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DNA Technologies & Expression 
Analysis Cores 

• HT Sequencing (Illumina & PacBio) 

• Illumina microarray  (expression analysis, 
genotyping)  

• consultations 

• introducing new technologies to the 
campus 

• shared equipment 

• teaching (workshops) 



The DNA Tech Core Team 

Emily Kumimoto 

library preps  
Oanh Nguyen 

PacBio Seq. 

Siranoosh Ashtari 

all Illumina Seq. 

Vanessa Rashbrook 
Miseq, Bead Array, Fludigm 

Diana Burkardt-Waco 

10X Genomics, HiSeq 

Ruta Sahasrabudhe 
HMW DNA , Nanopore 



Shared Instruments at the DNA Tech Core 

- Plate reader 

- Blue Pippin & Pippin HT 

- QuantStudio RT-qPCR 

- Nanodrop 

 

Caliper Sciclone NGS G3 

Caliper LabChip GX Covaris E220 focused ultrasonicator 



The Blue Pippin Prep System 
Automated Preparative Gel Electrophoresis for NGS 

Instrument contains: 
Electrophoresis pulsed-field gel 
electrophoresis power supply 
Electrode array 
Fluorescence detection optics 
Single-board PC with control software 



Illumina Infinium arrays 

• up to 3 million markers/SNPs 

• $100 to $200 per sample (or more) 

• custom content pricey 

• large scale required 

 

• restricted to known variants 

 



HTS Platform Features 

HiSeq 4000 NextSeq MiSeq PacBio 
RSII 

PacBio 
Sequel 

Number of 
reads 

300-
400M/lane 

300-500M/run 12-15M (v2) 
20-25M (v3) 

50-80K / 
SMRT cell 

250-400K / 
SMRT cell 

 

Max. Read 
Length 

2  x 150 bp 2 x 150 bp 2 x 300 bp 
(v3) 

~ 10-60 kb ~ 10-60 kb 
 

Yield per lane 
(PF data) 

up to 100 Gb up to 150Gb up to 15 Gb up to 1.2 Gb 
 

up to 6 Gb 

Instrument 
Time 

~1-4 days ~2 days ~2 days ~4.5-6.5 hours 10 hours 

Pricing per Gb $27 (PE150) $34 to $44 
(PE40, PE150) 

$130 (PE300) $350 $180 



Studying historic Bean varieties from 
herbarium samples 

Sarah Dohle, 

Gepts Lab 

- GBS (Genotyping-By-Sequencing) 

- 60 year old herbarium samples 

  



Population screening: 
As little sequencing as possible 

• RR:   higher confidence calls  (multiple reads)  

    vs.  

• WGR:  even distribution   

• reference available?  

 

 

Rowan et al. 2016 



  



HTS Variant analyses scenarios 

• mapping populations 

• diversity panels; core collections 

• population genetics & evolution 

• tumor samples, somatic samples (low frequency variants) 
 

• markers known? 

• reference genome or reference-free? 

• simple (SNPs) or structural variants? 
 

• genome size? 

• high or low genetic diversity? 

• size and distribution of haplotype blocks (LD) 
 

• genetic mapping 

• ordering genome assemblies 

• GWAS  

• MAS  

 

 

 

• tumor samples ( 



 

Miller lab:  

RAD-Seq, BEST-RAD, 

Rapture 

Comai lab: 

RESCAN - GBS 

Cook lab: 

ddRAD  --  legumes 

RAD-SEQ  & GBS at UC Davis 



RAD-Seq 
  

Andrews et al. 2016 



RAD-Seq & GBS 

Andrews et al. 2016 



  



picking the optimal restriction enzyme 

  



Targeted DNA sequencing 
 

- “targeted capture sequencing” 
 

- exomes 
- cancer gene panels  (often amplicons) 
- any non-repeat ROI 
- 2 HiSeq lanes / genome 
- 20 exomes / lane 

 
- Combining GBS/RAD with capture: 
 sequencing hundreds of samples per lane 
(“rapture”) 

 

 
 



exome sequencing 



comparison of genotyping approaches  (Scheben et al. 2017) 

  



comparison of genotyping approaches  (Scheben et al. 2017) 

  

$25 

$30 

$35 

$200 

$80 

$$$$ est. minimal costs – very dependent on scale, genome size, marker numbers,  etc.  

$300 

$180 



• Exome sequencing  & RNA-seq: 
 variants of biological interest 

 

• GBS with methylation sensitive RE: 
 plants: avoid repetitive elements 



• Small numbers of markers: 
 amplicon sequencing 

 

• Phasing of variants in specific regions: 
 Pacbio sequencing 

 

 



PacBio SMRT-bell adapters 
 circular sequencing 



 

Skim-seq    low coverage sequencing 



Haplotyping of 

groups of 20 to 100 

SNPs 

 

Assembly errors can 

be easily spotted  



altogether: 7 inv, 2 transl.  

 

B7/A8 B7/A7 



exome sequencing 



exome capture coverage distribution 
• Peanut exome sequencing 



Eliminating sequencing errors with UMIs 
 low frequency variants & high coverage sequencing 

• random and unique barcodes as Unique Molecular 
Identifiers 

Stahlberg et al . 2017 



Eliminating sequencing errors with UMIs for Amplicons 

 

• SiMSen-Seq 

• Hairpin PCR primer with UMI for 
first two cycles 

• 2 PCR steps ; the second at very high 
annealing temperature 



BSA-sequencing 

 

Song et al. 2017   Soy bean BSA for yellow or green cotyledon  

• Finding causal genes (simple traits) 

• Segregating population 

 



BSA-sequencing 
• high SNP-index indicates candidate regions  

 

Song et al. 2017 



  

Alkan et al. 2011 



  

Alkan et al. 2011 



10X Genomics 
(genomic DNA analysis and single cell RNA) 





25x linked –read coverage 

 



• 60 kb deletion 



 



TLA 

 • Targeted Locus 
Amplification 

• Hottentot et al . 
2016 

• up to 100 kb regions 



Illumina SAV viewer 



DNA library construction 
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Fragmented DNA 

End Repair  

(ignore variants at ends?) 

Blunt End Fragments 

“A” Tailing 

Single Overhang Fragments 

Adapter Ligation 

DNA Fragments with Adapter 

Ends 



Single Molecule Real Time (SMRT™) sequencing 
Sequencing of single DNA molecule by single 
polymerase  
Very long reads: average reads over 15 kb, up to 60 kb 
High error rate (~15%). 
Complementary to short accurate reads of Illumina 
 

http://pacificbiosciences.com 

THIRD GENERATION  

DNA SEQUENCING 



 

70 nm aperture 

“Zero Mode 

Waveguide” 



SMRT-bell adapters 
 circular sequencing 



 





Thank you! 

Let’s get started! 


