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Background: BTA18 –

 

major modulator of functional traits?   

Goal: Identify functional differences in individuals with divergent genetic predisposition
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Selection strategy
T C

+

Sires (n=6)

SNP (haplotype)

QTN (unknown)

T C
+

daughters

kq GQ

n=21 n=21

Daughters of selected sires at least 6 weeks prior 
to first calving

All genotyped sires within the 
German Holstein population

Sires with a SNP-based haplotype effect difference 
for somatic cell score (SCS) of alternative 
chromosomes > 2 SD higher than mean of all sires

Heifers selected according to inherited paternal 
haplotype

Target interval(s) BTA18: 43-48 Mb, 53-59 Mb
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Experimental design

Transcriptome & 
in vitro experiments

Arrival
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Calving SlaughterStart
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d259 p.i.
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liver whole blood

mammary gland mammary epithelial cells

24h 96h

n = 36

Long-term 
observation

1st calving 2nd calving

whole blood

fibroblasts1st lactation 2nd lact.
n = 6

liver

mammary 
gland

n = 36

Deep 
phenotyping
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Zootechnical parameters before challenge

Parameter GQ kq P

Age at insemination 
[days]

520
± 62

501 
± 93

n.s.

Stature [m] 1.43
± 0.04

1.42
± 0.05

n.s.

Day of calving p.i. 
[days]

278.6
± 3.1

275.7
± 7.8

n.s.

Calving  >d280 p.i. 4 4 n.s.

Birth weight calves
[kg]

39.38
±

 

3.77

36.63
± 4.67

0.06

No significant differences GQ vs. kq

Challenge
experiment
day 6 -

 

infection

Long-term 
experiment
week 2-39

GQ kq
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Clinical data before challenge 

Feed intake

Disease incidence

Parameter GQ kq P

Retained fetal 
membranes (>12h 
p.p.)

1 3 n.s.

Metritis grade I or II 3 11 0.015

Clinical mastitis 1 5 n.s

Subclinical mastitis 4 6 n.s.

Metabolic status

Daily energy intake week 1-5
GQ > kq, p=0.04

BHBA across experiment
GQ < kq, p=0.017

Linear model: y = group + day + day*group
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Clinical data before challenge 
Somatic cell count
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kq

week p.p.
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Challenge model

Long-term model

week 10-39 p.p.

** <10,000/ml
>10,000/ml

27%73%

kq

*

30%70%

65%35%
GQ 11%

89%

Challenge model Long-term model

week 5 p.p. week 2-6 p.p.

Significantly higher frequency of low-cell count 
quarters in kq

Somatic cell count
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Response to S. aureus challenge

SCC während der S.aureus-Infektion

Stunden post infectionem
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Somatic cell count during infection

hours after infection

S. aureus- Ausscheidung
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hours after infection

S. aureus shedding after infection

Significant differences in response to S. aureus challenge GQ vs. kq
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Liver transcriptome reflects huge variability 
in response to infection

Hepatic response to E.coli vs. S. aureus infection
Heatmap of whole transcriptome response Principle component analysis of 

RNAseq data

clinical 
mastitis

subclinical 
mastitis

no 
challenge
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Coordinated hepatic shut-

 

down of the complement 
system in response to E.coli 
infection

Hepatic response to 
E. coli vs. S. aureus 
infection

E.coli < S. aureus

E.coli > S. aureus

Significantly differentially
expressed genes (DEG)

Complement 
system
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Mammary gland transcriptome 

NaCl (control) quarters GQ vs. kp

172 DEG GQ vs. kq (q <0.1)
E. coli vs. NaCl (control) quarters

Most significantly affected canonical 
pathway: ketogenesis

7/172 DEG in target interval 
53-58 Mb on BTA18

51 DEG GQ < kq
121 DEG GQ > kq
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Summary
Model successfully selected favorable and unfavorable heifers (GQ and kq )

Post partum differences in: somatic cell score, feed intake, disease incidence

Post challenge differences: somatic cell score, milk bacterial load

Huge variation in early lactation challenge response

Liver response very closely related to clinical mastitis score

Coordinated shut-down of complement system after E. coli challenge 

Variation in expression profile of control udder quarters between GQ and kq animals
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Bioinformatics

Alignment of reads: HISAT2

 

(Pertea et al., 2016)

Transcript assembly: Stringtie

 

(Pertea et al., 2016)

Differential expression analysis: cuffdiff

 

(Trapnell et al., 2012), DESeq2

 

(Love et al., 2014)

Removal of bases of lower quality and of the indices: Fast QC

 

(Andrews, 
2010), Cutadapt

 

(Martin, 2011), quality-trim

 

(Robinson, 2015)

Pathway analysis: Ingenuity Pathway Analysis 
(https://www.qiagenbioinformatics.com), DAVID

 

(Huang et al., 2009)

to the bovine genome 
UMD3.1 with Ensembl 
reference annotation 
(http://www.ensembl.org)
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Selection of sires with haplotype

 

differences > 2 SD

Genotyping and assignment of inherited haplotype

 

for heifers

Health check

Haplotyping

 

of all sires from German Holstein GS data base

Calculation of SNP-based haplotype

 

effect differences

Selection of sires for age, breeding values milk 
performance and SCS, daughters

Selection of daughters (heifers prior to first calving) for age,

 

anticipated date of calving, breeding values of maternal grandsires, 
open for purchase

Selection strategy
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