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Microsatellite markers selection for detected of Holstein blood level
in crossbred dairy cows
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ABSTRACT: The objective of this study is to find the microsatellite markers which can detect the different blood
levels of Holstein-Friesians in crossbred dairy cattle. Three groups of 20 crossbred dairy cattle with blood levels of
50%, 75% and 100%, respectively, were studied. The correlation between 10 microsatellite markers, i.e. BM 1824,
BM2113, BM4305, BMS2684, ETH3, ETH152, ETH225, ILST096, TGLA122 and TGLA126 was examined using
Binary Logistic Regression Analysis. It was found that the marker TGLA122 has the possibility of identifying 50%
Holstein-Friesian crossbred dairy cattle, with the probabilities of allele B and genotype BB at 91.83% and 96%,
respectively. In 75% and 100% Holstein-Friesian crossbred dairy cattle, none of the 10 microsatellite markers were
found to be capable of identifying these blood levels. However, even though the results of this study showed that
only one microsatellite marker can be used for the detection of blood levels of Holstein-Friesians, these can form
the basis and be used to find the microsatellite marker groups which can detect the blood levels of Holstein-Friesians
in crossbred dairy cattle.
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Table 1 Primer used for microsatellite genotyping

Markers Primer information Chromosome Range (bp)  Heterozygosity

ILSTS096' F: GTG ACC TGG AGAAGT TTT CC 3 192-208 0.862
(BOVILS96)  R: ACC ACG CTC TGA CTT GTAGC

BM4305 F: CCA AGA CAT GAA AGC AAT CTG 14 148-168 0.861
R: CTC TAG GTA CAT CCATGT TGC A

TGLA126° F: CTAATT TAG AAT GAG AGAGGC TTC T 20 116-122 0.760 - 0.847
R: TTG GTC TCT ATT CTC TGAATATTIC C

TGLA122® F: CCC TCC TCC AGG TAA ATC AGC 21 137-181 0.730-0.820
R: AAT CAC ATG GCA AAT AGT ACA TAC

BMS2684° F: CCAAAG TCATTG TTG CAG C 15 80-110 0.740
R: TGG GGATTT GCT TCT CAG TC

BM2113° F: GCT GCC TTC TAC CAA ATA CCC 2 123-143 0.590-0.730
R: CTT CCT GAG AGA AGC AAC AAC

ETH225° F: GAT CAC CTT GCC ACT ATT TCC T 9 141-159 0.650-0.720
R: ACA TGA CAG CCA GCT GCT ACT

ETH3' F: GGA CCT GCC TCT CCT GCATTG G 19 105-125 0.650-0.710
R: ACT CTG CCT GTG GCC AAG TAG G

BM1824° F: GAG CAA GGT GTT TTT CCA ATC 1 178-192 0.670-0.700
R: CAT TCT CCA ACT GCT TCC TTG

ETH152° F: AGG GAG GGT CAC CTC TGC 5 157-169 0.510-0.700
(BM43) R: CTT GTA CTC GTA GGG CAG GC

' Thomas and Anikumar, 2008, ? Thomas and Anikumar, 2008, * Cervini et al. 2006; Dalait et al., 2008,
* Machado et al., 2003, ° Cervini et al., 2006; Blott et al., 1999; MacHugh et al.,1997; Karthickeyan et al.,
2009, ® Cervini et al., 2006; Blott et al., 1999; MacHugh et al.,1997; Karthickeyan et al., 2009; Dalvit et al.,
2008, ' Karthickeyan et al., 2009; Cervini et al., 2006; Dalvit et al., 2008, ® Cervini et al., 2006; Dalvit et al.,
2008, ° Blott et al., 1999; MacHugh et al.,1997; Karthickeyan et al., 2009; Dalvit et al., 2008

dunasasnunaluianalulasuaninalay  Mix(2X) (Fermentas Life Sciences) 12.5 pl Az
MnnnsdmaenlUnmageuANLANFANIIadLiaY  Water, nuclease-free 7.5 pl 39N919%NA 25 i
o & Y a a o X o a A @ % =
srALANERaAALNALlA PCR TALLATUNAIAIH NINNTANLTHIUALE UL A2ELATRIAILIAN
DNA Template 1ul, Forward primer 2 ul, Reverse @muqﬁmmwﬂu (thermocycler) Tnad
primer 2 pl, DreamTaq™ Green PCR Master  s1gazidaanismalisunsniasesnaidndlu Table 2
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Table 2 Thermo-cycle used in each marker

Markers cycle thermo - cycle
ILSTS096 1 3 min at 94°C (denaturation)
TGLA126 2" 30" 1 min at 94°C (denaturation)
1 min at 56°C (annealing)
1 min at 72°C (extension)
BM4305 1 3 min at 95°C (denaturation)
2" 30" 1 min at 95°C (denaturation)
1 min at 57°C (annealing)
1 min at 72°C (extension)
TGLA122 1 15 min at 95°C (denaturation)
BM1824 2" 30" 35 s at 95°C (denaturation)
45 s at 57°C (annealing)
1 min at 72°C (extension)
BM2113 1° 3 min at 94°C (denaturation)
2" 30" 1 min at 94°C (denaturation)
1 min at 58°C (annealing)
1 min at 72°C (extension)
ETH225 1 3 min at 95°C (denaturation)
2" 30" 30 s at 95°C (denaturation)
30 s at 59°C (annealing)
1 min at 72°C (extension)
ETH3 1 15 min at 95°C (denaturation)
2" 30" 45 s at 95°C (denaturation)
45 s at 63°C (annealing)
1 min at 72°C (extension)
BM1824 1 15 min at 95°C (denaturation)
2" 30" 35 s at 95°C (denaturation)
45 s at 61°C (annealing)
1 min at 72°C (extension)
BMS2684 - No appropriate thermo — cycle found

N5ASIARDLTUAIUALAULD
Qy ] a @ ndl Yy ac
nIaadeLTUdILALe e lAFaeRtesnlsdlan
aaninslnita (agarose gel electrophoresis) ﬁ
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Table 3 Allele frequency and genotype frequency of each marker in Holstein Friesian crossbred cows.

Allele frequency

Genotype frequency

Markers %HF
A B C AA AB BB AC BC CcC
ILSTS096 50 20 - - 20 - - - - -
75 20 - - 20 - - - - -
100 16 - - 16 - - - - -
All of HF 56 - - 56 - - - - -
BM4305 50 19 2 0 18 1 1 0 0 0
75 20 1 1 20 1 0 1 0 0
100 15 0 2 13 0 0 2 0 0
All of HF 54 3 3 49 2 1 3 0 0
TGLA126 50 18 1 - 18 0 1 - - -
75 19 1 - 19 0 1 - - -
100 16 0 - 16 0 0 - - -
All of HF 53 2 - 53 0 2 - - -
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Table 3 Allele frequency and genotype frequency of each marker in Holstein Friesian crossbred cows.

(Continued)
Markers YHF Allele frequency Genotype frequency
A B C AA AB BB AC BC CcC
TGLA122 50 5 18 1 1 4 14 0 0 1
75 5 10 " 0 3 6 2 1
100 8 6 13 0 2 1 6 3
All of HF 18 34 25 1 9 21 8 4 13
BM2113 50 18 8 - 12 6 2 - - -
75 16 4 - 16 0 4 - - -
100 14 2 - 14 0 2 - - -
All of HF 48 14 - 42 6 8 - - -
ETH225 50 20 5 - 15 5 0 - - -
75 18 4 - 16 2 2 - - -
100 16 0 - 16 0 0 - - -
All of HF 54 9 - 47 7 2 - - -
ETH3 50 19 2 1 1 0 1 0
75 20 0 17 0 0 0 0
100 16 0 13 3 0 0 13 0 0
All of HF 55 2 24 31 1 0 23 1 0
BM1824 50 20 1 - 19 1 0 - - -
75 20 0 - 20 0 0 - - -
100 16 0 - 16 0 0 - - -
All of HF 56 1 - 55 1 0 - - -
ETH152 50 20 16 - 4 16 0 - - -
75 17 14 - 5 12 2 - - -
100 15 16 - 0 15 1 - - -
All of HF 52 46 - 9 43 3 - - -

(-) = No allele or genotype found

AMNANNUL FEUINTEALUAELRAaANY
LﬂsmumﬂTNLana"LNTmmewm"law
AINNTALAIIAIINYNAE fufidananas
atulnilae 7 Aflmnuduius sz fuansLaen
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Lm‘@wmg‘m wnalulas-wmmmalasi s (Fsa Vg
fiflAnumannvansvesiaia TduA BM2113, ETH152,
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mml,m@wmﬂiu analulasuaninalai TGLA122
WintuTiR AL AT UE T sE A eden 50% lu
Imumnmmuimimuﬂ?mu TpeAnnNtasly
91.83% Faflatiuidiaszsinaduinazlul

stluuvatuln] wudnalulni BB Hanuduiugiu
szAuansiaan 50% ulaungnuanlaalaingidew
TpeiAanNtnazitll 96% (Table 4)
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AlulniTla Seadiiusiussduaainen 75% u
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wanmalailas) Apoudniusiussduanefen
AINAa19 (Table 5)
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Table 4 Probability of alleles and genotype associated with 50% Holstein Friesian blood level in each marker’

markers allele genotype
allele P-value exp(P) Prob(%) genotype P-value exp(B) Prob(%)
BM2113 A 0.499 1.800 64.286 AA 0.837 1.200 54.545
B 0.060 3.333 76.921 AB 0.999 4.864 82.947
ETH152 A 0.999 1.010 50.249 AB 0.999 1.292 56.370
B 0.755 0.800 44.444 BB 0.999 9.573 90.541
ETH225 A 0.999 9.503 90.479 AA 0.999 7.573 88.335
B 0.185 2.667 72.730 AB 0.999 4.039 80.155
TGLA122 A 0.396 0.590 37.107 AA 1.000 1.939 65.975
B 0.003 11.250 91.837 AB 0.068 9.600 90.566
C 0.001 0.026 2.534 BB 0.005 24.000 96.000
TGLA126 A 0.281 0.257 20.446 AA 1.000 1.615 61.759
B 0.672 1.842 64.814 BB 0.645 0.514 33.950

* Only markers that have polymorphism.

Table 5 Probability of alleles and genotype associated with 75% Holstein Friesian blood level in each marker”

markers allele genotype
allele P-value exp(B) Prob(%) genotype P-value exp() Prob(%)
BM4305 A 0.999 9.503 95.030 AB 1 9.380 90.366
B 0.930 0.895 89.500 AC 1 1.615 61.759
C 0.930 0.895 89.500 BB 1 8.077 88.983
ETH3 A 1.000 9.231 92.310 AA 1 1.962 66.239
C 0.004 0.126 12.600 AC 1 2.423 70.786
ETH152 A 0.127 0.162 13.941 AB 0.736 0.625 38.462
B 0.087 0.292 22.601 BB 0.196 0.194 16.248
TGLA122 A 0.396 0.590 37.107 AB 0.200 0.312 23.780
B 0.224 0.500 33.333 AC 0.115 0.208 17.219
C 0.248 1.921 65.765 BB 0.064 0.250 20.000
BC 0.223 0.208 17.219

* Only markers that have polymorphism.

annsiAIzANttazilundafauas
Alulnilas Apouduiusiussduaneiaen 100%
TulaungnuantaaladwiidauluinTosune
Tuianalulasuanmalaiusaziizasmnng wudn
5 -
fiasesnnnsluianalulasuaninalay

Aﬂl Aﬂld o a % '
3 ATRINNETIRANMAINNA BT ARA LA
BM4305, ETH3 uaz TGLA122 uasnud18adn C
gauaTaananalianalulasuanimalad ETH3

way TGLAT22 Hduwusriulaunlaalminiideun
Fsziuanelans 100% NANUnaziily 91.95%
LAY 90.99% MINATFY waaeN9laAM NN
Aaszviniauauduius lugduuualulng
uda Tdwudesasmnneluanalulasuaninalat
:’/ d‘ a o o o L =
MagaapraanNie IduRusiuTaunlaa lniwTides
NNszAuATeLaan 100% waat1dla (Table 6)
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Table 6 The probability of alleles and genotype to be associated with 100% Holstein Friesian blood level in

each marker

I allele genotype
allele P-value exp(PB) Prob(%) genotype P-value exp(PB) Prob(%)
BM4305 A 0.509 0.385 27.798 AA 0.999 2.61 72.299
B 0.990 0.000 0.000 AB 1.000 5.834 85.367
C 0.174 5.571 84.782 AC 1.000 1.000 50.000
ETH3 A 1.000 6.628 86.890 AA 1.000 1.731 63.383
C 0.001 11.424 91.951 AC 1.000 2.100 67.742
TGLA122 A 0.076 3.000 75.000 AB 0.659 0.643 39.136
B 0.029 0.257 20.446 AC 0.060 6.750 87.097
C 0.001 10.111 91.000 BB 0.066 0.113 10.153
BC 0.142 6.750 87.097

* Only markers that have polymorphism.
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Table 7 Number of alleles and observed
heterozygosity (Ho) in each marker.

Marker No. alleles Ho

BM1824 2 0.018
BM2113 2 0.107
BM4305 3 0.089
ETH3 3 0.429
ETH152 2 0.768
ETH225 2 0.125
ILST096 1 0.000
TGLA122 3 0.304
TGLA126 2 0.000
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