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Introduction: What are biomarkers? 

 Biological processes underlie all livestock (production) 
traits 
● Measure the status of a biological process = know the 

trait! 
 Can be any molecule in a cell 

● No need to know the causal factor for a trait 
Well known example: blood glucose level for diabetes 



Introduction: Why do we need biomarkers? 

 The mission of 
WageningenUR: 
Sustainably produce 
enough high quality 
food for all people on 
the planet with an 
ecological footprint as 
low as possible 
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What can the industry do with biomarkers? 
 
  Diagnostic tool 

● What is the biological mechanism underlying a 
trait? 

 Prediction tool 
● What outcome can I expect from an intervention? 

 Monitoring tool 
● What is the actual status of a process? 

 
 Speed up your process, improve your traits 



Why Biomarkers for meat quality? 

 Meat quality has low heritability (h2=0.1-0.2) 
● Predictive capacity of genetic markers low 

 High environmental influence 
● Feed, animal handling (stress), management 

(housing), ... 
 Meat quality can only be measured after 1-several days 
 Need to differentiate between retail, processing industry, 

restaurants, .... 
 
 Biomarkers can do all that and more 



Example: Transcriptomics biomarkers for 
meat quality 

 Pork production chain 

 German high quality 
fresh pork production 
chain 
 Pietrain based 
 Verification: Yorkshire 

based chain 
 Biomarker type: RNA 

expression 
 Availability: Microarray / 

PCR test 

 Biomarkers for traits 

 Meat colour  N 
● A*   14 
● L*   4 
● Reflection  10 

 Drip loss   2 
 Ultimate pH  6 
 BFT    4 
 Carcass weight  4 

● Meat thickness 2 
● Lean meat % 3

  



Biological Mechanism: 
Prenatal events that determine the post 
mortem meat quality 

 Muscle fiber development is an exclusive prenatal event 
 The number of muscle fibers is determined prenatal 
 The number of muscle fibers relates to the thickness of 

the fibers at slaughter 
 Thicker muscle fibers usually relates to more pale and 

exudative meat 



Background: Muscle (fiber) development and 
growth 
(Muscle development of livestock animals, eds. Te Pas, Everts, 

Haagsman) 
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Experimental design 

Slaughter pregnant 
sows at days of 
gestation: 
● 14, 21, 35, 49, 63, 

77, 91 

Use microarrays to 
find genetic factors 
involved 
 



Pig muscle fiber development – Results 
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Genes, networks, pathways, networks of 
pathways 
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Bioinformatics – Results 1 
A simple pathway without subpathways 

Notch signaling
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Bioinformatics – Results 2 
A more complex pathway 

Calcium signaling pathway
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Calcium signaling - line 2
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Calcium signaling - line 1
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Bioinformatics: From pathways to networks 
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Example Proteomics 

 150 LW x Duroc 
● Longissimus 
● Sows and castrates 
● Meat quality measurements 

 Proteomics 
● SELDI-TOF 

● M/z ratio profiles 
● Association studies 
● Analysis of optimum predictive set of peaks 

● FTMS 
● Identification of proteins and Bioinformatics 



Biomarker analysis 

 Associations Protein peak heights – meat quality traits 
● Long list, but... 

 Predictive test development 
● PSLR: find combinations of peaks with highest 

predictive capacity for meat quality traits 
● Calculated mean, minimal, and maximal predictive 

values 
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-0,002-0,01-0,02-0,03-0,038-0,06-0,09-0,12-0,13-0,15-0,22-0,23-0,29-0,356-0,441-0,471-0,52-0,53-0,65-0,66-0,672-0,72-0,734-0,902-1,00-1,08-1,082-1,09-1,19-1,29-1,60-1,83-2,29-2,800,000,010,0170,0180,020,0220,030,0370,040,0430,0460,050,0530,0570,060,0600,0630,0650,0660,0680,070,0760,080,0800,0820,0830,0860,090,0910,0920,0940,0970,100,1000,1010,1020,1040,110,120,1220,1260,1270,1290,130,1310,1320,1330,1340,1370,140,1400,1420,1430,1450,1470,1490,150,1500,1550,1570,1590,160,1600,1680,1690,170,1740,1750,1780,1790,180,1810,1850,1860,1890,190,1900,1910,1920,1930,1990,200,2000,2050,210,2100,2130,2140,2190,220,2220,230,2320,2330,240,2430,250,2500,2520,2530,2590,260,2680,270,2700,2710,2720,280,2800,2810,2850,290,300,3000,3020,310,3100,3130,320,3210,3260,330,3320,3340,340,350,3510,360,3620,3630,3660,370,380,3830,3890,390,400,4020,4030,4050,4060,410,4100,4110,4170,4180,420,4210,4240,430,4310,4330,4340,4350,440,4410,450,4570,460,4630,4690,470,4700,4740,4760,4780,490,500,5000,5060,510,5130,520,5210,5230,5250,5280,530,5310,5460,550,5520,5560,5580,5590,560,5610,570,5710,5740,580,5840,5850,5900,5980,600,6010,610,6140,6160,6190,620,6210,630,640,6440,6450,650,6550,660,6640,6660,6680,6690,670,6730,6770,6790,680,690,6910,700,7090,710,7160,7180,7220,730,7380,7390,740,7400,7440,7490,750,7520,7560,760,7670,7690,770,7790,780,7800,7810,7900,800,8070,810,820,8200,8210,8230,8240,8280,830,8300,8440,850,8510,8560,860,8600,8680,870,880,8860,890,8940,8990,900,9050,9080,910,9110,9120,920,9460,950,9580,960,9610,9680,970,9710,9760,980,9880,990,9961,001,0061,011,0101,0131,0141,0221,031,0341,0371,051,061,0621,071,081,0831,091,101,111,121,1221,1271,131,141,1481,151,1511,1561,1591,171,1781,181,191,1951,211,221,231,241,2401,251,261,2651,281,2881,291,301,3021,3091,311,321,3271,331,3361,341,351,361,371,381,3891,391,3981,3991,401,411,421,4331,4351,4371,441,4451,4581,461,471,481,4851,491,501,5091,531,5341,541,5461,551,561,5601,5631,5681,571,5711,5981,601,6071,6091,611,6131,621,631,6351,641,6401,6421,6441,6491,651,661,6671,671,6711,6751,6781,681,691,6931,701,711,7121,7181,721,731,7471,7501,761,7661,771,7721,781,7821,791,801,8051,8081,811,821,8201,8211,831,841,851,861,871,8761,8821,891,911,921,9201,9351,941,9441,961,9601,9671,971,981,9910,0110,03410,03710,0710,07510,0810,08010,08410,09210,13410,1410,14310,18110,2110,26210,29810,3310,3910,4010,42410,5010,50410,52810,53010,5510,6110,61810,6210,63910,72210,7510,7810,80010,80710,8110,81010,84310,8610,86910,92110,9310,934104,164105,415109,23511,0011,02011,03411,04311,08011,0911,10511,1211,13511,1811,34311,36911,37911,41411,42411,45611,5411,55311,55711,6211,6411,6711,68111,6911,7211,73911,79111,8111,83311,9211,92111,9711,97511,99111,99211,99912,00112,00612,0112,06412,07212,0912,10512,11012,11412,19612,21012,26412,27012,3012,36212,38112,4212,42412,4512,50212,5812,6312,6412,67712,7612,78112,8212,8812,8912,9313,03613,04213,04313,12813,16013,17813,24713,2513,25513,29213,31213,32313,34913,40413,42013,43213,43813,44413,52813,53113,5613,56713,57413,59813,6313,7113,7613,78313,8713,88513,89313,93413,95133,25314,02814,11014,11114,12414,15914,16914,20114,23714,24814,32214,3514,4314,43014,46114,4914,5114,5614,5814,6014,60614,65214,6914,70414,76314,76814,91514,97015,00615,0115,02515,08115,08415,11815,15215,22015,2615,26215,26615,30415,33515,38315,39115,4015,4415,47815,50715,5315,64515,6615,69815,7215,78815,8315,83615,87915,93015,93515,95815,96715,97016,1516,1916,3216,36816,3716,37016,37716,3816,3916,47416,4916,58316,7616,77916,85516,89016,95117,00717,01717,02917,0317,1417,2117,21317,24117,25317,26817,3317,39717,40317,49017,57717,60317,65717,6617,6917,7117,72617,81917,83417,9518,07918,1918,2918,4218,50418,5318,5418,92318,9819,0319,1819,32119,36819,40519,53919,57119,6119,6519,67619,7019,7219,8019,84719,85519,8819,9772,002,012,0122,0152,022,0232,0262,032,0332,042,0402,062,0662,072,0722,0772,0792,082,1012,1052,112,1142,1162,1192,122,1212,1262,132,1312,142,152,162,1642,172,182,1962,202,212,2142,2172,222,2232,232,2392,252,262,272,2762,2792,282,292,2972,302,312,322,3202,3232,332,3312,3452,352,3542,3552,362,372,3882,3992,4042,4092,412,422,4242,432,4392,442,462,472,482,4942,4962,4982,5032,512,5102,522,5232,532,5342,5432,5442,552,5572,5592,562,572,5762,582,5872,592,602,612,6132,6162,6172,622,632,652,672,682,6932,702,7002,7062,7082,712,722,7222,732,7312,742,752,762,7632,772,782,792,802,8092,812,822,832,842,852,872,8742,8832,892,902,9112,932,942,962,972,9920,1020,1820,19220,38320,4120,54320,54420,6320,69120,82420,83920,93921,21521,23621,2421,2821,29721,34221,5621,76221,7721,87421,93822,0422,04622,0722,1822,27322,27422,30322,30922,40222,53722,59122,59522,64622,75622,9022,9622,9923,0923,17123,1923,2423,24023,28223,3823,44923,5123,91624,0424,1524,27024,27724,29424,41524,4624,5924,6024,6524,8425,00625,11825,20225,4325,4825,54825,69325,8125,81925,8525,92725,9526,11026,23326,26826,54726,6527,02227,10727,2627,30327,6027,61027,9328,1128,16528,24428,65028,9229,4429,59429,79129,80629,883,003,013,0183,023,0283,033,043,0403,073,0783,0863,0873,093,103,113,1123,1193,143,153,1523,163,1693,173,183,1893,203,213,2173,223,2223,2233,2263,233,243,253,263,273,2713,283,2803,2963,313,323,343,3483,353,3553,363,3633,3773,3793,383,393,403,413,423,4283,433,4303,443,4483,4683,473,483,493,4983,503,5053,513,523,543,5423,5533,5623,5633,5663,583,603,613,623,633,643,6413,6453,6493,653,673,6803,6863,6903,7053,713,7203,7273,7323,7343,7413,763,773,7753,783,7843,7863,8043,8143,8173,833,8333,8343,843,8503,863,8693,883,8893,893,903,9003,9163,923,9283,933,9323,943,963,9643,973,9723,983,9930,30930,58530,6230,79131,29031,4531,54831,6431,87131,99232,4532,62732,66932,9433,19233,29533,3433,34233,35233,50333,63433,73633,8434,88935,15035,24335,74936,55536,71236,7937,61137,64538,41638,49538,6838,8938,9438,95939,01139,17639,82639,8639,9784,004,0064,014,034,0344,054,0504,064,0624,074,084,094,104,1074,114,1184,134,1364,144,1414,1624,1644,174,1704,184,1874,194,2004,2014,2094,214,2244,234,2344,2454,254,264,274,2844,3224,334,3374,3424,3534,374,3754,4094,414,4254,4384,444,464,4664,4684,494,504,5064,534,544,554,5784,5844,594,5934,5994,6094,614,6134,6184,6194,6474,654,6654,6714,684,6804,694,6924,7074,714,7114,724,7204,734,7384,744,754,7624,7674,774,7754,784,7944,804,824,834,8464,854,8504,8554,874,8844,894,9044,924,9334,9394,9404,9434,9494,964,99840,0140,3440,4540,4940,61440,64840,73441,79541,9742,4742,7242,72342,96343,02743,13943,20743,25543,2943,31443,39343,81344,16944,8044,91845,4745,76245,7846,0346,0647,5247,8947,89548,68548,7348,77748,86049,1249,3249,5049,545,0065,0275,035,045,0415,055,065,0665,075,1045,1235,1275,1375,1485,155,1705,1775,185,205,215,2315,2325,2345,2385,2495,255,275,285,305,315,335,345,355,365,3635,3885,395,4065,4185,425,4305,4605,4645,485,495,505,5175,535,5515,5555,5775,595,6075,615,625,645,6475,6495,6735,685,695,715,7415,765,775,795,805,825,835,885,8915,905,915,9155,935,955,9505,965,975,985,98350,1751,04152,2753,5054,0557,8958,03559,4886,0216,0256,0286,066,0746,0756,0886,106,116,1166,136,1306,1406,1496,156,166,1826,1906,1976,236,2406,256,296,306,316,3106,3126,326,336,356,366,3666,4096,416,4106,436,4596,466,4666,486,496,4946,516,5366,5376,5906,606,616,6126,6166,6196,626,6206,6216,656,676,696,7136,756,766,7946,7996,806,816,8126,826,836,856,866,876,8746,8816,8836,896,8906,9146,9176,956,9666,976,9786,9960,23260,2562,2963,6266,53066,5917,007,0237,0717,087,0827,0977,107,1007,157,1547,197,217,2167,2347,247,2457,2657,2837,297,2967,3287,337,3657,3867,4187,427,457,4727,497,5007,517,5397,557,577,587,5807,5827,5947,607,6257,6487,6947,707,717,727,7317,747,7637,837,847,8457,887,9197,9577,987,9867,99771,5771,5871,76973,46673,6374,1874,5874,87476,10578,848,008,0058,0608,0648,118,1198,138,1318,148,1438,178,2128,2168,2328,2378,2408,2628,2698,2838,298,2998,318,3278,3758,388,418,4548,508,518,5138,528,548,5518,568,5998,6088,6138,6208,6268,678,688,708,728,7238,748,758,768,7608,798,808,8168,888,8808,8938,8948,8998,9568,99082,31186,89688,779,009,019,0149,049,069,0629,079,0719,0789,089,0869,099,0989,109,1559,1739,199,2089,2109,2459,289,2849,339,369,3609,409,419,4309,4539,4719,509,549,569,649,6629,6759,689,749,7409,759,8179,8419,859,8799,889,8989,909,9649,9669,989,9839,992
Y

IMAC
-0,002-0,01-0,02-0,03-0,038-0,06-0,09-0,12-0,13-0,15-0,22-0,23-0,29-0,356-0,441-0,471-0,52-0,53-0,65-0,66-0,672-0,72-0,734-0,902-1,00-1,08-1,082-1,09-1,19-1,29-1,60-1,83-2,29-2,800,000,010,0170,0180,020,0220,030,0370,040,0430,0460,050,0530,0570,060,0600,0630,0650,0660,0680,070,0760,080,0800,0820,0830,0860,090,0910,0920,0940,0970,100,1000,1010,1020,1040,110,120,1220,1260,1270,1290,130,1310,1320,1330,1340,1370,140,1400,1420,1430,1450,1470,1490,150,1500,1550,1570,1590,160,1600,1680,1690,170,1740,1750,1780,1790,180,1810,1850,1860,1890,190,1900,1910,1920,1930,1990,200,2000,2050,210,2100,2130,2140,2190,220,2220,230,2320,2330,240,2430,250,2500,2520,2530,2590,260,2680,270,2700,2710,2720,280,2800,2810,2850,290,300,3000,3020,310,3100,3130,320,3210,3260,330,3320,3340,340,350,3510,360,3620,3630,3660,370,380,3830,3890,390,400,4020,4030,4050,4060,410,4100,4110,4170,4180,420,4210,4240,430,4310,4330,4340,4350,440,4410,450,4570,460,4630,4690,470,4700,4740,4760,4780,490,500,5000,5060,510,5130,520,5210,5230,5250,5280,530,5310,5460,550,5520,5560,5580,5590,560,5610,570,5710,5740,580,5840,5850,5900,5980,600,6010,610,6140,6160,6190,620,6210,630,640,6440,6450,650,6550,660,6640,6660,6680,6690,670,6730,6770,6790,680,690,6910,700,7090,710,7160,7180,7220,730,7380,7390,740,7400,7440,7490,750,7520,7560,760,7670,7690,770,7790,780,7800,7810,7900,800,8070,810,820,8200,8210,8230,8240,8280,830,8300,8440,850,8510,8560,860,8600,8680,870,880,8860,890,8940,8990,900,9050,9080,910,9110,9120,920,9460,950,9580,960,9610,9680,970,9710,9760,980,9880,990,9961,001,0061,011,0101,0131,0141,0221,031,0341,0371,051,061,0621,071,081,0831,091,101,111,121,1221,1271,131,141,1481,151,1511,1561,1591,171,1781,181,191,1951,211,221,231,241,2401,251,261,2651,281,2881,291,301,3021,3091,311,321,3271,331,3361,341,351,361,371,381,3891,391,3981,3991,401,411,421,4331,4351,4371,441,4451,4581,461,471,481,4851,491,501,5091,531,5341,541,5461,551,561,5601,5631,5681,571,5711,5981,601,6071,6091,611,6131,621,631,6351,641,6401,6421,6441,6491,651,661,6671,671,6711,6751,6781,681,691,6931,701,711,7121,7181,721,731,7471,7501,761,7661,771,7721,781,7821,791,801,8051,8081,811,821,8201,8211,831,841,851,861,871,8761,8821,891,911,921,9201,9351,941,9441,961,9601,9671,971,981,9910,0110,03410,03710,0710,07510,0810,08010,08410,09210,13410,1410,14310,18110,2110,26210,29810,3310,3910,4010,42410,5010,50410,52810,53010,5510,6110,61810,6210,63910,72210,7510,7810,80010,80710,8110,81010,84310,8610,86910,92110,9310,934104,164105,415109,23511,0011,02011,03411,04311,08011,0911,10511,1211,13511,1811,34311,36911,37911,41411,42411,45611,5411,55311,55711,6211,6411,6711,68111,6911,7211,73911,79111,8111,83311,9211,92111,9711,97511,99111,99211,99912,00112,00612,0112,06412,07212,0912,10512,11012,11412,19612,21012,26412,27012,3012,36212,38112,4212,42412,4512,50212,5812,6312,6412,67712,7612,78112,8212,8812,8912,9313,03613,04213,04313,12813,16013,17813,24713,2513,25513,29213,31213,32313,34913,40413,42013,43213,43813,44413,52813,53113,5613,56713,57413,59813,6313,7113,7613,78313,8713,88513,89313,93413,95133,25314,02814,11014,11114,12414,15914,16914,20114,23714,24814,32214,3514,4314,43014,46114,4914,5114,5614,5814,6014,60614,65214,6914,70414,76314,76814,91514,97015,00615,0115,02515,08115,08415,11815,15215,22015,2615,26215,26615,30415,33515,38315,39115,4015,4415,47815,50715,5315,64515,6615,69815,7215,78815,8315,83615,87915,93015,93515,95815,96715,97016,1516,1916,3216,36816,3716,37016,37716,3816,3916,47416,4916,58316,7616,77916,85516,89016,95117,00717,01717,02917,0317,1417,2117,21317,24117,25317,26817,3317,39717,40317,49017,57717,60317,65717,6617,6917,7117,72617,81917,83417,9518,07918,1918,2918,4218,50418,5318,5418,92318,9819,0319,1819,32119,36819,40519,53919,57119,6119,6519,67619,7019,7219,8019,84719,85519,8819,9772,002,012,0122,0152,022,0232,0262,032,0332,042,0402,062,0662,072,0722,0772,0792,082,1012,1052,112,1142,1162,1192,122,1212,1262,132,1312,142,152,162,1642,172,182,1962,202,212,2142,2172,222,2232,232,2392,252,262,272,2762,2792,282,292,2972,302,312,322,3202,3232,332,3312,3452,352,3542,3552,362,372,3882,3992,4042,4092,412,422,4242,432,4392,442,462,472,482,4942,4962,4982,5032,512,5102,522,5232,532,5342,5432,5442,552,5572,5592,562,572,5762,582,5872,592,602,612,6132,6162,6172,622,632,652,672,682,6932,702,7002,7062,7082,712,722,7222,732,7312,742,752,762,7632,772,782,792,802,8092,812,822,832,842,852,872,8742,8832,892,902,9112,932,942,962,972,9920,1020,1820,19220,38320,4120,54320,54420,6320,69120,82420,83920,93921,21521,23621,2421,2821,29721,34221,5621,76221,7721,87421,93822,0422,04622,0722,1822,27322,27422,30322,30922,40222,53722,59122,59522,64622,75622,9022,9622,9923,0923,17123,1923,2423,24023,28223,3823,44923,5123,91624,0424,1524,27024,27724,29424,41524,4624,5924,6024,6524,8425,00625,11825,20225,4325,4825,54825,69325,8125,81925,8525,92725,9526,11026,23326,26826,54726,6527,02227,10727,2627,30327,6027,61027,9328,1128,16528,24428,65028,9229,4429,59429,79129,80629,883,003,013,0183,023,0283,033,043,0403,073,0783,0863,0873,093,103,113,1123,1193,143,153,1523,163,1693,173,183,1893,203,213,2173,223,2223,2233,2263,233,243,253,263,273,2713,283,2803,2963,313,323,343,3483,353,3553,363,3633,3773,3793,383,393,403,413,423,4283,433,4303,443,4483,4683,473,483,493,4983,503,5053,513,523,543,5423,5533,5623,5633,5663,583,603,613,623,633,643,6413,6453,6493,653,673,6803,6863,6903,7053,713,7203,7273,7323,7343,7413,763,773,7753,783,7843,7863,8043,8143,8173,833,8333,8343,843,8503,863,8693,883,8893,893,903,9003,9163,923,9283,933,9323,943,963,9643,973,9723,983,9930,30930,58530,6230,79131,29031,4531,54831,6431,87131,99232,4532,62732,66932,9433,19233,29533,3433,34233,35233,50333,63433,73633,8434,88935,15035,24335,74936,55536,71236,7937,61137,64538,41638,49538,6838,8938,9438,95939,01139,17639,82639,8639,9784,004,0064,014,034,0344,054,0504,064,0624,074,084,094,104,1074,114,1184,134,1364,144,1414,1624,1644,174,1704,184,1874,194,2004,2014,2094,214,2244,234,2344,2454,254,264,274,2844,3224,334,3374,3424,3534,374,3754,4094,414,4254,4384,444,464,4664,4684,494,504,5064,534,544,554,5784,5844,594,5934,5994,6094,614,6134,6184,6194,6474,654,6654,6714,684,6804,694,6924,7074,714,7114,724,7204,734,7384,744,754,7624,7674,774,7754,784,7944,804,824,834,8464,854,8504,8554,874,8844,894,9044,924,9334,9394,9404,9434,9494,964,99840,0140,3440,4540,4940,61440,64840,73441,79541,9742,4742,7242,72342,96343,02743,13943,20743,25543,2943,31443,39343,81344,16944,8044,91845,4745,76245,7846,0346,0647,5247,8947,89548,68548,7348,77748,86049,1249,3249,5049,545,0065,0275,035,045,0415,055,065,0665,075,1045,1235,1275,1375,1485,155,1705,1775,185,205,215,2315,2325,2345,2385,2495,255,275,285,305,315,335,345,355,365,3635,3885,395,4065,4185,425,4305,4605,4645,485,495,505,5175,535,5515,5555,5775,595,6075,615,625,645,6475,6495,6735,685,695,715,7415,765,775,795,805,825,835,885,8915,905,915,9155,935,955,9505,965,975,985,98350,1751,04152,2753,5054,0557,8958,03559,4886,0216,0256,0286,066,0746,0756,0886,106,116,1166,136,1306,1406,1496,156,166,1826,1906,1976,236,2406,256,296,306,316,3106,3126,326,336,356,366,3666,4096,416,4106,436,4596,466,4666,486,496,4946,516,5366,5376,5906,606,616,6126,6166,6196,626,6206,6216,656,676,696,7136,756,766,7946,7996,806,816,8126,826,836,856,866,876,8746,8816,8836,896,8906,9146,9176,956,9666,976,9786,9960,23260,2562,2963,6266,53066,5917,007,0237,0717,087,0827,0977,107,1007,157,1547,197,217,2167,2347,247,2457,2657,2837,297,2967,3287,337,3657,3867,4187,427,457,4727,497,5007,517,5397,557,577,587,5807,5827,5947,607,6257,6487,6947,707,717,727,7317,747,7637,837,847,8457,887,9197,9577,987,9867,99771,5771,5871,76973,46673,6374,1874,5874,87476,10578,848,008,0058,0608,0648,118,1198,138,1318,148,1438,178,2128,2168,2328,2378,2408,2628,2698,2838,298,2998,318,3278,3758,388,418,4548,508,518,5138,528,548,5518,568,5998,6088,6138,6208,6268,678,688,708,728,7238,748,758,768,7608,798,808,8168,888,8808,8938,8948,8998,9568,99082,31186,89688,779,009,019,0149,049,069,0629,079,0719,0789,089,0869,099,0989,109,1559,1739,199,2089,2109,2459,289,2849,339,369,3609,409,419,4309,4539,4719,509,549,569,649,6629,6759,689,749,7409,759,8179,8419,859,8799,889,8989,909,9649,9669,989,9839,992
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Biomarkers: Predictive capacity and 
protein numbers 



Proteomic relations between 2 traits 

 Meat quality traits are related 
 Biomarkers for drip loss and ultimate pH share a number 

of proteins / biological mechanisms 

 Drip loss   Ultimate pH   

 High  Low   High  Low  

Proteins Up Down Up Down Up Down Up Down 

Antichymotrypsin 
(SERPINA3N) 

x       x  

Calsequestrin  x  x     

F1RK48 (unknown) x     x    

F1SUE1 - OGN (Osteoglycin) x   x x    

Haptoglobin    x x   x 

Isocitrate dehydrogenase x  x     x  

Lactate dehydrogenase x  x       

Pyruvate kinase   x   x    

 



The Biology underlying the Biomarkers 

 Drip loss    Ultimate pH   

 High  Low   High  Low  

Biological activities Up Down Up Down Up Down Up Down 

Energy metabolism 4 2 3 3 2 1 3 1 

Protein degradation 1 3  1 1 1 1  

ECM 1    1 1    1 

Signal transduction 1 2  4 2    1 

Chaperonin (structural) 1           

Muscle structural protein  3  1 2 1   

Calcium metabolism  2  3 2    1 

Apoptosis  1  1  1  1 

Nucleotide metabolism  1  1 2     

Muscle mass determination     1     1 

Anti-oxidant     2  1   

HSP 1 2  1      

 



Proteomic biomarkers for Reproduction 
management in dairy cattle 

 Required for continued productivity 
 Detection of oestrus necessary, but increasingly difficult 
 Detection of early pregnancy could help 

 
 Present situation: 

● Earliest reliable detection of pregnancy at day 35 
after insemination 

● Earliest re-insemination at day 21 after previous 
insemination 

● Re-insemination of pregnant animal has risk of 
loosing embryo 
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What a new test should offer 

 Pregnancy detection before day 21 after previous 
insemination 
 Preferably in easy to collect biological samples 
 High reliability 
 Preferably on-site / in-line 
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Experimental design 

 30 pregnant cows 
 30 non-pregnant cows 
● Pregnancy detected at 

day 35: PAG and trans-
rectal ultrasonography 

 Milk samples at day 19 
after insemination 
 Proteomics and 

Progesterone 
measurement 

 If Progesterone < 5 
ng/ml: not pregnant 
 If Progesterone > 5 

ng/ml: no pregnancy 
status detection possible 
 PAG test showed no 

results at day 19 
 Therefore: additional 

markers necessary 
● Proteomics 
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Our Biomarker 
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No. of 
Components Components

Mean 
Sensitivity

Mean 
Specificity

Mean 
Correctly 
classified

1 Progesterone 0.8 0.67 0.73
2 MFGM660; Progesterone 0.82 0.8 0.81
3 MS147; MS9; Progesterone 0.86 0.85 0.85
4 MS147; MS9; MFGM713; Progesterone 0.92 0.93 0.92
5 MS147; MS9; MFGM661; MFGM197; Progesterone 0.96 0.93 0.94
6 MS147; MS9; MFGM661; MFGM197; MS92; Progesterone 0.96 0.96 0.96

Patent pending 



The determination of pregnancy 

 The combination of all 
components is required 
for pregnancy detection 
 The relative abundances 

of the proteins determine 
the detection of 
pregnancy 

25 

Y = (6163.87 + (-247.94*CSN3) +  
(-969.05*P4HB) + (100.93*RhoB) +  
(100.38*ALOX12) + (-17.25*CTSZ) 
+  
(15.49*Progesterone) 
  
 
 
If Y>0, than the cow is pregnant. 



The biology of the Biomarker 
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Protein 
fraction Protein name Embryo Placenta

Mammary gland / 
lactation

MS147 Kappa-casein (CSN3) +/- - +
MFGM661 Rho-related GTP-binding 

protein (RhoB) +/- + +
MS9 Protein disulfide-isomerase 

(P4HB) + + -

MFGM197
Arachidonate 12-
lipoxygenase, 12S-type 
(ALOX12)

+ - -

MS92 Cathepsin Z (CTSZ) + + -
MFGM713 Osteoclast-stimulating 

factor 1 (OSTF1) + + -



Example Metabolomics:  
Dairy cattle – diet and milk composition 

 Milk composition is important for uses 
 Diet influences milk composition 

● Directly: feed components in milk 
● Via cow metabolism 
● Via metabolism gut microbiota 

 Metabolomics 
● Measures metabolite composition in milk 
● NMR / GCMS / LCMS 



Experimental design 

 Mid lactation dairy cows fed 2 diets for 10 weeks 
● Control diet = standard diet 
● Experimental diet = control diet + PUFA 

 Collect milk after 10 weeks feeding 
 Fatty acid composition was published before 
 Did the diet also change the polar metabolite 

composition? 
● Must be via metabolism: cow or microbiota 
● Unknown mechanism 



Results summary 

 NMR 
 Animal-specific 

reactions to the 
diet: may be 
DGAT1 
genotype-
related 
 
 

Polar metabolites N
Identified 49
Association with diet 14
Association with DGAT1 genotype 8
Interaction: diet-DGAT1 15

Acetate Hippurate
Acetoacetate Inositol myo- (putative)
Acetylcarnitine and butyrate (probable) Lactate
Acetylcarnitine and isovalerylcarnitine (probable) Lactose
Aconitate Lactose (probable)
Alanine L-Choline; Phosphate-choline; Gpcholine
Ascorbate Lysine
Aspartate Maleate
Betaine Malonate (putative)
BHBA Nacetylmannosamine (probable) or neuraminate
Butyrate Orotate
Carnitine Oxaloacetate
Carnitine acyl- Oxoglutarate
Choline (glycero)phosphoryl- Pantothenate
Citrate Proline
Creatine-phosphate Pyruvate
Creatinine Serine phospho-
Formate sialolactose or lactose
Fumarate Succinate
Galactose UDP
Galactose-1-phosphate Uridine
Gluconolactone Uridine conjugate
Glucose Valine
Glutamate Xanthine
Glycerol phospho- Xylose



The future 

 Biology is integration of all levels 
● DNA 
● Epigenetic modifications 
● Expression (transcriptomics / proteomics) 
● Metabolism (=function) 
● Phenotypes (phenomics) 

 To understand life (traits) we need to include all levels: 
● Integration!! 
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Integration at ABGC 
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Integration is biology 

 Interactions between and 
within levels 
 Influence of the 

environment on genome / 
genetic functioning 
 Traits are the end 

products of the entire 
chain 
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Big data: The future now! 

 High throughput analyses 
 Many data on all 

biological levels 
 Consequence: large data 

sets (up to exabytes (1018 
and higher...!) 
● Storage 
● Handling 
● Understanding 
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System biology -> Synthetic biology 
The future? 

 A systems biology 
mathematical model for 
dairy cattle reproduction 
 .... 
 Modify biological 

pathways and networks 
to improve biology? (of 
our traits) 
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Thank you for 
your attention 

 
 
 
 
Questions? 
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