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Micro-nutrients involved in one-carbon metabolism 

Elements directly involved/affected 
  Cobalt (B12) 
  Sulphur  

  Methionine, Cysteine (Homocysteine, Glutathione (GSH)) 
  Zinc 
  Choline 
  Folic acid (B9) 
  Pyridoxine (B6)  
  Riboflavin (B2) 
 

 Elements indirectly involved/affected 
  Selenium 

 SeMet, SeCys, GSH 
  Thiamine (B1) 
  Copper 
 
 
 



One-carbon metabolism 

B12 

Zinc 

B6 

B6 

B2 



Group 1. Systemic diseases and those not readily classified organically 
Veterinary Investigation Diagnosis Analysis database 

VIDA diagnosis: only cases of clinical disease from samples submitted to VLA/SAC 

Diagnostic submissions 



Vitamin B12 (Cobalt) 
Also limestone/chalk soils  Deficiencies 

● Cobalt ‘pine’ 
● Anorexia 
● Anaemia 
● Infertility 
● Neonatal viability 
● Hepatic steatosis 
● Polioencephalomalacia (sulphur) 

Prevalence of Co deficiency  in  UK:  
AHVLA/SAC 

Mean  = 7% 
Cost to industry 

I.Lamb growth ↓ 30% 
II.Autumn lamb sales ↓ £5.3 million 
III.Prophylatic treatment – up to £35 million  
 

Cobalt (B12) deficiency 



Risk factors for cobalt deficiency  

• Soil levels 
• Underlying geology 
• Moisture levels 
• pH 

• Herbage levels 
• Species 
• Soil contamination 
• Stage of season 

• Growing conditions 
• Year to year variability  

• Other feeds 
• Cereals 

• Animal factors 
• Age 
• Productivity level 
• Genetics 





Objectives 

Objective 1. SNP discovery 
 

 
Objective 2. Functional significance of SNPs 
 
 
Objective 3. Functional consequences study 



Objective 1. SNP discovery: 

● Nasal swabs from 24 ewes 
● Selected 20 for sequencing 
● ARK-Genomics Illumina HiSeq2000 
● Sequenced to a depth of 30X  

● ID SNPs within the population  
● Quantify minor allele frequencies of SNPs  

● For targeted SNP typing under Objective 2 

● Called SNPs 
● Mapped sequence data to reference sheep genome 
● Called high confidence SNPs and indels 
● Submitted high confidence SNPs to dbSNP 

● http://www.ncbi.nlm.nih.gov/SNP/ 

http://www.ncbi.nlm.nih.gov/SNP/


SNP Discovery 

University of Nottingham Ensembl 

• DNA sequencing 20 x sheep (2 pools) 
• Map to the sheep genome (BWA) 
• QC SNP calls (realign and recalibrate around known variants) 
• Call SNPs (FreeBayes with minimum coverage 4)  
• 15,347,831 SNPs passing criteria 

Upstream flanking Exon      Downstream flanking 
   

 5’UTR                  Intron              3’UTR 



Transcripts of interest 227 

Total SNPs 57739 

intron variant 45986 79.6% 

downstream gene variant 5147 8.9% 

upstream gene variant 5026 8.7% 5026 

synonymous variant 573 1.0% 573 

3 prime UTR variant 448 0.8% 448 

missense variant 394 0.7% 394 

splice region variant, intron 
variant 85 0.1% 85 

5 prime UTR variant 47 0.1% 47 

splice region variant, 
synonymous variant 18 0.0% 18 

missense variant, splice region 
variant 6 0.0% 6 

splice donor variant 4 0.0% 4 

stop gained 3 0.0% 3 

splice acceptor variant 2 0.0% 2 

Total 6090 
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Linked folate and methionine cycles 

Total 
SNPs 

Enzymes of interest 
 

163 dihydrofolate reductase (DHFR) [1] 

51 serine hydroxymethyl transferase (mSHMT) [2] 

118 5,10-methylene THF reductase (MTHFR) [3] 

593 methionine synthase (MTR) [4] 

326 methionine synthase reductase (MTRR) [5] 

249 betaine-homocysteine methyltransferase (BHMT) [6] 

113 methionine adenosyltransferase 1A (MAT1A) [7] 

5 2A (MAT2A) [8] 

100 2B (MAT2B) [9] 

59 glycine methyltransferase (GNMT) [10] 

178 Cystathionine b-synthase (CBS) [12]. 



SNPs in 1C metabolism and lamb performance 
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