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This chapter focuses on the principles of marker-assisted selection in shrimp species.
Though the chapter specifically highlights shrimps in general, examples from other

aquaculture species have been quoted through out the chapter wherever necessary or
more appropriate to explain the concepts clearly.

MARKER ASSISTED SELECTION

Selection constitutes the choice of individuals to be used as parents for producing next
generation of progeny. Selection is carried out to improve one or more desirable traits/
characters in the population of a species. Genetic improvement through selection has been
an important contributor to the dramatic advances in agricultural productivity that have been
achieved in recent times (Dekkers and Hospital, 2002). Genetic improvement of any population
of a species involves periodic evaluation, selection and culling of animals. Selection of animals
is an important aspect of genetic improvement program, because the selected parents will
decide the genetic makeup of the progeny and hence their phenotypic performance.

Most of the economically important traits (body weight, disease resistance etc.) in
shrimp are quantitative traits that are controlled by protein products of fairly large number
of genes (Breese and Mather, 1957) called minor genes Or polygenes, wherc:ein, very few
genes have relatively large effects with many others having smaller effect§ in the overall
expression of the trait (Spickett and Thoday, 1966). These polygenes interact among
themselves and also with the environment before being expressed as observable phenc?type.
The polygenic inheritance coupled with a large array of environmental_ factors conFnbutes
to slow improvement of quantitative traits under conventional selection (Togashi et al.,
2004). The number, locations and size of effects of each polygen.e are neycr known.. Qne
positive facet in this complex situation is that every single polygene influencing a quantitative
trait follows Mendelian rules of inheritance.

Conventionally, as we do not know which genes contribute to phenoty(p;z,d sc:}:czllc;n t}?ﬁ,
animals is being carried out on the basis of observed phenotypes recor
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OSIUVE way with 3 giyen o o alleles)
possible to genotype an animal using a DNA-based genotypmggte:tn artlrdalL : herefo
carrying the preferred genetic variant, When solec

€ transmits genetic information from parents
to progeny and also stores information required for the synthesis of proteins essential for
the structure and function of organisms. The DNA present in each cell of an organism
is organized in to sets of chromosomes

(e.g. 44 pairs in P monodon) and constitutes
genome of that organism. In a diploid bi-sexual individual where chromosomes are arranged
in pairs, there exist two copies for every gene, one inherited from each parent. A gene

is a stretch of DNA that contains information required for synthesizing one polypeptide
molecule and polypeptides are the building blocks of proteins. Thousands of proteins
synthesized in the body interact and determine the visible characteristics or phenotype.
The genetic makeup of the organism is called genotype. It is possible for the DNA
sequence that makes up a gene to differ between animals. The difference could be as

small as a single nucleotide. These alternative gene sequences called genetic variants or
alleles may result in differences in the amount or type of protein being produced by that
gene. In a diploid individual, the two alleles of a

gene make up the genotype for that gene.
In a population where, there are only two alleles, say A and B for a gene, three different
genotypes are possible i.e. AA,

BB and AB. The phenotype of the animals carry.iﬂg
different genotypes could also differ as, a change in gene may result in addition or deletion

or change in protein responsible for phenotype. Animals carrying alleles that are encoding
proteins having beneficial effect on the phenotype are to be Selected_ based on mafk'ers
that are linked to these alleles and should be used as parents for Producing next generation
that the beneficial alleles pass on to the progeny. MAS Improve the accuracy of
e d increase the rate of genetic progress by identifying animals carrying desirable
leles for a iven trait at an earlier age. As MAS could be practiceq gs early as the
——" fortaaegiln animals, there is no longer a need for the animal to develop to a stage
s
:tm:rlfi?:h r.hgc trait can be recorded.
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SITUATIONS WHERE MAS IS BENEFICIAL

{. When heritability of the target trait is low, theTe b_y not permitting imgrovement
. through conventional selection. Genetic variability 1n the popul.atlc.m .(estlmz_xted la]ls
heritability) is the instrument in the hands of breeder tl?at pelps hlrl‘.l in 1mprov1'ng the
population. Conventional methods of selection fail to mgmﬁcantl_y- improve tra1t§ that
are having low heritability values. When the proportion of the additive genetl-c variance
explained by the marker loci exceeds the heritability of the character, selection on t.he
marker loci alone is more efficient than selection on the individual phenotype (S@th
1967). Also, as trait heritability increases, the benefit due to marker information
decreases as it becomes easier to select superior animals based on performance oOr

phenotypic records.

7. When the desired trait cannot be measured on one SeX. For sex-limited traits,
conventional selection based on the phenotypic records can be practiced in only one
sex in which the trait is expressed whereas, MAS could be practiced in the opposite
sex also. Even for a sex-limited trait with higher heritability marker information
greatly increases the efficiency of selection.

3. When the desired trait cannot be recorded before animal attains sexual maturity (e.g.
age at sexual maturity, age at first spawning etc.). Sexual maturity leads to reduced
growth and reduced feed conversion efficiency in most of aquaculture species.
Therefore, there is a need to select those animals that mature late than others.

4. When the target trait is difficult or expensive to measure (e.g. disease resistance,
feed conversion efficiency etc.). Challenge tests are used to identify the families of
shrimps that are relatively resistant to certain viral and bacterial diseases. But as the
surviving shrimp cannot be used in breeding programs, their sibs only are the candidates
for selection. Whereas in MAS, all the shrimp are the candidates for selection and

Fhe:re is no need to carry out challenge tests, once the marker for disease resistance
1s identified and validated.

th.n the target trait cannot be measured in the lifespan of the animal (e.g. head-
to-tail ratio).

xﬁnﬁ]:;oivem;o“a] Select%on program exists for a character, it is better to start
increasing ;heneze:r-anta.ge with MAS is the reduced generation interval there by
s fie ge ;‘;t Whliz hgal;:j per umt.tlme. But the generation interval cannot be lower
intervals ig gheicnn 5 eCsi imp 1attams' sexual maturity. Biologically the generation
and cannot be degreapsede:u?tr;eroﬁl; l-e-dabout Yo

gener?tion interval. However, ir'lcreas.;t:: :;Zitzge E'ldvant-a ge .Of MAS in exploiting
selection and pre-selection of parents at an e 0 intensity, increased accuracy of

and space p arly age there by saving i
give edge to MAS over conventional schemes of );elec:?g e money
on.

In common cultured species

Scanned by CamScanner



178 | Frontiers in Aquaculture

7. When the trait under selection (say ‘X’) is genetically correlateq Wi
(say ‘Y’), that we do not wish to change. In this case, we neeq ¢,
that is associated with trait ‘X’ but not associated with trait ‘Y’

th anothe

[ tra;
ﬁﬂd " dit

Marke,

8. When the species you are dealing with is not fully domesticated gy,
breeding cannot be practiced. This situation is probably specific to som
species that are difficult to be domesticated completely. A worth mentjq
is the difficulty faced globally in breeding pond reared tiger shrimp inside , hat
and getting progeny successfully. Unless the animals selected in 3 °0nven;hery
selection program breeds and produce next generation of progeny, the genetic n(::al
for which the animals are selected is not carried to the next generation, Iy thr'lt
situation, if markers are available for desired traits, MAS could be practiced ip oy is
generation to decide the parents (from the lot of wild caught animals that breeg in
a hatchery) that are carrying beneficial alleles.

d COntroued
€ aquacylyy,

CAN MARKER ASSISTED SELECTION REPLACE
CONVENTIONAL SELECTION

The answer is NO. Marker assisted selection allows for the accurate selection of animals
. with specific DNA variations (or markers) that have been found associated with complex
| quantitative traits. Quantitative traits are controlled by several polygenes. It is important
to realize that we may find out only those markers having significant influence on the
complex trait leaving out many other markers which also contribute towards the final
expression of the trait along with environment. Therefore, even when a marker is available
for a quantitative trait, breeding values estimated for the trait should be utilized for making
selection decisions as they consider all the genes that contribute to a given trait. Marker
assisted selection should be seen as a tool to assist with, and not as 2 replacement for
traditional selection methods.

) ) ) ial
Conventional selection methods bring out a general increase 1n the frequency of benefict
eration. Whereas:

alleles controlling the target trait in the population, generation after gen -
MAS directly increases the frequency of specific alleles, selected for in the population

Identification of Quantitative Trait Loci (QTL) ,
ntrolling @ pamculaf

A stretch of DNA sequence in the genome that contains genes CONU®" sense)
quantitative trait is called as quantitative trait locus (quantitative trait loci in plev” antitative
In some aquaculture species, linkage maps were utilized to find out the QTLs ford” on 0
traits. This QTL mapping process involves screening of markers already ma?ons called
linkage maps for their association to traits of interest, in specialized pop! allo™  kers
‘mapping populations’. The positions of the chromosomes harboring the assmlatz\it haviré
and the near by regions in the genome are the QTLs for the concerne
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candidate genes. The markers found associated with quantitative traits would be utilized

for MAS after validation.

The resources required for identification of QTL are polymorphic DNA markers, high
resolution linkage maps and mapping populations that are segregating for the polymorphic
markers. The basics, principles and procedures involved in this entire process of QTL
mapping and MAS are briefly discussed below.

DNA Markers

An important by-product of extensive genomics research in the past decade is the availability
of large number of molecular markers. DNA or molecular markers represent genetic

differences between individual animals. DNA markers are the most widely used type of
markers primarily due to their abundance and are not influenced by environment unlike
morphological or biochemical markers. They arise from different classes of DNA mutations
such as substitution mutations (point mutations), rearrangements (insertions or deletions)
or errors in replication of tandemly repeated DNA (Paterson, 1996). DNA markers are
mostly located in non-coding regions of DNA and therefore are selectively neutral (Collard
et al., 2005). DNA markers that are commonly used for QTL mapping have been listed
in Table 1, though other markers such as minisatellites (Jeffreys et al., 1985), expressed
sequence tags (Adams et al., 1991) and single nucleotide polymorphisms (Kwok et al.,
. 1994) are also widely used for several other applications. O’Brien (1991) has classified
genetic markers in to two types, Type I markers associated with a gene of known function
and Type II markers associated with anonymous gene segments of one sort or another.

Table 1. Commonly used DNA markers in QTL mapping studies.

= Marker Detected as Type of Loci  Reference

L Restriction Fragment Length Codominant | &l Botstein et al., 1980
Polymorphism (RFLP)
Random Amplified Polymorphic Dominant I Welsh and McClelland
iDNA (RAPD)1990: Williams et al., 1990
- Amplified Fragment Length Dominant 1 Vos et al., 1995
Polymorphism (AFLP)
Microsatellites or Simple Codominant N>l Tautz, 1989
"_ equence Repeats (SSR)

Markers are of two different kinds, direct and indirect. Specific loci or markers may
° part of the gene and directly influence a quantitative trait. Sorensen and Robertson
! 961) explained the basic theory for incorporating direct markers in to selection index for
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' aracter of ; w’}!f '
could be utilized in selection by virtue of statistical associations or linka;j;f ;nterem il T,"j‘if
. lse . . LT
between alleles at the marker loci and quantitative trait loci (Soller, 1978). Qilibri, '44 :‘j
e
: ; e L Tl
How Linkage Disequilibria Arise -f,
rg
Linkage disequilibria (linkage disequilibrium in singular tense) between locj are Prody affi'ad;
by three factors, hybridization, random genetic drift and epistatic selection. Ina 1acred / ;LW
population created by hybridization between genetically differentiateq & v

: . o S groups, after ‘w I
generations of random mating, substantial linkage disequilibria are likely to be Maintaipeq / i Wg(
between selectively neutral loci ‘with recombination rates, r < 1T (Kimura apg 4 P
Ohta, 1971). In a randomly mating population of effective size Ne,

genetic drift is expecteq fw&if»‘“'
to produce substantial associations between polymorphic loci with recombination Tates r f

< 1/(4Ne) (Hill and Robertson, 1968). In domesticated populations, except those of very # \"P“b“'
small size, the number of generations since the last hybridization event usually will be Mv o
smaller than four times the effective population size i.e. T < 4Ne, Therefore, hybridization o

i
1s more powerful mechanism for generating useful linkage disequilibria than is randop ;Wmﬂk
genetic drift.

A major limitation with these associations is that the linkage disequilibrium diminishes Wu{mg;
over generations by recombination during meiosis. Therefore it is mandatory to identify EpAL

such indirect markers that are tightly linked to QTL or closely placed along with QTL on ws |
the chromosome so that the association is not disturbed by recombination.

. “Wesems H
Linkage Maps

A linkage map of a species has molecular markers
of the chromosomes in the genome of that species.
and relative genetic distances between markers alo
between markers is estimated by the principles e
Sturtevant (Sturtevant, 1913). Sturtevant assumed
and hence has equal probability of occurrin

placed in an order along the length ?“\M\Q
Linkage map indicates the position %hmm
ng the chromosomes. The distance ?mman
xplained for the first time by Arthur W

that crossing over is a random event

chromosomes during meiosis. Therefore, the markers that are closely placed are less RP;I:[%E
likely to be separated during meiosis than distantly placed markers. F uency g
P urther, the freq T““‘(
with which the markcl.'s are separated during meiosis (recombination frequency) 1s 2 % a
direct estimate of the dlstanc-e. between markers Recombination frequencies for different i XM
pairs of markers could be utilized to construct a map showing rejatjye distances between M
- Recombination frequenci

markers on the chromosome. quencies betweer, an ir of markers \h‘l
range from 0 % (complete linkage) to 50 % (no linkage) Y pairo Wl
- i Kosambi mapping function anq H t

Two mapping functions, ‘maj : aldane mapp; ) \
commonly used for converting recombination frequency in to map unigs aﬁzéni ::35[2?: af::: w“\;:;:
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0 centiMorgans (¢M), recombination frequency between

ance is less than 1
tween markers. For map distances of more than

equals map distance be
0 oM. the relationship between map distance and recombination frequency is not linear

- o . g . - -
H001). Kosambi function assumes existence of interference and Haldane

1
lH:u‘tl and Jones, <
s no interference during crossing over (Kearsey and Pooni, 1996). ane

jon assume
rs should note that the distance between markers on a linkage map is not directly

1 physical distance of DNA between markers.

l . When P dist
a pair of markers

funct
reade
related 1o the actua
The genotype information of polymorphic markers in mapping populations (described
rin [ﬁe chapter as a single mapping population could be used for both construction of
nd QTL detection) is subjected to linkage analysis for the construction of

software packages used for construction of linkage maps in
lude CARTHAGENE (Givry et al., 2005), CRIMAP (Green et al.,

1990). JOINMAP (Stam, 1993; Van Ooijen and Voorrips, 2001), LINKMFEX (Danzmann

and Gharbi. 2001). MAPCHART (Voorrips, 2001), MAPINSECT 1.0 (http://
w-w.dpw.wau.nl/pvlpubl). MAPMAKER (Lander et al., 1987) and MAPMANAGER
(Manly and Olson, 1999; Manly et al., 2001). Except JOINMAP, all others are freeware.
Linkage between markers is calculated as odds ratio i.e. the ratio of linkage versus no
linkage and is expressed as logarithm of odds (LOD) value or LOD score (Risch, 1992).
k Generally a pair of markers with a LOD score of >3 would be utilized for the construction
of linkage map. A LOD score of 3 between markers indicates that presence of linkage

between markers is 1000 times more likely than no linkage.

late
linkage map a
linakge map- Popular
aquaculture species inc

T AW AT AEE e PR

After linkage analysis, linked markers are grouped together in to linkage groups, each
of which represents an entire chromosome Or segment of chromosome. The accuracy of
' estimated recombination frequencies and the subsequent distances between markers is
directly related to the number of individuals (or the number of informative meioses)
studied in the mapping population. Mapping population sizes used in shrimp for constructing
linkage maps range from 43 to 283. An important use of linkage map is to identify the
chromosomal regions containing QTLs associated with traits of interest in a QTL analysis.
Such linkage maps with QTL positions marked on them could be referred to as QTL
maps. Most of the genetic linkage maps in shrimp species (Table 2) are constructed using
AFLP and microsatellite markers. The linkage maps currently available are of low resolution
Wltb markers placed unevenly. Sex-specific linkage maps Were constructed for all the
shrimp species, as recombination rates are different between sexes. Because, the choice
of appropriate mapping function (either Kosambi or Haldane) depends on the recombination
freq“eﬂf‘fy (Liu, 2007). Salmonid fish have the largest reported sex-specific differences in
-rﬁeﬁ:ﬁm.ation ratios for any known vertebrate (Sakamoto et al., 2000). In some species
have hicur:: char (Woram ef al., 2004) and Atlantic salmon (Moen ef al., 2004) females
' Coimbg er recombination rates than males whereas in others like Japanese flounder
ra et al., 2003) males have higher recombination rates OVer females.
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Mapping Populations

ng population could be used for both linkage map construction and QTL
mapping- The phenotype for the traits of interest should be recorded on the individuals of
mapping population that was used for linkage map construction, if same population is
considered for QTL mapping also. Mapping population consists of individuals that are
segregating for the polymorphic markers available on the linkage map of that species. A
segregating population could be (1) an F, family produced by inter-crossing of F; hybrids
or (2) a back cross family produced by mating F, hybrids back to one of their parents
or (3) double haploid families produced by either androgenesis (Stanley. 1976) or gynogenesis
(Chourrout, 1984). For successful detection of QTL, the F, families should be produced
s having extreme phenotypes for the trait concerned. This increases
QTL, an important factor that determines the power of detection of
ent lines with extreme phenotypes have been demonstrated
QTL for upper thermal tolerance (Perry et al., 2001).
lture species have been thoroughly reviewed by Massault
d, the QTL detecting methods followed and
Iture species have been summarized

A single mappi

by mating individual
the heterozygosity at
a QTL. Benefits of mating diverg
in rainbow trout while mapping
QTL mapping designs for aquacu
et al., (2008). The mapping populations use
the traits for which QTLs are identified in some aquacu

in Table 3.

Sample Size

Large family sizes are required for detecting QTL of small effects. When the QTL
the target trait, the optimum family size

explains 10 percent of the phenotypic variance in
appears to be 50 individuals per family for a QTL mapping experiment in outbred populations.
When the total population size (individuals from all families) reaches 1000 individuals.

family sizes of 25/50/100 give similar power of detecting a QTL that is explaining 10 %
of phenotypic variance (Martinez et al., 2002).

s an inverse relationship be
genetic variance that
detecting additive ge

tween the heritability of the
can be detected, even with
netic variance in characters

For a given sample size, there i
character and the proportion of additive

a very large number of marker loci. For !
of low heritability, a population composed of large families is less efficient than a population

- of the same size composed of unrelated individuals, unless a large fraction of the phenotypic
Variance is caused by genetic dominance and common family environment.

Number of Markers

L -

n;nfje and Thompson (1990) in their classical paper gave :

wi?hm-wm number of molecular markers (N) required for the likely detection ©
Important QTLs which is calculated as,

N=2TL+C

a simple formula to arrive at
f associations
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where, T = Number of generations since last hybridization event in the population
L = Map length in Morgans
C = Haploid chromosome number

This minimum number of markers may not be sufficient to detect QTLs in partially
inbred populations. The power of mapping a QTL on to a linkage map with a marker
spacing of 10 cM is same as that of mapping a QTL on to a linkage map having infinite
number of markers (Darvasi et al., 1993).

QTL Analysis

The basic principle involved in QTL mapping is detecting an association between phenotype
of the trait and genotype of markers. Phenotypic records are available for the individuals
in mapping population for the trait of interest. A polymorphic marker locus has 2 or more
alleles in the population, though only 2 alleles are present in any diploid individual. A
mapping population can be divided in to different genotypic groups on the basis of the
genotype at the marker locus. A significant difference between phenotypic means of the
groups for the trait of interest indicates that either marker itself is the QTL for the trait
of interest or marker is linked to the QTL controlling the trait of interest. It should be
noted that QTLs can only be detected for traits that segregate between the parents used
to construct the mapping population. '

Single marker analysis, simple interval mapping and composite interval mapping are
the three methods widely used for QTL detection (Tanksley, 1993; Liu, B. 1998). Single
marker analysis is the simplest method considering single marker locus at a time and uses
statistical methods like t-test, ANOVA and linear regression. Coefficient of determination
(R?) from linear regression will tell us the amount of phenotypic variation explained by
the marker locus linked to the QTL. Simple interval mapping considers a pair of adjacently
Placed linked markers at a time and try to find out whether QTL exists or not in the
Interval between marker pair. Composite interval mapping combines simple interval mapping
with linear regression and considers additional genetic markers along with adjacent pair
of linked markers. Both the interval mapping methods try to find out likely sites for a QTL
between a pair of adjacent linked markers. The position on the linkage map where highest
LOD values are obtained in QTL analysis corresponds to the region of the chromosome
harbo"iﬂg the QTL. We could be able to say that, QTL exists between these two markers
?n the linkage map. The confidence intervals for QTLs are calculated by either

e(:nel-LOD Support interval” method (Lander and Botstein, 1989) or ‘bootstrapping’ (Visscher
al., 1996,

multrfhe QTL identified could be (1) a functional mutation itself or (2) a marker (or
mut a? 'e marker haplotype) that is in population-wide linkage disequilibrium with functional
100 or (3) a marker (or multiple marker haplotype) that is in population-wide linkage
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equilibrium with the functional mutation. Application of MAS fo,

vanes with each of these three cases, first case being the easier and g,
s

apply. The second and third cases should lead to the identificat At fory, N

. ion of fype, . VA
responsible for phenotype. {iNCtiong) Mugy; 3

8enetje iy

. Markers identified should be validated for their reliability in Predicting

1n different populations. Validation is necessary because false-associationg bet‘wfaé)henmype
and the trait of interest can arise. It is also true that an associatiop i1, boe ﬂmffrkers
experimental study could occur by chance alone, and the verification of Previoﬁaﬂlcm
has always been one of the prime motivators driving scientists * Tesuly

to repeat ex
Markers that cannot be validated have no value as tools for marker-

: perimem.s.
assisted selectiop

Power of QTL Detection

Family structure of the mapping population i.e. number of families and family size: ang
also the heterozygosity of the QTL have major impact on the power of QTL detection
The power of QTL detection is more affected by increasing the number of the progeny
than by increasing the number of families (Kolbehdari et al. 2005). If the heterozygosity
is low, the QTL will be segregating only for a limited number of individuals and will reduce
the amount of information (Hayes er al., 2006; Verhoeven et al., 2006). If we take a few
large families, it may so happen that none of the parents is heterozygous for the QTL.
Therefore a balance between family size and number of families needs careful consideration.

The heritability of the QTL has more impact on the power to detect QTL than the
heritability of the trait.

Experiment designs that would have an 80% power to detect a QTL of moderate
effect (explaining between 1.5 and 5% of the trait variation) by genotyping 1000 or fewet
individuals are demonstrated for aquaculture species by simulation studies (Massault &
al., 2008). More the interval between markers less is the power of detecting 3 QTL.
Marker density does not greatly affect the power of detecting a QTL when the distance

between markers is less than 10 ¢cM. byt ) ¢ exceed 20cM
(Massault ef al., 2008). Some » but ideally marker spacing should no

: er
. aquaculture species have linkage maps with much oW
average distance between markers (5 cM for sea bass, Chistiakov et al., 2005; and 9 M
for oysters, Hubert and Hedgecoc ’

k, 2004).
Cost-effectiveness of Mag

. Potent; - . ; ods
when (a) phenotypic sCreening i ntial savings compared to conventional breeding meth

se i e
of multiple alleles related to 3 gjp, Pensive, (b) when a breeder could not detect the pres™

) gle traj n
it is necessary t0 screen for tra : ::Lbased on phenotype (Melchinger, 1990). () whe
exp

- ) : its wh .
considerations, (d) when it a]1 alle] ression depends on seasonal or geograP
“les for desirable trajs (o be detected early, well befor®
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trait is expressed, and (e) when it allows breeders to identify heterozygous animals that
an allele of interest whose presence cannot be detected phenotypically.

e question of time savings is extremely important, because over the long run the

¢ benefit offered by MAS will be its ability to reduce the time required for animal
Ng.

lopment and Implementation of MAS

hole approach of MAS can be summarized in to following activities.
dentify parents having extreme phenotypes for the trait of interest.
evelop a mapping population of animals segregating for the trait.

~ Record phenotype for the trait on the animals of mapping population.

Screen the mapping population for polymorphic DNA markers.

Construct high resolution linkage maps by linkage analysis.
dentify molecular markers that are co-segregating with the trait of interest.
Validate the reliability of markers for use in MAS.

oduce clear and simple protocols for genotyping the markers.

Study the cost-effectiveness of MAS over conventional tools of selection and other

ibio-techniques.
J mplement MAS into the genetic improvement programs.

Elirent Status in Shrimp

BBX-specific linkage maps are available for almost all commercial species of shrimp. The

f8ting linkage maps must be tagged with some more markers to increase the map

~@BSolution. Recently, several EST markers have been developed for shrimp species
(Maneeruttanarungroj, et al., 2006; Tassanakajon, et al., 2006; Tong et al., 2002). These

ST sequences would be utilized to find out ad llite markers which can

ditional microsate
- Beanchored on to the existing linkage map to make it denser. An EST database developed
fl0m Thailand for P. monodon has about 4

0,000 EST sequences (http://
Dnodon biotec.or.th). NCBI has huge collection of ES

; T database for commonly cultured
(BB species. Quantitative trait loci for total length and carapace length have been
. using inte

pped on to the male linkage map of M. japonicus rval mapping method
: 5Y et al., 2006). A microsatellite marker is found to be associated with WSSV
Peptibility in Penaeus monodon (Mukherjee and Mandal, 2009). The broodstock not

A
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possessing this particular marker should be select
to be utilized for producing progeny. An allele at 06 -
in NCBI database) was found as associated with resistance to g SV F22 (Ay) 37,
chinensis (Dong et al., 2008). Major reasons for low paced QT eﬂneropenae
shrimp species include high costs and difficulties involved ip

selective breeding, broodstock maintenance and phenotypic re

?d as WSsy TeSistant p,
fucrosatellite Jog, RS Ctoc

d .
; et.ectm FOgrap
Omesticat, the > In
Cording_ pecles|

]
CONCLUSIONS ,

Most of the economically important traits are quantitative,
environment and generally complex natured making genetic i
more laborious and time consuming. Therefore these traits are ex
of MAS. Marker assisted selection is likely to accelerate gen

polygenic, inﬂucnced b 'j
n.];.)rovement of these traits
citng targets for applicatiop
etic progress in some traits

Efforts in to QTL mapping and
amimals, The inability of practi

prog-rams and existence of less nu
Species is at

1 MAS are low paced in aquaculture compared to plants
an

cing MAS reflects lack of investment in QTL-detec.tioﬂ
mber of genetic improvement programs. MAS in shrmil(!iJ
he lack of abundant availability of genetic markers an

icati i ive
application of MAS o, large ey 'O programs, detection of QTL and cost-effect!
designed to accomm ale, §

- EXistin o i hould be
e odate QT ; f, . '8 genetic improvement programs $
potential impact of intellectyg) pll-TOOHnathn 'l cost-effective and sustainable manner. The
of MAS is to be addresgeq PeTY rights (1p Rs) on the development and applicati®"
Although the EXistence of
doubt, their value o, breeg;

or u . . )
forestry and aquacyjy, 8 Progy ams(:m‘gl:tatwe traits s convincingly agreed bey Ol;cd
SPecies jq Yet to b:";'rnercial applications in plants, Iivesiocan, 1
Oven Evervihin. .o . 1. AMA 3
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- ttractive enterprise t
:pplications inrpgeneti(:: Iilllli;l;lryo stearchers still holds true. But we need to identify th
advantages OVer conventional brm?t programs in which molecular markers offey ta‘;
every breeding problem. Conveef' e mCthoFls_ MAS should not be seen as a cur r;
option for improving several . tonal breed“_lg methods still provide a cost- f’fre ve

al traits and they will continue to be attractive i; Sth: fs(r:::

Breeder should mak
just ke any e inputei;ugett;atl the costs and benefits from MAS should be considered
1 hould include markers alo u turF: system. If benefits overweigh expenses then effi
e assisted selection to b ng with conventional tools for selection of animal OII*‘1 ‘
genetic gain 2s a resul e profitable, the increased economic returns fi tor
sult of using the markers must outweigh the cost of gerrlzng'reater
ing.

One should rememb

er that good geneti
. CS can never ove
environment. Whatev i rcome bad managem
efor e unles:r thedbette.r genes an animal has for a trait, it is nevef go‘ialll1 : ‘:f
<clection strate,g e o 80:1)_ env1r0nment‘ is provided. So, irrespective of the efﬁc?;enci
d wed in the population, proper management of animals is vital for

improving any species.
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