
Sample QC Workshop – Outline 

•  2:30-2:45p – Tootie Tatum 
–  Project Management Office (PMO) & User Project Data Submission 

•  2:45-3:00p – Mansi Chovatia 
–  Sample Management & QC Overview 

•  3:00-3:05p – Kathleen Lail 
–  New Feature Support – DNAstable 

•  3:05-3:20p – David Dilworth 
–  Sample Quantification & QC Developments  

•  3:20-3:45p – Yuko Yoshinaga 
–  Sample Quality for PacBio Sequencing 

•  3:45-4:00p – Q&A 
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Danielle	Graham	
Workflow	Management	

Randy	Girsang	
Workflow	Management	
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All	users	must	create	a	“JGI	Single	Sign-On	Account”	
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Overview of 
Sample Management 

Mansi Chovatia 
March 22, 2016 



Sample Management Team 
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Sample Storage 

Sample Receipt 
-Receive packages 
-Barcode association 
-Log sample into LIMS 

Sample 
Management 

Sample Return & Disposal 
-Completed projects returned to 
users or discarded 
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Sample QC 

•  Measure sample volume 
 
•  Top-off low volume samples 

•  Quantify samples using fluorometric dyes 

•  Assess sample quality based on scope of work 
(SOW) 

•  Record measurements and analysis in LIMS 
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Sample Aliquot 

•  Transfer required amount for library construction 

•  Top-off low volumes to required amount 

•  Create intermediate dilution for highly concentrated 
samples 

•  Re-array plates and tubes into a plate for library 
construction 

•  Record sample transfer information in LIMS 
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Throughput 
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Automation 
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Sample Receipt 
Common concerns: 

Ø  Packaging 
Ø  Dry ice 

Ø  Secondary containers 
Ø  Container seals 

Ø  Labels/documents 

JGI Shipping Checklist 
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Sample Quantity 

DNA assays 
Quantifluor dsDNA system 

(0.4-20ng, 2-200ng) 

RNA assays 
Quant-iT RNA BR kit (50-1000ng) 

Quantifluor RNA system (1.5-80ng) 

Common cause for discrepancy: 
Ø  Pipetting errors 
Ø  Calibration curve 
Ø  Contaminants 
Ø  Assays/kits 
Ø  Standards 
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Sample Quality 

Genomic DNA Sample QC 

Total RNA Sample QC 
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Sample QC Requirements per Library 

All library types 

All library types 
except: 
 
Ø  Ribosomal 

iTags 

Ø  Nextera LMP 
Ø  PacBio Long 

reads 
Ø  Stranded RNA-

seq 
Ø  smRNA 
Ø  Iso-seq 

Ø  PacBio Long 
reads 
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New Technology 

Protocols 
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DNAstable	Plus®	Testing on JGI in-house 
prepped Microbial gDNA 

3/22/2016 
Sample Management 
Kathleen Lail 



DNAstable	Plus®	Testing 
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JGI has tested an alternative shipping format for DNA:  
 
Background 

–  Tested a commercial product from Biomatrica to enable collaborators to ship DNA as dry samples not requiring 
the use of dry ice (For use only where there are restrictions on dry ice or shipping liquids.)   

 
DNAstable Plus® 

–  Synthetic polymer that forms a protective seal around DNA to prevent degradation during storage at room 
temperature. 

1) Compared DNAstable Plus® treated DNA in 
dry format with the same DNA stored at -80C 
 
2) Checked if DNAstable Plus® affected  

 - Recovery  
          - Quantification 
       - Quality of the DNA 
 
3) Checked if DNAstable Plus® affected  

 - Library quality  
 - Library yield 
 - Sequencing results 
 - Assembly 

 
  In earlier experiments, compared DNAstable Plus® 
treated DNA in both dry and liquid formats, using in-
house prepped Chlamy DNA.  In addition, tested 
controls of the same DNA stored at Room Temp 
untreated. Also, tested blank samples of DNAstable 
Plus® to check for background.  



Effect of DNAstable	Plus®	on Quality and Quantity 

		

Week	0	(ng/
uL)	

Week	5	
(ng/uL)	

	Untreated	E.	coli		 129	 128	
Treated	E.	coli		 129	 130	
Untreated	P.	hep		 370.5	 332	
Treated	P.	hep		 370.5	 326	

Pedobacter heparinus (P. hep) Samples were viscous; both 
control and treated showed similar concentrations at week 0 
and week 5.  34 



Effect of DNAstable	Plus®	on PacBio >10kb 
Library Construction and Sequencing QC  
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Rolling QC:  When comparing N SNPs/library insert sizes 
DNAstable Plus did not affect assembly quality, within the 
precision of quality assessment. Pipeline noise was 
significantly higher then individual differences. 

Overlay of all Treated and Untreated >10kb PacBio libraries 
Library Construction: 
DNAstable compound had no effect on 
300bp Illumina fragment or >10kb 
PacBio libraries made from microbial 
DNA. 
 
Sequencing: 
DNAstable compound had no effect on 
sequencing QC for both 300bp 
fragment libraries and >10kb Pacbio 
Libraries made from microbial DNA. 



JGI Shipping Checklist 
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Last updated 3/10/2016 

2800 Mitchell Drive, Walnut Creek, CA 94598 
www.jgi.doe.gov 

Shipping Checklist 
 
 

Shipping Checklist 
 
Please include this completed checklist in your shipment to the JGI.  Shipments containing incorrect or improperly 
packaged materials or incomplete/inaccurate documentation will not be accepted. Contact your Project Manager 
prior to shipment if you have any questions. 
 
Preparing your shipment: 
It is important to follow these instructions for preparation of your shipment to ensure that all materials arrive in 
good condition.   
 
All samples must be placed in the barcoded tubes or plates contained in this package.  
 

1. Place barcoded samples in sturdy secondary containment (examples include15 or 50 ml Falcon tubes, 
plastic freezer box, etc. for tubes). Plates should also be placed in sturdy secondary containment 
(cardboard or plastic box).  Do not use Parafilm or clear seals to wrap your individual sample tubes or 
plates. 

 
2. Add sufficient crushed dry ice to the box to cover all samples.  

   

Correct Packaging Incorrect Packaging
Example of tube WITH 
secondary containment (15mL 
conical tube) Please ship on 
crushed dry ice.
Multiple sample tubes can be 
placed in a larger conical tube 
or secondary containment.

Example of a plate WITH 
secondary containment, and 
properly labeled and tightly 
sealed with a FOIL seal. 
Make sure label is on A12
side. Do not cover the label.
(Please ship in cardboard 
box on crushed dry ice). 

Ensure that the tab of the foil seal is NOT folded down 
on the side of the plate. Fold the tab over itself on top 
of the plate as shown in the 4 steps below. The tab 
should not be sticky if folded properly.

DO NOT use clear plate seals. Example of a plate 
arriving WITHOUT 
secondary containment

- plate seal has been   
damaged.

Example of tube 
arriving WITHOUT
secondary 
containment (placed 
directly on dry ice).

ü	

ü

A12 
plate 
side

Example of a plate 
arriving with tab sealed 
down and covering the 
plate label.

 

3. Place the pre-printed shipping label (included) on the outside of your package. 
 

4. Once you have shipped your package, email shipping_to_jgi@lists.jgi-psf.org with tracking information for 
the shipment. 

 
Your shipment to the JGI must include the following items: 

 ☐ Hard copy of “Approval to Ship” email from the JGI 

☐ JGI USDA Import Permit (soil and soil-derived materials only) 

☐ Completed shipping checklist (this page) 
 
Investigator Name        Date 
  

 
 
Enter Total Number of Sample Tubes or Plates in this Shipment: 
              

Total Tubes: 

Total Plates: 

 
 
 
 
------------------------------------------------------------------------------------------------------------------------------------------------------------      
Fill out below ONLY if shipping at room temperature with RNAstable or DNAstable Plus: 
   
 ☐ Check this box if you have included RNAstable treated sample/s  
   and list the total amount of tubes.   
 
    ______# of tubes of RNAstable treated samples 
  
 ☐   Check this box if you have included DNAstable Plus treated sample/s  
  and list the total amount of tubes.   
  
   ______# of tubes of DNAstable Plus treated samples 



Requirements of gDNA storage in DNAstable Plus	® (Dry 
format) 

 
•  Important: sample purity is critical for DNAstable.   

–  Free from DNase activity to prevent degradation. 
 

•  Store in dry format up to 50ug. 

•  Store dried tubes in heat sealed moisture-barrier bag with 
desiccant pack. 

 
•  Sample must be completely dry to prevent degradation of DNA. 

 

     DNAstable Plus preserves DNA samples at room temperature.  For optimal recovery do not 
exceed 50ug in a tube.   
 
    DNAstable Plus is a liquid comprised of a mixture of dissolvable stabilizers. The medium 
forms a protective coating around the DNA. The sample must then be completely dried for 
maximum protection and stability for storage at ambient temperatures.  
  
Supplies:  
(Please note JGI does not support plate format at this time) 

Supplies can be purchased from http://www.biomatrica.com/dnastable.php 
Example: 

DNAstable® Plus:  2mL:  53091-016   10mL:  52091-026 

Moisture barrier foil bags:  14001-007 

Storage Requirements for Collborators  
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Sample Quantification 

at the JGI 

David Dilworth 3/22/2016 
 



 
Sample Quantification at the JGI 

•  Describe importance of nucleic acid-specific dyes 

•  Creating a standard curve & selecting inputs 

•  Implementation on Hamilton Starlet instruments 

•  Next steps and new testing 
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•  Why are nucleic acid-specific dyes necessary? 

 

  

 
Importance of Nucleic Acid-specific Dyes 

Fluorescence-based	Kits NanoDrop®	ND-1000

Quantification	method
Fluorescence-based	dyes	that	bind	

specifically	to	DNA	or	RNA
UV	absorbance	measurements

Selectivity	for	DNA	or	RNA
Accurately	measure	both	DNA	and	

RNA	in	the	same	sample
Results	for	samples	containing	both	
DNA	and	RNA	are	nondiscriminatory

Can	indicate	contamination No
Gives	peaks	revealing	the	presence	of	

contaminants
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•  Why are nucleic acid-specific dyes necessary? 

 

  

 
Importance of Nucleic Acid-specific Dyes 



43 

 
Importance of Nucleic Acid-specific Dyes 

•  Why are nucleic acid-specific dyes necessary? 
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Importance of Nucleic Acid-specific Dyes 

50 ng load calculated based on 
fluorescent dye quantification. 

[DNA] ng/µL	
Sample	 Qubit	 NanoDrop	
106382	 187	 3254	
97207	 182	 2735	

106378	 329	 3510	
106384	 295	 3139	
111062	 352	 375	

•  Why are nucleic acid-specific dyes necessary? 

 

  



45 

•  The JGI uses fluorescent dyes for quantification: 

•  DNA: broad range or high sensitivity assay for high throughput; 

another (BR or HS) for repeats or low throughput. 

•  RNA: broad range or high sensitivity assay for high throughput; 

another (BR or HS) for repeats and low throughput. 

•  The JGI uses NanoDrop® ND-1000 to read purity 

  

 
Importance of Nucleic Acid-specific Dyes 
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•  Why is a multi-point standard curve necessary? 

•  This allows the operator to be able (with each run) to correlate 
the RFU readings of standards to their concentrations 

•  Multi-point standard curves enable accuracy for a range of 
sample concentrations 

•  When a single standard is used, the curve will be skewed if that 
one sample is off in concentration or pipetting) 

 
  

 
Creating a Standard Curve & Selecting Inputs 
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Creating a Standard Curve & Selecting Inputs 

•  Why is a multi-point standard curve necessary? 
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Creating a Standard Curve & Selecting Inputs 

•  Why is a multi-point standard curve necessary? 
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Creating a Standard Curve & Selecting Inputs 

•  Why is a multi-point standard curve necessary? 

 

  
30% higher 
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Creating a Standard Curve & Selecting Inputs - DNA 

Selected 2ng, 10ng & 200ng (final mass) for DNA Broad Range. 
Also implemented 0.4ng, 2ng & 20ng (final mass) for DNA High Sensitivity. 
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Creating a Standard Curve & Selecting Inputs - RNA 

Selected 50ng, 400ng & 1000ng (final mass) for RNA Broad Range. 
Also implemented 1.5ng, 10ng & 80ng (final mass) for RNA High Sensitivity. 
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Implementation on Hamilton Starlet 
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Implementation on Hamilton Starlet 
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Implementation on Hamilton Starlet 

BioTek Synergy H1 microplate reader 



Implementation on Hamilton Starlet 

Tracking RFU Readings for Starlet Quantification 
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Miniaturization of QC assay 
Improve sample management sample QC workflow 

Improved workflow (~2hr) 
•  Shorter processing time 
•  > 3 point calibration curve 

to improve accuracy  
•  Efficient workflow 

Current  workflow (2-4hr) 
•  Repetitive if samples are in 

a different detection range. 
•  3-point calibration limited 

by space on plate 

Out-of-range 

96 well  
(92 sample + 4 std) 

384 Dilution plate 384 QC Plate 
96 well sample 

96 well sample 384 QC Plate with  
multiple dilution factors  

96 Dilution plate 

Out-of-range 

Comparable linear detection range 
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Summary and Next Steps 

•  High-throughput DNA and RNA BR and HS assays have been 
developed and are currently employed in production QC 
–  Current Starlet methods allow for quantification within 

various ranges; however, 
–  The within sample set variability for QC samples often 

requires repeat runs to cover multiple ranges. 

•  The major limitation, the number wells available for use in 
multipoint calibration, is being overcome through conversion 
of current Starlet methods to 384-well format. 
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Sample Quality for PacBio 
Sequencing 

Yuko Yoshinaga 
Sample Management JGI 



PacBio: SMRT 

•  Single Molecule, Real-time sequencing Technology: SMRT 
•  No amplification & long reads 
•  Quality of the DNA directly reflected in the sequencing results 
•  DNA damage (e.g, inter-strand crosslinks), chemical contamination 

and short fragment contamination will result in impaired performance 
in the system 

•  High-quality, high-molecular-weight genomic DNA is required 

60 



Quantity-Quality-Purity 

1. High Quality: High Molecular Weight DNA 
 – Degraded DNA causes shorter shearing size, less 
 library yield and short fragment contamination 

 
2. Large Quantity and High Concentration: 

 – Less input causes less library yield 
 – Lower concentration causes shorter shearing size 
 and short fragment contamination 

 
3. High Purity: 

 – Contaminants of DNA binders or polymerase 
 inhibitors cause low library yield and low quality 
 sequencing 
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General recommendations 

HMW DNA-Treat DNA as a crystal vase: it is fragile when in 
solution 
•  No overdry: air dry or no heat in a SpeedVac 
•  Elute in neutral buffered solution (Tris/TE, pH 8.0) 
•  Never vortex: invert or tap the tubes gently 
•  Use wide-bore tips, limit pipetting 
•  No >65°C heating 
•  DNA storage:  

–  4°C (short-term) or –20°C / –80°C (long-term) 
•  Minimize freeze/thaw 
 
Amplicons: 
•  Clean amplicons, with no non-specific products 
•  No ethidium bromide/UV  for gel purification  

–  Use SYBR® Safe (Invitrogen) and  blue light 
62 



JGI catalog - PacBio 

Library Types Lib 
Status 

Conta
iner 

Required  
QC Type 

Mass 
per 

attempt 

Max Vol 
per 

attempt 

Quality 
criteria 

2kb Active Tube Quantity 500 ng 10 uL Amplicon 
only 

3kb Active Tube Quantity 2 ug 200 uL No quality 
check 

Low Input 10kb Active Tube Quantity 
Quality Purity 1 ug 100 uL Marginal 

DNA quality 

>10kb Active Tube Quantity 
Quality Purity 5 ug 30 uL Marginal 

DNA quality 

>10kb Active Plate Quantity 
Quality Purity 875 ng 28 uL 

Marginal 
DNA quality 
acceptable 

30kb Blue Pippin RnD Tube Quantity 
Quality Purity 

40 ug or 
more TBA Very high 

MW DNA 

>10kb Blue Pippin Active Tube Quantity 
Quality Purity 10 ug 70 uL High MW 

DNA 

20kb Blue Pippin Active Tube Quantity 
Quality Purity 40 ug 200 uL Very high 

MW DNA 
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High quality: gel assessment 

50ng of Chlamydomas gDNA extracted in two 
methods: Aditi Sharma 
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23.1 kb 
  9.4 kb 
  6.6 kb 
  4.3 kb 

  2.3 kb 
  2.0 kb 

  8.3 kb 

0.7% agarose gel 

Pippin pulse 
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Column vs non-column  
DNA purification 

Lysis buffer Final 
Tris/HCl, pH 8.0 50mM 
NaCl 200mM 
EDTA 20mM 
SDS 2% 
Proteinase K 1mg/ml 
PVP 40,000, 1% 

Green Algae  cell pellet 
(100M cells) 

Cell lysis 

1x vol. Phe/Chl/IAA twice 

RNase 

Elution 
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  8.3 kb 1xvol. Chloroform 

2.5x vol. EtOH 

-80°C overnight 

Pellet, 70% EtOH twice  

Kit column prep 

High quality 
High quantity 

Fast but 
Low quality 
Low quantity 

N
on-colum

n: 12.3 ug 

C
olum

n: 9.7 ug 
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HMW DNA-pass/fail 

N   Y    N    M   M   M   Y   M   Y   M    N    Y  

1   2   3    4   5    6   7    8    9  10 11  12    

Cntrl DNA Cntrl DNA 

50 ng gDNA loaded 0.7% agarose 1xTAE 90V 1.5hr 

High MW  
DNA 

23.1 kb 
  9.4 kb 
  6.6 kb 
  4.3 kb 

  2.3 kb 
  2.0 kb 

Criteria: 
Yes: not degraded 
Marginal: slightly       
                 degraded 
No: severely degraded  

*The samples have RNA contamination. It will be noted but not be failed. 66 



Pippin Pulse electrophoresis power supply 
(Sage Science) 

48.5 kb 

15 kb 
10 kb 
8 kb 

6 kb 
5 kb 

4 kb 

20 kb 
1k
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 1   2   3   4    5   6   7   8   9  10  11 12    

N  Y   N   M  M  M  Y  M   Y  M   N   Y  

Pippin Pulse 

Resolution of Pippin 
Pulse is >100 kb 
 
Criteria: 
Yes:          > 48.5kb 
Marginal: 20-48.5kb 
No:           < 23.1kb 

Pulse-field gel QC: 
Aditi Sharma 

23.1 kb 

Y  Y  M 

C
nt

rl 
D

N
A 

0.7% agarose gel 
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PacBio procedure 

gDNA input 

Mechanical shearing - gTube 

DDR: DNA damage repair 

ER: End-repair 

Adapter ligation 

Exo: Exonuclease 

Final library 

Beads-clean up 
concentrate 

size selection 
Estimated lost 

lose 10-20% 

lose 50% 

Pippin Pulse size check 
Blue-Pippin size selection 

lose 50-60% 

Total lose ~70% 

lose 50-70%  (up to 90%*) 

*Cutoff: 
>4kb, >7kb, 
>10kb or >15kb 

2kb	 0.5	ug	
3kb	 2	ug	
low input 10kb	 1	ug	
>10kb	 5	ug	
>10kb Blue 
Pippin	 10	ug	
20kb Blue Pippin	 40	ug	
30kb Blue Pippin	 >40	ug	
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Large quantity 

Larger the target size, 
                        more library required 
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Lower concentration – lower shearing size 

48.5 kb 

15 kb 
10 kb 
8 kb 

6 kb 
5 kb 

4 kb 

20 kb 

Pippin Pulse 

20kb Blue pippin: shearing optimization: 
Guifen He 

•  10-20kb shearing:  
–  Covaris g-Tube  
–  5,500 rpm x 60 sec 

•  Same DNA  but lower 
concentration shears lower 

•  10kb: 50 ng/ul 
•  20kb: >100 ng/ul 
•  Depends on starting material 

quality also 
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High purity: absorbance 
•  DNA-binders: Proteins, polyphenols, secondary metabolites (e.g. toxins), pigments, 

    polysaccharides 
•  Polymerase inhibitors: Salts/Phenol/Alcohols 
•  Physical inhibiting factors – debris 
 
Photometrically active contaminants: phenol, polyphenols, EDTA, thiocyanate, protein, 

        RNA, nucleotides (fragments below 5 bp) 
 
Pure DNA 260/280: 1.8 – 2.0 
< 1.8: presence of  organic contaminants: proteins and phenol; glycogen  

 - absorb at 280 nm 
> 2.0:  High share of RNA 
 
Pure DNA 260/230: 2.0 – 2.2 
<2.0: Salt, humic acids, peptides, aromatic compounds, polyphenols, urea, guanidine, 

 thiocyanates (latter three are common kit components) – absorb at 230 nm 
>2.2: High share of RNA, very high share of phenol, high turbidity, dirty instrument, 

 wrong blank 
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J High quality (20kb) 

AXHYY – 30 cells – 11,773 bp 
BAR26844A3  Observation 

•  High quality, pass purity 
–  260/230=1.72 
–  260/280=1.88 

•  15kb cutoff used 
•  Long insert size 

Mean Subread length 11,773 N50 16,194 
Total Number of Bases 30,916,677,709 Number of Reads 2,625,957 
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L Low purity (low input 10kb) 

AUBZB - 4 cells - 2,614bp 
BAR37903A1 Observation 

•  High quality 
•  Low purity: 

–  260/230=1.28 
–  260/280=1.69 

•  Low library yield: 
–  1 ng/ul (require >5ng/ul) 
–  Inhibited library construction 

enzymes 
•  Low data yield: <1Mb 

–  Inhibited sequencing enzymes 
•  Short insert size 
•  Remade library:  AXWUT 
•  Low data yield: 

–  Request new sample 

Mean Subread length 2,614 N50 2,903 
Total Number of Bases 2,364,213,004 Number of Reads 904,223 
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L Low quality (>10kb)  

AXCAU – 3 cells – 3,534 bp 
BAR57312A1 Observation 

•  Low quality 
–  Degraded sample 

•  High purity 
–  260/230=2.3 
–  260/280=2.12 

•  Short insert size 

Mean Subread length 3,534 N50 4,648 
Total Number of Bases 3,030,418,955 Number of Reads 857,453 
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L Low quality & purity (>10kb) 

AWSBX – 16 cells – 2,597 bp 
BAR25711A2 

Subread Filtering 

Observation 
•  Low quality 

–  Unknown short bands and 
degradation 

•  Low purity 
–  A260/A230= -4.52 
–  A260/A280= 1.96 

•  Primary QC failed but 
library was made 

•  Short insert size 

Mean Subread length 2,597 N50 2,959 

Total Number of Bases 21,793,272,159 Number of Reads 8,389,749 
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Sample QC Workshop – Outline 

•  2:30-2:45p – Tootie Tatum 
–  Project Management Office (PMO) & User Project Data Submission 
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–  Sample Quantification & QC Developments  
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–  Sample Quality for PacBio Sequencing 

•  3:45-4:00p – Q&A 
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