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Utility of P450-Based-Analogue (PBAs) Markers for Diversity Analysis of
Linseed (Linum usitatissimum L.) Cultivars

MK Rana, Munjal D Vyas, Sonika Singh and KV Bhat
National Research Centre on DNA Fingerpriming, National Bureau (~l Plant Genetic Resources, Nell' Dc/hi-I 10 () 12

Molecular marker techniques to unravel genome-wide variation scattered in the functional regions are becoming
available with the advancements in DNA research. These could be of greater utility for assessing genetic diversity
at the molecular level than the neutral marker techniques. Mammalian cytochrome P450 analogues (PBAs) in crop
plants are said to be ideal tools in this direction. The utility of these was tested for assessing intra-specific diversity
in twenty-one linseed cultivars. The results with fifteen primer-combinations suggested that of the total 136 markers
that were generated only 25% were found to be polymorphic. The level of polymorphism in linseed cultivars was
quite low, although it was possible to discriminate all the cultivars using combined profiles. The grouping of the
cultivars using these markers, however, could be related to the known pedigrees.

Key words: Linum usitatissimum L., Cytochrome P450, Genetic diversity, Linseed, DNA markers

Molecular markers, particularly DNA based, have been
proving to be very useful in many ways, directly or
indirectly, for enhancing the genetic potential of crop
plants for improved end-products. Many such markers
including restriction fragment length polymorphisms
(RFLPs), random amplified polymorphic DNA (RAPD),
amplified fragment length polymorphisms (AFLPs), simple
sequence repeats (SSRs) etc. (Powell et ai., 1996; Karp
etai., 1997) are now available in the kitty ofplant breeders
and molecular biologists. Using these markers only
genetically neutral regions have been assessed so far
in different crop plants for genetic diversity studies.
Moreover genetic diversity represented by these markers
is not necessarily representative of the whole genome.
For appropriate and useful diversity, genome-wide
functional regions of the genomes need to be assayed.

Cytochrome P450 are the enzymes involved in
polysaccharide biosynthesis, disease related genes,
transcription factors, protein kinases and phosphatases,
to name a few. A large number of gene families have
been observed for these cytochrome P450 in human and
otheranimals. Analogues ofthese mammalian cytochrome
P450s, are commonly observed in angiosperms (Watnabe
et at., 2000; Suzuki et at., 2001). Primers corresponding
to the functional regions of these human cytochrome
P450 can be designed to generate markers and using
such markers, it has been observed that these sequences
are distributed through out the Arabidopsis ihaliana
genome. Such markers have been termed as P450-based­
analogues (PBAs) and have been demonstrated as effective
genetic markers for genetic diversity studies reflecting
both functional and genome-wide regions (Yamanaka

Indian J. Plant Genet. Resour. 18(2): 194-199 (2005)

et at., 2003). In the present study we report the utility
of these PBAs for assessing intra-specific diversity in
linseed (Linum usitatissimum L.).

Materials and Methods

Plant material and DNA extraction

Twenty-one linseed (Linum usitatissimum L.) cultivars
(Table 1) released for different agro-climatic regions of
the country over different years were included in this
study. DNA from at least ten plants ofeach of the cultivar
was extracted following CTAB method (Saghai-Maroof
et at., 1984) with minor changes. The extracted DNA
was purified for various contaminants using phenol and
was further quantified f1uorimetrically. The DNA samples
were diluted with Tris: EDTA (I : I) buffer to give a
final concentration of 10 ng- I . Bulked DNA sample for
each cultivar was prepared by pooling equal amount of
DNA from each of the plant-wise extracted DNA. These
working stocks were kept at 4°C in the refrigerator for
regular use whereas the original stocks were stored at
-20°C.

peR amplification and gel analysis

PCR amplification was carried out in 25 J.d of total reaction
volume containing 1 X PCR buffer (I0mM Tris-HCI,
pH 9.0; 1.5 mM MgClz; 50mM KCI; and 0.01 %gelatin),
40 ng of genomic DNA, 2.5 mM MgClz (Mis Sigma
Aldrich), 1unit ofTaq DNA polymerase (Mis Bangalore
Genei Pvt. Ltd.), 0.51-tM each of forward and reverse
primers (Ms Sigma Aldrich) and 0.2mM of dNTP mix
(MIS. Bangalore Genei Pvt. Ltd.). PCR amplification for
32 cycles was programmed as: 1 min. at 94°C,
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Table!. Linseed cultivars included in the study

S.No. Cultivar Name National Pedigree
Identity

I Padmini IC-426932 Not available

2 Parvati IC-305053 Not available

3 Rashmi IC-426929 Not available

4 Shekhar IC-305055 Not available

5 Sheela IC-426928 NOl available

6 Shubhra IC-113lO8 Mukta x K-2

7 Sweta IC-Il3lO7 Mukta xT-1206

8 T-397 IC-1131lO T-491 x T-1193

9 NL-97 IC-305109 Not available

10 Neelum IC-113109 T-I x NP (RR) 9

II Meera IC-427794 Developed through mUlation

12 LC-185 IC-113156 NP (RR) 37 x Kangra
Local

13 LC-54 IC-1l3155 K-2 x Kangra Local

14 Laxmi-27 IC-113lO5 NeelumlkpI/NP(RR)9/
Neelum)/R IlNeelum/ Afg.8

15 KL-2lO IC-420772 Not available

16 KL-31 IC-426935 New River x LC 216

17 KL-I IC-426936 IC-216 x IC-185

18 Kiran IC-426925 (R-I x Afg.8) x R-I

19 Jawahar-552 IC-426926 No. 55 x B-67

20 Gaurav IC-Il3111 Sel.-3 x EC-1552

21 Garima IC-426930 T-126 x Neelum

2 min. at each annealing temperature and 3 min. at noc
in aPTC-200 thermal cycler (MIs MJ Research). Annealing
temperature for each primer-set was as described by
Yamanaka et al., (2003).

A total of fifteen primer combinations which
included three forward [CYPIAIF (5'­
GCCAAGCTTTCTAACAATGC-3'), CYP2B6F (5'­
GACTC ITGCTACTCCTGGTT-3'),andCYP2CI9F(5'·
TCCTIGTGCTCTGTCTCTCA-3')] and five reverse
rCYp IA IR (5'-AGGGACATGCTCTGACCATT-3'),
CYP2B6R (5' -CGAATACAGAGCTGATGAGT-3'),
CYP2C 19R (5'-CCATCGATTCTTGGTGTTCT-3 '),
Heme2B6(5'-ACCAAGACAAATCCGCTTCCC-3') and
Heme2C 19 (5'·TCCCACACAAATCCGTTTTCC-3')]
were used for PCR amplification (Inui et at., 2000,
Kiyokawa et al., 1997). After completion of PCR 2.5
I-tlloading dye was added to each tube and briefly spun
for few seconds for mixing. A 1.5% agarose gel with
ethidium bromide (lOmgl ml) was prepared and
electrophoresis was carried out at 80 volts for 2 hours.
The resolved amplification products were visualized
under UY light and photographed with black and white
Polaroid film 667.

Indian). Plant Genet. Resour. 18(2): 194-199 (2005)

Data analysis

Jaccard's similarity coefficient values (Jaccard, 1908) for
each pair-wise comparison between cultivars were
calculated and a similarity coefficient matrix was
constructed. This matrix was subjected to unweighted
pair-group method for arithmetic averages analysis
(UPGMA) to generate a dendrogram using average
linkage procedure. Free Tree software was used to
construct the dendrogram (Pavelicek etal., 1999)Anal ysis
of molecular variance (AMOYA) was applied on the
Euclidean distance matrix between cultivars to partition
the total genetic variation (Excoffieretal., 1992). Statistical
significanceofvariances was tested by random permutation,
with the number of permutations set at 1000. AMOYA
was done using computer software Arlequin (Schneider
et al., 2000). Robustness of the clustering pattern was
tested using 1000 resamplings using Free Tree software.

Results and Discussion

Two parameters, namely, sample DNA concentration and
the concentration ofMgClzwere needed to be standardized
to obtainoptimum amplification. The MgClzconcentrations
that were tried included 3.0 mM, 3.5 mM, 4.0 mM and
4.5 mM, whereas, different DNA sample concentrations
were 20 ng, 30 ng, 40 ng and 50 ng. A combination
of these two parameters suggested that 40 ng of genomic
DNA and 4.0mMofMg Clzgave optimum amplification
and were used for PCR amplification using all the primers
tested.

All the 15 primer-combinations could produce
successful amplification, however, the number of bands
observed with primers CYPIAIFI CYPIAIR and
CYP2B6FI CYP2B6R was very low (3 bands in each
case). One-third of these primer-combinations did not
produce any polymorphic amplicons among the linseed
cuhivars. The maximum level of polymorphism (57.1 %)
was observed for primer CYPIAIFI CYP2B6R followed
by the primer CYP2C19FI Heme2B6 (54.5%)
(Table 2). The profiling of 21 linseed cultivars using the
later (CYP2C19FI Heme2B6) along with another primer­
combination (CYP2CI9FI CYPIAIR) is presented in
Figure 1. On the whole, 25% polymorphism was observed
using this set of 15 primer-combinations which was quite
low as compared to what has been recorded in Lycopersicon
esculentum (97.8%), Solanum tuberosum (94.1%) and
Capsicum annuum (87.5%) by Yamanaka et al. (2003).
These workers could get large number of polymorphic
bands in a very limited set of accessions within a species.
For example, in only six Lycopersicon esculentul1l
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Tablc2. PBA primcrs uscd and extent of polymorphism revealed in linseed (LiI/I/I11 I/sitatissillll/l11 L.) cullivars

5r. No. Primer Combinations Total number of bands Number of polymorphic bands Per cent polymorphism

I. CYPIAIFI CYP1AIR 3 0 0.00

2. CYPIAIFI CYP2B6R 7 4 57.1

3. CYPIAIFI CYP2CI9R 14 5 35.7

4. CYPIAIFI Heme2B6 13 2 15.4

5. CYPIAIFI Heme2CI9 6 0 0.00

6. CYP2B6FI CYPIAIR 10 4 40.0

7. CYP2B6FI CYP2B6R 3 I 33.3

8. CYP2B6FI CYP2CI9R 12 0 0.00

9. CYP2B6FI Heme2B6 II 5 45.4

10. CYP2B6FI Heme2C19 12 2 16.7

II. CYP2CI9FI CYPIAIR 13 5 38.5

12. CYP2Cl9FI CYP2B6R 5 I 0.20

13. CYP2CI9FI CYP2CI9R 10 0 0.00

14. CYP2C 19FI Heme2B6 II 5 54.5

15. CYP2C 19FI Heme2C 19 6 0 0.00

136 34 25

accessions, ten out of fifteen primer-combinations were
cent per cent polymorphic. In the same set of 21 linseed
cultivars we have observed 34 and 43% polymorphism
using 20 RAPD and 15 ISSR primers, respectively
(unpublished results).' It is discernible from these
comparative estimates that PBA markers are significantly
less polymorphic than RAPD and ISSR markers in linseed.

Jaccard's similarity estimates among the cultivars
using these markers ranged from 0.819 (Garima-Kiran)
ttl 0.975 (KL21O-Laxmi) with an average of0.913 ±0.030
(standard deviation) (Table 3). Average genetic similarity
of a cultivar across all other cultivars was found to be
minimum for Kiran (0.856). In other words, Kiran was
found to be most diverse cultivar followed by Garima.
Cultivars LS54 and KL L, each with a value of0.929 shared
the maximum genome homology at the investigated loci
with other cultivars followed by for cultivars Shekhar
and Neelum (0.928 each).

UPGMA based clustering ofall21 cultivars is shown
in Figure 2. Four arbitrary clusters are evident from the
dendrogram, Cluster I being the largest with two sub­
clusters in it, followed by Cluster 11. The other two clusters
(III and IV) were equal sized each having two cultivars.
All four white-flowered cultivars (Sweta, KLI, Shubhra
and LC54) were positioned in Cluster la. Two of the
three yellow-seeded cultivars (KLl and KL 210) were
also placed in Cluster Ia. The third yellow-seeded cultivar
in the study (LCI85) grouped with cultivars of Cluster
II. The two cultivars of the cluster Ib were very recently
released ones. The cultivars of the Cluster IV were very
distinct from all othercultivars with a very sound bootstrap
support (l00). Kiran of this cluster has exotic pedigree
in its blood which might have led to this distinctness.
The pedigree for the other cultivar of this c1liSter (NL­
97) is not available which, otherwise, would have
suhstantiated this observation. Analysis of mQlecular

M 1 2 3 4 5 6 7 8 9 1011 121314 151617 18192021

• ~ .~ ... Wi -' _ .J .... """ ....j.... ....... _.. ....j -J :;..., -=i -- , .- .
~~~~~~~~~~-~~~~-~~=-_.- - - - - - - - - - - -- - - - - - - - - -

::. :: =: := :: .-~ .. ~:: ~ _.:: =:: ~ ;:; ::; :; =~
4 .- -.. ., ........- .... .. .. -. ~. - -- .... --- ... - - ..

~---- - -----------
•.- - - - ---

- .-
•• ... I;.fI; ...

Fig. I. Plvfiling of21 lillSeed (Unul/l usila/i.l'.I'illlulII L.) cul/ivars /Ising prilller cOlllbination CYP2CICJFI CYP IAI R (a) and CYP2C 19FI
Heme286. M is I kb 1Il0iecuiar weight standard and lanes I to 21 are cultivars names as given in Table I.
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Fig. 2. UPGMA dendrogram for 21 linseed (Unum usitatissimum L) cultivars using 136 markers generated by 15 PHA primers and
Jaccard's similarity estimates. The numbers inside the figure denote per cent bootstrap support for each node.

variance (AMOYA) was done by grouping these cultivars
into populations based on year of release (pre-1990 and
post-;1990), flower colour (white and blue), seed size
(large, medium and small), ~eed colour(yellow and brown)
and yield (less than 1000 kg/hectare and more than 1000
kg/hectare). Most of the variation in all these cases could
be attributed to within population variation as the variation
among these created groups was negligible.

The polymorphism level was quite low in the linseed
cultivars using PBAs markers. The utility ofthese markers

Indian J. Plant Genet, Resour. 18(2): 194-199 (2005)

need to be assessed on crop-by-crop basis as these have
revealed high polymorphism in other crops like chilli,
tomato, eggplantetc. Low level ofpolymorphism revealed
by these markers in intra-specific investigation in linseed
suggests their utility for higher taxonomic level studies,
which needs to be proved in the genus Linum.
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