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A molecular marker is a molecule contained within a sample taken from an organism or other matter.
The development of molecular techniques for genetic analysis has led to a great contribution to our
knowledge of plant genetics and our understanding of the structure and behavior of various genomes
in plants. Recently, functional molecular markers have been developed to detect the presence of major
genes from the analysis of pedigreed data in absence of molecular information. DNA markers have
developed into many systems based on different polymorphism-detecting techniques or methods such
as RFLP, AFLP, RAPD, SSR, SNP, etc. A new class of very useful DNA markers called genic molec-
ular markers utilizing the ever-increasing archives of gene sequence information being accumulated
under the EST sequencing projects on a large number of plant species. Functional markers are derived
from polymorphic sequences, and are more likely to be involved in phenotypic trait variation. Based
on this conceptual framework, the marker systems discussed below are all (gene)-targeted markers,
which have the potential to become functional. These markers being part of the cDNA/EST-sequences,
are expected to represent the functional component of the genome i.e., gene(s), in contrast to all other
random DNA based markers that are developed/generated from the anonymous genomic DNA se-
quences/domains irrespective of their genic content/information. Especially I sited Poczai et al re-
views, advances in plant gene-targeted and functional markers. Their reviews may be some useful in-
formation to study molecular markers in plants.
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Fig. 1. AFLP fingerprint for nucleotide sequences of AmR1 clone
[14]. SAmR1-F and SAmRI-R primer sequences for a
SCAR marker are underlined.
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Fig. 2. Percentages of studies utilizing different types of molec-
ular markers. The chart was based on an informal liter-
ature search performed with Google Scholar on 22.08.2012
resulting in 1032570 hits and modified on Poczai et al’
reviews [22]. Abbreviations are according to acronyms
found in the text: AAD - Arbitrarily amplified DNA
markers, including AFLP, ISSR, RAPD, and other modi-
fied but similar methods mentioned in the text; CDM
- conserved DNA based markers, including CDDP,
PBA, TBP, ITP (all modified methods are cited in the
text); TEM - transposable element based markers includ-
ing IRAP, REMAP, ISAP, iPBS and SSAP. RGM - resist-
ance-gene based markers (RGAP), NBS profiling; RBM
- RNA-based markers, iSNAP, EST- and cDNA- based
markers; TEM - targeted fingerprinting markers (DALP,
PAAP, SRAP, TRAP, CoRAP and SCoT).
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Conserved DNA-derived polymorphism (CDDP)
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Cytochrome P450 based analogues (PBA)
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Table 1. Summary table of marker systems and groups by Poczai et al. [22]

Group

Marker
system

Principle in a nutshell

References

1. Conserved DNA and
ene family based

markers (CDMs)

CDDP

Conserved plant genes are targeted with short universal or
degenerate primers to reveal length polymorphism. Use of primer
combinations is also possible.

Collard and
Mackill [7]

PBA

Universal primers target the exon-intron junction sites of

cytochrome (cyt) P450 mono-oxygenases. Polymorphism is
revealed based on the random distribution of gene family
members.

Yamanaka et al.
(30]

TBP

Single degenerate primer pairs anneal to the conserved parts of
the B-tubulin exons and amplify intercalated introns from
different tubulin isotypes.

Bardini et al. [2];
Galasso et al. [10]

ITP

Intron regions of choice are amplified by exon flanking primers
revealing
polymorphism.

Weining and
Langridge [28]

2. Transposable element
based markers (TEMs)

IRAP

Amplification of internal sequences between two retrotransposon
repeats with primers annealing to LTR motifs.

Kalendar et al.[16]

REMAP

An LTR specific primer and an ISSR primer are used to detect
polymorphism.

Kalendar et al. [16]

ISAP

Primers designed in various positions within SINE elements are
used to amplify adjacent genomic regions.

Seibt et al. [23]

iPBS

Primers anneal to PBS regions of head-to-head oriented LTR
retrotransposons. The amplified products contain LTR regions and
intervening genomic regions.

Kalendar et al. [15]

SSAP

DNA is digested with restriction enzymes. Adapters are ligated
to restriction sites, and amplification is performed with LTR
specific and adapter specific primers containing selective
nucleotides.

Waugh et al. [27]

3. Resistance-gene based

markers (RGMs)

RGAP

Resistance-gene based analogue fingerprints are generated with
degenerate specific primers or primer pairs, designed to match
conserved regions of R genes.

Leister et al. [18]

NBS
profiling

Genomic DNA is digested with restriction enzymes after the
ligation of adapters. Specific fingerprints are generated from
resistance gene regions with adapter specific and R-gene specific
primers.

Linden et al. [24]

4. RNA-based markers

(RBMs)

iSNAP

Primers are designed from small RNAs and flanking regions to
generate polymorphic banding patterns.

Gui et al. [11]

cDNA-AFLP

An AFLP analysis is carried out using cDNA as a starting pool,
with several modifications existing for fine-tuning.

Bachem et al. [1]

cDNA-RFLP

cDNA is used for probes in RFLP analysis.

Bryan et al. [5]

EST-SSR

EST databases are mined in silico to locate SSRs and design
primers to match genetic microsatellites.

Kantety et al. [17]

5. Targeted
fingerprinting
markers (TFMs)

DALP

The common M13 sequencing primer is paired with a forward
primer containing the —40 USP core and 3 selective nucleotides
to generate fingerprints.

Desmarais et al.

91

PAAP

Degenerate regions annealing to plant promoter regions are added
to short oligonucleotides to detect polymorphism.

Pang et al. [21]

SRAP

Primers contain a random 5 filter, a core sequence (AATT or
CCGQG) and three variable nucleotides at their 3'. Amplification
follows a two step procedure where first mismatches are allowed
at a lower temperature to generate a starting pool for subsequent
higher temperature amplification.

Li and Quiros [19]

TRAP

An arbitrary SRAP primer is paired with a fixed primer designed
from ESTs.

Hu and Vick [13]

CoRAP

Arbitrary primers are designed from ESTs as in TRAP, but the
fixed primer contains a different core (CACGC), as in SRAP. This
sequence is often found in plant introns.

Wang et al. [26]

SCoT

ATG start codons are incorporated into random primers to
generate polymorphic fragments from the genome. Primers can
be used alone or in combination.

Collard and
Mackill [8]
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Fig. 3. Schematic representation of conserved DNA and gene
family based markers by Poczai et al. [22]. Boxes repre-
sent exons and solid black lines introns, while intergenic
regions are indicated by dashed lines. Arrows are pri-
mers used for amplification in each technique. A) The
cytochrome P450 Based Analogue (PBA) marker system
is based on the amplification of Cyt P450 regions in
plants with universal primers designed in CYP or
heme-binding sites. B) Representation of the transcribed
region of a typical plant B-tubulin gene, showing specif-
ic amplification with TBP (red arrows), ¢cTBP (black ar-
rows) and hTBP (green arrows). C) Outline of in-
tron-targeting markers with primers flanking the exon
regions.
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Transposable element based markers (TEMs)

Barbara McClintock [20]7} 2 g 7 o] & 2 (transposable
elements, TE)&= F8A 9 YA S WA TESY A4
ZAZY F E/E UE 4 90 Class [ (retrotransposons)
& £79] “copy-and -paste’ 242} F21 Class II (DNA trans-
posons) ‘cut-and-paste’ 842t FETh Class [24E RNA
S MAZ AEE FAHLS THEAT Class [T 84 RNA7L
a8 FHA W o4& AR ojFdT. YA ZA
miniature inverted repeat transposable elements (MITEs) 2
B2 TES 23t 53] Class I+ AEA 9 HAl
st 5ol4 §4o] §lo] 5T &4 v E o] &H1

. 1 9 £ long terminal repeats (LTRs)& @M d& s

I A 2 AAE AR ZRREY FAAR AEA R
95 AT AT (Fig. 4).
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Inter-retrotransposon amplified polymorphism (IRAP)
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Fig. 4. Structure of a plant Tyl-copia retrotransposon, which contains two long terminal repeat (LTR) elements at either end (red
boxes) surrounded by short inverted repeats (black arrows) by Poczai et al. [22]. The LTRs contain elements U3, R and
U5 for transcription initiation and termination. The primer binding site (PBS) and polypurine tract (PPT) are priming sites
for reverse transcription (solid black lines). The PBS also matches a limited set of tRNAs. The universal 5TG end and the
CA 3 terminus adjacent to the PBS are shown as small black boxes. The internal domain consists of gag and pol regions.
The gag region encodes capsid-like proteins (CP) and has a nucleic acid binding moiety (NA). The pol region encodes protease
(PR), integrase (INT), reverse transcriptase (RT) and RNase-H.
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