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ABSTRACT

Pod length is one of the effective components on canola yield selection on the basis of
which can increase not only the seed yield but also the oil yield. Molecular markers asso-
ciated with long pod loci were identified in a doubled haploid population derived from a
cross between the canola lines ‘Quantum’ (long pod) X ‘China A’ (short pod) using RAPD
and bulked segregant analysis. A molecular marker linkage map of 37 loci for this popu-
lation was used to identify quantitative trait loci (QTL) controlling pod length of which
two markers in two unlinked loci were selected by using an interval mapping model which
explained 22% of phenotypic variation for pod length in this population. Selection for
markers at two loci for increasing pod length resulted in a group of doubled haploid lines
with an average 112 mm pod length that increased 15% of whole population mean. This
shows that using these markers in the breeding program will enhance the breeding of long
pod canola varieties.

Keywords: Brassica napus, Bulked segregant analysis, Doubled haploid, Molecular marker,
RAPD, Quantitative trait loci (QTL) analysis.

INTRODUCTION

The elements of brassica seed yield are di-
rectly constructed by seed number, seed size
and unit of seed weight [1, 14]. However,
these entire elements are associated with pod
length, as the longer pod usually contains
more and bigger sized seed than the shorter
one [13]. Undoubtedly, a breeding program
to develop a long pod cultivar can effec-
tively improve the seed yield in the canola
industry, as the current cultivars are mostly
the short pods [4]. Information on the ge-
nomic and genetic background of pod length
therefore becomes important for modern
breeding techniques [21]. Recently, research
efforts have focused on studies of several
yield components including pod and seed
size which may significantly affect the oil
and protein content as well as the seed yield

[4].

Several studies on the physiological activi-
ties of rapeseed pods have demonstrated that
the pod not only functions as a phytosyn-
thetic organ but also exports phytosynthate
to the developing seeds contained therein,
with approximately 30% of dry matter of
pods and seeds being attributable to pods [2,
3]

A possible alternative to selecting for seed
yield improvement per se is to increase the
pod length and the seed number retained.
Indeed, selection for long pods increased
seed number by at least five seeds per pod
[9]. Long podded genotypes, if coupled with
large seeds, may also have a high oil and
protein content since large seeds generally
have a high seed weight and a reduced pro-
portion of hull, resulting in elevated oil and
protein contents [20]. Field studies on the
inheritance of pod length revealed that pod
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length appears to be a multigenic trait con-
trolled by genes with additive effects and the
genes responsible for the long pod trait are
largely located in the nucleus; the approxi-
mate number of genes for this trait was 7
[20].

The introduction of marker-assisted selec-
tion (MAS) techniques into canola breeding
programs might speed up the breeding of
long pod cultivars. With this technique, se-
lections in segregating generation of crosses
are based on the presence or absence of mo-
lecular markers that are closely linked to the
long pod trait and which are not influenced
by the environment. Also, molecular selec-
tion can be automated and made inexpensive
when polymerase chain reaction (PCR)-
based techniques are employed, such as ran-
dom amplification of polymorphic DNA
(RAPD) analysis or sequence characterized
amplified regions (SCARSs) [19]. Most of the
important agronomic characters like yield
and yield components (grain number, grain
weight), plant height and days to flowerings
are controlled by several genes [16]. The
earliest attempt to establish linkage of an
individual QTL to morphological mutations
was done by Sax [18] and it was fulfilled 60
years later when saturated linkage maps of
DNA markers became available. A number
of methods for mapping QTLs, and estimat-
ing their effects have been suggested and
investigated [5, 7, 8, 9, 10 and 12] but the
simplest QTL detection method relies on
one-way analysis of variance [17].

In the study presented here, two unlinked
loci were identified with RAPD. The effec-
tiveness of the markers from the two loci in
selecting lines with long podded characteris-
tic resulting in a long pod genotype from an
experimental DH population is discussed.

MATERIALS AND METHODS
Plant Material

A cross between a canola-type, long pod
source of Brassica napus cv ‘quantum’ and
a canola-type, short pod line china A was
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used to derive 50 doubled haploid lines from
F1 microspores. The doubled haploid lines
were grown at the University of Alberta ex-
perimental farm in 1999 and 2000. The field
evaluation in each of two years used reserve
seed from the original selfed? doubled hap-
loid plants.

The DNA analysis of this population used
reserve DH seed from the original selfed
greenhouse-grown doubled haploid plants.
Five doubled haploid plants from each of 50
lines and 5 inbred plants of each parent
grown in a controlled environment chamber
for 3-4 weeks. Equal amounts of leaf tissue
from four plants of each line were bulked,
lyophilized, ground to a fine powder and
then stored at -20°C.

DNA Extraction and PCR

Brassica napus DNA was extracted from
30-50 mg of dry tissue in a 2 ml microtube
based on a modified CTAB method [6] by
adding 600 pl of hot (65°C) 2X CTAB
buffer (100 mM Tris-Hel PH 8.0, 20 mM
EDTA, 1.4 M NaCl, 2% CTAB, 20 mM -
mercaptoethanol). After extraction with one
vol. of chloroform/isoamyl alcohol (24:1)
the aqueous phase was transferred into a
clean tube and 0.1 vol. of 10% CTAB solu-
tion (0.7 M NaCl, 10% CTAB) was added to
the aqueous phase and the extraction was
repeated. The aqueous phase was removed
and mixed with an equal vol. of hot (65°C)
CTAB precipitation buffer (50 mM Tris-Hcl
PH 8.0, 10 mM EDTA, 1% CTAB). The
resulting DNA/CTAB complex was imme-
diately platted by centrifugation for 10 min-
utes at 12000 rpm at 20°C. The resulting
pellet was resuspended in 650 pl high salt
buffer (10 mM Tris-Hcl PH 8.0, 1 mM
EDTA, 1 M NaCl) and the DNA was pre-
cipitated by the addition of two vols. of cold
(-20°C) 100% ethanol. The DNA was plat-
ted with centrifugation at 12000 rpm for 10
minutes and washed three times with 1 ml of
cold (-20°C) 70% ethanol. The DNA was
resuspended in 100 ul of ddH20 (PH 8.0),
then quantified by Gene Quant. Typical
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yields were 20-30 pug of DNA sample, and
all of the DNA samples were diluted to 5
ng/ul. The bulked segregant analysis [15]
(BSA) included DNA of the Parent (‘quan-
tum’ and ‘china A’) and the DNA from long
and short pod lines. The bulk segregants
were prepared by combining equal amounts
of DNA from each of seven long and seven
short pod lines. A total of 412 random, 10-
base pair (bp) oligonucleotide primers from
the University of British Colombia (Van-
couver, Canada) and the Applied Biosystem
Company were screened using bulked seg-
regant analysis.

Each PCR reaction contained 10 ng DNA
as a template. Amplification reactions con-
tained 2 U of Taq DNA polymerase (Gibco
BRL), 2.5 mM MgCl,, 250 puM each dNTP
and 0.2 uM primer. The DNA amplification
was done in MJ PTC-100 thermocycler in 21
pl volume. The used protocol was 5 minutes
at 95°C, followed by 45 cycles of 30 sec-
onds at 95°C, 30 seconds at 36°C, 1 minute
at 72°C and the final cycle followed by 10
minutes at 72°C.

All PCR products were resolved in 2%
(w/v) agarose gel in 1X TAE by electropho-
resis at 120 V for 105 minutes. Gels were
stained in ethidium bromide and photo-
graphed on a digital gel documentation sys-
tem (Stratagene).

Data Analysis

The RAPD banding pattern and particu-
larly the marker band were shown to be re-
producible by repeating the PCR reactions at
least four times. Genetic segregation data
and QTL analysis for RAPD markers asso-
ciated with pod length trait by BSA among
the 50 doubled haploid lines were analyzed
using Map Manager Version 0.25. The
grouping and genetic linkage map was gen-
erated using a minimum LOD of 3.0 and a
maximum recombination fraction of 0.4.
Map distances were converted to centimor-
gan using the Kosambi function [11]. The
ANOVA was performed using SAS V6.12
(SAS Institute, Cary, N.C.) for each selected
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marker and for a combination of unlinked
markers.

RESULTS

A total of 412 primers were screened by
BSA in search of polymorphisms. In total,
305 (74%) amplified an intense and repro-
ducible PCR banding pattern. There were 37
primers (9%) that showed qualitative poly-
morphism between parents, and 6 primers
(2%) that showed polymorphism between
the long and short pod bulked DNA sam-
ples. These putative pod length RAPD
markers were next screened against the 14
individuals used in the bulked DNA sam-
ples, and the best markers were finally tested
against the entire 50 individuals in the DH
population.

The RAPD analysis using the BSA strat-
egy identified a total of two amplified frag-
ments that were all associated with loci con-
trolling pod length. Figure 1 shows the PCR
profiles of these markers amplified from the
14 individuals of the bulked DNA samples.
Primer PL2 (band 470 bp) and PL18 (band
640 bp) amplified DNA fragments that were
associated with long and short pods, respec-
tively. In both RAPD marker profiles, re-
combinant lines were identified within the
bulk individuals (Figure 1). The markers that
showed one or two recombinants were stud-
ied at this stage of the BSA.

Table 1 lists the six RAPD markers which
showed an association with long and short
pod bulked DNA samples. There were 3
markers dominant for long pods and 3 mark-
ers dominant for short pods. All of the mark-
ers segregated in a 1:1 ratio among the 50
DH lines as demonstrated by Chi-square
analysis. Regression analysis was used to
describe the amount of phenotypic variation
explained by each marker (Table 1). Marker
PL2 (= 14.6%) and PL18 (r’= 9.6) ex-
plained the highest amount of variation in
pod length content. For these two markers,
the mean of pod length between the geno-
typic class for each marker was significantly
different (Table 1).
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Figure 1. PCR profiles produced by RAPD analysis in B. napus with PL 18 (A) and

PL 2 (B) primers.

The set of 37 markers was assigned to
seven arbitrary linkage groups and one
unlinked group by analysis of segregation
data with Map Manager Version 0.25 (Fig-
ure 2). A QTL analysis using an interval
mapping model revealed a pick on the PL2
marker region, which explained 15% of the
phenotypic variation in pod length (Figure
3). The QTL analysis also showed another
pick on the PL18 marker region, which ex-
plained 10% of phenotypic variation in pod
length. The interaction between markers at
two unlinked loci (PL2 and PL18) explained
22% of the phenotypic variation based on
ANOVA. Addition of the r* value for the
second marker was 7.8% as well.

The pod length of ‘quantum’ was 137 mm
and ‘China A’ was 82. The mean pod length
of the DH population was 97.5 mm while
that of the long pod bulk was 133.1 and the
short pod was 80.04 mm. The mean pod
lengths of the long and short classes are in-
dicated for the group of two interacting loci
(Table 1). Among 50 DH lines, 9 lines were
shown to carry the two ‘quantum’ loci for
markers PL2 and PL18 which agreed with
the expected number of lines for this geno-
typic class (12.5) in a DH population of this
size (x*= 4.46, p= 0.25). Selection of ‘quan-
tum’ loci for both markers resulted in a
mean pod length of 112.23 mm (n=9) and a
maximum pod length of 137.9 mm, which

Table 1. Analysis of variance for pod length marker (s).

Marker N Mean + SE

(primer) MS P R Long Short

PL2 2202.4 0.006 14.60 105.5 +£22.01 92.10 +£10.03

PL9 712.42 0.130 4.70 101.6 £20.33 94.10 +£13.27

PL 14 863.62 0.094 6.00 102.2 £20.22 93.90 +£13.56

PL 17 522.39 0.196 3.40 101.7 +18.98 95.14+16.12

PL 18 1468.3 0.028 9.70 105.2+19.46 93.94 +£12.24

PL 26 1027.4 0.067 7.80 100.6 + 18.98 89.94 £8.19

PL2X PL 18 1129.6 0.008 22.40 112.2+21.86 89.23£5.23
132
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Figure 2. A linkage map of RAPD markers in a population drived from 'Quantum'
X 'China A' cross.

was 6.5% higher than the pod length from
lines picked with marker PL2 alone. A fur-
ther seven out of nine individuals in this se-
lected group had more than a 100 mm-pod
length.

DISCUSSION

The random primer screening was moder-
ately efficient, resulting in 74% of the prim-
ers tested amplifying informative RAPD
profiles. Through BSA, 2% of the primers
were found to show polymorphisms between
the bulked DNA samples. This ultimately
resulted in two primers, which amplified a
band associated with pod length. Two
RAPD marker bands proved to be signifi-
cantly associated with pod length loci in this
population based on ANOVA (Table 1).
These markers clearly segregated the popu-
lation into two significantly different pheno-
typic classes based on the mean pod length
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of each genotypic class (Table 1).

An important finding in this study was the
identification of two loci with RAPD mark-
ers. The pod length in the long pod parent
‘quantum’ was almost two times more than
the short pod parent ‘China A’, which estab-
lished a wide range in pod length levels in
the DH population. These wide ranges of
phenotype likely facilitated the identification
of the two genes in this study.

The mapping of markers placed 37 mark-
ers on 7 linked groups and one unlinked
group and in the unlinked group (Figure 3)
the markers PL1-PL2, PL4-PL11-PL12, and
PL18-PL24 were linked together closely
(Figure 1). A QTL analysis of these data
placed the peak of the marker within 5 cM
of marker PL2 and another peak within 4
cM of marker PL18 (figure 2). The marker
PL2 showed a dominant DNA fragment for
a long pod and the marker PL18 was reces-
sive for this trait. These attributes will give
this set of markers an excellent potential in


https://dorl.net/dor/20.1001.1.16807073.2007.9.2.5.2
https://jast.modares.ac.ir/article-23-6308-en.html

[ Downloaded from jast.modares.ac.ir on 2025-07-27 ]

[ DOR: 20.1001.1.16807073.2007.9.2.5.2 ]

Samizadeh et al.

10.00

LOD
——— Additive
7.50

500

2501

PL1

PL2

PL4

PL11
PL12
PL13
PL1B
PL24
PL29
PL34
PL35

Figure 3. A QTL scan of unlinked group
showing the position of The LOD peak.

MAS of long pod at this locus, given their
proximity to the QTL peak and the availabil-
ity of positive tests.

The mean pod length of selected lines from
this population demonstrated the effective-
ness of the markers at two loci. The best
marker alone, based on ANOVA, was PL2,
which explained 14.6% of the phenotypic
variation. This ‘quantum’-derived marker
alone selected lines that were 105.5 mm in
mean pod length. When both loci were used
for selection of ‘quantum’ loci, the mean
pod length was increased to 112.2 mm and
the two loci explained 22.4% of the pheno-
typic variation (Table 1). Similarly, the QTL
analysis indicated that the two loci could
explain 18% of the variation. The selection
for markers at two loci assorting independ-
ently among 50 DH lines should result in 12
lines on average. There were only nine lines
carrying ‘quantum’ markers at both loci in
this data set, and seven of the nine lines av-
eraged 119.6 mm pod length. This high
mean pod length in selected lines is note-
worthy since ‘quantum’ has a pod length of
137 mm. These data emphasize the effec-
tiveness of the suit of markers developed in
this study for selection of long pod lines
from breeding programs. When both QTLs
are considered, the observed pod length of
the selected line was 112.2 mm. The mar-
ginal deviation from ‘quantum’ can be ex-
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plained by (1) undetected QTLs, (2) marker
density and the recombination fraction
around the identified QTLs and (3) the size
of the DH population.

The usefulness of the set of markers identi-
fied in this study will be the subject of a
concurrent project. The markers will be
tested for the amplification of a similar sized
DNA fragment in a variety of germplasm
including: (1) interspecific crosses, (2) alter-
native (not ‘china A’-derived) B. napus long
pod mutant lines and (3) standard short pod
canola cultivars. Since Double RAPD mark-
ers were identified in the study, the chances
of introgressing the ‘Quantum’ genes into
different genetic backgrounds is increased. It
is proposed to convert the suit of markers
into SCARs for a more efficient and auto-
mated selection of both ‘Quantum’ loci con-
trolling long pod.

Comparatively, theoretical information re-
lated to the pod length is so limited [20]. No
report associated with pod length inheritance
via molecular marker approach has been
found yet. This report is the first time of us-
ing RAPD method to screen out the pod
length QTLs.
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