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GENOTYPE BY ENVIRONMENT
INTERACTIONS IN LIVESTOCK
BREEDING PROGRAMS: A REVIEW

HUGO H. MONTALDO

for a quantitative trait, the ment interaction is a potential source ofar radiation), external parasites (e.
phenotype is consideredreduced efficiency in genetic improve-ticks and other arthropods), internal pa
as the sum of independent genetic and ement programs involving animals insites (e.g., gastrointestinal helminthe
vironmental effects. Often, such a model isropical areas and developing countrieprotozoan, bacterial, fungal and viral d

[ﬂ n a simple genetic model Genotype by environ- (e.g., high temperatures, humidity and

not satisfactory for the range of situationdor three main reasons: eases, and variations in the quantity ¢
to which it is applied. If a genotype by en- quality of available food.
vironment interaction (GEI) exists, this in-1) The utilization of germplasm selected The possible levels fo

dependence is lost, and the simple model or developed in regions with other cli-studying genotype x environment intere
does not fit the data properly (Falconer, matic conditions and production systions in animals (Barlow, 1985) are ec
1989). A possible remedy is to extend the tems is very common (Bondcet al, nomic considerations, production trai
model by including a term for GEI. 1989). This approach reflects the lim4rait components of production traits, i
Dickerson (1962) defined the GEI as “addi- ited number of efficient breeding pro-direct traits (physiological traits), and c
tional variation due to the joint effects of grams based on local performanceect genetic variation (DNA).

the genotype and environment, not predict- data. From the practical poin
able from their separate average effect®) The climate and other characteristicef view, implications of GEI should b
and added that “They are important to the of production systems in tropical areagvaluated preferably at the econon
extent that use of the best combination of create numerous environmental challevel. However, studies performed at t
genotype and environment would permit lenges (food, housing, temperaturepther levels could help in a better und

more efficient animal production.” pathogens) to efficient productionstanding of GEI implications in anims
Genotype by environ- (Vercoe and Frisch, 1992). Adaptabil-improvement.
ment interactions may affect the effi- ity traits are commonly mentioned and Previous reviews hav

ciency of selection programs by reducing used in selection programs in tropicaemphasized methods for estimating C
the response in the performance traits areas (Horst, 1982), but appear to b animals and the biological-statistic
(i.e., growth, milk production) in animals less important in more favorable envi-evidence for GEI (Barlow, 1981; Vercc

raised under environmental conditions ronments. and Frisch, 1992; Warwick, 1972; Wi
different to that of the selected ones3) Economic characteristics of markets irson, 1974).
These reductions may involve reproduc- tropical regions, which may be differ- This paper reviews th

tion and survival rates in genotypes ent from those where the animals werémplications of parameter estimates as
raised at particular locations. The effect selected, would lead to novel geno<iated with GEI on design of genetic ir
of genotype X environment interactions type Xx (economic) environment inter-provement programs for animals, wi

resulting from the lack of adaptation of actions. particular emphasis on tropical areas :
particular genotypes to specific condi- developing countries. For completene
tions may reduce economic performance Vercoe and Frisch some basic methodological principles a

when the environmental conditions of thg1986) identified the main environmentalsome old and some new biological-stat
selected animals are different from thosémitations for animal performance intical evidence for GEI in animals are al
of the commercial population. tropical areas as being climatic factorsncluded.
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Types of genotype by environment TABLE |

interactions TYPES OF GENOTYPE X ENVIRONMENT INTERACTIONS IN ANIMALS
Initially, interactions caused .

by heterogeneity ofygenotypic variances Types Varlatlon' Examples

among environments must be distin- Genotypes  Environments

guished from those caused by a lack of 1 Small Small Sire families in one herd

correlati_on _between genotypic perfor- 2 Large Small Breeds in one herd

mance in different environments (Yama- 3 Small Large Sire families in different herds

da, 1962; Falconer, 1989). Dickerson 4 Large Large Breeds in different areas

(1977) considered the genetic correlatior

between environments ([r as the most Adapted from Dunlop (1962).

useful criterion for assessing the impor-

tance of GEI in animal breeding. Genetic

correlations lower than 0.8 are expectedquared correlation between the indeguality in specific environments. Identif

to cause important reductions in the effiand the breeding value (A) within envi-cation of an important number of inte

ciency of breeding programs (Robertsomonments 1 and 2. This correlation is exacting QTL capable of increasing prodt

1959). pected to be lower than the genetic corrdivity in specific environments, manag
In the absence of GElI, lation, because the indices are predictionsent systems or markets, could help

the expected value of,ris one. Only of A which contain error terms. For thisdevelop a population with specific adva

when the genetic correlation among envireason, the use of uncorrected correlatiotages under certain environmental con

ronments is less than one does GEI inestimates between sire or other replicatetibns or limitations (Drinkwater an

pede response to selection because it céamily group indices (predicted breedingHetzel, 1991).

change the optimal composition of thevalues) in two environments as direct

selection and rejected groups across enwvidence of GEI can be misleadingBiological-statistical evidence

ronments (Cooper and DelLacy, 1994)(Lynch and Walsh, 1998). In addition,of genotype by environment interaction:

Heterogeneity of variances in situationsvhen using this method, it is necessarin animals

where the genetic correlations are unityo set one minimum value foP,r (e.g.

is largely regarded as an effect of scal6.7) in each environment for each sire, Dunlop (1962) devel
and not a cause of reranking. since equation (1) applies only if the sunoped a scale of increasing likelihood f

of random environmental deviations ofthe presence of GEI in animals which i
Estimation Methods the progeny in each environment equalgolved increasing degrees of environme

zero. This is true only in sires with pre-tal and genetic variation from 1 to
There are three maindictions obtained using enough progenyTable I). Interactions are most likely t
methods for measuring GEIl: componentsumbers in both environments. be expected in category 4 (breeds in
of variance, genetic correlations among Another theoretical ap- ferent areas). A classic example of t
environments, and pattern analysis (Cogaroach, particularly popular in plantlatter category occurs when botBos
per and DelLacy, 1994). Heterogeneity obreeding, is the concept of stability,taurus and Bos indicuscattle are raiset
genotypic variances among environmentghich expresses the ability of one genoin temperate and tropical areas. An ¢
and correlation among genotypic perfortype to be less ‘sensitive’ to environmenample of category 3 (sire families in di
mance in different environments are contal influences. If the genotypes are conferent herds) would be with poult
founded when a standard ANOVA issidered fixed effects in a linear modelwhere the genetic correlation betwe
used to estimate a GEI variance compdi.e., breeds), and the environments are sire progenies reared on the floor and
nent (Muir et al, 1992). Mixed model random sample of many possible produccages is as low as 0.7 (Pirchner, 19€
methodology has been used (see revietion environments (locations or herds)nteractions in situations of types 1 (s
by Cameron, 1993) to estimatg unbi- ‘stable’ genotypes will have less steep refamilies in one herd) or 2 (breeds in o
asedly. Genetic evaluations using mixegression lines across ordered environmetrerd) are less common.
model methodology in the presence ofal levels than ‘non stable’ ones (Eberhart Where the environmer
heterogeneous variances have also beand Russell, 1966; Muiret al, 1992; cannot, or can only partially, be co
described and their effectiveness evalu-ynch and Walsh, 1998). This approachrolled, as with plant and fish productio
ated (Garrick and Van Vleck, 1987; Reimay help in selecting genotypes morer with range animals, GEI are importa
verteret al, 1997). adapted to difficult conditions by retain-In contrast, where environmental conti
An approximate genetic ing for breeding those which performis feasible, as with dairy or poultry pre
correlation between two environmentsetter at lower environmental levelsduction, GElI are less important. Wi
can be obtained from the observed corrgather than those with the maximum avdairy cattle, GEI are small within th
lation between the predicted breedingrage performance. same geographic area, or between f
values (I) of progeny tested sires in two DNA studies have iden- perate regions. Thus, for example, G
environments (), using the equation tified sequences related to major gene®r productive traits in Holstein wa
(Brascampet al, 1985): for quantitative traits. These can be usesmall among the states of Californi
for marker-assisted selection (JanseMew York and Wisconsin, and betwe
_ Jir ) 1993). In the future, molecular biologythe US and Spain (Carabafio, 19
9= N V(P Pae) (1) techniques may help geneticists identifiCarabarioet al, 1990). Most studies i
animals which carry specific genes withtemperate areas show little or no e
where Pfaq) and Pay are average reli- large effects on quantitative traits ordence for strong interactions betwe
abilities (repeatabilities) of the indicesquantitative trait loci (QTL) capable of genotype and nutrition in dairy catt
based on progeny testing, i.e., théncreasing the productivity or product(Syrstad, 1976).
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Selection responses tolated changes in lactation mean somati@rms in the Netherlands (Merks, 1988a
the use of selected US Holstein sires facell score and conception rate at first sert989). Sire x herd interactions explain
milk production in Latin America were es-vice associated with the genetic improvell-23% of the variance for several trai
timated to be 53% to 78% of the responsment of mature equivalent milk yield. The genetic correlations between perf
observed in the USA. The genetic correla- Syrstad (1990) indicated mances in central stations and farms w
tions ranged from 0.78 to 0.91. Most othat there was no evidence of interactio®.41 for daily gain and 0.70 for backf
the reduction was attributed to heterogesf production levels (environments) xthickness.
neous variances (Stantoet al, 1991). genotypes, represented by several Euro- Webb and Curran (198¢€
Costa et al. (2000) reported relatively pean x Zebu or European x native crosseeviewed numerous studies in pigs, whi
large genetic correlations (0.85-0.88) fooon milk production. Significant genetic showed that the interaction genotype x
milk and fat production between Brazilgroup x farm interactions for age at calvstricted or ad libitum feeding affectec
and the USA although heritabilities andng, length of lactation and calving inter-growth rate, and the interaction of ger
phenotypic variances were smaller in Braval were found in India. Genetic groupgype x test location (stations. on-farm)
zil. In a study with data from Mexico andwhere Holstein x Sahiwal crosses with avas significant for feed efficiency.

USA, Cienfuegos-Rivaset al. (1999), different Holstein proportion ranging from Similarly, important GEI
found genetic correlations ranging from50 to 87.5% (Ra@t al, 1992). were found for growth traits in sheep
.60 to .93 for milk production between Different economic con- the United Kingdom under different cor

countries. Correlations were higher beditions may lead to GEI when instead ofmercial environments and according

tween data from herds with similar pro-one trait the economic value of the totakex. The genetic correlation for growth &

duction ranking in both countries. production is considered. For example, theveen males reared under intensive col
Some unpublished esti- upgrading of European dual-purpose cattléons and females reared on pasture

mates for Holstein herds with extremelywith Holstein has increased milk yield butonly 0.37 (Bishopet al, 1996).

high or low production levels in Mexico decreased carcass value. The improvement

showed a low genetic correlation (0.40)n dairy performance requires a high leveSelection response in a second

for the first lactation records. This esti-of feeding. If a high level of feeding isenvironment

mate is very close to the estimate of 0.3Bneconomical, but beef performance re-

for the genetic correlation between the gemains economically attractive, dual-pur- When animals, such g

netic values in the Southern and Northerpose cattle may be more profitable undeartificial insemination dairy sires, select

regions of Mexico obtained by Valenciathis new ‘environment.” Similar examplesin environment 1 are used in a second

(2001) with the same data. Ron and Hilletan be drawn from beef breeding. A Simvironment 2, expected genetic response

(1983) found significant interactions formental x Hereford cross may be generallgnvironment 2 is:

genotype x lactation number in Holsteinsnore productive than pure Herefords, but .

in Israel but a very low interaction geno4in poor grazing regions, its higher milk AGz_l = I’GI’AlchZI

type x farm production level. These aupotential may lead to unsatisfactory fertil-

thors also attempted to determine differity and make the pure beef breed superior. . ) .

ences in ‘stability’ of expressions of siresThe breeding goal should, therefore, bwhere & is the genetic correlation b

genotypes across herd production levelsletermined by the economic conditions ofveen environments 1 and 2, ris selec-

but there was no evidence of GEI. each particular situation (Pirchner, 1983). tion accuracy for animals selected on «
Abubakar et al. (1987) Morris et al. (1993) stud- Vironment 1,04, is the genetic additiv

observed a lower breeding efficiency anded genotype x location effects on reprostandard deviation of the trait on envirc

survival in high-milk estimated breedingductive and maternal traits in beef cattidnent 2 and,iis selection intensity on er

value (EBV) Holstein bulls compared withusing bulls of 11 breeds in crosses witlfironment 1. Response to selection witl

low-milk EBV bulls in Mexico and Co- Angus cows. Important GEI were ob-€nvironment 2 is:

lombia. The relationship between milkserved for a number of reproductive, ma- _ .

production and survival was the oppositéernal and composite traits, including AGz.z _rA|20A2|

of that observed in the USA, suggesting weight of calf weaned per cow mated

possible genotype x environment interacfproductivity) and cow ‘efficiency’ (the ra-

tion. Valencia (2001) however, found atio of productivity to cow weight). where £, is selection amuracy for animals

selected orenvironment 2 and,iis selec-

positive genetic correlation (0.33 to 0.64) Important GEI were also tion intensity on environment 2. Assumi
between milk production and survivalfound when comparingos taurus x Bos S ifr try >r. . selecting in environ:
traits in Holstein with Mexican data. indicus crosses (Tl)vs. B. taurus x B. 1 2 G Al Al 9

dment 1 will give a greater selection r

Castillo-Juarez et al taurus crosses (TT) in Nebraska an . 4 .
sponse in environment 2. Conversely, df

(2000) found changes in correlations beFlorida (Olsonet al, 1991). The genotype ; L .
tween milk production and somatic cellx environment interaction was importantrAllll<rA.'2’ sele(;tlon Wlthlneo\t?nwr_onmint
score and conception rate at first servictor pregnancy rate; the advantage of Tmnsgm%e%ree?f{ reviﬁgpes éaso In situa-
with groups of herd environment. The geover TT cows being greater in Florida LT e Y, More Sire
netic correlations between pairs of trait§6%) than in Nebraska (2%). GEI alsg®'® tested in environment 1, use of si
were consistently smaller in high environwere observed for weaning weight andélected on environment 1 may be mi
ment herds, suggesting that differences weight per cow exposed to breeding. Adefficient than within population selectic
management between the two environmenantage for weight per cow exposed t®n environment 2.

levels lessened the antagonistic genetic asreeding for Tlvs. TT cows was greater

sociation between the traits studied. Thén Florida (28%) than in Nebraska (6%). Selection in several environments
authors suggested that a long-range plan In pigs, research has

for low environment herds should focus orshown important GEI for body weight and Animal breeders ofter
improving the level of management, whictbackfat thickness when the same sirewish to improve overall performance in
would greatly reduce the unfavorable correwere used on test stations and commerciednge of environments. James (1961)
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rived formulae for maximizing the aver- TABLE I

age selection response for two environ- EFFECT OF INCREASING THE NUMBER OF TESTING ENVIRONMENTS (K)
ments using a selection index approach. ON GENETIC RESPONSE IN A POPULATION OF 1000 ANIMALS
Kinghorn and Swan (1991) described

how to apply a multitrait, best linear, un- K he/p *
biased prediction model to optimal mul- 9

tiple-environment evaluation with vari- 0.2/0.2 0.2/0.4 0.2/0.8 0.4/0.2 0.4/0.4 0.4/0.8 0.8/0.2 0.8/0.4 0.8/

ance-covariance structures among rela- ; 1.00 100 1.00 1.00 1.00 1.00 1.00 1.00 1.0C

tives in different environments, including
the numerator relationship matrix. 5 2.22 1.49 1.22 1.10 1.05 1.02 1.01 1.01 1.0C

With two environments, 10 ~ 311 176 132 115 107 104 1.02 101 1.0
there are several options for selection (Fal-20 431 206 143 120 109 105 102 101 101
coner, 1952). They are selection in one en-50 6.47 2.52 1.58 1.26 1.12 1.06 1.03 1.01 1.01
vironment (either ‘good’ or ‘bad’), separate100 847 287 169 130 114 1.07 1.03 1.02 1.0
selection of two strains in both environ
ments, and selection on an index combine 2/
ing performance in both environments.
Falconer (1990) defined
selection performed in a bad environmenitant selection intensity, derived by aversuring the suitability of each genotype
as ‘antagonistic’ and selection performedyging selection responses measuring pedistributing the representatives of t
in a good environment as ‘synergistic’. Infformance within k random environmentsgenotype over as many herds (envir
laboratory organisms, ‘antagonistic’ selecrelative to selecting in one environmentments) as possible (Merks, 1988a).
tion is significantly better for improving is (Dickerson, 1962):
the average mean of the selected traits. In Interactions Among Genotype
a classical experiment with pigs (Fowler[(1+(nk-1) B)/(1+(n-1) B+ n (k-1) h2)]*2  and Major Environments
and Ensminger, 1960), two populations
were selected for growth rate @d libi- @) If GEI occur among K
tum and restricted feeding. When switchegf 4 total of nk animals are tested (n iimportant  production  environment
to the opposite regime, the population sesach environment). For nk=1000 animalshoice between separate initial genoty)
lected under restricted feeding grew fastagsted, progress of the ratio with k isand selection programs in each envir

= heritability/genetic correlation among environments.

in both regimes. shown in Table Il for different levels of ment vs. a single initial genotype witl

) ] r, and heritability. continuing selection for general adaj
Using genotype by environmental The impact of increasing ability to all k environments can b
Interaction parameters to optimize k will be greater when the trait has a lowbased upon the heritability h and the
selection programs heritability and a low genetic correlation.relative economic importance Xeof the

) ~ GEI may significantly reduce the accu-performance in each environment a
) Genotype by major envi- racy of estimates of the genetic values aheir genetic correlations (. If e are
ronment interactions will change thethe” genotypes by introducing additionabqual, average response at constant se
ranking of the genotypes within each masources of variation into the phenotypéion intensity in the specific i-th enviror
jor environment, suggesting the possiblggenotype x random environment interacment from selection based upon aver:
need to design as many breeding praion). adaptability to k environments (Prela-
grams as environments. In small scale Merks (1988a) extendedtive to selection in one environment w
breeding programs, this strategy may informula (2) to a full sib design to esti-be roughly (Dickerson, 1977):
volve increased costs and reduced selemate the effect of genotype x random en-
tion efficiency. Methods are therefore revironmental interactions of a breeding D
quired to .eValuat.e the possible OUtcom%rogram in pigs. Assuming each sire has (h +Zh'r )
of alternative deglgns-th i dm litters of size n in N herds, selection AG,fromP, _ L4 @)
nce the magnitude andin all herds simultaneously produce a re- B R
biological and economic nature of thesponse ofAGy with Nmn ir%ldiF\)/iduaIs per AG,fromPy  h, K[1+(k-Dhh;ry ]
GEl have been evaluated, these paramire. In the case of selection in a single
eters could be used to evaluate the effegerd, the response iG,. The formula Equation (4) may b
tiveness of selection across or within ma3) for the increase in selection responsesed whether or not a higher response !
jor production-marketing environmentswith increasing measured environmentbe obtained by performing selection f

(Dickerson, 1962, 1977). The main paand constant selection intensity is general adaptation to k major (e.g., |
rameters are genetic correlations among

economic objectives for different environ- 0.5
ments. AG, _ E (1+ (n-1)(0.5h? + c?) + n(mN -1)0.25h? e

) AG, i+ (n -1)(0.5h? + c2) + n(m -1)0.25h? + nm(N —1)0.25h2rg 8
Interactions Among Genotype
and Random Environments
were c¢? stands for the common environ-gional) environments. Assuming equ

Total response to selec-mental and non-additive effects betweeheritability in each environment and eqt
tion in several environments is propordittermates within herds and?his the genetic correlation among all pairs of €
tional to the genetic correlation betweemeritability of the trait. This formula vironments, equation (4) simplifies to:
genotypes in different environments)(r shows that the advantage of increase N is
The ratio of selection response at corto minimize the error fromgrwhen mea- (1 + (k-1) p)/(k [1 + (k-1) K r]) °°  (5)
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TABLE Il 2
AVERAGE EXPECTED RESPONSE FOR WITHIN ENVIRONMENT SELECTION AS% 0.10 ——
A PROPORTION OF THE AVERAGE RESPONSE IN K MAJOR ENVIRONMENTS & N oeT
>, 0.08
5 -
K h2/r * 5 0.06 ="
0.8/0.8 0.8/0.5 0.8/0.3 0.5/0.8 0.5/0.5 0.5/0.3 0.3/0.8 0.3/0.5 0.3/0.3 goings
1 100 1200 100 100 100 100 100 1.00 1.00 £°%% 7
2 099 090 083 108 095 08 114 099 088 F
3 099 08 076 112 094 081 123 101 0855 02 04 06 08 10
4 099 084 072 115 094 079 1.30 104 0.84 Genetic correlation
5

100 083 070 116 095 078 134 106 084 [gyre 1. Genefic response per year
1000 1.00 0.79 0.61 1.26 1.00 0.77 1.63 1.29 1.00 commercial popu|ati0n using adult a

o _ _ _ juvenile MOET nucleus with differer
* h2/rg= heritability/genetic correlation among environments. genetic correlation.

Application of equation 1) r_is defined as the genetic correlatiorDiscussion

(5) shows that unless the value of herita- across levels of a genetic program and is

bility is high and the genetic correlation typically the correlation between the test In many species, th
is low, the response in one environment (nucleus) and commercial environments. population is stratified into nucleus, mul
is not reduced significantly with an in- 2) I is defined as the common genetiplier and commercial production level
crease in the number of major testing en- correlation among random environ-These levels are not always conceptu
vironments (Table Ill). For 1-5 major en- ments (herds) within one level of a gerecognized. In developing countries, whe
vironments, with heritability values rang- netic program. If J<1 the GEI will nucleus or even multiplier animals (gert
ing from 0.3 to 0.5, a reduction in effi- reduce the accuracy of the estimatioplasm) are usually imported, there is
ciency would be expected only with val- of breeding values if insufficient num-increased possibility of GEI affecting t
ues of | < 0.3. Programs based on the bers of random environmental levelssconomic expression of the desired i
evaluation of genotypes for several major (herds, locations) are used. Collectinggrovement. Studies on the practical img
environments would seem to be robust data for evaluation from several herdgations of GEI in these countries and

against reductions ing values and num-  will help overcome this problem. the ways to circumvent such interactio
ber of testing environments. The simpli- are few. An exception is milk productic
fied assumptions in equation (5), how- Evaluating the impact of traits in Holstein cattle among temper:

ever, may not be realistic for many case$GEl in a hierarchical genetic programareas, where GEI are of minor importan
Figure 1 depicts the ef- may involve interactions between andAdequate assessment of the economic
fect of different values ofyrbetween adult within the major environments, for whichportance of GEI for many species is r
and juvenile multiple ovulation and em-four parameters are necessah%/; the available. In pigs, the practical importan
bryo transfer (MOET) nucleus and com-heritability of the trait (or index) at the of GEI is high (Brascampet al, 1985;
mercial populations in dairy cattlelevel of the testing population (nucleus)Webb and Curran, 1986). Negative e
(Bondoc and Smith, 1993). The responsebé , the heritability at the level of the nomic consequences of importation of a
are expressed in standard deviations of theammercial population; and; and § as mals when genetic correlations are |
commercial population. A linear relation-defined before. than unity, could be sometimes partia
ship exists between the expected response In this case, the geneticoffset using rational selection criteric
and gassociated with each selection proresponse at the commercial level is resuch as selecting dairy bulls on pro
gram. This relationship may also occuduced when Jor ry values are less than(Montaldo, 1997).
when a country is importing semen fronone, and possibly by, & r., which means As an option to increas
sires evaluated in another country. If théhat testing at the commercial level coulgroductivity by selection under difficul
first country is evaluating bulls by usinghelp increase the genetic response. Geanvironments, some authors have stres
progeny testing with data obtained at therally h% > h(z:, because the animalsthe importance of considering physiolog
commercial level, the entire system couldested in the nucleus population usuallgal or adaptability traits as selection cri
be considered as another major envirorperform in a more uniform environmentria in breeding programs for tropical are
ment if the test environment is differentand because more traits can be measurfdorst, 1982; Vercoe and Frisch, 199
from that of the importing country. Thismore accurately. In this situation, theThe incorporation of these traits into ftl
case is similar to that when sires or semdpest approach is to make the test envselection process is not easy or straight
from a nucleus population are used in theonment as similar as possible to thevard because of the lack of knowled
commercial population of one country. commercial environment and to incorpo-about their economic value and the ¢
rate procedures, such as progeny testirgd measuring such traits.
Hierarchical Systems or two-stage selection to evaluate animals Crossbreeding for exploi
at the commercial level (Merks, 1988a)tation of heterosis is often an option f
In hierarchical improve- A similar conclusion has been expressedombining adaptability and productivity |
ment programs such as in pig breedingyith respect to the convenience of usinglifficult environments. Heterosis is gene
two types of genetic correlations can bénformation from commercial crossbredally greater in more severe environme|
defined with respect of the consequencemnimals to evaluating purebred candi{Barlow, 1981). In tropical environment
of GEI on genetic progress (Brascamp dates, even when the genetic correlatiothe offspring of Brahaman x (Hereford
al., 1985; Merks, 1988a). is < 1 (Wei and van der Werf, 1994).  Shorthorn), have the same growth pot
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tial as the Hereford x Shorthorn parentevidence is compromised by severe defthan ‘synergistic’ selection under ‘goo
and are almost as resistant to environmemgiencies in the experimental design and bgnvironmental conditions. In many cas
tal stress as the Brahaman. In this casppor characterization and sampling of théhis is the opposite of the current pract
the crossed offspring outperform both palocal breeds (Montaldo and Meza, 1999). in animal breeding where the nucleus &
rental types in all but very low stress or If nucleus breeding strat- stud herds are better managed than a
very high stress environments (Vercoe andgies based on MOET are used, distribiage commercial operations. Howev
Frisch, 1992). tion of the nucleus among several sitemany examples exist of successful use
If ‘antagonistic’ selection and data collection from the base populagenetic material selected under differe
is more efficient than ‘synergistic’ selec-tion level may help reduce the negativenvironmental conditions. In many cas
tion for developing animals adapted to affects of GEI, particularly when theg is crossbreeding and creation of new s
range of heterogeneous environments, thisw (Bondoc and Smith, 1993). Thus, inthetic breeds might be the most profital
may imply that important changes are rethe presence of GEI, an important poteneption to combine high production leve
quired in current improvement methodstial advantage exists for dispersed rathewith resistance to environmental con
where animals selected under favorablthan centralized, and for open rather thations. Continued selection under comm
conditions are expected to produce prog:losed nucleus populations. In many casesial conditions will help to increase tt
eny in unfavorable environments. disease control standards may limit thérequency of the alleles required to i
Webb and Curran (1986) use of animals selected from the baserease productivity under that enviro
found that for pigs the solution to thecommercial population in the nucleusment, as long as the program uses ratic
problem of low correlation between thepopulation. Similar restrictions occur inselection criteria.
performance in testing station and farntraditional improvement schemes which The evidence and relz
environments was to conduct the perforuse closed, purebred studs to providgonships reviewed show the importance
mance testing in a commercial environmales for the multiplier and commercialusing replicated random environments ¢
ment. They suggested that identification opopulations. The accurate estimation o6f incorporating records of animals
factors that cause the GEI (level of feedGEI parameters is critical to assess the etommercial level into evaluation syster
ing, number of pigs per pen) may help irfectiveness of breeding programs for proto minimize the potentially negative e
designing adequate tests in the future. duction systems in developing countriesfects of GEI on the rate of genet
Other than GEI, the main Use of evaluation schemes such as progrogress.
practical consequences of subdividing any testing with artificial insemination in Adaptability and eco-
population for selection, are increased inseveral locations and herds, could reduagomic value of recently introduced pop
breeding and reduced selection intensity ithe effect of GEI on the response to seledations should be assessed under comr

smaller populations (Smith and Quintontion. cial environmental conditions includin
1993). Operational and cost considerations reasonable restrictions which are a part
related to the size of the program are alsGonclusions the production system in the future. R
important. These factors usually encourage moval of obvious environmental restri
the development of a single breeding pro- The practical and eco-tions for productivity is to be considere

gram for a relatively large population ovemomic implications of GEI will continue in most cases, before looking for gene
a range of environments (Drinkwater ando dominate the organization of animaladaptation’ of animal populations to b:
Hetzel, 1991). breeding programs. Biological-statisticalor irrational management practices. Co
Important limitations on evidence for GEI needs to be considereparative studies with appropriate expe
selection of animals adapted to specifitogether with economic information duringmental design are mandatory for adequ
conditions, particularly pasture systemsdecision-making processes involving aldecision-making regarding conservatic
include lack of adequate characterizatiotraits of interest. Despite biological evi-introduction and crossbreeding of loc
of the environment and the presence alence for GEI for many individual traitsand recently introduced populations.
environmental conditions that change rapin animals, the implications of GEI on the
idly, e.g., drought and disease, or thabrganization of more efficient animal

make profitable animal production difficult breeding programs are frequently difficult ACKNOWLEDGMENTS
or impossible. to evaluate. Current research on effects of
Because economic re-GEI on total productivity in tropical areas The author thanks Blain

turns from a given breeding program arand developing countries should, thereE. Johnson for initial encouraging r
obtained over several generations, ecdere, be done at the commercial level.  marks, Gordon E. Dickerson for stimule
nomic and environmental conditions may Improvements based oning discussions, Julius H. J. van der We
change. For this reason, evaluation of thelosed elite stud or nucleus breeding sysSteven D. Lukefahr, Manjit S. Kang fc
consequences of GEI need to be projectadms and on importation of germplasm arsuggestions, and Luiz A. Fries for helpi
into the future. more likely to be negatively affected bywith the Portuguese abstract. This pape
In populations adapted to GEI than those based on extensive recordedicated to the memory of Gordon
specific environments that are difficult toing of all important traits at the commer-Dickerson.
change, selection for locally adaptedial level. In this strategy, identification of
populations may be the best option. Fothe key major environmental factors asso- REFERENCES
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