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Abstract Amplified fragment length polymorphism
(AFLP) analysis is a rapid and efficient method for
producing DNA fingerprints. The AFLP diversity of
sunflower has not been described, and much of the
public germ plasm of sunflower has not yet been finger-
printed. Our objectives were to: (1) estimate genetic
similarities, polymorphism rates, and polymorphic in-
formation contents (PICs) for AFLP markers among
elite public oilseed inbred lines, and (2) assess the gen-
etic diversity of inbred lines using genetic similarities
estimated from AFLP fingerprints. We produced fin-
gerprints for 24 public inbred lines of sunflower
(Helianthus annuus L.) using six AFLP primer combina-
tions. These primers produced a total of 359 AFLP
markers or about 60 markers per primer combination.
Genetic similarities ranged from 0.70 to 0.91, polymor-
phism rates ranged from 7 to 24%, and PICs ranged
from 0.0 to 0.5. Genetic similarities were lower overall
for maintainer (B)]restorer (R) crosses than for B]B
or R]R crosses. Principal-coordinate and cluster ana-
lyses separated lines into two groups, one for B-lines
and another for R-lines. These groupings illustrate the
breeding history and basic heterotic pattern (B]R) of
sunflower and the widespread practice of using B]B
and R]R crosses to develop new lines. There were,
nevertheless, distinct subgroups within these groups.
These subgroups may represent unique heterotic
groups and create a basis for formally describing
heterotic patterns in sunflower.
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Introduction

The genetic diversity of germ plasm collections can be
assessed through the analysis of pedigree records and
DNA fingerprints. Both methods have been widely
used in crop plants to identify breeding bottlenecks,
reconstruct breeding histories, classify germ plasms,
and describe heterotic groups and patterns (Smith et al.
1990, 1991, 1993; Smith and Smith 1992; Arias and
Rieseberg 1995; Mumm and Dudley 1994; Mumm et al.
1994; Sneller 1994). Pedigree or co-ancestry analysis
has been a powerful tool for describing the genetic
diversity of elite soybean (Glycine max L.) (Sneller
1994), barley (Hordeum vulgare L.) (Graner et al. 1994;
Melchinger et al. 1994; Tinker et al. 1993), and maize
(Zea mays L.) (Smith et al. 1990; Smith and Smith 1992;
Mumm et al. 1994) germ plasm. The aim of genetic
diversity analysis is to discover patterns of genetic
diversity obscured by the complexities of pedigree
records. Such an analysis has not been done in sun-
flower, a crop with complex pedigree records (Korell
et al. 1992).

The ancestral relationships between sunflower
(Helianthus annuus L.) inbred lines, wild populations,
and land races have been studied using random ampli-
fied polymorphic DNAs (RAPDs) (Arias and Rieseberg
1995) and restriction fragment length polymorphisms
(RFLPs) (Berry et al. 1995; Genztbittel et al. 1995).
Using two sets of elite oilseed inbred lines, Berry et al.
(1995) and Genztbittel et al. (1995) found lines to be
strongly separated into maintainer (B) and restorer (R)
groups. These groups reflect the breeding history of
sunflower. Elite sunflower germ plasm has been
funneled through at least three major breeding bottle-
necks, one for oilseed traits (e.g., achene morphology
and kernel oil percentage), one for self-compatibil-
ity and self-pollination, and another for hybrid
seed-production traits (e.g., fertility restoration and
maintenance and branching) (Miller 1987; Korell et al.



Table 1 Types, pedigrees, and sources of cytoplasmic-genic male-sterile (A), maintainer (B), and restorer (R) inbred lines and genetic stocks
(G) of sunflower (H. annuus L.) used in the AFLP fingerprinting study

Line Type Pedigree Source

RHA265 R 2*Peredovik/Texas Wild (953-102-1-1-41) Korell et al. (1992)
RHA271 R PI343765/HA119//HA62-4-5/2/T-66006-2-1-31-1 Korell et al. (1992)
RHA273 R PI343765/HA119//HA62-4-5/2/T-66006-2 Fick et al. (1975)
RHA274 R PI343765/HA119//HA62-4-5/2/T-66006-2 Fick et al. (1975)
RHA294 R Multiple Source Open-Pollinated Population Miller et al. (1983)
RHA358 R RHA274*3/DDR Miller and Gulya (1989)
RHA365 R Select Miller and Gulya (1990)
RHA373 R RHA274/82-ROM-R31 Miller (1992)
RHA374 R ARG-R43 Miller (1992)
RHA377 R RHA299//SOREM-HT-58/RHA801 Miller (1992)
RHA801 R Multiple Source R-Line Population Roath et al. (1981)
RHA858 R P1161/RHA298 Roath et al. (1987)
HA89 B VNIIMK 8931 Korell et al. (1992)
HA124 B VNIIMK 8883 Korell et al. (1992)
HA234 B 2*SMENA//HA6/HA8 Korell et al. (1992)
HA369 B ARG-8018 Miller and Gulya (1990)
HA370 B RK-74-198 Miller and Gulya (1990)
HA371 B H-52 Miller and Gulya (1990)
HA372 B H-55 Miller and Gulya (1990)
HA821 B HA300 Roath et al. (1986)
HA822 B HA400 Roath et al. (1986)
cmsHA822 A HA400 Roath et al. (1986)
P21 G 2*Peredovick/CMS953-102-1-1-41 Korell et al. (1992)

1992). New inbred lines are most often produced from
R]R or B]B crosses, as opposed to B]R or
elite]exotic crosses, to maintain heterosis and traits
essential for hybrid seed production (Miller 1987).

One of the practical uses of genetic-diversity analysis
in maize has been to describe heterotic groups and
patterns (Lee et al. 1989; Melchinger et al. 1990;
Smith et al. 1990, 1991; Dudley et al. 1991; Bernardo
1992; Messmer et al. 1992). A heterotic group is a
collection of closely related inbred lines. The co-
ancestries within a heterotic group are usually
high, whereas the co-ancestries between two heterotic
groups comprising a heterotic pattern are usually low.
The classification of heterotic groups and patterns in
maize has been done using DNA fingerprint and pedi-
gree analysis, experience, and single-cross hybrid per-
formance. Formal heterotic groups, apart from main-
tainer and restorer groups per se (Berry et al. 1995;
Genztbittel et al. 1995), have not been described in
sunflower.

Genetic markers and maps have, until recently, been
lacking in sunflower. Berry et al. (1994) and Gentzbittel
et al. (1994) were the first to describe RFLP markers for
sunflower. They reported polymorphism rates ranging
from 20 to 45% among 41 H. annuus inbred lines. These
lines were mostly elite B- and R-lines. This work laid
the foundation for the first RFLP map of cultivated
sunflower (Berry et al. 1995).

Amplified fragment length polymorphisms (AFLPs)
have emerged as powerful tools for DNA fingerprinting
and genetic mapping (Zabeau 1993). AFLP marker

polymorphisms are produced when restriction-site dif-
ferences exist between two DNA sources. One of the
strengths of AFLPs is the sheer number of markers
produced per assay (Thomas et al. 1995; Vos et al.
1995). The complexity (number of fragments) of AFLP
fingerprints can be manipulated by increasing or de-
creasing the number of selective bases and changing
base composition (Zabeau 1993). The AFLP diversity
of sunflower has not been described. We completed
a DNA fingerprinting study in sunflower using a ran-
dom sample of AFLP markers. Our objectives were to:
(1) estimate genetic similarities, polymorphism rates,
and polymorphic information contents for AFLP
markers among inbred lines, and (2) assess the genetic
diversity of inbred lines using genetic similarities esti-
mated from AFLP fingerprints.

Materials and methods

Plant materials, DNA extraction, and AFLP assays

Twelve restorer (R) and 10 maintainer (B) inbred lines, one genetic
stock (P-21), and one cytoplasmic-genic male-sterile (A) line,
cmsHA822, were used in this study (Table 1). Young leaves were
harvested from green house-grown plants and frozen at !80°C.
Leaf tissue was ground by hand to a fine powder in liquid nitrogen
using quartz sand as an abrasive. Total DNA was extracted using
a modified CTAB procedure (Webb and Knapp 1990).

AFLP fingerprints were produced for each line using protocols
described by Zabeau (1993) and Vos et al. (1995). One-half Micro-
gram of genomic DNA was digested with EcoRI and MseI in
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One-Phor-All buffer (10 mM Tris-acetate, pH 7.5, 10 mM Mg acet-
ate, 50 mM K acetate, and 5 mM DDT) (Pharmacia, Upsala,
Sweden). EcoRI and MseI adapters were subsequently ligated to the
digested DNA fragments (the EcoRI adapter was 5@ biotinylated).
Fragments containing EcoRI biotinylated ends were subtracted
from the reaction mixture using streptavidin beads, thereby reducing
the number of fragments. Sequences of the adapters and adjacent
restriction sites served as primer binding sites for amplifying the
selected fragments.

A specific population of fragments was amplified from the reac-
tion mixture by adding nucleotides to the 3 ends of the primers
in two steps (Zabeau 1993). One nucleotide (#1 primers) was
added for the first amplification step, while three nucleotides
(#3 primers) were added for the second amplification step.
DNA was PCR-amplified for 30 cycles using 5 ll of template DNA
and #1 primers (EcoRI#1 and MseI#1) (Table 2). The 30 cycles
were run at 94°C for 30 s, 60°C for 30 s, and 72°C for 60 s. The
second amplification step used #3 primers (EcoRI #3 and
MseI#3) (Table 2). The DNA template for this step was the PCR
product produced by the first step. The EcoRI#3 primers were
end-labelled with 33P using T4 polynucleotide kinase. The MseI#3
primers were unlabelled. DNA was amplified for one cycle at 94°C
for 30 s, 65°C for 30 s, and 72°C for 60 s, then for 12 cycles with
a 0.7°C annealing temperature decrease per cycle, and finally for 24
cycles at 94°C for 30 s, 56°C for 30 s, and 72°C for 60 s (Zabeau 1993;
Vos et al. 1995).

The PCR products produced by the second amplification step
were mixed with an equal volume of loading buffer (98% formam-
ide, 10 mM EDTA, 0.025% xylene cyanol, and 0.025% bro-
mophenol blue) and heated for 5 min. at 90°C. Eight-Microliter
samples were loaded into pre-warmed 4.5% acrylamide gels
with 7.5 M urea (standard sequencing gel) and 0.5]TBE running
buffer (0.045 M Tris borate and 0.001 M EDTA, pH 8.0). Gels were
run at 50 V/cm using a constant wattage until the forward running
dye (bromophenol blue) reached the end of the gel. The gels were
dried and exposed to X-ray film for 1—3 days. AFLP bands
ranging in length from 50 to 350 bases were scored as present (1) or
absent (0).

The reproducibility of AFLP fingerprints was assessed by com-
paring the marker phenotypes from duplicate and replicate assays of
all 24 lines based on the MseI#3-AAG primer (Table 2). Duplicate
AFLP fingerprints were produced using two aliquots of one AFLP-
PCR product (running separate lanes of the same AFLP-PCR
product). Replicate AFLP fingerprints were produced by repeating
the assays using separate aliquots of the original DNA samples.

Statistical analyses

Polymorphism rates were estimated for all possible pairs of lines by
dividing the number of polymorphic bands by the total number of
bands. Matches between missing bands were included in the total.
The probability of a polymorphism between two randomly drawn
lines (the polymorphic information content or PIC) was estimated

using PIC"
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Table 2 Oligonucleotide adapter and primer names and sequences
for six selective amplified fragment length polymorphism primer
combinations (marker assays).

Name Sequence

EcoRI Adapter 5@-BIO-CTCGTAGACTGCGTACC
CTGACGCATGGTTAA-5@

MseI Adapter 5@-GACGATGAGTCCTGAG
TACTCAGGACTCAT-5@

EcoRI #1 5@-AGACTGCGTACCAATTC/C-3@
MseI #1 5@-GACGATGAGTCCTGAGTAA/A-3@
EcoRI #3 5@-GACTGCGTACCAATTC/CAG-3@
MseI #3-AAG 5@-GATGAGTCCTGAGTAA/AAG-3@
MseI #3-AAT 5@-GATGAGTCCTGAGTAA/AAT-3@
MseI #3-ACG 5@-GATGAGTCCTGAGTAA/ACG-3@
MseI #3-AGA 5@-GATGAGTCCTGAGTAA/AGA-3@
MseI #3-AGG 5@-GATGAGTCCTGAGTAA/AGG-3@
MseI #3-ATA 5@-GATGAGTCCTGAGTAA/ATA-3@

where w
ijk

is a weight for inbred i and j and AFLP fragment k, S
ijk

is
the marker phenotype or score (present or absent) for inbred i and
j and fragment k, i"j"1, 2,2 , n, and n"23 is the number of
inbreds. The similiarity between two inbreds was estimated by
ignoring null matches: (1) if inbred i and j shared a band, then
S
ij
"1; (2) if inbred i and j did not share a band, then S

ij
"0; (3) if

inbred i or j or i and j shared a band, then w
ij
"1; and (4) if inbred

i and j lacked a band, then w
ij
"0.

Principal-coordinate analysis was done using the PROC PRIN-
COMP procedure of SAS (1992) and the genetic-similarity matrix.
Cluster analysis was done using the average linkage algorithm of
PHYLIP (Felsenstein 1993) and the genetic distance matrix
(D

ij
"J1!S

ij
). A phenogram was produced from the output of

PHYLIP using TREETOOL (Maciukenas et al. 1991).

Results

Six AFLP primer combinations (Table 2) produced 359
scoreable AFLP markers (fragments) (Fig. 1). Each
primer combination produced about 60 strongly am-
plified and scoreable fragments between 50 and 350 bp
in size (Fig. 1). There were no scoring discrepancies
between duplicate and replicate AFLP fingerprints
produced using one primer combination (#3-AAG
primer) (Table 2) or between AFLP fingerprints for
a pair of isogenic lines (HA822 and cmsHA822).

The number of polymorphic fragments per finger-
print (primer combination) ranged from 4.2 for
RHA274]RHA358 to 14.3 for HA124]RHA801
(Table 3). Polymorphism rates ranged from 7.0% for
RHA274]RHA358 to 23.8% for HA124]RHA801.
B]B and R]R crosses had similar minimum and
maximum polymorphism rates. B]R crosses had
greater minimum and maximum polymorphism rates
than B]B and R]R crosses.

Roughly half (47.9%) of the AFLP fragments were
polymorphic in at least one pair of lines (187 AFLP
fragments were monomorphic) (Fig. 2). The PIC scores
for AFLPs ranged from 0.0 to 0.5 (Fig. 2). Mean PIC
scores were 0.115 for R-lines, 0.151 for B-lines, and 0.14
overall. The distribution of PIC scores was nearly
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Fig. 1 AFLP fingerprints produced by primer pairs EcoRI
#3/MseI #3-AAG (left) and EcoRI #3/MseI #3-AAT (right)
for 24 inbred lines of sunflower. There is one lane per inbred line for
each primer pair

uniform (random) for the 172 polymorphic AFLP
markers (Fig. 2). PIC scores were maximum (0.5) for
5.6% of the AFLP markers.

Genetic similarities between lines ranged from 0.70
to 0.91 (Fig. 3). The similarities between B]R crosses
tended to be lower than between B]B and R]R
crosses. Principal-coordinate and cluster analyses sep-
arated lines into two major groups, one comprised of
B-lines and one comprised of R-lines (Figs. 4—6). The

first three principal coordinates accounted for 34% of
the genetic-similarity variance. The phenogram (Fig. 4)
and principal-coordinate maps (Figs. 5, 6) show the
groups found with both methods.

Lines within these two groups were not completely
homogeneous (Figs. 4—6). There were at least two dis-
tinct B-line subgroups: HA852 and HA89 formed one
subgroup (subgroup B

1
), while the remaining B-lines

formed a second more-dispersed subgroup (subgroup
B
2
). There were four distinct R-line subgroups: (1)

RHA858, RHA271, RHA273, RHA801, RHA265,
RHA374, RHA377, and RHA858 (subgroup R

1
); (2)

RHA274, RHA373; and RHA358 (subgroup R
2
); (3)

RHA294 (Subgroup R
3
); and (4) RHA365 (subgroup

R
4
). RHA365 was more similar to certain B-lines (e.g.,
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Table 3 Minimum and
maximum polymorphism rates
(rate) and number of
polymorphic markers per AFLP
primer combination (number) for
359 AFLP markers among 22
maintainer (B) or restorer (R)
inbred lines of sunflower

Group Statistic Cross Rate (%) Number

B]B Minimum HA89]HA852 7.5 9.5
Maximum HA234]HA369 21.8 13.1

R]R Minimum RHA274]RHA358 7.0 4.2
Maximum RHA358]RHA365 19.8 11.8

B]R Minimum HA370]RHA265 13.4 7.8
Maximum HA124]RHA801 23.8 14.3

Fig. 2 Distribution of polymorphic information content scores for
359 AFLP markers among 23 inbred lines of sunflower

Fig. 3 Distribution of genetic similarities among 23 inbred lines of
sunflower estimated from 359 AFLP markers

HA369 and HA372), than to most of the other R-lines
(Figs. 5, 6). Subgroups R

1
, R

2
, and R

3
were nearly

equally separated. The greatest separation was between
subgroups R

1
and R

4
(Figs. 5, 6).

RHA274 ranked as the first or second most-poly-
morphic line for 70% of the B-lines, while RHA365 was

Fig. 4 Phenogram produced by cluster analysis of the genetic dis-
tance matrix estimated using 359 AFLP markers and 23 inbred lines
of sunflower

Fig. 5 Principal-coordinate map for the first and second principal
coordinates estimated for 359 AFLP markers using the genetic
similarity matrix for 23 inbred lines of sunflower

the first or second most polymorphic line for 40% of
the B-lines (Table 4). RHA274 was most polymorphic
with HA234, HA371, HA372 and HA822, while
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Fig. 6 Principal-coordinate map for the first and third principal
coordinates estimated for 359 AFLP markers using the genetic
similarity matrix for 23 inbred lines of sunflower

Table 4 The five most-polymorphic crosses and the number of
polymorphic fragments (shown in parentheses) per cross for 359
AFLP markers and ten B-lines of sunflower

Rank of Cross

Line 1 2 3 4 5

HA89 RHA365 RHA274 RHA373 RHA294 RHA358
(72) (69) (66) (64) (64)

HA124 RHA801 RHA274 RHA373 RHA377 RHA358
(86) (84) (81) (78) (77)

HA234 RHA274 RHA365 HA369 RHA373 RHA273
(83) (79) (79) (77) (76)

HA370 HA369 HA372 HA124 RHA294 RHA365
(73) (72) (71) (70) (70)

HA371 RHA274 RHA373 RHA377 HA369 RHA801
(67) (65) (65) (64) (64)

HA372 RHA274 HA370 RHA374 HA852 HA369
(74) (72) (72) (71) (69)

HA369 RHA365 RHA377 HA234 RHA801 HA370
(85) (82) (79) (74) (73)

HA821 RHA377 RHA274 RHA358 RHA801 RHA365
(79) (74) (68) (68) (67)

HA822 RHA274 HA369 RHA377 RHA373 RHA801
(73) (72) (71) (71) (66)

HA852 RHA365 HA124 HA372 RHA274 RHA373
(77) (72) (71) (70) (67)

RHA365 was most polymorphic with HA89, HA369
and HA852 (Table 4). RHA377 was most polymor-
phic with HA821, while RHA801 was most poly-
morphic with HA124 (Table 4). HA370 was unusual
among B-lines: three B-lines (HA369, HA372, and
HA124) were most polymorphic with this line
(Table 4).

Discussion

AFLPs are a powerful tool for fingerprinting inbred
lines, producing genetic maps, and marker-assisted se-
lection in crop plants (Vos et al. 1995). They have
virtually eliminated the DNA-marker bottleneck in
sunflower. This bottleneck persisted for many years,
impeded the use of markers in sunflower breeding, and
also impeded the development of the genetic map of
sunflower. The percentage of polymorphic AFLP frag-
ments in our study was similar to the percentage of
polymorphic RFLP probes reported by Berry et al.
(1994), and Gentzbittel et al. (1994). Fourteen percent of
the genomic clones and 61.1% of the cDNA clones
tested by Gentzbittel et al. (1994), and 48.1% of the
genomic clones (ignoring redundant clones) and 47.2%
of the cDNA clones tested by Berry et al. (1994) were
polymorphic in at least one pair of lines, whereas
47.9% of the AFLP fragments were polymorphic in at
least one pair of lines in our study (Fig. 2). AFLPs,
however, had lower PIC scores than RFLPs. Berry
et al. (1994) reported a mean PIC of 0.49 for a selected
set of 57 RFLP probes (185 RFLP bands). This is
significantly greater than the mean PIC we estimated
for AFLPs (0.14) (Fig. 2).

PIC-score differences between AFLPs and RFLPs
have two primary causes (both markers detect DNA
polymorphisms caused by restriction-site mutations,
insertions, or deletions). The maximum PIC score for
an AFLP marker (or any bi-allelic marker) is 0.5,
whereas the maximum PIC score for an RFLP marker
is 1.0. When an AFLP fragment is present in half and
missing in half of the lines, the PIC score is 0.5. Roughly
5% of the AFLP fragments in our study had maximum
PIC scores. When each line has a unique RFLP allele,
the PIC score is 1.0. PIC scores this high have not been
reported for RFLP markers in sunflower. The PIC
score for an RFLP marker can often be increased by
testing additional restriction enzymes (increasing the
number of probe-enzyme combinations).

Although AFLPs have lower PIC scores than
RFLPs in sunflower, they produce more polymorphic
markers per assay than RFLPs and other genetic
markers, require limited pre-screening, no prior devel-
opment, and are sufficiently polymorphic and abun-
dant to produce genetic maps using virtually any cross
between elite inbred lines (Tables 1 and 3). AFLPs are
dominant when visually scored. This is a drawback for
some applications; however, densitometry can be used
to estimated allele doses and the densitometric differ-
ences between one or two doses are often great enough
to distinguish between homozygotes and heterozygotes
(Vos et al. 1995). AFLP fragments of a specific length
do not necessarily represent specific loci across genetic
backgrounds, but many do. This affects some applica-
tions, but is offset by the sheer number of DNA targets
accessed by AFLP technology (Vos et al. 1995).
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Three genetic diversity studies have been done in
sunflower using 62 elite oilseed B- or R-lines and
RFLPs (Berry et al. 1995; Gentzbittel et al. 1995) or
AFLPs (Figs. 4—6). B- and R-lines were strongly separ-
ated into groups in each study. These groups, as pre-
viously stated, reflect the fundamental heterotic pattern
of sunflower (B]R) and the widespread practice of
producing new lines using B]B or R]R crosses. The
more important question raised by these analyses is
whether or not they highlight unique heterotic groups
of sunflower and whether or not these groups reflect
more than one heterotic pattern. Work on this problem
in sunflower has been insufficient. Novel heterotic
groups and patterns undoubtedly exist in sunflower,
but have not been described.

Miller and Gulya (1990) and Miller (1992) introg-
ressed diversity from unique germ plasm sources into
elite genetic backgrounds. RHA365, which is an outlier
among R-lines (Figs. 4—6), formed a unique R-line sub-
group, presumably because this line was developed
from a Romanian single-cross hybrid (Select) (Miller
and Gulya 1990). The genetic background of this hy-
brid seems to be unique (Figs. 4—6). Some lines de-
veloped using apparently unique germ plasm sources,
however, fell into groups with other widely used in-
breds. RHA373 was developed from RHA274/82ROM-
R31 and fell in the RHA274 subgroup (R

2
), whereas

RHA377 was developed from RHA299//Sorem/
RHA801 and fell in the RHA801 subgroup (R

1
) (Miller

1992).
The B

2
subgroup may be too diverse to be classified

as a single heterotic group. Some of the members of the
B
2

subgroup (e.g., HA370, HA371 and HA372) were
developed from crosses between other members of the
group and elite South African germ plasm (RK-74-198,
H-52, and H-55, respectively) (Miller and Gulya 1990)
and may represent unique heterotic groups. HA371
and H-52 seem to be closely related to HA821
(Figs. 4—6). HA372 and H-55 also seem to be closely
related to HA821, but less so than HA371 and H-52.
HA370 and HA369, a line developed from Argentinian
germ plasm (ARG-8018) (Miller and Gulya 1992), seem
to be unique among these lines (Figs. 4—6). Both were
on the fringes of the B

2
subgroup (Figs. 4—6).

CANP3 (a B-line) was clearly separated from other
B-lines in the Gentzbittel et al. (1994) study, while
HA89 and HA852 (subgroup B

1
) were clearly separated

from the bulk of the other B-lines in our study
(Figs. 4—6). Gentzbittel et al. (1994) found that PAT4
(an R-line) was clearly separated from the other R-lines
they tested.

The six subgroups we proposed (B
1
, B

2
, R

1
, R

2
, R

3
,

and R
4
) create a working model for describing heterotic

groups in sunflower analogous to those found in maize
(Lee et al. 1989; Melchinger et al. 1990; Smith et al.
1990; Dudley et al. 1991; Bernardo 1992; Messmer et al.
1992). The proposed subgroups can be used as a basis
for relating single-cross hybrid performance to genetic

similarities within and between groups; e.g., (1) are all
the lines in a proposed heterotic group closely related,
(2) are some B]R heterotic patterns (B

1
]R

1
, B

2
]R

1
,

B
1
]R

2
,2 ) superior to others or unique in some

important way, and (3) are lines from different groups
comprising a heterotic pattern distantly related or
unrelated? Sunflower breeders can undoubtedly de-
scribe heterotic patterns from experience; however,
associations between genetic similarities and hybrid
performance warrants study and should shed light on
heterotic groups and patterns in sunflower.
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