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Fig. 1. Average true breeding values of origin byt populations in control scenario at differbatitabilities
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Table 1. Genetic gain G) and regression coefficient of true breeding @alan generation (in parenthesis) based
on QTLs overlapping levels and different heritdlab

Genetic gain (G)

Scenarios Heritability QTLs overlapping levels
Control Moderate Low

(No GxE) (Moderate GxE) (Severe GxE)
Continuous replacing 0.1 1.25(0.2083) 0.97(0.1601) 0.64(0.1061)
Discontinuous replacing-1 1.15(0.1922) 0.89(046 0.58(0.0973)
Discontinuous replacing-2 1.05(0.1694) 0.82(04)32 0.55(0.0891)
Continuous replacing 0.3 2.08(0.3479) 1.59(0.2628) 1.03(0.1728)
Discontinuous replacing-1 2.00(0.3345) 1.49(03)46 0.98(0.1638)
Discontinuous replacing-2 1.85(0.3021) 1.39(0226 0.90(0.1479)
Continuous replacing 0.5 2.56(0.4303) 1.96(0.3289) 1.32(0.2225)
Discontinuous replacing-1 2.52(0.4249) 1.87(01308 1.25(0.2061)
Discontinuous replacing-2 2.47(0.4088) 1.89(04311 1.30(0.2165)

DR-1: Discontinuous replacing with one-generatiateival; DR-2: Discontinuous replacing with two-gestion interval
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Table 2. Genetic gain G) and regression coefficient of true breeding @alan generation (in parenthesis) at different
QTLs overlapping levels in two levels for accuracy

Genetic Gain (G)

Accuracy of predictions 0.6 0.8

QTLs overlapping levels Control Moderate Low Cohtr Moderate Low

Scenarios

Continuous Replacing 0.95 0.72 0.47 1.25 0.97 0.64
(0.1589) (0.1207) (0.0776) (0.2083) (0.1601) (0.1061)

Discontinuous Replacing-1 0.89 0.68 0.46 1.15 0.89 0.58
(0.1485) (0.1132) (0.0765) (0.1922) (0.1460) (0.0973)

Discontinuous Replacing-2 0.86 0.64 0.42 1.05 0.82 0.55
(0.1420) (0.1046) (0.0675) (0.1694) (0.1324) (0.0891)

DR-1: Discontinuous replacing with one-generatiateival; DR-2: Discontinuous replacing with two-gesttion interval

#&D$ 1, W #'. F $fe 1 :)( C"%G

A+\) T 1S@]3 'Q$1;W @ Q@
1., W % #SA.9 1Dl +891H Y=
L 3! 3% $ >+ 8% 1.9 A+\) #&D$
J+B$ TIS , QWGxE # #@ A@
IDIA@ : ! €e$ \. #S. A9 1DI Y=
I+13  GxE#XSH#3 #'. F $#SA9
S #L-l S IN) D #H@ T @]
IS$ #'.F1).9 &) "S+ 1SJ@

VH+ 3Ll S O+ #N 7 #&
79 #.FY= T1 MW+ E3F79
#+ T1 #X&e$ ARQ- E.3 F >+
f& =% .x:J @9 H, GNIL A& >+
lw) pLi<=$ T KXI#. F1).9
KXl  @TL #&B6. W HV #$ W $GxE
#JQ@ $ >+ @, J+1;,W > : $

1) .9 V:. { SKXI>+ > #'.F
% #W J#+ @ .$: BJI$ _ ! T 1@]A@,$ 1. W #.F
I@#$, # >+ u+  ISS#$ W I #3 K X| # Fl) 9 A@ ,\$ GxE A+ \)
SI@ W3 el H31D3 : #3XI $  ,ac o in b +89H

I fe #@1L;W>S" T1 { 7 TI +8AH M=:@ : $#.F1).9
fSW KI$3 GL O+ S3#W K- . =g ot > o
TL @W>+ > |+ &) 7 ) #3X ije . 1) 9#.F $: .9

#) p S$::.@ . #.F1) 94#) _

fe $ O+#L >+ dJ. J. V

s ISS jNC+ ~S$
T . $ +9#"F1) .9:

T #$GIL !SJ@ >+9 2H9
2 OGxE,!B) #L#S¥+W &l)A+\) G B$
@] A@ >+9 +B9 KXl #.F
A+\) 1, 4Z GxE H:W3 G AF\) Tj+
3b +8H KXl $ #S+H*+W:&l)

H 1 _.ll4

Bohlouli M. and Alijani S. 2012. Genotype by enviroent interaction for milk production traits in hian Holstein
dairy cattle using random regression model. Livels®Research for Rural Development, 24: 1-7.

Bohmanova J., Sargolzaei M. and Schenkel F. S..20A8racteristics of linkage disequilibrium in NoAmerican
Holsteins. BMC Genomics, 11: 421.



TTT #S+\*+W:&l) CD$ E3 FGBR H #). F $K @'%$.9 "@1!BL<' 4

Boichard D., Ducrocq V. and Fritz S. 2015. Susthiealairy cattle selection in the genomic era. dauiof Animal
Breeding and Genetics, 132: 135-143.

Canadian Dairy Network. 2019. Trend in Genomic Mer®roven Sire Usage. Retrieved April 4, 2019, from
https://www.cdn.ca/document.php?id=454.

Cassell B. 2010Genetic improvement using young sires with genoevialuationsVirginia Polytechnic Institute
and State University, Retrieved April 21, 2010 nfrbttps://pubs.ext.vt.edu/404/404-090/404-090_pdf.

Clark S., Brown D. and van der Werf J. H. J. 201He effect of using genomic breeding values toagarthe loss
in response to selection caused by genotype by@nwient interactions. In: Proceedings of th& ¥orld
Congress on Genetics Applied to Livestock Productip. 1-4.

Dehnavi E, Mahyari S. A., Schenkel F. S. and SaaglM. 2018. The effect of using cow genomic infation on
accuracy and bias of genomic breeding values immalated Holstein dairy cattle population. Jouroél
Dairy Science, 101: 5166-5176.

Falconer D.1952. The problem of environment anddigln. The American Naturalist, 86: 293-298.

Falconer D. and Mackay T. 1996. Introduction to Qitative Genetics. (Sed.).United Kingdom: Longman, Pp.
125-146.

Fleming A., Abdalla E. A., Maltecca C. and Baes FC. 2018. Invited review: Reproductive and genomic
technologies to optimize breeding strategies foretje progress in dairy cattle. Archives Animal &ieng,
61: 43-57.

Garcia-Ruiz A., Cole J. B., VanRaden P. M., Wigg@n®., Ruiz-Lépez F. J. and Tassell C. P. V. 2@ianges in
genetic selection differentials and generationriatks in US Holstein dairy cattle as a result ohgmic
selection. Proceedings of the National Academyaéi®es, 113(28): E3995-4004.

Haile-Mariam M., Carrick M. J. and Goddard M. E.080 Genotype by environment interaction for fetsjli
survival, and milk production traits in Australidairy cattle. Journal of Dairy Science, 91: 484638
Hammami H., Rekik B., Soyeurt H., Bastin C., Bay &toll J. and Gengler N. 2009. Accessing genotype
environment interaction using within- and acroseftoy test-day random regression sire models. bwfn

Animal Breeding and Genetics, 126: 366-377.

International Bull Evaluation Service. 2019. Int@itRoutine Genetic Evaluation for Production TsaiRetrieved
April, 2019, from https://interbull.org/ib/maceevchive.

Komisarek J. and Kolenda M. 2016. The effect of DGApolymorphism on milk production traits in daicpws
depending on environmental temperature. Turkismniwf Veterinary and Animal Sciences, 40: 251-254

Li X., Buitenhuis A. J., Lund M. S., Li C., Sun Xhang Q., Poulsen N. A. and Su G. 2015. Joint genwide
association study for milk fatty acid traits in @ase and Danish Holstein populations. Journal dfyDa
Science, 98: 8152-8163.

Li X., Lund M. S., Zhang Q., Costa C. N., Ducrocgand Su G. 2016. Short communication: Improvinguagcy
of predicting breeding values in Brazilian Holstginpulation by adding data from Nordic and French
Holstein populations. Journal of Dairy Science, 2974-4579.

Lilehammer M., Hayes B. J., Meuwissen T. H. E. &atidard M. E. 2009. Gene by environment interastifor
production traits in Australian dairy cattle. Joalrof Dairy Science, 92: 4008-4017.

Liu A., Wang Y., Sahana G., Zhang Q., Liu L., Lukd S. and Su G. 2017. Genome-wide Association stuftir
female fertility traits in Chinese and Nordic Ha@lsts. Scientific Reports, 7: 1-12.

Masuda Y., VanRaden P. M., Misztal I. and LawlorJT 2018. Differing genetic trend estimates froaditional
and genomic evaluations of genotyped animals adeace of preselection bias in US Holsteins. Jouohal
Dairy Science, 101: 5194-5206.

Meuwissen T., Hayes B. and Goddard M. 2013. Acesiley improvement of livestock with genomic selenti
Annual Review of Animal Biosciences, 1: 221-237.

Montaldo H. H., Pelcastre-Cruz A., Castillo-Juaidz Ruiz-Lépez F. J. and Miglior F. 2017. Genotype
environment interaction for fertility and milk yiltraits in Canadian, Mexican and US Holstein eattl
Spanish Journal of Agricultural Research, 15: e0402

Montaldo H. H., Castillo-Juarez H., Lizana C., Dref., Cienfuegos-Rivas E. G. and Pelcastre-Cru2G15.
Genotype-environment interaction between Chile addrth America and between Chilean herd
environmental categories for milk yield traits itadk and white cattle. Animal Science Papers angoRs,
33: 23-33.

Mpofu N., Smith C. and Burnside E. B. 1993. Bregdsirategies for genetic improvement of dairy eatti
Zimbabwe. 1. Genetic evaluation. Journal of DaicieSce, 76: 1163-1172.

Mulder H. A. and Bijma P. 2005. Effects of genotypeenvironment interaction on genetic gain in bhegd
programs. Journal of Animal Science, 83: 49-61.



#$ K!.<3KB.BD3

Mulder H. A. and Bijma P. 2006. Benefits of coopena between breeding programs in the presencenbtype
by environment interaction. Journal of Dairy Scien89: 1727-1739.

Nilforooshan M. and Edriss M. A. 2007. ComparisdnHmlstein bull semen sources on milk traits inalsin
province in Iran. Archiv fur Tierzucht, 50: 71-83.

Obsteter J., Jenko J., Hickey J. M. and Gorjan20&9.Efficient use of genomic information for siisééole genetic
improvement insmall cattle populations. JournaDafry Science, 102: 9971-9982.

Okeno T. O., Kosgey I. S. and Kahi A. K. 2010.Gé&nevaluation of breeding strategies for improvetr@rdairy
cattle in Kenya. Tropical Animal Health and Prodioief 42: 1073-1079.

Patry C. 2011. Impacts of genomic selection onsitat genetic evaluations. Ph.D dissertation, Agraech
University, Paris.

Ramirez-valverde R., NUfiez-Dominguez R., Palaciosmd Jiménez-Carrasco J. 2014. Characterizatiateiof
cattle germplasm used in Mexico with national genevaluations in importing and exporting countries
Livestock Science, 167: 51-57.

Rexroad C., Vallet J., Matukumalli L. K., Reecy Bi¢ckhart D., Blackburn H., Boggess M., Cheng Hutter A.,
Cockett N., Ernst C., Fulton J. E., Liu J., LundeyNeibergs H., Purcell C., Smith T. P. L., Sogatd T.,
Taylor J., Telugu B., Eenennaam A. V., Tassell OV Pand Wells K. 2019. Genome to phenome: Imprgvin
animal health, production, and well-being - A ne8DA blueprint for animal genome research 2018-2027.
Frontiers in Genetics, 10: 1-29.

Sargolzaei M. and Schenkel F. S. 2009. QMSim: fdascale genome simulator for livestock. Bioinfotics 25:
680-681.

Schefers J. M. and Weigel K. A. 2012. Genomic deladn dairy cattle: Integration of DNA testingtinbreeding
programs. Animal Frontiers, 2: 4-9.

Smith C. and Banos G. 1991. Selection within andsscpopulations in livestock improvement. Jounfahnimal
Science, 69: 2387-2394.

Vargas B. and van Arendonk J. A. M. 2004. Genatimparison of breeding schemes based on semen atipart
and local breeding schemes: framework and appticath Costa Rica. Journal of Dairy Science, 87:6149
1505.

Weigel K. A., VanRaden P. M., Norman H. D. and Grés 2017. A 100-Year Review: Methods and impact of
genetic selection in dairy cattle- From daughterrdamparisons to deep learning algorithms. Jouohal
Dairy Science, 100: 10234-10250.

Wetzel-Gastal D., Feitor F., van Harten S., SebaatM., Sousa L. M. R. and Cardoso L. A. 2018. Aogeic study
on mammary gland acclimatization to tropical enmir@nt in the Holstein cattle. Tropical Animal Héalt
and Production, 50: 187-195.

Yin T., Pimentel E. C. G., Konig V., Borstel U. a@nig S. 2014. Strategy for the simulation andlysia of
longitudinal phenotypic and genomic data in theteghof a temperature x humidity-dependent coveriat
Journal of Dairy Science, 97: 2444-2454,

Zhou L., Ding X., Zhang Q., Wang Y., Lund M. S. aBd G. 2013. Consistency of linkage disequilibrinetween
Chinese and Nordic Holsteins and genomic predicfion Chinese Holsteins using a joint reference
population. Genetics, Selection, Evolution, 45:07-1



Animal Production Research
Vol. 9, No. 1, 2020 (1-12)

Research paper

Consequences of importing genetic materials considieg genotype
by environment interaction and replacement intervalin dairy
cattle

A. Haghdoost, M. M. Shariati®’, A. A. Shadparvar, N. Ghavi Hossein-Zadef S.

Zerehdaran®

1. Ph.D Student, Department of Animal Science, Facd Agriculture, Ferdowsi University of Mashhadashhad, Iran

2. Assistant Professor, Department of Animal Saefaculty of Agriculture, Ferdowsi University ofdghhad, Mashhad, Iran
3. Professor, Department of Animal Science, Faafitigricultural Sciences, University of Guilan, $¥d, Iran

4. Professor, Department of Animal Science, Faaflt«griculture, Ferdowsi University of Mashhad, 8fdad, Iran

(Received: 23-09-2019 — Accepted: 08-12-2019)

Abstract

The present study was aimed to assess the rolenofypex environment interaction (GXE) and genenatiterval
on the genetic gain caused by importing the gemeéiterials of dairy cattle in a country without adeed breeding
program. Changing allele substitution effects ofmfitative trait loci (QTLs) underlying the traitas used to
simulate GxE. To this end, three levels of 100 {@)) 75 and 50% overlapping of QTL effects in ionged sires at
the heritability levels of 0.1, 0.3, and 0.5, adlves three scenarios of continuous replacing aisdodtinuous
replacing with one and two generations of foreigmegic materials were considered. Moreover, thecefof
decreasing the accuracy of genomic predictionditstiwith the low level of heritability was invegéited. Based on
the performance of daughters of sires in the Ipcglulation of control scenario, import-based styegte were better
than on the strategies of local population. Theegjencorrelation created in 75and 50% overlapping of QTL
effects were as 0.7 and 0.5, respectively. Althotightrend of genetic response increased by dengegsnetic
correlation over the time, it was not equal to origopulation. Maximum genetic gain (2.56) was obed with a
heritability of 0.5 in continuous replacing and ebse of GXE. A decrease in the accuracy of prexdtiatesulted in
exacerbation of GxXE. In general, more genetic impgment is transmitted from origin population to dbc
population only by importing the genetic materieg$dated to populations with higher genetic mean alsd by
considering GXE in different traits.

Keywords: Genotype by environment interaction, Genomic siactGenetic gain, Generation interval, Dairy
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