Quality control survey for GEUVADIS, WP2

i)     Partner ID (Short name and number)

P11 LUMC
P7 PCB
P10 RUNMC

P8 UU
ii)   Name(s):

P11 LUMC: P.A.C. 't Hoen
P7 PCB: Marta Gut, Sergi Beltran, Micha Sameth
P10 RUNMC: J.Veltman, M. Nelen
P8 UU: O. Karlberg, M. Linsqvist
iii) Sequencing technology/system?  How many machines of each system do you have?

 (e.g. one HiSeq2000, two SOLiD4, three 454)

P11 LUMC: one HiSeq, one 454, one PacBio, one Helicos, one IonTorrent
P7 PCB: Ten HiSeq2000, two GAIIx
P10 RUNMC: Three 5500XL SOLiD sequencers
P8 UU: Three HiSeq2000, one MiSeq, one 454
iv) Capacity? Approximately how many samples per week do you run? (or number of runs?)
P11 LUMC: HiSeqs: one full run per 2 weeks: 16 lanes |PacBio 8-16 samples per week |IonTorrent: 2-4 per week | 454 a few runs per week |Helicos only occasionally
P7 PCB: >600 Gbases/day
P10 RUNMC: On average, we perform one run per machine per week. The number of samples per run depends on the application. That is, for exome sequencing and RNA sequencing we typically multiplex 12 samples per run, whereas for the detection of fetal aneuploidies  in maternal plasma samples, we typically combine 16 samples per lane (thus 192 per run).
P8 UU: HiSeq: 16 lanes per 2 weeks per instrument usually with 6-10 samples/lane, but ranges from 1-24; MiSeq: 1-2 runs/week with 1-10 samples/lane; 454 1-2 runs/month usually with two regions.
RNA sequencing
Sample prep
1. Which RNA extraction method do you use or recommend

a) For small RNA?

P11 LUMC: phenol:chloroform extract + precipitation or miRvana (of similar)
P7 PCB: Qiagen
P10 RUNMC: -

P8 UU: Qiagen 
b) For mRNA?

P11 LUMC: Macherey-Nagel Nucleospin
P7 PCB: Qiagen or Trizol
P10 RUNMC: MicroPoly(A)Purist Kit (Ambion)      
P8 UU: Qiagen
2. Do you use DNA/phiX control and/or spike in?

P11 LUMC: HiSeq: phiX during all runs | PacBio: Lambda during most runs | PGM: Control spheres | Helicos: control lane  oligos
P7 PCB:Yes
P10 RUNMC: yes, ERCC RNA Spike-In Mix (Ambion)     
P8 UU: Yes
3. What kind of QC do you perform on the RNA material?  (RIN, concentration)

P11 LUMC: Bioanalyzer pico/nano chip, nanodrop, Qubit

P7 PCB: BioAnalyzer - RIN, Qubit RNA, Nanodrop A260/A280
P10 RUNMC: RIN and concentration measurement before starting, concentration and size distribution (e.g. check for absense of ribosomal RNA) during library prep (using Qbit and Bioanalyzer) at different time points
P8 UU: BioAnalyzer or FragmentAnalyzer RIN/RQN, Qubit concentration
4. How do you quantify the input RNA? 

P11 LUMC: Qubit (1), nanodrop (2)

P7 PCB: Qubit RNA
P10 RUNMC: Qbit, Bioanalyzer
P8 UU: Qubit
5. What measures do you take to minimise laboratory errors?

(e.g. use of automatisation robots, LIMS, GLP compliance)

P11 LUMC: Lims | currently implementing automation

P7 PCB: LiMS, GLP, regular trainings, presence of QC manager, automation and sample barcoding
P10 RUNMC: Protocol and procedures are not yet imbedded in the quality system, as this approach is very new in our department, However, all personnel performing these produres have been trained by Life Technologies. 

P8 UU: Quality system, regularly revised manuals, requiring personnel to be up to date on the performed protocols, LIMS, automation
Library prep, RNA 

6. Which Library preparation protocol …

a) … for small RNA?

P11 LUMC: Modified protocol for Solid totalRNAseq kit to run on the Hiseq | Iontorrent: standard Ion totalRNAseq kit

P7 PCB: standard Illumina  smallRNA protocol
P10 RUNMC:-
P8 UU: Illumina TruSeq
b) … for mRNA?

P11 LUMC: Custom strand specific protocol: dUTP second strand tagging

P7 PCB: standard and automated Illumina mRNA protocol

dirRNA Epicentre
P10 RUNMC: SOLiD Total RNA-Seq Kit (STaR Kit, Life Technologies) and the corresponding Low input protocol (Life Technologies, version July 2011)
P8 UU: Illumina TruSeq or EpiCentre ScriptSeq depending on requirement of strand specificity.
7. What fragmentation method(s) do you use?

P11 LUMC: 4 min @ 94C in first strand buffer
P7 PCB: chemical

P10 RUNMC: enzymatic fragmentation (RNAse III)
P8 UU: Chemical according to TruSeq/Scriptseq protocols.
8. How do you check your library QC? (concentration, gel, test runs?)

P11 LUMC: Bioanalyzer for size distribution, concentration and presence of primers, adapter dimers,

P7 PCB: BioAnalyzer
P10 RUNMC: Bioanalyzer (yield and size distribution), Qbit (concentration)
P8 UU: BioAnalyzer or FragmentAnalyzer
9. How do you quantify the DNA-library and ensure equimolar pooling when multiplexing ? 

P11 LUMC: Bioanalyzer and Qubit
P7 PCB: BioAnalyzer

P10 RUNMC: Quantification is done by a combination of Qbit (concentration) and Bioanalyzer (fragment length)
P8 UU: Bioanalyzer/FragmentAnalyzer (length) + qPCR (concentration)
Data quality, RNA…  “How do you assure good alignment? ” etc..
10. If defined, what is your tolerated sequencing error rate? (derived from errors in control DNA/phiX sequence)

P11 LUMC: <1%

P7 PCB: 2% for both phiX sequence and reference mapping (if available)
P10 RUNMC: -
P8 UU: <2%
11. Describe your mostly used RNA-Seq data analysis pipeline(s). Mention what they are, when you use it (eg. ‘for differential expression analysis’, ‘allele specific expression’, ‘splice variant/fusion transcripts detection in cancer’ etc.)
Please try to include information on ..

Read length and what coverage and number of mappable reads you aim for during sequencing?

Softwares and parameters used, e.g. for base calling, alignment, expression levels etc.?

To what reference is the reads aligned (masked in any way, pseudogenes, repeats)?

Filtering of reads? (based on what? Quality scores, alignments, read duplicates?)

Normalization method used?

Method for estimate/determine average sequence coverage?

P11 LUMC:

We aim for >20M reads of length >76nt

Most important QC parameters: base quality per cycle, number of aligned reads, percentage of aligned reads in annotated exons (aiming for >80% in human RNA samples)

Preferred aligner: GMAP (all technologies) with genome as a reference. Default settings. 

Analysis of expression level known transcripts: Counting number reads per exon, combination of coverageBed (from bedtools) and some in-house python script (which divides exon-exon spanning reads proportionally over the two exons, also possible to run in strand-specific way

Differential expression analyis. Done per exon or by summing reads in all exons of a transcript. 

Normalization edgeR R package. 

Differential expression edgeR or limma with voom transformation

P7 PCB: cf. Geuvadis Wiki
P10 RUNMC: The amount of reads sequenced varies from 80 million to 120 million paired end reads per sample.

Mapping:Tophat (v2.0.4 )

Parameters used are: insert size =110, strand specific library-type = fr-secondstrand.

To improve mapping performance we use a transcriptome reference; A file in GTF format containing known genes and their exons boundries.

Calculation of (normalized) abundancies: Cufflinks (v2.0.2)

The RPKM values calculated by Cufflinks are used for differential expression analysis with either Cuffdiff ( Cufflinks v2.0.2), or Partek Genomics Suite® (v6.6). 

In Partek Genomics Suite® differentially expressed genes are determined by perform ing an ANOVA analysis on log scaled FPKM  data (base 2, offset 1.0).

Variant Calling: SNVer, default settings

Genome reference; hg19/GRCh37, repeat masked

Transcriptome reference; refGene hg19  (12-03-2012)
P8 UU: In development.. currently testing Tuxedo suite “2.0” (Tophat/bowtie, Cufflinks etc.).
12. How is the confidence score cut-off determined for differential expression levels?

(e.g. such that the top 30% remains)?

P11 LUMC: P-value with FDR correction (Benjamini-Hochberg)

P7 PCB: thresholds are generally avoided, only applied in the case of expert knowledge
P10 RUNMC: Cuffdiff calculates confidences per gene/transcript. 

Partek Genomics Suite® threholds are: Benjamini Hochberg corrected p-value < 0.05, Absolute Fold changes higher than 1.4

P8 UU: -
13. Reproducibility?

Do you e.g. use replicates for comparison (biological or technological replicates)?

P11 LUMC: We only run biological and no technical replicates

P7 PCB: sure, we use both kinds of replicates where available
P10 RUNMC: No technological replicates have been performed. Biological replicates are used if available.
P8 UU: No replicates
Exome sequencing

Library prep, Exome-sequencing 

14. Which Exome-enrichment protocol(s) do you use / recommend?

P11 LUMC:

recommend: none

Use: Nimblegen 44Mb, Agilent 50Mb

P7 PCB: Agilent and Nimblegen - in-solution
P10 RUNMC: Agilent  SureSelect  All human Exon kit v4, 50Mb set
P8 UU: Agilent SureSelect and Illumina TruSeq Exome capture
15. Which Library preparation protocol(s) do you use / recommend?

P11 LUMC: NebNext & Illumina TruSeq

P7 PCB: Provider protocol
P10 RUNMC: As described by the manufacturerer for the v4 kit (Agilent)
P8 UU: Illumina TruSeq
16. Do you use DNA/phiX control (or equivalent)?

P11 LUMC: yes
P7 PCB:Yes
P10 RUNMC:no
P8 UU: yes
17. How much DNA do you need for QA purposes? What kind of QC do you do on the input DNA? 

P11 LUMC: Qubit, 1 uL

P7 PCB: using max. 300ng (depends on the starting concentration), 

Agarose gel

PCR

Qubit
P10 RUNMC: Prior to enrichment, DNA is purified using a QIAamp procedure and analyzed on gel (to ensure HMW DNA), and subsequently quantified by a Qubit measurement.

The total amount of DNA input for enrichment is 3 ug in 100 ul (based on Qubit measurement).
P8 UU: 1uL for Qubit and 1uL for BioAnalyzer
18. What fragmentation method(s) do you use)?

P11 LUMC: Covaris, ionShear

P7 PCB: Covaris
P10 RUNMC: Covaris
P8 UU: Covaris
19. Library QC (concentration, gel, test runs, staining in flowcell)?

P11 LUMC: Bioanalyzer high sensitivity chip for size distribution, concentration and presence of primers, adapter dimers

P7 PCB: BioAnalyzer, qPCR enrichment- Nimblegen
P10 RUNMC: During library preparations, several bionanalyzer runs are performed. This is of particular use to verify for instance the ligation of adapters (which should results in a shift of fragment size).

The finished library is also checked using a bioanalyzer run.
P8 UU: BioAnalyzer/FragmentAnalyzer during and after library prep, qPCR after prep
20. How do you quantify the DNA-library and ensure equimolar pooling when multiplexing ? 

P11 LUMC: Bioanalyzer high sensitivity chip & Qubit

P7 PCB: BioAnalyzer
P10 RUNMC: Qubit for quantification, and bionalayzer to determine fragment length to allow for a equimolar pooling
P8 UU: Bioanalyzer/FragmentAnalyzer (length) + qPCR (concentration)
21. What measures do you take to minimise laboratory errors?

(e.g. use of automatisation robots, LIMS, GLP compliance)

P11 LUMC: 

Lims

currently implementing automation

P7 PCB: LiMS, GLP, regular trainings, presence of QC manager, automation and sample barcoding
P10 RUNMC: Protocol and procedures are quality approved and are well embedded in our quality system, which is based on the EN/ISO 15189 (2003) (Registration numbers R114/R115, Accreditation numbers 095/103).  Also, personnel performing these produres have all been trained accordingly. 

Samples that need to be sequenced are included in a LIMS system. Samples are stored in barcoded tubes and aliquoted using robots (minimizing sample mix-ups). In addition, we are optimizing the Bravo library system to automate library enrichment. 

After sequencing, exome data of the sample are compared to array-based SNP genotyping profilies ensuring sample identity. For patient-parent trios, a pedigree analysis is performed based on the exome data to ensure that the right parental samples are used for the right patient.

P8 UU: Quality system, regularly revised manuals, requiring personnel to be up to date on the performed protocols, LIMS, automation
Data quality, exome Sequencing..  “How do you assure good alignment?”

22. Please describe briefly your mostly used Exome-Seq data analysis pipeline. 
Try to include information on ..

What coverage and number of reads you aim for during sequencing?

Softwares and parameters used for alignment, variant calling etc.?

Reference used for alignment? Normalisation methods?
Filtering of reads? (based on what? Read duplicates, pairwise alignment, quality scores?)

Method for estimate/determine average sequence coverage?

P11 LUMC: 

We aim for average coverage >30x on >80% of targeted sequence

Quality control: FastQC. Particular attention to number of duplicated sequences and frequent occurrence of certain k-mer sequences

Adaptor clipping: Cutadapt 

Trimming of low quality bases from 3'-end: sickle

Alignment: stampy

Variant calling: samtools
P7 PCB: Coverage: > 50x

Alignment: GEM with up to 4 mismatches; unmapped reads are then aligned with BFAST

Variant calling: samtools with GATK local realignment plus annotations and in-house tools

Reference for H. sapiens: GRCh37

Filtering of reads: based on FASTQ quality, duplicates are removed, only uniquely mapping reads are used

Coverage: mean. median and proportion of callable target exome
P10 RUNMC: Minimum of 115 million reads per sample (prior to mapping)

Mapping; default settings Lifescope v.2.1

Calling; high stringency settings Lifescope v.2.1.

Reference; hg19/GRCh37, repeat masked

The median coverage per target is determined and used to determine the  median coverage over all targets. The minimum median coverage over all targets is set at 30-fold. Also, the percentage of targets with at least 10-fold coverage is determined. This latter percentage is usually >85%.
P8 UU: >10X on >90% of target. 
Alignment: BWA default parameters

Deduplication: Picard default parameters
Indel realignment, quality recalibration and variant calling: GATK according to best practice guidelines

No filtering of reads

Average sequence coverage determined from alignment
23. Do you compare and consider differences in read depths between case and control samples?

P11 LUMC: we generally consider the coverage in the control sample, whether the SNP could have been called

P7 PCB: They are compared and taken into consideration if differences are big.
P10 RUNMC: We run cases and controls with the same depth, we however use the read depth information to call CNVs see also Q24).
P8 UU: No. We only do the variant calling comparisions between samples is left to the data reciever.
24. Exome enrichment: Do you assess the …

a) … enrichment rate of exomes across the genome?

P11 LUMC: Yes

P7 PCB:Yes
P10 RUNMC:Yes
P8 UU: Yes
b) … reproducibility of the enrichment rates at a given genomic region across samples?

P11 LUMC: No


P7 PCB: No, but coverage on every variant called is specified.
P10 RUNMC:Yes
P8 UU: No
25. Additional comments?
P11 LUMC: None
P7 PCB:None
P10 RUNMC:None
P8 UU: None
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