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Molecular analysis of segregation in F 2 generation of inter-specific
crosses in safflower
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The development of linkage maps covering genome with
molecular markers has provided new opportunities for
the elucidation of complex polygenic traits enabling to
identify and manipulate the genetic information
necessary to obtain superior genotypes with
combination of productive traits in many cereals like rice
[1]. Unlike in cereals and other oilseed crops such as
soybean, oilseed rape and sunflower, the development
of molecular markers, mapping populations and
molecular map in safflower is in infancy. Urgent need
include the development of highly polymorphic mapping
population, user friendly molecular markers and genome
wide genetic map. Inter-specific crosses provide high
level of polymorphism to develop basic maps in any
crop plants and in most of the crop plants the basic
molecular maps were based on inter-specific crosses.
However, in inter-specific crosses of many crop plants
large number markers showed deviation from normal
segregation with high percentage of parental types [2,
3]. Therefore, it was observed in many crop plants that
the inter-specific maps are not applicable in marker
assisted breeding. However in safflower, the detectable
variation in cultivated species is limited [4]. The genus
Carthamus contains approximately 25 wild species of
which C. tinctorius L., is cultivated. Inter-specific
hybridization experiments have shown that C. tinctorius
can be crossed with several wild relatives to produce
fertile progeny [5, 6]. However, there are not many efforts
to utilize inter-specific hybridization in crop improvement
programmes of safflower.   In the present investigation

an attempt has been made to study the polymorphism
between A1 and C. palaestinus by using ISSR and SSR
markers and to analyze the segregation of the
polymorphic markers in inter-specific F2 population of
A 1 x C. palaestinus. Further, F2 and F3 generations of
many inter-specific crosses were also studied for
frequency of sterile plants to understand segregation
distortion in inter-specific crosses.

The experimental material consisted of F2

generation of crosses A 1 x C. palaestinus and C.
palaestinus x A 1 and F3 generation of crosses A 2 x C.
palaestinus and A 2 x C. glaucus. The F2 seeds
harvested from true F1 plants (identified using molecular
markers) of both the crosses were used to generate F2

generation. The F3 seeds of two crosses were obtained
by selfing the individual F2 plants grown during previous
season. The selfed seeds were used to raise the F3

and from each F2 plant one F3 plant was grown. The
parents, F2 and F3 generations of both the crosses were
grown in a single replication. All the agronomic practices
like spacing, fertilizer application and plant protection
measures were followed to raise a good crop. From each
F2 and F3 population 150-165 plants were randomly
selected. Two Capitula from each plant were covered
with paper bags before anthesis to record observation
on sterility. The plants which did not produce any seeds
under bagging were considered as sterile.

For molecular analysis, the F2 generation of the
cross A 1 x C. palaestinus was chosen. The seeds of
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parental lines and 72 F2 plants of A 1 x C. palaestinus
cross were sown in small earthen pots. The DNA from
10 days old seedlings was extracted by following CTAB
method [7] with little modifications. Twelve ISSR and
16 EST-SSRs primers (Table 1) were used to study the
parental polymorphism comprising the parents A 1 and
C. palaestinus. The methodology followed for ISSR
marker analysis is as given by Yang et al., 2007 [8].
Initial denaturation was for 2 min at 95°C, followed by
39 cycles of 1 min at 94°C, 1 min at 36°C, 2 min at
72°C, with a final extension of 8 min at 72C. The
amplified products were separated on 2% Agarose gels
and stained with ethidium bromide.

The polymerase chain reaction for EST-SSR
markers was carried out with initial denaturation at 94°C
for 3 min, followed by 35 cycles of 20 sec at 94°C, 30
sec at 60°C, 50 sec at 65°C, with a final extension of 5
min at 65°C. The amplified products were separated on
4% Agarose gels and the banding patterns were
visualized on a UV transilluminator after staining the
gels with ethidium bromide. From the polymorphic EST-
SSR markers three SSR markers were chosen to study
the segregation of markers in the F2 generation. The
segregation of markers in F2 population of inter-specific
cross A 1 x C. palaestinus was tested for monogenic
segregation ratio of 1:2:1 using Chi-Square test.

Twelve ISSR primers were used to study parental
polymorphism (A 1 and C. palaestinus). Totally 69 bands
were produced of which 9 were polymorphic (Table 2).
The primers ISSR 5 (60%), ISSR 9 (40%) and ISSR 12
(40%) produced very high number of polymorphic bands
between the parents. The ISSR markers have been
successfully applied to study the diversity in safflower
genotypes [8]. ISSR-PCR technique is highly
reproducible and hence can be used to study the
diversity in safflower and genome mapping. There are
very limited reports of using SSR markers in safflower.
A total of 16 EST-SSRs were used for the study and
seven SSR primers viz., SES-33, SES-85, SES-86,
SES-99, SES-100, SES-143 and SES-144 produced
polymorphic bands in the parents. More than 42% of
the SSR primers used showed polymorphism between
parents suggesting EST-based SSRs are highly
polymorphic in Carthamus species. The level of genetic
diversity detected in the present study is sufficient
enough for providing valuable inputs for the potentiality
of SSR molecular markers to generate genetic map in
safflower, thus paving way for the development of
molecular maps and marker-assisted selection (MAS)
in this crop.

Out of seven polymorphic SSRs, three (SES-33,
SES-100 and SES-144) were selected to study the
segregation of molecular markers in inter-specific F2

population (Table 3). The segregation patterns of these
markers would provide information on suitability of this
inter-specific cross in developing permanent mapping
population. The segregation distortion and linkage drag
are the major problems in inter-specific crosses as the
recombination is normally restricted between different
genomes. Such recombination may cause severe
drawbacks in genetic map, as the physical distance
between markers could be much larger than expected
from recombination. All the three markers showed

Table 1. EST-SSR Primers used for analysis and their
sequences

Primer name Sequence (5'-3')

SES- 33 (F) CGTTCTAGGACGACTACTCC
(R) ACTGCTTTTTGTCTCTTTCC

SES-81 (F) GCAATACCATCATCATCCTCAC
(R) AGGAGGTGAAAGGGAAGAG

SES-85 (F) GGGTTCACTTCTTTCTCTCTC
(R) AGTACTCCTCCAGTGACATACAG

SES-86 (F) ACCCTAGATTCATTCATTCC
(R) GATTACAGTCTGAGAAACATCG

SES-91 (F) CATTCCGTCATCTATTTTGC
(R) GAAGTAATCGACTAACCAACG

SES-98 (F) ACCTCACATGGCGAAGAG
(R) GATTTCCGGAATGAAACAG

SES-99 (F) TTCTCTACTCTTCACGATTTGG
(R) CCATCTGTCTTAAGCTGTTCC

SES-100 (F) CATCCAACAAGAACACACC
(R) CGCTATGATCCTAGTGTATCC

SES-104 (F) TCCGTTCCTAACTGAATCC
(R) AGCTCAGATCAATCACTTTCC

SES-106 (F) GGGGCTTTCTTTACTTCC
(R) TATTGCTGTTGTTGTCTAGGG

SES-122 (F) GGGATGAGACTGAGATCG
(R) GACAGTTTGGAAGGTGTAGC

SES-129 (F) CTCTTTATTTCGACTGGAACTG
(R) ATGCTTGTTGTTGCCTTATC

SES-139 (F) TTTGCGTGTCGATAATCC
(R) TATCCTCATCGTAACATCATCC

SES-142 (F) AAGATCTCATCTGGGTTTCC
(R) AGAATGAATCAATGGGTAGG

SES-143 (F) ACCACCTCATGCTCTTACC
(R) AGCTATGAGTAGGAAGAATTGG

SES-144 (F) CACCACCTCATGTTCTTACC
(R) GAGGAGAAGAGAGTTTACAACC
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Table 2. ISSR banding patterns generated using 13
primers and two parents in safflower

Primer Sequence Total Poly- Mono- %poly-
morphic morphic morphism

ISSR 1 5'-(AG)8T-3' 6 0 6 0

ISSR 2 5'-(AG)8C-3' 5 1 4 20

ISSR 3 5'-(GA)8T-3' 7 1 6 14.29

ISSR 4 5'-(GA)8C-3' 7 0 7 0

ISSR 5 5'-(CT)8G-3' 5 3 2 60

ISSR 6 5'-(CA)8G-3' 6 0 6 0

ISSR 8 5'-(TC)8C-3' 9 0 9 0

ISSR 9 5'-(TC)8G-3' 5 2 3 40

ISSR 10 5'-(AC)8C-3' 5 0 5 0

ISSR 11 5'-(AC)8G-3' 7 0 7 0

ISSR 12 5'-(TG)8G-3' 5 2 3 40

ISSR 13 5'-(GA)8-3' 2 0 2 0

Total 69 9 60 14.52

Table 3. Segregation of polymorphic SSR markers in interspecific F2 generation of A 1 x C. palaestinus

Primer Marker size (bp) Homozygous Homozygous Heterozyg χ² value
A 1 C. palaestinus for A 1 for C. palaestinus (1:2:1)

SES-33 201 173 18 18 36 NS

SES-100 172 157 23 22 27 4.51

SES-144 151 163 27 35 10 39.3

segregation in the F2 population of the inter-specific
cross.  The segregation of the markers was tested for a
monogenic ratio of 1:2:1 using Chi-square analysis. Only
one primer SES-33 recorded the expected 1:2:1
monogenic ratio (Fig. 1), remaining two primers SES-
100 and SES-144 showed significant deviation from the
expected ratio (Table 3). There was more number of
parental types suggesting suppression of recombination
between parental genome. Such deviation from normal
segregation of markers in inter-specific crosses has
been observed in different crop species [1, 2]. In
addition, in all the populations high frequency (>20%)
of sterile plants were observed. The production of such
sterile plants in early segregating generations of inter-
specific crosses has been reported earlier in safflower
[9] and many other crops. It indicates the unequal pairing
between the chromosomes and irregular meiosis. Sterile
hybrids were obtained by crossing C. tinctorius and C.
lanatus due to incomplete pairing of chromosomes
during meiosis I [10]. The Carthamus species used for
the present study were fairly polymorphic, which is

Fig. 1. Parental polymorphism and segregation of EST-SSR marker SES-33 in the interspecific population of cross
A 1 x C.palaestinus  (1 to 54 F2 plants); (M= DNA ladder, P = Carthamus palaestinus)
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important in the development of mapping population and
genetic map. However, segregation distortion of markers
and production of high frequency of sterile plants in inter-
specific cross may be a big hindrance. Therefore, the
inter-specific crosses may be useful to generate the
basic map in the crop species because of high
polymorphism in parents, but may not very useful in
Marker Assisted Selection involving cultivated
genotypes as physical distance may be more than the
obtained from such crosses. The importance of using
intra-specific mapping population has been realized in
many crop plants as the genetic information generated
using inter-specific cross is not useful in Marker Assisted
Breeding programmes.
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