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Study on the association of gene markers on milk yield, milk composition
and energy balance in crossbred Thai-Holstein dairy cattle
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ABSTRACT: The objective of this study was to analyze the association of gene markers including LEP, ARLA4,
ATPIAI, HP3, BTN, STAT5A with aggregated 305-day milk yield (Milk 305-day), milk composition (%Fat and
%Pro), and energy balance (FPR) in crossbred Thai-Holstein dairy cattle. A total of 145 blood samples of crossbred
Thai-Holstein dairy cattle from private dairy farm were analyzed the genotype patterns by PCR-RFLP technique.
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The results found indicated that ATP/AI gene marker tended to associate with %Fat (AB, P=0.09) and FPR (AB and
BB, P=0.13) traits. At the same time, HP3 gene marker tended to associate with FPR (P=0.14) and Milk 305-day
(AB,P=0.07) meanwhile ARL4A gene marker tended to associate with Milk 305-day (AA, P=0.07). The relationship
among genotype patterns of various gene markers on estimated breeding value shown that ARL4A was associated
with Milk 305-day_EBV (AB, P=0.04) and HP3 gene marker was associated with Milk 305-day_EBV (AB,
P=0.12). Besides, ATP1AI gene marker was associated with %Pro_EBV (AB, P=0.03) and FPR_EBYV (BB, P=0.08).
Consideration of combined ATPIAIxBTN gene markers tended to associate with FPR (P=0.07) whereas another
combined gene markers (%Fat and %Pro) were not associated with estimated breeding value.

Keywords: fat to protein ratio of milk, milk yield, milk fat percentage, milk protein percentage, genetic marker,

crossbred Thai-Holstein dairy cattle
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Table 1 PCR primers and PCR-RFLP conditions to detect genetic variation of LEP ATP1A1 ARL4A HP3 BTN

and STAT5A genes.

5-sequence-3’ Annealing PCR sizes Restriction
Genes ) References
Forward / reverse primer Temperatures (bp) enzymes
LEP F:GTCTGGAGGCAAAGGGCAGAGT 62 °C 522 BsaAl ATUNA (2553)'
R:CCACCACCTCTGTGGAGTAG
LEP F: TGGAGTGGCTTGTTATTTTCTTCT 62 °C 400 Sau3Al Liefers et al.
R:GTCCCCGCTTCTGGCTACCTAACT (2002)
ATP1A1  F:TGAGCAACCAACGCAACACT 62 °C 330 Rsal Liu et al. (2010)
R:TGGAACTGCAATCACTGAGGT
ARL4A F:TTACTGCGACTTGGACCAGTT 60 °C 501 Ddel Rincon et al.
R:GTCCACGACAAACACAATGC (2009)
HP3 F:GCACCACCTACTCCTGCGTA 60 °C 230 Hpy 188l 'i]W’]ﬁ?_T (2553)
R:CTTCATGTCCGACTGCACCA
BTN F:TGGAGCTCTATGGAAATGGG 60 °C 501 Haelll anala Lazanuy
R:TACCCAACAGGAAGAAACAG (2553)
STAT5A  F:CCAGGGTGCATACAGGACAG 60 °C 224 MspA1l  Heetal (2011)

R:GCAGGTTACGAGGACTCAGG
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Table 2 Data of 145 dairy cows description, milk fat percentage (%Fat), milk protein percentage (%Pro),
fat to protein ratio of milk (FPR) and aggregated 305-day milk yield (Milk 305-day).

Traits Mean Standard Deviation Min Max
%Fat 4.38 2.39 0.72 8.88
%Pro 3.14 0.62 2.05 6.89
FPR 1.58 0.90 0.30 3.83
Milk 305-day (kg) 4,674 1,054 2,525 7,699
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Figure 1 The PCR-RFLP pattern of LEP/BsaAl, LEP/Sau3Al, ARL4A, ATP1A1, HP3, BTN, and STAT5A genes.
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Table 3 The genotype and allele frequencies of various genes in Thai-Holstein crossbred.

Genotypic frequencies

Allelic frequencies

Genes n

AA (n) B (n) BB (n) A B
LEP/Bsa1Al 142 0.10 (15) 0.37 ( 2) 0.53 (75) 0.29 0.71
LEP/Sau3Al 145 0.51 (74) 0.40 (58) 0.09 (13) 0.71 0.29
ARL4A 145 0.65 (94) 0.28 (41) 0.07 (10) 0.79 0.21
ATP1A1 145 0 0.59 (86) 0.41 (59) 0.30 0.70
HP3 143 0.58 (83) 0.42 (60) 0 0.79 0.21
BTN 128 0.85 (109) 0.15 (19) 0 0.93 0.07

AA (n) G (n) GG (n) A G
STAT5A 133 0.34 (45) 0.40 (53) 0.26 (35) 0.54 0.46

'n is number of animal
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ANNFNRUE A UANBUzRANARUIUN 305 TU
(Milk 305-day)
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Wugaeatu ARL4A (P<0.05) na1amegluuy
alulnid AB HuavinTinan@ntuNgng 305 Tug9
z U dﬂl o £ o o
2uld wanannilfanuuualiuanuduiusiugu
HP3 (P=0.12) (Table 5) Asulunisilszgnsfldeu
LATRIUNNE ARL4A tnazmunzanmenisinldld
Tun19ARLRANNTRUGNITN

Table 4 Association analysis for %Fat, %Pro, FPR, and Milk 305-day with genotype of various genes.

Lease square means * Standard error

Genes Genotype
%Fat %Pro FPR  Milk 305-day (kg)
LEP/BsaAl AA 4.15+1.04 3.17+0.29 1.68+0.43 4833.96345.63
AB 4.63+0.57 3.05+0.16 1.73+0.26 4943.55+264.26
BB 4.1140.50 3.07+0.15 1.40+0.23 4805.50£240.81
P-value" 0.57 0.90 0.30 0.80
LEP/Sau3Al AA 4.42+0.52 3.03+0.15 1.53+0.24 4687.27+259.35
AB 4.70+0.57 3.05+0.16 1.73+0.26 4765.38+262.22
BB 4.38+1.06 3.14+0.29 1.76+0.44 4865.08+368.59
P-value 0.82 0.91 0.60 0.84
ARL4A AA 4.68+0.50 3.040.15 1.64+0.23 4772.93+244.25
AB 4.09+0.60 3.04+0.17 1.55+0.27 4713.00£265.89
BB 4.51+1.06 2.74+0.29 1.66+0.47 3956.54+411.03
P-value 0.49 0.51 0.90 0.07
ATP1A1 AB 4.81£0.50 3.08+0.15 1.71%0.23 4731.21+242.90
BB 4.05+0.55 2.96+0.16 1.41£0.25 4762.49+272.63
P-value 0.09 0.30 0.13 0.86
HP3 AA 4.678+0.51 3.00+0.15 1.7240.23 4635.37+243.72
AB 4.248+0.56 3.10£0.17 1.41£0.26 4958.541259.52
P-value 0.35 0.43 0.14 0.07
BTN AA 4.38+0.58 3.06+0.17 1.48+0.26 4815.97+254.03
AB 4.44+0.75 2.89+0.22 1.85%0.33 4893.91£293.70
P-value 0.92 0.36 0.19 0.79
STAT5A AA 4.66+0.63 3.060.18 1.73+0.28 4804.06270.32
AG 4.03+0.61 3.02+0.18 1.43+0.27 4803.81+261.78
GG 4.78+0.69 2.97+0.21 1.7240.33 4956.30+268.89
P-value 0.37 0.87 0.39 0.79

P_value for significant within a column in each gene



252

WNUNERAT 43 (2) : 245-254 (2558).

Table 5 Association analysis for %Fat_EBV, %Pro_EBV, FPR_EBV, and Milk 305-day_EBV with genotype of

various genes.

Lease square means * Standard error

Genes Genotype -
%Fat_EBV %Pro_EBV FPR_EBV Milk 305-day_EBV
LEP/BsaAl AA -0.34+0.19 -0.08+0.05 -0.02+0.02 98.72+76.09
AB 0.06£0.07 -0.02+0.02 0.01£0.01 235.69+39.62
BB 0.04£0.07 0.01£0.02 0.00£0.01 176.27+34.24
P-value 0.16 0.24 0.39 0.23
LEP/Sau3Al AA 0.05+0.06 0.00£0.02 0.00+0.01 178.95+34.37
AB 0.02+0.07 -0.01+0.02 0.01+0.01 226.60+37.65
BB -0.34+0.19 -0.08+0.05 -0.02+0.02 121.04+81.14
P-value 0.17 0.30 0.50 0.42
ARL4A AA 0.06+0.06 -0.00+0.02 0.00£0.01 182.28%°4+29.76
AB -0.05+0.09 -0.01+0.02 0.01+0.01 259.69°+44.10
BB -0.12+0.20 -0.08+0.05 0.01£0.02 2.58%+94.58
P-value 0.47 0.30 0.83 0.04
ATP1A1 AB -0.02+0.06 0.01°+0.02 -0.01%0.01 215.21+£31.10
BB 0.07+0.07 -0.04°+0.02 0.02+0.01 160.26+38.49
P-value 0.38 0.03 0.08 0.27
HP3 AA 0.05+0.06 -0.01£0.02 0.01£0.01 158.56+32.18
AB -0.01+0.08 0.01£0.020 -0.01+0.01 236.16+36.88
P-value 0.52 0.54 0.15 0.12
BTN AA 0.00+0.06 -0.01+0.014 -0.00+0.01 196.52+28.49
AB 0.00£0.13 -0.02+0.03 0.01£0.01 252.25+69.20
P-value 0.99 0.70 0.72 0.46
STAT5A AA 0.07+0.09 -0.02+0.02 -0.00+0.01 245.70+44.05
AG 0.04£0.08 0.01£0.02 0.01£0.01 184.93+40.49
GG -0.06+0.10 -0.02+0.03 0.01£0.01 179.34+50.69
P-value 0.57 0.61 0.85 0.51

*’within a column in each gene with no common superscript are significant difference (P<0.05)
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Table 6 Association analysis for %Fat, %Fat_EBV, %Pro
combine of various genes.

, %Pro_EBV, FPR , and FPR_EBV, with genotype

Lease square means * Standard error

Genes Genotype
%Fat  %Fat_EBV %Pro  %Pro_EBV FPR FPR_EBV
LEP/BsaAl x BTN ABAA 5.15+0.70 0.05+0.09 3.02+0.21 -0.02+0.02 1.90°+0.30 0.01+0.01
BBAA 3.96+0.64 -0.01+£0.08  3.09+0.20 0.01+0.02 1.20°+0.28 -0.01+£0.01
BBAB 455+0.86 0.10+0.16 2.94+0.27 -0.02+0.03 1.88°°+0.37 0.03%0.02
P-value 0.16 0.78 0.84 0.53 0.02 0.21
LEP/Sau3Alx AAAA 4.01#0.63  0.01#0.08 3.08+0.20  0.01+0.02  1.24°+0.28 -0.01£0.01
BTN AAAB 4.68+0.83 0.10+0.15 2.93+0.26 -0.03+0.03 1.92°+0.36 0.02+0.02
ABAA 5.07+0.70 0.03+0.08 3.03+0.21 -0.02+0.02 1.85"+0.30 0.01+0.01
P-value 0.20 0.88 0.83 0.59 0.04 0.33
ATP1ATX ABAA 4.47+0.63 -0.08+0.07 3.13+0.19 0.01+0.01 1.46°+0.27 -0.01°+0.01
BTN ABAB 5.05+0.93 0.04+0.17 2.86%0.26 -0.01+0.03  2.30°+0.38 0.02°£0.02
BBAA 3.98+0.67 0.12+0.09 2.96+0.20 -0.04+0.02 1.28°+0.30 0.02°+0.01
BBAB 3.63+1.06 -0.04%0.18 2.92+#0.31 -0.03+0.04  1.11°+0.45  -0.01°+0.02
P-value 0.56 0.38 0.56 0.40 0.06 0.07

*’within a column in each gene with no common superscript are significant difference (P<0.05)
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