


Fertility in livestock 



Fruchtbarkeit der Nutztiere 

•  Trächtigkeit 
•  Befruchtung 
•  Erbgesundheit 
•  Hohe Ferkelzahl 
•  Empfänglichkeit 
•  Gesunder Nachwuchs 
•  Embryonalentwicklung 
•  Tiergesundheit 

•  Zwischenkalbezeit 
•  Anzahl Laktationen 
•  Sexualzyklus 
•  Trächtigkeitsrate 
•  IVF, Embryotransfer 
•  Steroidhormone 

•  Embryonaler Fruchttod 
•  Abort 
•  Nachgeburtsverhaltung 
•  Niedrige Ferkelzahl 
•  Mastitis 
•  Endometritis 
•  Uterine crowding 
•  Stille Brunst 



Increase of early embryo death in Holstein 



Repeatability of Litter Size in the Sow 
Population - Jenny Patterson, University 
of Alberta, Allen D. Leman Swine 
Conference, September 15-18 2012, St. 
Paul, Minnesota, USA. 



Stute: 
 

Endometrose / 
Breeding-induced 
metritis 



Impact of functional genomics tools 



Kirkness et al., Science (2003) 

Genome research in livestock 



Omics-technologies – revolution of the exploration 
of biological systems 



Application of Omics tools in cattle 





Illumina HiSeq 3000/HiSeq 4000 instruments 

Per instrument run (3.5 days): 
•  Up to 1.5 Tera bases  
•  = 5 billion reads per run, 2x 150 bp 
•  = 12 genomes 
•  =100 transcriptomes 
•  =180 exomes 



Third-generation sequencing – generation of 
ultralong reads 

Goodwin et al. Nat Rev Gen 2016  

Pacific Biosciences 
SMRT Sequencer  

Oxford Nanopore Technologies 
Nanopore Sequencing 



Approaches to explore differential gene 
expression related to the trait fertility 



Embryo-maternal Cross-talk in the Bovine Uterus 

Spencer et al., Endocrinology 1995; Klein et al., Biol Reprod 2006  
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Study design – analysis of early pregnancy 

•  Artificial insemination (AI) after cycle synchronization or ET 
•  Slaughter and sample collection on Days 12 to D18 of pregnancy 
•  Controls: inseminated with supernatant of centrifuged sperm or sham ET 
•  Analysis with microarrays or RNA-Seq 

Day 12 Day 15 Day 18 

Blastocyst 
∅ 1 mm 

Conceptus 
length 3-5 cm 

Conceptus 
length >15 cm 



Day Expression Genes Platform Study 

13 downregulated 7 Illumina RNA-seq Forde et al. 2012 

15 downregulated 59 Affymetrix Bauersachs et al. 2012 

15 downregulated 72 Illumina RNA-seq Bauersachs et al. 2012 

16 downregulated 161 Affymetrix Forde et al. 2011 

16 downregulated 159 Illumina RNA-seq Forde et al. 2012 

17 downregulated 460 Agilent Walker et al. 2010 

18 downregulated 68 SSH+cDNA array Bauersachs et al. 2006 

18 downregulated 328 Affymetrix Bauersachs et al. 2012 

18 downregulated 915 Illumina RNA-seq Bauersachs et al. 2012 

13 upregulated 9 Illumina RNA-seq Forde et al. 2012 

15 upregulated 247 Affymetrix Bauersachs et al. 2012 

15 upregulated 286 Illumina RNA-seq Bauersachs et al. 2012 

16 upregulated 340 Affymetrix Forde et al. 2011 

16 upregulated 229 Illumina RNA-seq Forde et al. 2012 

17 upregulated 540 Agilent Walker et al. 2010 

18 upregulated 80 SSH+cDNA array Klein et al. 2006 

18 upregulated 99 SSH+cDNA array Bauersachs et al. 2006 

18 upregulated 585 Affymetrix Bauersachs et al. 2012 

18 upregulated 863 Illumina RNA-seq Bauersachs et al. 2012 

hIFNA upregulated 169 Affymetrix Bauersachs et al. 2012 



Pre-implantation phase in pigs 
Day 14 endometrium, 

hyperemic zones 

IFNG, IFND 

14 12 10 4 

Implantation MRP 

E2 

•  Day 10-12: transition from spherical to filamentous blastocysts 

•  Increase of conceptus estrogen synthesis with conceptus elongation 

•  Day 14: Conceptus attachment, increased vascularization at implantation zones, 
initiation of epitheliochorial placentation 

Day 



Combined analysis of Days 12 and 14 
Distance heatmap PCA 

D14P 

D14C 

D12P 

D12C 

D12P D14P D12C D14C 



Genes 
related to PG 
metabolism 

Bauersachs & Wolf Annu Rev Anim Biosci 2015 



Comparison of combined bovine data sets to 
porcine endometrium from Day14 of pregnancy 

•  Bovine data sets (3300 genes): 505 out of 1512 DEGs in pig endometrium 
•  More than 80% of overlapping genes showed similar regulation in both species 

Genes upregulated in both species: 
•  Mainly functional terms related to immune response 

•  Genes involved in regulation of apoptosis 

Genes downregulated in both species: 

•  Extracellular matrix 
•  Calcium ion binding 

•  Transcription factor activity  

•  Members of the HOXB family: HOXB2, HOXB3, HOXB4, HOXB5, HOXB6, HOXB8 

Genes with opposite regulation:  
•  Extracellular region, cell adhesion, cytoplasmic membrane-bounded vesicle, 

extracellular matrix, and cell motion 



Regulation of trophoblast attachment 

Bauersachs & Wolf, Ann Rev 
Anim Biosci 2015 



Reproductive (estrous) cycle 
ng/ml 

day 

Peripheral progesterone concentrations  

ovulation 

luteal phase 



Expression profiles during the estrous cycle 

Gebhardt et al. Biol Reprod 2012 



Selected functional categories 

Gebhardt et al. Biol Reprod 2012 



Results of dynamic gene expression analysis  

• 5000-7000 differentially expressed genes (DEGs) 

• Overlap: 1,900-2,350 DEGs (pairwise overlaps) 

• >1,070 genes differential in all three species 



Clusters of genes with similar expression profiles 
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Correlation of cyclic expression changes 

Data from Gebhardt et al. 2012 and Bauersachs et al. (unpublished) 

Comparison to porcine endometrium 
>2350 overlapping DEGs 

 Comparison to equine endometrium 
  >2340 overlapping DEGs 



Correlation of overrepresentation of selected functional categories  



Investigation of diseased states 



•  High rate of pregnancy failure in recipients of cloned embryos has been linked to structural 
and functional abnormalities of the placenta [1].  

•  Fewer but larger placentomes in somatic cell nuclear transfer (SCNT) recipient cows at day 
60 of gestation, suggesting abnormal placental/fetal growth in these animals [2] 

•  Placental abnormalities are thought to be the major cause of mortality in first-trimester SCNT 
cloned bovine fetuses 

1.  Hill et al., Biol Reprod 63, 1787-1794 (2000) 
2.  Hashizume et al., Cloning Stem Cells 4, 197-209 (2002) 

Placental abnormalities in SCNT pregnancies 



Cluster analysis of differently abundant 
transcripts 

Support tree, MEV 4.1 

•  No correlation of 
expression patterns 
and clone origin 

•  Higher variance of 
expression values in 
the SCNT group 

•  Only few genes 
differentially regulated 
in endometrium of all 
SCNT pregnancies 

Bauersachs et al. PNAS 14: 5681-5686 (2009) 



•  Analysis of contact zones fetal and 
maternal tissue 

•  7-10 d ante partum vs. 15 min after 
calving 

•  >1.200 differentially expessed genes 

Release of fetal membranes 

Streyl et al., Reproduction (2011) 



Mastitis 

Mitterhuemer et al. BMC Genomics 2010 



Regulation of immune response genes 

Mitterhuemer et al. BMC Genomics 2010 



New modes of embryo-maternal interaction 



Classical model for recognition and 
establishment of pregnancy 

LE 

Stroma 
GE 

signaling molecule(s) for MRP and 
preparation for implantation 

growth factors and nutrients 

secreted to the uterine lumen 



Exosomes in embryo-maternal interaction 



Exosome research in the reproductive tract 



Maternal plasma RNA sequencing for genome-
wide transcriptomic profiling and identification 
of pregnancy-associated transcripts 

•  Plasma transcriptome profiling in first-, second- and third-trimester 
pregnant women, and after delivery 

• Genotyping of amniotic fluid, placental tissues, and maternal blood cells 
using exome-enriched sequencing 

•  Relative proportions of fetal and maternal contributions to plasma RNAs by 
examination of polymorphic differences 

•  Identification of pregnancy-associated genes by direct examination of the 
maternal plasma transcriptomic profiles before and after delivery 

Lo et al. Clin Chem 2014 



Lo et al. Clin Chem 2014 



Lo et al. Clin Chem 2014 

Maternal plasma RNA sequencing for genome-wide 
transcriptomic profiling and identification of pregnancy-
associated transcripts 
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Maternal plasma transcriptome analysis as a 
new tool for monitoring pregnancies? 

•  Analysis of circulating nucleic acids as a novel noninvasive tool for 
prenatal diagnosis of genetic diseases 

•  Monitoring of pregnancy-associated disorders based on the expression of 
placenta-derived transcripts present in plasma 

•  In addition, analysis of complete fetal genome in maternal plasma 
possible 

•  In combination with new sequencing technologies on-site genome 
analysis possible 

Bauersachs Clin Chem 2014 



Analysis of exosomes derived from body fluids 
as biomarkers for physiological processes and 
for diseases 

Analysis of protein or RNA markers of exosomes 
isolated from: 

•  Blood plasma 
•  Urine 
•  Milk 



Ongoing research and future perspectives 



“Deep annotation” 



Mammalian ortholog and annotation database 

Ortholog information based on Ensembl 
Compara database and global crosswise 
BLAST of transcriptomes 

Jochen Bick unpublished 



Tailored data analysis pipelines 

Analysis of smallRNA-Seq data from cattle and pig 



Systems biology approach of embryo-maternal 
interaction 

LE 

Stroma 

19 18 16 14 17 15 13 12 8 7 

Implantation MRP 
IFNT 

exosomes 

Day 
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RNA-Seq 
smallRNA-Seq 
DNA-Seq 
Proteomics 
Lipidomics 

Exchange of 
proteins, peptides, 
lipids and other 
small molecules, 
small ncRNA, other 
ncRNA, mRNA, 
DNA? 

maternal genome 

embryonic genome 


