217 C1137 10.9 cM
184 (C2247 23.3 cM
15 C0172 1.5 cM
107 <0896 8.2 cM
74 C0607 1.7 cM
167 (C1740 7.1 cM
51 C0463C W —---=-----
75.8 cM

LINKAGE GROUP D
Markers Distance
86 C0713 10.6 cM
185 (2255 8.4 cM
208 H2178A 0.6 cM
210 H2178C 5.8 cM
110 - c0921 14.4 cM
139 C1373 6.4 cM
53 CO0463E 1.0 cM
178 C2008 1.7 cM
41 C0360 0.3 cM
207 H2169 2.8 cM
99 (0823 W --m-m-----
52.2 cM
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13 markers -

11 markers

log-likelihood=-634.19

log-likelihood=-495.41



116

TABLE Al. Continued

LINKAGE GROUP E

Markers Distance
129 C1203 14.8 cM
97 0810 12.0 cM
12 C0062 4.5 cM
127 C1153 10.5 cM
231 C1170 0.9 cM
45 C0431 2.6 cM
213 C1105 32.7 <M
89 C0732 7.3 cM
68 C0566 1.9 cM
220 C1138 2.4 cM
195 H2038 @ ~——-——e—--

89.5 cM 11 markers log-likelihood=-661.62

LINKAGE GROUP F

Markers Distance
103 C0865 8.4 cM
92 C0736B 0.0 cM
57 C0496 0.9 cM
81 (0681 2.1 cM
149 C1437 13.9 cM
162 C1696 6.5 cM
131 cC1222 5.0 cM
175 C1997 5.1 cM
233 Cl176 45.9 cM
14 C0169 -——--c--——-
87.9 cM 10 markers log-likelihood=-570.11
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LINKAGE GROUP G

Markers

40
33
106
165
6
230
155
203
119
29
145
188
63
132
222
79
238

LINKAGE GROUP H

C0357
C0290
co0887
C1720
C0036C
C1168
C1470
H2045E
C1002
C0277B
C1410a
C2286
C0532
Cl242
C1143
C0667
C1207

Markers

18
164
193
204
205
219
135
137
156

62

54

59

Cc0180
C1715
HO0230
H2045F
H2045G
C1131
c1288
C1360
C1476
C0523
CO0463F
C0515

Continued

Distance
9.5 cM
19.0 cM
14.6 cM
3.2 cM
4.7 cM
3.2 cM
1.9 cM
10.2 cM
3.3 cM
1.2 cM
0.5 cM
0.7 cM
3.2 cM
3.1 cM
13.7 cM
37.0 cM
129.1 cM
Distance
28.7 cM
1.3 cM
1.3 cM
0.0 cM
1.0 cM
10.4 cM
2.1 cM
1.2 cM
1.2 cM
2.2 cM
33.1 cM
82.5 cM
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17 markers

12 markers

log-likelihood=-885.51

log-likelihood=-538.34



TABLE Al.

LINKAGE GROUP I

Markers

224
166
30
138
223
78
144
28
146
17
37
124
87
201
154
170
102
52

LINKAGE GROUP J

C1156
C1728
co282a
Cl366
C1147
Cc0649
C1407
c0277A
C1410B
C0175
C0331
c1077
C0717A
H2045C
Cl461
C1891
Cc0851
C0463D

Markers

27
1
159
39
225
123
153
2
136
236
115
151
197

C0268
c0007
C1523
C0352
C1160
C1067
C1453
C0026
C1294
Cl184
Cc0949
Cl446
H2098

Continued

Distance
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18 markers

13 markers

log-likelihood=-708.32

log-likelihood=-680.09
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TABLE Al. Continued

LINKAGE GROUP K

Markers Distance
172 C1924 3.8 cM
202 H2045D 24.1 cM
221 C1139 9.6 cM
143 C1400 8.4 cM
121 cC1010 1.9 cM
126 C1093 3.5 cM
66 CO0559 3.4 cM
35 C0307 3.0 cM
43 C0425A 3.0 cM
96 C0806 6.9 cM
49 C0463Aa 5.2 cM
114 C0947 1.3 cM
84 C0698 -——---e-e—-
74.0 cM 13 markers log-likelihood=-634.31

LINKAGE GROUP L

Markers Distance
174 C1978 5.0 cM
98 (0822 2.4 cM
64 C0538A 4.3 cM
152 C1451 18.9 cM
88 (C0728 1.6 cM
158 C1517 7.4 cM
42 C0383 1.6 cM
76 C0619 3.3 cM
21 C0230 13.7 cM
199 H2045A 2.1 cM
77 C0628 10.6 cM
69 C0570 4.7 cM
55 (C0481 0.2 cM
70 CO0589 7.7 cM
160 C1524 = -—-——---——-

83.4 cM 15 markers log-likelihood=-716.69
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LINKAGE GROUP M

Markers

235
19
108
31
234
200
90
24
214
120
209
105
3
150

LINKAGE GROUP N

c1180
co181
C0903
C0282B
C1177
H2045B
C0735
C0252
C1119
C1004
H2178B
c0873
C0027
C1440

Markers

194
168
113
218
112
173
161

H2034
Cl1754
Cc0941
C1145
Cc0929
C1965
Cl562
C2303
C0503
c0205
C2074
C0057

Continued

Distance
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14 markers

12 markers

log-likelihood=-674.27

log-likelihood=-486.32



TABLE Al.

LINKAGE GROUP O

Markers

91
180
36
111
216
7
171
133
56
130
34
22
134
212
196

LINKAGE GROUP P

C0736
C2055
C0316
C0925
C1135
c0043
C1905
C1249
C0485
C1210
C0296
c0238
C1256
H2001
H2074

Markers

192

94
109
148
104

85
118
147

75
206
122

H2013
co747
C0906
C1423
C0866
C0704
C1000
C1418
C0616
H2151
C1059

Continued

Distance
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15 markers

11 markers

log-likelihood=-692.41

log-likelihood=-603.38
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LINKAGE GROUP Q

Markers

191
60
187
128
163
141
237
8
100
65

H2011
C0519
Cc2284
C1201
C1713
C1380
C1195
Cc0044
c0827
C0538B

Continued
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122

10 markers

log-likelihood=-554.61
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TABLE A2. Chi-sqguare analysis of segregation of marker
classes for a 1 AA : 2 AB : 1BB or
3 A_ : 1 BB ratio

Group Probe P<0.05 Prob Chi-sq # AA # AB # BB Total

A C0562 0.37908 1.94 65 132 79 276
A C0433 0.55711 1.17 69 130 76 275
A C2241 0.44264 1.63 69 132 79 280
A c0266 0.50158 1.38 63 129 75 267
A Cc0997. 0.27117 2.61 223 59 282
A Cllela 0.08804 4.86 61 151 55 267
A C2246 * 0.04689 6.12 67 156 53 276
A H2188 0.62189 0.95 71 152 66 289
A C1500 0.40052 1.83 66 143 58 267
A C0463B *. 0.03707 6.59 226 51 2717
A C0252B 0.38868 1.89 222 61 283
A Cc0032 0.27665 2.57 75 152 60 287
A C1174 0.17377 3.50 67 160 62 289
A C2263 0.35701 2.06 64 152 64 280
A C0606 0.60957 0.99 64 147 67 278
A Cc0689 0.52205 1.30 62 146 66 274
A C2007 0.62814 0.93 68 150 66 284
A C0243 0.77492 0.51 68 148 68 284
A Cc2028 0.95123 0.10 70 134 67 271
A C0173 0.95123 0.10 67 140 70 277
B C2005 0.87372 0.27 67 142 73 282
B c1087 0.1549 3.73 57 145 79 281
B C0680 0.39259 1.87 61 141 77 279
B C1129 0.70117 0.71 67 137 76 280
B H1070 0.16122 3.65 67 156 59 282
B C0593 0.65705 0.84 67 144 78 289
B Cl1le65 0.41066 1.78 60 147 68 275



TABLE AZ2.

Continued

124

Group Probe

P<0.05

Prob Chi-sq # AA # AB # BB Total

g o000 0n0m W ww o w oo w e w

C0425B
C0952
C0741
C0696
C0791
C1763
C2308
C0522
C0036A
C0335
C0284
c0082
Cl161B
C0050
C1395
C0460
C1378
C0838
C1137
C2247
C0172
C0896
C0607
C1740
C0463C
C0713
C2255
H2178A

*

* % %

0.99501 0.01
0.38868 1.89
0.70822 0.69
0.3588 2.05
0.42956 1.69
0.56836 1.13
0.34301 2.14
0.30882 2.35
0.31822 2.29
0.2466 2.80
0.0773 5.12
0.04394 6.25
1 0.00
0.10435 4.52
0.11824 4.27
0.40861 1.79
0.28365 2.52
0.74082 0.60
0.81465 0.41
0.69073 0.74
0.16696 3.58
0.16122 3.65
0.36788 2.00
0.57695 1.10
0.0008 14.25
0.50662 1.36
0.91851 0.17
0.2265 2.97

212
60
65
60
60
64
60
60
62

218
61
65

208
71
72
69
72
73
71
15
83
82
81
77

181
72
67
69

148
147
149
146
150
150
147
155

160

- 161

158
159
145
155
136
149
143
132
132
144
133

150
142
149

72
69
70
12
71
71
70
62
70
57
61
56
70
57
58
59
61
64
68
65
63
61
64
68
97
63
71
57

284
277
282
281
277
285
280
269
287
275
282
282
278
286
289
273
288
273
288
283
2778
275
289
278
278
285
280
275
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TABLE A2. Continued

" Group Probe P<0.05 Prob- Chi-sq # AA # AB # BB Total

D H2178 0.35169 2.09 69 155 63 287
D Cc0921 0.95123 0.10 212 68 280
D C1373 0.41895 1.74 65 155 68 288
D C0463E 0.87372 0.27 68 140 74 282
D - C2008 0.55433 1.18 67 150 65 282
D Cc0360 0.82696 0.38 69 146 67 282
D H2169 0.67032 0.80 74 130 69 273
D c0823 0.63128 0.92 69 152 67 288
E C1203 0.19691 3.25 72 153 58 283
E Cc0810 0.26185 2.68 68 153 60 281
E Cc0062 0.75957 0.55 71 132 73 276
E C1153 0.84366 0.34 68 144 75 287
E ~C1170 1 0.00 71 142 71 284
E Cc0431 0.67706 0.78 69 146 64 279
E Cl1l105 0.98511 0.03 70 143 70 283
E c0732 0.67706 0.78 76 137 76 289
E C0566 0.91851 0.17 74 140 70 284
E C1l138 0.35169 2.09 59 142 75 276
E H2038 0.79852 0.45 207 63 270
F C0865 0.58567 1.07 69 152 66 287
F C0736B 0.77492 0.51 221 67 288
F C0496 0.72253 0.65 70 150 67 287
F c0681 0.91851 0.17 66 140 70 276
F C1437 0.44264 1.63 69 150 62 281
F Cl696 0.17119 3.53 60 152 61 273
F Cl222 0.10593 4.49 68 157 57 282
F C1997 * 0.0299 7.02 63 152 50 265
F Cli7e6 0.06081 5.60 62 163 61 286
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TABLE A2. Continued

Group Probe P<0.05 Prob Chi-sqg # AA # AB # BB Total

F C0169 0.91393 0.18 70 148 71 289
G C0357 0.27665 2.57 56 144 66 266
G C€0290 0.16948 3.55 58 154 75 287
G Cc0887 0.24537 2.81 65 152 60 277
G C1720 0.33287 2.20 64 - 143 57 264
G c0036C 0.32303 2.26 81 143 63 287
G Cl1e8 0.21871 3.04 75 153 59 287
G Cl470 0.23224 2.92 73 153 59 285
G H2045G 0.94176 0.12 216 69 285
G C1002 0.1764 3.47 81 139 59 279
G C0277B * 0.03491 6.71 81 147 52 280
G cl410Aa * 0.01419 8.51 80 155 50 285
G C2286 * 0.01822 8.01 82 152 51 285
G C0532 * 0.02586 7.31 80 155 52 287
G Cl242 ** 0.00844 9.55 75 161 49 285
G C1143 * 0.01089 5.04 82 150 49 281
G C0667 ** 0.00985 9.24 74 157 = 48 279
G C1207 0.37908 1.94 63 154 69 286
H c0180 0.72615 0.64 64 141 73 278
H C1715 0.7788 0.50 65 144 68 2777
H H2030 0.94176 0.12 69 135 71 275
H H2045E 0.69073 0.74 74 137 77 288
H H2045G 0.07353 5.22 77 155 55 287
H Cl1i31 0.74082 0.60 72 148 66 286
H C1288 0.95123 0.10 71 136 70 277
H C1360 0.46767 1.52 70 142 59 271
H Cl476 0.90937 0.19 73 143 68 284
H C0523 0.88692 0.24 70 142 66 2778
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TABLE A2. Continued

Group Probe P<0.05 Prob Chi-sq # AA # AB # BB Total

H C0463F 0.82696 0.38 209 76 285
H C0515 0.81058 0.42 75 137 72 284
I C1156 0.63128 0.92 73 138 62 273
I C1728 0.96561 0.07 71 138 68 277
I C0282A 1 0.00 207 69 276
I C1366 0.94176 0.12 73 139 71 283
I C1147 0.99501 0.01 68 134 67 269
I C0649 0.96561 0.07 71 144 74 289
I c1407 0.96561 0.07 69 142 72 283
I C0277A 0.76721 0.53 71 149 67 287
I C1410B 0.8781 0.26 68 143 74 285
I  CO0175 0.85214 0.32 73 135 171 279
I C0331 0.25158 2.76 58 147 75 280
I C1077 0.20291 3.19 59 151 78 288
I c0717 0.11192 4.38 53 148 68 269
I H2045C 0.89137 0.23 210 75 285
I Cl461 0.12556 4.15 58 146 82 286
I Cc1891 0.2658 2.65 51 130 67 248
I C0851 0.19691 3.25 58 147 78 283
I C0463D 0.51944 1.31 200 78 278
J C0268 0.48919 1.43 74 150 63 287
J C0007 0.08543 4.92 71 160 57 288
J C1523 0.59156 1.05 73 142 62 277
J C0352 0.65051 0.86 76 142 65 283
J C1160 0.44933 1.60 79 141 64 284
J C1067 0.39852 1.84 82 140 67 289
J C1453 0.3588 2.05 79 142 62 283
J C0026 0.39653 1.85 79 139 63 281
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Continued
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Group Probe

P<0.05

Prob Chi-sq # AA # AB # BB Total

R =RRRLGOLggg

s s s s s s e L L L L L

C1294
C1l184
C0949
Cl446
H2074
Cl1924
H2045D
C1139
C1400
C1010
C1093
C0559
C0307
C0425A
C0806
C0463A
c0947
C0698
C1978
C0822
€0538A
C1451
c0728
C1517
Cc0383
C0619
C0230
H2045A

0.09255 4.76
0.19691 3.25
0.48191 1.46
0.29083 2.47
0.0216 7.67
0.77105 0.52
0.93239 0.14
0.44486 1.62
0.90937 0.19
0.39653 1.85
0.6005 1.02
0.82283 0.39
0.10915 4.43
0.80654 0.43
0.76338 0.54
0.78663 0.48
0.16864 3.56
0.20291 3.19
0.00831 9.58
0.01649 8.21
0.02573 7.32
0.01674 8.18
0.17291 3.51
0.13199 4.05
0.00557 10.38
0.00756 9.77
0.03206 6.88
0.06298 5.53

78
78
75
72
67
67
217
62
69
75
75
74
74
208
71
204
75
81
72
72
73
65
78
83
88
88
86
226

132
147
139
144
164
147

149
147
133
133
136
145

145

122
129
159
153
157
161l
145
145
141
145
139

53
58
61
57
54
68
69
67
72
80
15
68
53
76
65
75
78
78
48
48
51
52
57
59
50
51
55
53

263
283
275
273
285
282
286
278
288
288
283
278
272
284
281
279
2775
288
279
273
281
278
280
287
279
284
280
279
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TABLE A2. Continued

Group Probe P<0.05 Prob Chi-sqgq # AA # AB # BB Total

L c0628 0.62814 0.93 76 146 65 287
L C0570 0.54607 1.21 220 63 283
L C0481 0.8825 0.25 75 140 73 288
L C0589 0.84366 0.34 76 140 73 289
L C1524 0.59452 1.04 77 136 66 279
M C1180 0.98511 0.03 73 145 71 289
M Cc0181 0.50409 1.37 65 153 69 287
M Cc0903 0.17204 3.52 76 153 58 287
M C0282B 0.91393 0.18 203 72 275
M C1177 0.46767 1.52 59 134 56 249
M H2045B 0.80654 0.43 205 75 280
M C0735 0.1979 3.24 62 154 62 278
M C0252A 0.12185 4.21 60 158 64 282
M C1109 0.67706 0.78 68 151 68 287
M C1004 0.16447 3.61 63 158 63 284
M H2178B 0.80252 0.44 210 64 274
M c0873 0.76338 0.54 72 147 66 285
M c0027 0.74082 0.60 72 148 66 286
M C1440 0.68386 0.76 68 133 59 260
N H2034 0.78663 0.48 204 75 279
N Cl1l754 0.3396 2.16 69 150 60 279
N C0941 0.24051 2.85 72 155 60 287
N C1145 0.1764 3.47 68 159 61 288
N C0929 0.20909 3.13 67 155 60 282
N C1965 0.11192 4.38 76 140 53 269
N Cl1562 0.07353 5.22 77 155 55 287
N C2303 0.25538 2.73 75 142 57 274
N C0503 0.14734 3.83 75 146 55 276
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TABLE A2. Continued

Group Probe P<0.05 Prob Chi-sqgq # AA # AB # BB Total

N Cc0205 0.83946 0.35 72 146 67 285
N Cc2074 0.80252 0.44 66 144 67 2717
N C0057 0.85642 0.31 66 143 71 280
o) C0736A 0.27253 2.60 80 130 77 287
0] C2055 0.54881 1.20 78 137 66 281
0] C0316 0.96561 0.07 73 142 70 285
0] C0925 0.90937 0.19 75 143 70 . 288
) C1135 0.90484 0.20 75 141 71 287
o) Cc0043 0.72979 0.63 75 134 71 280
O C1905 0.60351 1.01 65 143 62 270
o) C1249 0.48191 1.46 68 153 65 286
0] C0485 0.75957 0.55 67 144 65 276
0 C1210 0.25795 2.71 68 145 56 269
0 C0296 0.76338 0.54 73 136 75 284
0 C0238 0.15961 3.67 59 119 77 255
0] C1256 0.32628 2.24 76 129 78 283
0] H2001 0.68729 0.75 73 135 76 284
o) H2074 0.89137 0.23 69 139 74 282
P H2013 0.35169 2.09 73 154 62 289
P Cc0747 0.53794 1.24 71 151 64 286
P C0906 0.2982 2.42 74 154 61 289
P Cl423 0.22537 2.98 68 151 58 277
p C0866 0.0696 5.33 75 157 55 287
P C0704 0.12556 4.15 73 156 57 286
P C1000 0.51944 1.31 72 147 62 281
P Cl418 *x 0.00427 10.91 70 159 46 275
P C0616 * 0.01657 8.20 71 16l 51 283
p H2151 0.89137 0.23 70 147 69 286
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TABLE A2. Continued

Group Probe P<0.05 Prob Chi-sq # AA # AB # BB Total

P Cl1059 * 0.00223 12.21 61 172 53 286
Q  H2011 0.48191 1.46 79 134 68 281
Q  C0519 0.31506 2.31 81 133 66 280
Q  C2284 0.54064 1.23 75 138 62 275
Q cl201 0.42105 1.73 79 133 66 278
Q C1713 0.21331 3.09 72 143 55 270
Q 1380 0.66698 0.81 72 146 64 282
Q  C1195 0.37344 1.97 68 152 62 282
Q  C0044 0.2982 2.42 64 153 63 280
Q 0827 0.31037 2.34 66 153 62 281
Q  C0538B 0.92774 0.15 214 68 282

C0592 0.25032 2.77 55 143 65 263
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TABLE A8. F2 field data

Plant Hypod. Hull Kernel Kernel Seed
Code color 0il 0il
% % % %
10-1 1 29 71 57.0 46
10-2 0 24 76 54.4 45.2
10-3 1 26 74 59.0 46.9
10-4 1 28 72 55.2 44 .5
10-5 1 40 60 60.0 50.7
10-6 1 29 71 52.4 42.6
10-7 1 33 67 58.0 45.8
10-8 1 33 67 56.6 47.6
10-9 1 31 69 62.0 45.7
10-10
10-11
10-12 0 26 74 58.6 46.1
10-13 1 26 74 56.8 48.2
10-14
10-15 1 27 73 56.2 45.6
10-16 0 41 59 54.2 48.2
10-17 1 32 68 56.2 43.7
10-18 1 43 57 47.2 33
11-1
11-2 0 35 65 51.2 37.3
11-3 0 32 68 57.0 50.3
11-4 1 30 70 55.6 44.9
11-5 0 32 68 54.0 41.3
11-6 1 24 76 56.6 47.2
11-7 1 33 67 54.6 46.8
11-8 0 29 71 57.8 46.1
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TABLE A8. Continued

Plant Hypod. Hull Kernel Kernel Seed
Code color 0il 0il
% % % %

11-9 0 25 75 49.0 41.1
11-10 1 30 70 57.4 44.9
11-11 1 26 74 60.8 51.2
11-12 0 33 67 57.2 49.6
11-13 1 28 72 61.0 46.3
11-14 i 26 74 60.8 49.7
11-15 1 33 67 55.2 44.1
11-16 1 40 60 52.6 39.6
11-17 1 28 72 59.2 49
11-18 1 33 67 50.8 38.9
12-1 1 34 66 50.0 37.8
12-2 0 24 76 52.8 45.8
12-3

12-4 1 40 60 55.6 42.6
12-5 1 31 69 52.0 43.3
12-6 1 27 73 59.4 46.1
12-7

12-8

12-9 1 38 62 56.0 43.5
12-10 0 27 73 60.0 47.9
12-11 1 31 69 53.6 43 .4
12-12

12-13

12-14 0 27 73 56.4 46.9
12-15 1 33 67 53.4 45.6

12-16 1 31 69 57.3 45.3
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TABLE A8. Continued

Plant Hypod. Hull Kernel Kernel Seed
Code color 0il 0il
% % % %

12-17 1 26 74 60.8 48.2
13-1 1 27 73 60.2 48.5
13-2 1 31 69 58.8 46.2
13-3 0 38 62 57.6 49.3
13-4 1 28 72 53.2 43.2
13-5 1 30 70 57.4 44.7
13-6 0 25 75 57.0 50.4
13-7 1 42 58 51.4 39.2
13-8 1 31 69 53.2 43.2
13-9 1 49.6
13-10 1 35 65 53.0 41.3
13-11 1 28 72 57.6 46.3
13-12 1 27 73 50.6 41.6
13-13 1 35 65 55.8 44.6
13-14 1 29 71 61.6 49.6
13-15 1 42 58 44.0 31.9
13-16

13-17 1

14-1 1 27 73 53.2 43.1
14-2 1 31 69 47.0 39.2
14-3 1 27 73 55.8 43.2
14-4 0 21 79 58.0 49.9
14-5

14-6 1 43.2
14-7 1 30 70 54.8 42.6

14-8
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TABLE A8. Continued

Plant Hypod. Hull Kernel Kernel Seed
Code color 0il 0il
% % % %
14-9 1 37 63 58.2 43.5
14-10 1 27 73 57.0 45.9
14-11 1 34 66 54.8 41.7
14-12 1 29 71 54.8 42.6
14-13 1 44 56 56.8 45
14-14 1
14-15
14-16 1 31 69 50.6 39.9
14-17 1 35 65 53.3 39.5
14-18
15-1 0 31 69 46.2 37.1
15-2 1 39 61 45.0 34.3
15-3 1 28 72 59.0 48.5
15-4 1 34 66 49 .4 41.3
15-5 1 30 70 55.6 43.1
15-6 1
15-7 1 29 71 53.2 43 .4
15-8 1 36 64 59.6 49
15-9 1 31 69 52.4 41.7
15-10 1 37.2
15-11 1 26 74 59.0 48
15-12 1 30 70 58.2 45.7
15-13 1 29 71 52.8 44 .5
15-14 1
15-15

15-16 1 35.4
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TABLE A8. Contilnued

Plant Hypod. Hull Kernel Kernel Seed
Code color 0il 0il
% % % %
15-17 0 42 58 53.0 46.8
15-18 1 32 68 55.0 42.2
16-1 0 28 72 56.8 45.1
16-2 1 36 64 53.6 39.7
16-3 1 48
16-4 1 29 71 57.0 46.5
16-5 1 32 68 56.8 44 .5
16-6 1 33 67 60.6 45.1
16-7 1 33 67 56.8 47.2
16-8 1 39 61 55.2 46.4
16-9 1 31 69 55.8 44 .4
16-10
16-11 0 25 75 54.8 48.2
16-12 1 31 69 58.2 44 .9
16-13 0
16-14 1 30 70 55.4 44 .1
16-15 1 33 67 54.2 42.5
16-16 1 32 68 60.2 47
16-17 0 31 69 54.2 40.9
16-18 1 27 73 53.8 42.9
17-1 1 35 65 53.4 41.3
17-2
17-3 0 27 73 64.2 51.9
17-4 0 32 68 54.4 43.7
17-5 1 29 71 53.6 42.7
17-6 1 35 65 50.8 37.5
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TABLE A8. Continued

Plant Hypod. Hull Kernel Kernel Seed
Code color 0il 0il
% % % %
17-17 0 37 63 58.2 50.8
17-8 1 29 71 58.2 48.1
17-9 1 30 70 61.6 47.6
17-10 0 24 76 60.4 50.1
17-11 0 40 60 61.8 52.3
17-12 1 29 71 54.0 43
17-13 1 33 67 53.6 41
17-14 0
17-15 1 31 69 58.0 45.5
17-16
17-17 1 29 71 53.0 42.1
18-1
18-2 0 29 71 54.0 44
18-3
18-4 1 29 71 57.2 42.7
18-5 1 30 70 56.4 45.4
18-6 1 28 72 60.2 49.2
18-7 1 34 66 58.6 44 .1
18-8 1 28 72 59.0 47.5
18-9 1
18-10 1 32 68 56.4 49 .2
18-11 0 25 75 52.8 44 .3
18-12 1 43 57 52.4 35.7
18-13 1 27 73 62.2 49.9
18-14 0 29 71 56.6 43.8
18-15 1 37 63 57.8 48 .2
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TABLE A8. Continued

Plant Hypod. Hull Kernel Kernel Seed
Code color 0il 0il
% % % %
18-16 1 49.2
18-17 0 21 79 57.6 49.2
18-18 1 34 66 52.8 40.3
19-1
19-2 1 32 68 49.6 37.6
19-3 1 28 72 51.6 42.2
19-4 1 33 67 54.6 41.6
19-5 1 38.8
19-6
19-7
19-8 1 28 72 54.6 44 .8
19-9 1 36 64 57.2 45.5
19-10 1 38 62 53.2 38.4
19-11
19-12 1
19-13 1 30 70 56.6 44
19-14 1 34 66 60.8 44.1
19-15 0 31 69 56.0 51.3
19-16 1 34 66 54.4 42.3
19-17 1 32 68 52.4 41
19-18 1 30 70 47.4 39.8
20-1 1 42 58 44 .8 34.5
20-2 1 37 63 44 .8 34.9
20-3 1 29 71 57.2 45.5
20-4 0 27 73 53.2 33.3
20-5 0 25 75 53.6 42.9
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TABLE A8. Continued

Plant Hypod. Hull Kernel Kernel Seed
Code color 0il 0il
% % % %
20-6
20-7 1 34 66 57.6 44.9
20-8
20-9 1 29 71 60.4 49.2
20-10 0 25 75 60.6 51.5
20-11 1 32 68 56.8 44 .7
20-12 1 29.4
20-13 1 37 63 48.8 37.8
20-14 1 36 64 62.8 53.3
20-15 0 20 80 54.0 4G5.1
20-16 1 33 67 50.4 39
20-17 1 28 72 54.6 45.2
21-1
21-2 1 40 60 55.4 39.5
21-3 1 34 66 49.6 39.5
21-4 0
21-5 1 41.4
21-6 1 39 61 56.2 41.7
21-7 0 29 71 55.0 46.4
21-8 1 28 72 58.2 45.9
21-9 1 31 69 61.0 49.5
21-10 1 33 67 55.0 40.7
21-11 1
21-12 1 29 71 57.4 42.8
21-13 0 31 69 54.8 44 .8
21-14 1 29 71 59.2 45 .4
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TABLE A8. Continued

Plant Hypod. Hull Kernel Kernel Seed
Code color 0il 0il
% % % %
21-15 1 30 70 53.2 41.9
21-16
21-17 0 25 75 62.8 50.3
21-18 1 31 69 52.6 40.2
22-1 1 32 68 51.8 43.6
22-2 1 37 63 45.2 34.4
22-3 1 32 68 53.4 41.2
22-4 0 29 71 57.6 44 .9
22-5 1 28 72 58.4 44 .1
22-6 1 38
22-17 1 27 73 55.4 44 .6
22-8 1 28 72 61.0 47.8
22-9 1 28 72 54.4 43.6
22-10 1 31 69 56.8 43.6
22-11 1 28 72 58.0 46.7
22-12 1 29 71 56.0 45.2
22-13 1 31 69 54.4 41.1
22-14 1 28 72 54.1 46
22-15 1 28 72 60.6 45.6
22-16 0 29 71 58.8 50.1
22-17 1 35 65 53.0 40.2
22-18
23-1 0 27 73 57.0 46.1
23-2 1 28 72 55.8 46.1
23-3

23-4 0 29 71 54.8 46.6
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TABLE A8. Continued

Plant Hypced. Hull Kernel Kernel Seed
Code color 0il 0il
% % % %
23-5 1
23-6 1 26 74 58.8 50.4
23-7 1 35 65 55.6 41
23-8 1 29 71 54.8 44.3
23-9 0 36 64 61.8 51.3
23-10 1 28 72 60.4 48
23-11 1 28 72 62.6 49.3
23-12 1 26 74 61.4 52.6
23-13 1
23-14 1 34 66 53.8 41.5
23-15 1 33 67 51.4 38.4
23-16 1 24 76 53.8 44.8
23-17 0 35 65 56.0 45.9
24-1 0 26 74 55.4 48.2
24-2 1 34 66 50.8 38.8
24-3 0 31 69 53.2 45.9
24-4 1 30 70 56.4 45.7
24-5 1 40 60 51.6 37.6
24-6 1 28 72 56.6 43.2
24-7 0 25 75 54.6 46
24-8 1 38 62 53.0 40.8
24-9
24-10 1 31 69 48.6 39.1
24-11 1 33 67 57.4 43.3
24-12 0
24-13 1 34 66 53.0 41.5
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TABLE A8. Continued

Plant Hypod. Hull Kernel Kernel Seed
Code color 0il 0il
% % % %
24-14 1 34 66 57.0 40.9
24-15 1 ‘
24-16 1 28 72 62.2 49
24-17 0 22 78 54.4 47.7
24-18 1 37.2
25-1 1 35 65 55.2 47.2
25-2 1 33 67 51.0 38.1
25-3 1 28 72 55.0 44
25-4 0 25 75 57.4 47.2
25-5 1 29 71 58.2 47.2
25-6 0 21 79 56.8 48.7
25-7 1 39 61 56.2 44 .7
25-8 1 35 65 59.8 41.1
25-9 1 28 72 56.2 47.1
25-10 1 33 67 53.2 43.6
25-11 1 36 64 54.0 40
25-12 1 29 71 52.0 43.7
25-13 1 30 70 57.8 44
25-14 1 29 71 57.8 43.7
25-15 1 31 69 56.8 43.9
25-16 0
25-17 1 34 66 49 .4 37.1
26-1 1 40 60 51.2 36.2
26-2 1 31.4
26-3 1 38 62 58.8 47
26-4 1 36 64 54.4 39.7
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TABLE A8. Continued

Plant Hypod. Hull Kernel Kernel Seed
Code color 0il 0il
% % % %
26-5 1 27 73 55.8 45.6
26-6 1 31 69 59.8 46.8
26-7 0 24 76 55.2 46.1
26-8 1 29 71 55.0 43.5
26-9 1
26-10 1 33 67 52.8 40.2
26-11 1 30 70 56.2 43.7
26-12 1 29 71 56.8 47
26-13
26-14 1 33 67 52.0 40.4
26-15 ‘
26-16 1 29 71 58.2 47.6
26-17 1 36 64 51.4 38.1

26-18 1 37 63 48.0 33.7




