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The Agricultural Research Institute (ARI)

 Founded in 1962

 Department under the Ministry of Agriculture, Rural 
Development and Environment, of the Republic of Cyprus

 Research aiming the development of the primary sector

 Animal Production Unit:
    → Ruminant nutrition, management, animal breeding, genetics 
and physiology of reproduction
    → Research on the Genetic Improvement of the Cyprus sheep 
and goat populations under the AGRICYGEN project and 
Recovery and Resilience Plan (RRP) (NextGenerationEU)



The Cyprus Damascus Goat

 Related to the Native breed of Syria and other Near East countries 
    → imported into Cyprus around 90 years ago

 Reddish brown coat colour, long hair, long ears (27-32cm)

 Seasonal breeder 
    → The breeding season starts in late August and extends 
    through mid-December

 Dual purpose animal (meat and milk)

 Limited research on the genetic improvement 
    of the Cyprus Damascus breed



Aim of the study

 Implement BLUP analysis on ARI goat phenotypic and 
pedigree records

 Employ high-throughput genomic mapping techniques to 
perform genomic evaluation of milk production in Cyprus 
Damascus goats
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Descriptive statistics for goats in lactation
(ARI data bank)

Variable Scores
No. of goats 1104
Year of birth 2000-2022

Lactation Records 2008-2022
Lactation Periods 1-10

Gestation length (days) 151 ±10
Litter size 1.9 ±0.6

Weaning days 48 ±6
Lactation days 112 ±44

Annual Milk Yield (Kg) 209 ±112.1
Fat % 4 ±0.8

Protein % 4 ±1.1



Descriptive statistics for goats in lactation
-Annual Milk yield

Lactation 
Period

No. of 
records

1 966
2 677
3 500
4 377
5 250
6 160
7 93
8 51
9 18

10 1



Descriptive statistics for goats in lactation
-Fat % and Protein %



Best Linear Unbiased Prediction (BLUP)

 Method for estimating trait heritability and animal breeding values

 Widely applied in many animal species

 Estimates breeding values by correcting the phenotypes for systematic effects while 
making use of the additive genetic relationships among the animals

 A BLUP-based breeding value adjusts the observed performance

 ASReml package on R studio

 Milk trait breeding values were estimated for 1st lactation goats



BLUP estimated breeding value-Annual Milk Yield

Call
asreml(
+   fixed = 
gphenL1$MilkYieldTotal~gphenL1$
LactationDays+gphenL1$KiddingA
ge+gphenL1$RearingMethod+gph
enL1$LitterSizeTotal
+   , random = ~ vm(kidno, ainv),
+   residual = ~ idv(units),
+   data = gphenL1,
+   na.action = na.method(x = 
"omit", y = "omit")
+ )

Heritability.h2
Estimate 0.27 

SE 0.07



BLUP estimated breeding value – Fat %

Call
asreml(
+   fixed = 
gphenL1$FatPercent~gphenL1$Prot
einPercent+gphenL1$LactationDays
+gphenL1$KiddingAge+gphenL1$R
earingMethod+gphenL1$LitterSizeTo
tal, random = ~ vm(kidno, ainv),
+   residual = ~ idv(units),
+   data = gphenL1,
+   na.action = na.method(x = "omit", 
y = "omit")
+ )

Heritability.h2
Estimate 0.37 

SE 0.07



BLUP estimated breeding value – Protein %

Call
asreml(
+   fixed = 
gphenL1$ProteinPercent~gphenL1$
MilkYieldTotal+gphenL1$LactationD
ays+gphenL1$KiddingAge+gphenL1
$RearingMethod+gphenL1$LitterSize
Total, random = ~ vm(kidno, ainv),
+   residual = ~ idv(units),
+   data = gphenL1,
+   na.action = na.method(x = "omit", 
y = "omit")
+ )

Heritability.h2
Estimate 0.68

SE 0.07
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Methodology- Wet lab Workflow

• 891 Damascus goat DNA samples (241
    from ARI)

• Genotyped via Infinium® HD Assay Ultra 
Protocol

• Illumina GoatSNP65 BeadChip (24-array)
   → Goat_IGGC_65K_v2 is the version 2 of     

GoatSNP50 Illumina BeadChip
   → Contains 59,727 SNPs

• Quality control analysis (GenomeStudio 2.0) 
resulted in 55772 informative SNPs

• Exclusion of X, Y and mt SNPs

• Analysis via ASRgenomics package on R studio



Conclusions

 Heritability of annual milk yield in Cyprus goat breed:

     → within the range reported in mixed breed dairy goats(0.23-0.45) upon 1st lactation (Mucha et al., 2014)

     → close to 0.3 found in Saanen and Alpine goat breeds upon 1st lactation (Arnal et al., 2019)

 Heritability of Fat content in Cyprus goat is lower compared to other breeds such as Saanen and Alpine 
(0.68 and 0.75 respectively)(Arnal et al., 2019)

 Heritability of Protein content in Cyprus goat is similar to other breeds such as Saanen and Alpine (0.65 and 
0.70 respectively)(Arnal et al., 2019)

 BLUP analysis - Lessons learned: 

1. Milk Yield and Fat Genetic trends → genetic improvement for FCM is succeeded

2. Protein Genetic trend → need to incorporate protein % in genetic evaluation and selection scheme

Genomic evaluations will lead to even more accurate genetic improvement



Future work

 Collection of phenotypic and genotypic data from around 30 private 
sector farms in Cyprus → part of a bigger project funded by the Recovery 
and Resilience Plan (RRP)

 GWAS analysis on a bigger pool of samples

 BLUP on a bigger dataset

 gBLUP incorporating genotypic data
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