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M
olecular M

arkers

S
everal m

arker system
s have been developed and are applied to a range of crop species.

These are the R
estriction Fragm

ent Length P
olym

orphism
s (R

FLP
s), R

andom
 A

m
plification of

P
olym

orphic D
N

A
s (R

A
P

D
s), S

equence Tagged S
ites (S

TS
), A

m
plified Fragm

ent Length
P

olym
orphism

s (A
FLP

s), S
im

ple S
equence R

epeats (S
S

R
s) or m

icrosatellites, and S
ingle

N
ucleotide P

olym
orphism

 (S
N

P
s). The advantages and disadvantages of these m

arker system
s

are provided in Table 1.

These m
olecular techniques have been w

idely used to m
onitor differences in D

N
A sequence

in and am
ong species.  They also allow

 the creation of new
 sources of genetic variation by

introducing new
 and desirable traits from

 w
ild varieties into elite lines. W

hile R
FLP m

arkers
have been the basis for m

ost genetic w
ork in crop plants, A

FLP
s and S

S
R

s are currently the
m

ost popular techniques used due to ease in detection and autom
ation.  The adoption of the

new
 m

arker system
, S

N
P

s, is now
 highly preferred, w

ith the increasing am
ount of sequence

inform
ation, and the determ

ination of gene function due to genom
ic research.

Applications of m
olecular m

arkers for crop genetic studies

The m
ain uses of these m

olecular m
arkers in crop genetic studies are

as follow
s:

•
A

ssessm
ent of genetic variability and characterization of germ

plasm
•

Identification and fingerprinting of genotypes
•

E
stim

ation of genetic distances betw
een population, inbreeds, and

breeding m
aterials

•
D

etection of m
onogenic and quantitative trait loci (Q

TL)
•

M
arker-assisted selection

•
Identification of sequences of useful candidate genes

M
AS for Pathogen Resistance in Tom

ato

O
ne of the m

ajor constraints in tom
ato cultivation and production are

severe harvest losses caused by a num
ber of pathogens, including

viruses, bacteria, fungi, and nem
atodes.  Farm

ers have adopted
control m

easures, such as applications of agrochem
icals and

use of resistant lines. A
lthough conventional breeding has had

a significant im
pact on im

proving resistance of tom
ato, the

tim
e-consum

ing process of m
aking crosses and backcrosses,

and the selection of the desired resistant progeny m
ake it

difficult to react adequately to the evolution of new
 virulent

pathogens.

M
olecular m

arkers are now
 being w

idely used for breeding tom
ato.  M

ore than 40 genes that
confer resistance to m

ajor classes of tom
ato pathogens have been m

apped, cloned, and/or
sequenced (G

rube, et. al., 2000). These m
aps have allow

ed for “pyram
iding” resistance genes

in tom
ato through M

A
S

, w
here several resistance genes can be engineered into one

genotype.  C
urrently, tom

ato breeding through M
A

S
 has resulted in varieties w

ith resistance or
tolerance to one or m

ore specific pathogens.

Glossary

A
FLP: A

m
plified Fragm

ent Length P
olym

orphism
. A highly sensitive m

ethod for detecting D
N

A
polym

orphism
. Follow

ing restriction enzym
e digestion of D

N
A

, a subset of the D
N

A fragm
ents

is selected for P
C

R
 am

plification and visualization.
G

enetic M
ap: A m

ap of the relative positions of genetic loci on a chrom
osom

e, determ
ined on

the basis of how
 often the loci are inherited together.

Linkage M
ap: A m

ap of relative positions of genes on a chrom
osom

e. G
enes inherited together

are close to each other on the chrom
osom

e, and said to be linked.
M

icrosatellites: Very short D
N

A m
otifs (1-10 base pairs) w

hich occur as tandem
 repeats at

num
erous loci throughout the genom

e.  A
lso know

n as sim
ple sequence repeats (S

S
R

),
sim

ple tandem
 repeats or sim

ple repetitive sequences.
M

onogenic trait (M
endelian trait): a trait determ

ined by the action of a single genetic locus
N

ucleic acid: m
olecule found in all living cells, in w

hich the hereditary inform
ation is stored and

from
 w

hich it can be transferred. The tw
o chief types are D

N
A (deoxyribonucleic acid), found

m
ainly in cell nuclei, and R

N
A

 (ribonucleic acid), found m
ostly in cytoplasm

.
PC

R
: P

olym
erase C

hain R
eaction.  A m

ethod for am
plifying a D

N
A sequence in large am

ounts
using a heat-stable polym

erase and suitable prim
ers to direct the am

plification of the desired
region of D

N
A

.
Polym

orphism
: A detectable difference at a particular gene or m

arker occurring am
ong

individuals.
R

A
PD

: R
andom

 A
m

plification of P
olym

orphic D
N

A
. A w

idely-used technique for am
plifying

anonym
ous stretches of D

N
A

 using P
C

R
 w

ith arbitrary prim
ers.

R
FLP: R

estriction Fragm
ent Length P

olym
orphism

.  Variations w
hich occur in the length of D

N
A

fragm
ents produced w

hen D
N

A is broken dow
n by restriction enzym

es (enzym
es w

hich
recognize specific sequences of D

N
A

, usually 4-6 base pairs long, and cleave the D
N

A at
these points, know

n as restriction sites).
SN

P: S
ingle N

ucleotide P
olym

orphism
. A com

m
on, but m

inute, variation that occurs in D
N

A
sequences of a genom

e. These variations can be used to track inheritance in fam
ilies or

species.
Q

TL: Q
uantitative Trait Locus. Location of a specific gene that affects a m

easurable or
quantifiable trait. These traits are typically affected by m

ore than one gene, and also by the
environm

ent. E
xam

ples of quantitative traits are plant height (m
easured on a ruler) and body

w
eight (m

easured on a balance)
Q

uantitative (continuous) traits - phenotypes that exhibit a range of m
easurable outcom

es.

Table 1. Com
parison of m

ost com
m

only used m
arker system

s (Adopted from
 Korzun, 2003).

Feature

D
N

A
 required (µg)

D
N

A
 quality

P
C

R
-based

N
um

ber of
polym

orph loci
analyzed

E
ase of use

A
m

enable to
autom

ation

R
eproducibility

D
evelopm

ent cost

C
ost per analysis

RFLPs
RAPDs

AFLPs
SSRs

SNPs

10

H
igh

N
o

1.0-3.0

N
ot E

asy

Low

H
igh

Low

H
igh

0.02

H
igh

Yes

1.5-50

E
asy

M
oderate

U
nreliable

Low

Low

0.5-1.0

M
oderate

Yes

20-100

E
asy

M
oderate

H
igh

M
oderate

M
oderate

0.05

M
oderate

Yes

1.0-3.0

E
asy

H
igh

H
igh

H
igh

Low

0.05

H
igh

Yes

1.0

E
asy

H
igh

H
igh

H
igh

Low


