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Picking up the right molecular markers?

Molecular markers as analytical tools
>>> a readily detectable sequences of DNA or
>>> a protein whose inheritance can be monitored

Usable molecular markers can be small DNA fragments located on
chromosomes

They could be associated with genes that control traits of interest in

plants.
Polymorphism in DNA Polymorphism in Protein
nuclear Isozymes& allozymes

cytoplasmic Seed storage proteins



Characteristics for useful molecular markers

% Polymorphic

% Reproducible

% Preferably display co-dominant inheritance
(both forms detectable in heterozygotes)

% Rapid and inexpensive to detect

1.2. What 1s a good molecular marker for a population geneticists?

A good molecular marker should be/have:

1/ Mendelian inheritance: transmit from one generation to another.

[ ]

Polymorphic: present several alleles at the locus investigated (multiallelic).

faa

Codominant: allow the diserimination between homo and heterozygotes.

4/ Neutral: all alleles have the same fitness

5/ Not epistatic: one can determine the genotype of a phenotype irrespective of the
genotype of the other loci.

6/ Independent of environment: no phenotypic plasticity.

7/ Frequent occurrence in the genome

8/ Even distribution throughout the genome

9/ Highly reproducible



Box 1: Molecular Markers: an example of a codominant marker

LOCUS: DNA fragment comprised between the two arrows (V).

Locus: L
INDIVIDUAL: A p A ~
Chromosome | Y ' Allele Ly
Chromosome I’ ' [ ' Allele Ly
INDIVIDUAL: B
Chromosome | ' ' Allele Ly

Chromosome I’ ' :l:l:l:lL Allele Ly

L] Mutation

In this example, the locus L has two different ALLELES: Ly and L.
GENOTYPE of individual A is “L; L, and genotype of Individual B “L; Ly*

In a case of a codominant marker. the pattern observed after a gel electrophoresis will be:

Ind A Ind B

Individual A 1s HOMOZYGOTE
for the locus L

Individual B is HETEROZYGOTE
v for the locus L
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Different techniques

U PCR based

U Hybridization based
U Amplified Fragment Length polymorphism

U DNA sequencing



Common DNA Fingerprinting Technigques
U PCR based

E PCR-Restriction: cleaving PCR product with RE (PCR-RFLP)
E PCR-ASO: Allele specific oligonucleotides

E ARMS-PCR: Amplification refractory mutation system

E LLSP-PCR: Low stringency single specific primer

E SSR-PCR : short sequence repeat

E IRS-PCR: Interspersed Repeat sequence

E AP-PCR/RAPD: Arbitrary primer
E PCR Sequencing :

E SSCP: Single strand conformation polymorphism
U Hybridization based

E Microsatellites (1-10)

E Minisatellites (10-60)

E VNTRs (40~)

E RFLP with unique sequences

U Amplified Fragment Length polymorphism
U DNA sequencing
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Molecular biological methods used for the authentication of medicinal plants

Name

Polymerase chain reaction

Allele-specific diagnostic

Amplification  refractory  mutation
system

Amplified fragmented length
polymorphism

Arbitrarily primed PCR

Direct amplification  of length
polymorphism

Multiplex

PCR-selective restriction

Randomly amplified  polymorphic
DNA

Acronym

PCR

PCR

ARMS

AFLP

AP-PCR

DALP

PCR
PCR-SR

RAPD

Explanation

PCR provides an in vitromethod for the rapid enzymatic amplification of fragments of
deoxyribonucleic acid (DNA) [114], [115]. In the PCR procedure, two oligonucleotide

Me o

primers (often referred to as i u p s t ramddird® wn s tor f@faono vaadriidcoe ver s e o

primers) that are complementary to the 5SNand 3Njanking sequences of the DNA to be
amplified are used to prime a heat-stable DNA polymerase that performs the copying of
each strand of DNA. The denaturation of the DNA double helix, the annealing of the
oligonucleotide primers to each complementary strand, and the synthesis of new
strands by DNA polymerase are performed at their optimal temperature resulting in a
three-step reaction. PCR is conducted in fully programmable thermocyclers that change
the reaction temperatures at each step automatically [116].

Primers with allele specific 3Ngnds and labeled with different fluorochromes at their 5Nj

end are used together with a common primer in PCR [117]. The resulting amplicons
can be analyzed by gel electrophoresis or capillary electrophoresis using an automated
DNA sequencer.

This variation of the PCR is based on the fact that the primers only bind to their target
sequence when their 3Ngnds are complementary. Oligonucleotides with mismatched
( A mut a3Nend éedidues will not bind to the A n o r neagktasequence and no
amplification will take place [118].

In this technique, genomic DNA is digested with restriction enzymes. In a ligation
reaction specific oligonucleotide adapters are added to the ends of the fragments,
which can then be selectively amplified by PCR using primers that are complementary
to the adapter and restriction site sequence [119].

Similar to RAPD but PCR is performed using sets of two longer primers (>18
nucleotides) of arbitrary sequence.

PCR is conducted with variable forward primers that contain a universal core sequence
at their 5Ngnd and a constant reverse primer resulting in multiple amplicons that can be
separated by gel electrophoresis, isolated and directly sequenced [120].

PCR withmultiple sets of forward and reverse primers in the same reaction resulting in
parallel amplification [116].

PCR amplicons obtained with gene specific primers are cut with restriction enzymes
and analyzed by gel electrophoresis [121].

Genomic DNA (gDNA) is amplified by PCR using a single, short (10 nucleotides) primer

with arbitrary sequence resulting in multiple amplicons of different lengths ( Aif i nger pri nt

pattern) that are analyzed by gel electrophoresis [37].
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Name
Sequence characterized amplified
region

Restriction length polymorphism

DNA microarray

DNA sequencing

Inter simple sequence repeat-
anchored PCR

Multiplex —amplification  refractory
mutation

System

Simple sequence repeat

polymorphism

Acronym

SCAR

RFLP

ISSR-PCR

MARMS

SSR

Molecular biological methods used for the authentication of medicinal plants

Explanation

Distinct amplicons obtained by RAPD are sequenced and amplicon specific primers are
designed for use in PCR [122].

Genomic DNA is cut with sequence specific DNA restriction endonucleases resulting in
the generation of a number of small fragments of various lengths, which are separated
according to their molecular size by gel electrophoresis. The band pattern obtained with
a specific DNA source and a specific restriction enzyme is called a DNA fingerprint of
that source.

A DNA microarrays, also often referred to as gene chip, DNA chip, or gene array,
consists of a solid support matrix (e. g. a glass slide, silicon chip or synthetic
membrane) to which DNA has been covalently bound in the form of a collection of
microscopic spots [123]. Each spot contains DNA of a defined sequence that is referred
to as the probe. Fluorescently labeled target DNA is hybridized to the chip, which is
washed and then analyzed using a microarray reader.

DNA sequencing is now almost exclusively performed using cycle sequencing, which is
conducted using a heat stable DNA polymerase and fluorescently labeled
dideoxynucleotides in a thermocyler. The resulting polymerase products are separated
according to length using capillary electrophoresis, detected by laser-induced
fluorescence and automatically analyzed by computer software [124]. Older methods
making use of radioactively labeled nucleotides and gel electrophoresis are still in use
and may be the only option, when access to automated sequencers is not available.

In ISSR-PCR, primers anchored at simple sequence repeat (SSR) sequences (e. g.,
CACACACA,; see below) are used to amplify the DNA regions between the flanking
SSR [125].

Multiplex PCR using a common primer andmultiplemutation specific primers as used in
ARMS [126].

Simple sequence repeats (SSRs) or microsatellites are short sequence motifs
consisting of 2 or more nucleotides (e. g., CA and ATG), which repeat in tandem (e. g.,
CACACA and ATGATGATG). The repeats vary in length (e. g., CACACA vs.
CACACACACACA) and are ubiquitously and randomly distributed in all eukaryotic
genomes. The lengthpolymorphisms

can be easily detected by gel electrophoresis of amplicons generated by PCR using
unique pairs of primers flanking the repeat [127].

Plig2Bt a

Me o



RFLPs - Restriction Fragment Length
Polymorphisms

Electrophoretic comparison of the size of
defined restriction fragments derived from
genomic DNA

. Isolate high quality DNA

2. Digest with a combination of restriction
enzymes

. Fractionate digested samples by electrophoresis

. Transfer fragments to membrane

. Hybridize with radioactively labeled
DNA probe(s); detect by autoradiography. Can also
use non-radioactive labeling systems

o~ W



RFLPs: Types of polymorphisms

A = original pattern

B = insertion
C = deletion

D = new restriction site
within probe sequence

E = loss of restriction site

F = new restriction site
outside probe region

decreasing
length of
restriction

fragment

|

A B C D E F

RE



RFLP Inheritance Patterns

Parent 1 Parent 2
(true-breeding, red-flowered) (true-breeding, white-flowered)

R/R b r/r
Parents ‘&7 —|8kb

Qb/&(b / 8kb/8kb

R/r b
g — | 8kb :
% —| 6 kb 1
8kb/6kb
Self

— | 8kb o - —|8 kb
—| 6 kb ——| 6 kb —— |6 kb

©6kb/6kb 8kb/6kb 8kb/6kb 8kb/8kb




Considerations for use of RFLPs

Need high quality DNA

Need to develop polymorphic probes -
expensive

Relatively slow process
Use of radioisotopes has limited RFLP use to
certified laboratories (but non - radioactive

labeling systems are now in wide use)

Co- dominant



RFLPs can also be derived from variable -length
minisatellites (10-60 bp tandem repeats) or
microsatellites (1-5 bp repeats) also known as
Simple Sequence Repeats (SSRs)

ACGACGACGACGACG:

T-------

TANDEM REPEATS

v—-—-—-—-—-—-—- v
- highly variable I L A
- sensitive
Y Ao iy
- often generate
multi - locus patterns I A
that allow discrimination AlAl  A1A2 A3A4

even between individuals

AlAl

Al1A2

A3A4



Denaturation

Rtemplal PCR-based methods
+ primers
Annealing

+dNTPs +
‘ | Extension ’

ofactors +
ifer + /=
DNA
olymerase

Does not require high quality or large quantity of DNA

Extremely sensitive d though this causes problems of repeatability
Reaction conditions must, therefore, be optimized or carefully controlled
Fast and relatively inexpensive




RAPD & Random Amplified Polymorphic DNA

PCR technique using SINGLE PRIMER of
ARBITRARY SEQUENCE and usually 10mer
length. The PCR products are generally
resolved on Agarose gels and scored after
ethidium bromide staining.

Williams JG, Kubelik AR, Livak KJ, Rafalski JA and Tingey SV
(1990) DNA polymorphisms amplified by arbitrary primers are
useful as genetic markers. Nucleic Acids Res. 18:6531 - 6535.

==> primer
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primer » ‘ l dCTP
v’\\(”“’*uvu” dATP
: 7 : dGTP
=] |
! . dTTP

template DNA

heat-stable @ .!.-‘-!—
Taqg DNA '
primer

Polymerase

\LBLELTIE
_I_I_L_“_!l-‘-!-!-

heat to 95°C

1 DNA strands split \

number of copies of the template DNA
cool to 55° - 60°C doubles with each cycle heat to 72°C

primers bind to 25 - 40 cycles of heating and cooling Taq DNA Polymerase extends
complementary build up over a million copies complementary DNA strands,
DNA strands of the original DNA template starting from the primers




RAPD markers

Anonymous - but can be converted to
SCARs (Sequence Characterized Amplified
Regions)

Dominant markers - homozygotes cannot
be distinguished from heterozygotes

Fast, easy and cheap - commercial primer
sets are available

Problems in profile reproducibility

Same sized band on two gels: Is it the same
DNA fragment?

One band on a gel: Is it just one DNA
fragment?



ISSR PCR 0 Inter -Simple Sequence Repeat PCR

PCR techniqgue using SINGLE PRIMER of
OLIGOMERS homologous to SSRs. The PCR
products are generally resolved on Agarose gels
and scored after ethidium bromide staining or on
Acrylamide gels and scored after silver staining.

Kantety RV, Zeng X, Bennetzen JL and Zehr BE (1995)
Assessment of genetic diversity in dent and popcorn (Zea
mays L.) inbred Ilines using inter -simple sequence repeat
(ISSR) amplification . Mol. Breed. 1, 365-373.




SATELLITE SEQUENCES

These have been classically defined as highly repetitive
tandem sequences that generally hybridize to centromeric
and telomeric regions of the chromosome and further are
prominently distinguished as a minor peak relative to the
rest of the DNA in CsCl buoyant density equilibrium
centrifugation studies. It was this minor peak that was
called as the N Sat e |ONA.t Later, the satellite DNA
sequences were isolated, cloned and it was shown that
the average repeat unit length ranged from 120 to 300 bp.

ﬂ Main band

DNA

g Satellite DNA
&)

=

5| E

olo Marker DNA
218

<

Buoyant density

rgcm -3



MINISATELLITE SEQUENCES

By analogy to the i s at e Isdguenhcesy tandem
repetitive sequences which were detected in

human and animal globin gene clusters for the
first time were called as the fMinisatelliteo
sequences, and these had an average repeat unit
length that ranged from 15 to 60 bp.

MICROSATELLITE SEQUENCES

engths in the range of just 2 to 10 bp and whic
were detected In several organisms were called

asthenin Mi cr os adesueénicast e o
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Genotype A Genotype B

PCR with two primers
flanking the microsatellite
region with radiolabelled
nucleotides for synthesis of
the amplified regionfollowed
by gel electrophoresis of PCR
products followed by

autoradiography.
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Genotype A Genotype B

- coccie] =

RAPD type PCR with single
primer of the microsatellite
sequence with gel
electrophoresis of PCR
products followed by
ethidium bromide staining.
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MICROSATELLITES 0 SOME EXAMPLES

DINUCLEOTIDE REPEATS
(CA) .. (AT)
TRINUCLEOTIDE REPEATS
(CAC) ., FCEME (CT)A
TETRANUCLEOTIDE REPEATS
(GATL) AN (GACE) GG AT )
MIXED REPEATS
[(GA) (CA) 5(TA)] ,.[(GA) (GACA) ,(AG)] ,

Highly variable yet somatically stable marker
Specific primers can be designed for target species
Reproducible, high mutation rate

A co- dominant marker with high heritability



DAMD 98 Directed Amplification of Minisatellite DNA

PCR technique using SINGLE PRIMER of
MINISATELLITE CORE SEQUENCE. The PCR
products are generally resolved on Agarose gels
and scored after ethidium bromide staining.

Heath DD, Ilwama GK and Delvin RH (1993) PCR primed with VNTR
core sequences yields species specific patterns and
hypervariable probes . Nucleic Acids Res. 21, 5782-5785.




MINISATELLITE CORE SEQUENCES USED

33.6 HUMAN MYOGLOBIN
MINISATELLITE CORE

HBV HUMAN MINISATELLITE
CORE

HVR RICE MINISATELLITE
CORE

M13 MINISATELLITE CORE

GGAGGTGGGCA

GGTGTAGAGAGGGGT

CCTCCTCCCTCCT

GAGGGTGGCGGTTCT



AFLP & Amplified Fragment Length Polymorphism

PCR amplification using two specific
primers with restriction endonuclease
adaptor sequence.

The PCR products are generally
resolved on acrylamide gels and
scored after silver staining or
autoradiography or with fluorescence
In an automated DNA sequencer
system.

M, Friters A, Pot J,
AFLP. a new technique
Res. 23: 4407-4414.

Vos P, Hogers R, Bleeker

Peleman J,

for DNA fingerprinting . Nucleic  Acids

M, Reijjans M, van de Lee T, Hornes

Kuiper M and Zabeau M (1995).




Advantage AFLP

E Based on the detection of even minor but unique
genomic restriction fragments by PCR amplification.

E Fingerprints produced without prior sequence
knowledge using limited set of generic primers.

E The number of fragments detected in a single reaction
can be tuned by selection of specific primer set.

E AFLP is robust & reliable because of stringent
reaction conditions used for primer annealing.

E AFLP: The reliability of RFLP is combined with power
of the PCR technique.

E Choice of primers with tunable specificity is unlimited
and offers scope of rational designing.

\Discriminating homozygotes from heterozygotes
requires band quantitation (comparison of pixel
density in images from a gel scanner).



Principle

AFLP is based on the amplification of subset of genomic restriction fragments
using PCR.

DNA is cut with restriction enzymes and double stranded adapters are ligated
to the ends of the DNA fragments to generate template DNA for amplification.

The sequence of the adapters and the adjacent restriction site serve as primer
binding site for subsequent amplification of the restriction fragments.

Selective nucl eoti des ExT_ e« w0 Cledll dreNdd ail
therefore, can only prime the DNA synthesis from a subset of the restriction
sites.

Only those fragments in which the nucleotides flanking the restriction site match
the selective nucleotides will be amplified.
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5 GAATTC TTAA —3°
3 CTTAAG AATT ———5° |
+EcoR |
Mse |
AATTC T +EcoR | adapter
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- EcoR | adapter .
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AC—F5’
. gjective
amplification
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B AATTCAAC TTeTIA =0
B TTAAGTTG

Sequencing Gel

[ Mse| adapter sequences
B EcoR | atapter sequences



Rationale of using two restriction enzymes

Two restriction enzymes, a rare cutter and a frequent cutter are used to generate
the restriction fragments for amplifications. The AFLP procedure results in
predominant amplification of those fragments, which have a rare cutter sequence
on one end & a frequent cutter sequence on the other end.

1 The frequent cutter will generate small DNA fragments, which will amplify well
and are in the optimal size range.

1 The number of fragments to be amplified is reduced by using the rare cutter,
since only the rare cutter/frequent cutter fragments are amplified. This limits
the number of selective nucleotides needed for selective amplification.

1 The use of two enzymes makes it possible to label one strand of the double
stranded PCR products, which prevent the occurrence of doublets on the gel
due to unequal mobility of the two strands of the amplified fragments.

1 Two enzymes give greatest flexibility in tuning the number of fragments to
be amplified.

9 Large number of different fragments can be generated by the various
combinations of a lower number of primers.



E Ligation of oligonucleotide adapters (ds)

AFLP adapters consist of a core sequence and an enzyme specific sequence.

EcoR | adapter:

50 G T GG rARGLANC. " GICIC TRA TCIC
CATIVERE GA C'G C ATRGE T T-AYAMSL0

Msel adapter:

50 GACGATGAGTCCTGAG
TACTCAGGACTCAT 50



U Two step reaction followed by gel-based detection of fragments:

U AFLP primers consist of three parts, a core sequence, an enzyme specific
sequence and a selective extension/base.

Preselective amplification:
Both the primers have single selective base.

EEHOHRY | W50 G ANC G GG TSRO 8 - A LA T (
MSiet | <5 GATGAGTCCITGGAG TAA

PCR products diluted & used as template for second reaction

Selective amplification:
Both the primers having three selective bases.

EcoRIl: 5 0 GACTGCGTACC AATTC N

Msel: 5 6 GATGAGTCCTGAG TAA |

In selective amplification one of the primer is radioactively/fluorescent labeled



Genomic DNA

Ay e
5 = QAATT({ ————— TTAA
 ————— CTTAAG ——— AATT
P P
Action of the Restniction Enzvmes EcoBI (=) & Msel (=)
Core sequences
enzyme-specific sequences _‘1- 1
Y TAY
\x{;: AATTC T L= %
\\\\\\.\\ TTar. | G AAT fﬂ
e B Msel adaptor

EcoPRI adaptor

NNE# %

Ligation of the adaptors (known DNA sequence = firthar primers)

5 .

NN Wi

Preamplification (primers + 1 nucleotide)

S.

Selective lification (primers + 3 maclectides)

N ———r NN\

Amplified fragments will be separated by electrophoresis

b e



Salient features of AFLP

I The number of fragments corresponds well with the genome sizes.

I Adding selective nucleotides to the AFLP primers reduce the number of bands
by 4 fold with each additional selective base.

1 Addition of an extra selective base always results into a fingerprint, a subset of
the original fingerprint.

1 This indicates that selective bases are an accurate & efficient way to select a
specific set of restriction fragments for amplification.

| The AFLP fingerprints show large number of fragments amplified
simultaneously & in principle number of bands detected is limited only by the
power of detection system i.e. polyacrylamide gel.



In a nutshell the steps of the AFLP technigue are

Restriction with two enzymes

l

Ligation of adaptors

l

Pre-selective amplification

Selective amplification (Fluorescence, radioactivity)

l

Detection
Automated j Exposed to Xxray film Silver staining
Fluorescent detection Radioactivity Manual gel scoring

Followed at CIMAP



200bp _ppy

400bp _y

300bp
P -

200bp —Jme—

Automated

Manual

e et T e Y e e

— - —— -
- . 2 o

100bp i
P ‘ ?
g



-
-

X

0nS o

It

ol



AFLP patterns are able to distinguish different Plectranthus genus

Known as i b ol docBrazil,
Plectranthus species are used
for analgesic and dyspeptic
purposes. The species need to
be well defined to be used as
authentic medicinals.

P. grandis
P. barbatus
P. ornatus
S LS g Y Phenetic dendrogram derived
& g % § 2 % from the AFLP fingerprint of
\ § %w =
N 7

three Plectranthus species and

an outgroup (V. condensata).
Passinho-Soares et al., 2006, Planta Medica 72: 929-931
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The most important
species of this genus,
with maximal therapeutic
properties, is Zingiber
officinale (garden ginger),
which is often adulterated
with  other less-potent
Zingiber sp.

Z. montanum and Z.
zerumbet are
phylogenetically more
closely linked to each other
than to Z. officinale.

Eoffloinale-1

| E.cfficinale-2
’_E E.cffieinale-g
‘ ' T.cfficinale 5

Z. officinale

‘ £ offieinale-3
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T rnutamnn-2

Z. montanum

Z.zerumbet

T moutamom-g

L

E mortaman-5

T mmnnvhai-1
Dz.mmi-z
L mannvbai-3

4[ Z m=nnubei-4
2 z=nunbei-5

T T 1
045 el 0m3
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Herbal drug:.authentication

ASafed Musli is an important
aphrodisiac herb, used in preparation
of more than one hundred Ayurvedic
formulations.

AVarious plants belonging to the
genera Chlorophytum and Asparagus
have been in use under the common
name of 6 Sa fMus |due to their
white tuberous roots.

AAn AFLP-based experiment was
carried out to differentiate the
members of the 0 S a fMauds kcam@lex
(Asparagus adscendens,
Chlorophytum  arundinaceum, C.
tuberosum and C. borivilianum).

A.adscendens

C. borivilianum

C. arundinaceum

C. tuberosum

L S B B B B E S S R S B B E S B B p|
[l 015 00 015 1

Coeffirient

This will help in establishing the authenticity
and credibility of the ayurvedic drug 6 Sa f
Mu s | which presently suffers from the
problem of adulteration.

AThe DNA fingerprint comprising of
the unique bands obtained for each
species provided a reference tool for
identification of adulterants in the
crude drug.

Natural Product Communications

AFLP-based Detection of Adulterants in Crude Drug
Preparations of the ‘Safed Musli’ Complex
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ABSTRACT

The genus Aconifum is highly complex and its taxonomy has been traditionally difficult due to the high level of vanation among the
various species. The Aconifum species are known for their highly toxic diterpenoid alkaloids but have been descnbed in traditional
medicine systems as high-value medicine after proper and prescribed detoxification. In India, 4. heterophyllum, A. balfourii and A.
violaceum are found mainly in the North-Western Himalayas whereas 4. ferox 1s found in the North-Eastern Himalayan region. Among
these species, A. heferophyllum is the most significant in terms of therapeutic importance and herbal drug market value. It has become
critically endangered due to high demand of the herb and indisciminate overexploitation. There is an existing demand in the bulk herbal
drug industry to have an authentic identification system for the Acomitum species in order to enable their commercial use as genuine
phytoceuticals. In the present siudy we have used Amplified Fragment Length Polymorphism (AFLP) for developing DNA fingerprints
for 4 Aconitum species. A total of 10 accessions (4 of A heferophyllum, 3 of A. violaceum, 2 of A. balfourii and 1 of A. ferox) from the 4
species were used in the study, which employed 64 AFLP selective primer pairs. Only 26 selective primer pairs were found to respond
with all the accessions and generated a total of 4112 fragments. A number of species-specific markers were identified for all the 4
Aconitum species (16 for A. heterophyllum, 125 for A. violaceum, 79 for A. balfourii, and 226 for A. ferox). These AFLP fingerprints of
the Aconitum species could be used in future for authentication of the drug and checking the adulteration-related problems faced by the
commercial users of the herb.

Keywords: adulteration, DNA fingerprinting, crude drug, rare plant
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Fig. 1 Cluster diagram showing the relationship among various accessions of the 4 Aconitum species. A. hererophpdlum (Ah), A jerox (Af), A
balfourii (Ab) and A. violaceum [ Av).
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Use of RAPD and AFLP Markers to
Identify Inter- and Intraspecific
Hybrids of Mentha
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Lucknow 226015 India, or e-mail: khanujazy@yahoo.com.

Abstract

Three controlled crosses were carried out involving Mentha arvensis and Mentha spicata [M. spicata CIMAP/C30 x M. spicata
CIMAP/C33 (cv. Neera); M. arvensis CIMAP /C18 x CIMAP/C17 (cv. Kalka); and M. arvensis CIMAP/C17 x M. spicata
CIMAP/C33]. The parents were subjected to random amplified polymorphic DNA (RAPD) analysis with 80 primers,
and polymorphic primers were tested for detecting coinherited RAPD profiles among the progeny of these crosses. Of
50 seedlings tested from each intraspecific cross, all demonstrated dominant profiles with the selected RAPD primers except
the detected hybrid from respective crosses. Coinherited markers could be detected with the primers OP] 01, MAP 06, OPT
08, and OPO 20 for M. arvensis,; OP] 05, OP] 14, OPO 19, and OPT 09 for M. spicata; and OP] 07, OP] 10, OP] 11, OP] 14, and
OPO 02 for the cross M. arvensis X M. spicata. In our amplified fragment length polymorphism (AFLP) analysis, 40 coinherited
marker fragments were identified for the cross involving M. arvensis, 32 for the cross involving M. spicata, and 41 for the
interspecific cross between M. arvensisand M. spicata. In all crosses, similarity values between the parents were less than those
between the parents and the hybrids. Although RAPD markers are generally considered dominant, it is possible to identify
a few codominant markers that behave like restriction fragment length polymorphism (RFLP) markers. This molecular marker
system may be helpful in rapidly screening out hybrids in crops where cross-pollination is a problem.
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Thirty-two distinct accessions of Papaver somniferum were screened for
morphinan alkaloid content in the straw. The combined content of major
morphinan alkaloids (morphine+codeine+thebaine) was found to vary in the
range 0.2260i 0.0683%. Two genotypes each, were selected as prototypes for
low [1-48 (0.0683%) and 1-344 (0.0878%)] and high [Pps-1 (0.2260%) and N-3
(0.2074%)] morphinan alkaloid content for studying DNA polymorphism. RAPD
analysis of these four genotypes using 80 primers could not detect the
polymorphism. However, AFLP analysis of these genotypes with 12
EcoRI/Msel primer pairs could distinctly group the high- and low-morphinan
alkaloid genotypes separately. Furthermore, 50 AFLP fragments, specific to
high-straw morphinan alkaloid genotypes (Pps-1 and N-3) and 28 DNA
fragments specific to low-straw morphinan alkaloid genotypes (I-48 and 1-344)
could be identified. This investigation is the first report on the polymorphism
identified in the genotypes differing in their straw morphinan alkaloid content.
This DNA polymorphism could be exploited for defining chemotypes at an
early seedling stage in poppy breeding programmes.




(C) Indian Academy of Scienoes

RESEARCH ARTICLE
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Abstract

Downy mildew (DM) caused by Peronospora arborescens, is a serious disease in opium poppy ( Papaver somniferum), which
has a world-wide spread. The establishment of DM-resistant cultivars appears to be a sustainable way to control the disease.
In this paper, we present the results of a study aimed at the identification of amplified fragment length polymorphism (AFLP)
markers for DM-resistance in opium poppy. Three opium poppy genotypes (inbred over about 10 years): Pps-1 { DM-resistant),
Jawahar- 16 {DM-susceptible) and H-9 {DM-susceptible) were crossed in a diallel manner and the Fy progeny along with the
parents were subjected to AFLP analysis of chloroplast (cp) and nuclear DNA with seven and nine EcoRl/ Msel primer
combinations, respectively. cpDNA AFLP analysis identified 24 Pps-1 {DM-resistant)-specific unique fragments that were
found to be maternally inherited in both the crosses, Pps-1 x Jawahar-16 and Pps-1 = H-9. In the case of nuclear DNA
AFLP analysis, it was found that 17 fragments inherited from Pps-1 were commeon to the reciprocal crosses of both (i) Pps-1
and Jawahar-16 as well as (i) Pps-1 and H-9. This is the first molecular investigation on the identification of polymorphism
between DM-resistant and DM-susceptible opium poppy genoctypes and development of DM-resistant opium poppy genotype-
specific AFLP markers. These AFLP markers could be used in future genetic studies for analysis of linkage to the downy
mildew resistance trait.

[Dubey M. K., Shasany A. K., Dhawan Q. P, Shukla A. K. and Khanuja 5. P. 5. 2000 AFLP studies on downy -mildew-nesistant and downy-
mildew -susceptible genotypes of opium poppy. £ Gener. 89, 9-19)



