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Laboratories with limited resources may lack an adequate 
bioinformatics pipeline to analyze and report NGS results. Our study 
aimed to develop an affordable solution for reviewing clinical NGS 
data.

All clinically relevant mutations (100%) were detected by the NGS 
bioinformatics pipeline and by Sanger Sequencing.
On average, VC made 22 calls per case, whereas NG made 86 calls.
Of the total variants per case, an average of 24% were identified as 
common SNPs, 8% as sequencing artifacts, 42% as low frequency 
artifacts (<1% allele frequency), and 2% as variants with low coverage 
(<500x), ultimately filtering approximately 77% of the raw data.
An average of 3 variants per case was common to both VC and NG. 
On average 2 somatic mutations per case (67%) and 1 rare hereditary 
germline variant (33%) were identified, accounting for 9% of total VC 
findings and 2% of total NG findings.

This pipeline is an affordable and accessible alternative to 
commercially available products or bioinformatics team.
The combination of two software packages into one pipeline 
reduces the likelihood of error and ensures accurate reporting.
Automation of processes such as data sorting and report 
compilation reduces resources needed to analyze clinical samples.

Variant caller (VCF) files were generated by the Variant Caller (VC) 
plug-in provided with the Ion PGM sequencer (high stringency) and 
3rd party software, NextGene (NG) by Softgenetics (low stringency). 
VCF files, patient demographics, and NGS QC metrics were 
transferred to software developed in Excel Visual Basic. Analysis 
consists of two automated macros, prompted by user input.  The first 
script checks rolling databases to annotate and sort raw data based 
on various filters, including mutation frequency (<1%), coverage 
(<500x), known SNPs, and sequencing artifacts. VCF files from VC 
and NG are compared and common variants are identified. A manual 
review of nucleotide sequences is performed for a predefined subset 
of genes based on tumor type. Technologists evaluate the annotated 
data and verify the mutations to report. The second script then 
compiles a comprehensive report based on mutational findings and 
patient demographics. To ensure technical accuracy, 131 known 
positive cases were analyzed using the bioinformatics pipeline and 
clinically relevant findings were validated via Sanger Sequencing. 
Cases consisted of pancreatic neoplasm (34%), lung carcinoma 
(15%), tumor cell line (15%), desmoids tumors (10%), myeloid 
neoplasm (9%), melanoma (7%) colon carcinoma (4%) and GIST 
(3%).
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Figure 1: Excerpt of Filtered VC and NG Raw Data from Excel Analysis Software. 
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NGS Bioinformatics Workflow (Continued)

Software automatically generates a comprehensive final 
report from mutational findings and patient demographics. 

Figure 2: Excerpt of Final Report Generated by Excel Analysis Software

NGS Bioinformatics Workflow (Continued)
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Figure 3: Report From Software Can Be Copied Directly Into LIS Program
DMO Number Analysis  By
MD15‐XXX RS

Review Chrom Position Chr,Positio Ref Variant Frequency Quality Allele NameGene ID
<MUT FREQ THchr20 57484421 20,5748442G A 3.8 20.5081 COSM2789 GNAS

chr12 25398284 12,2539828C A 12.7 964.77 COSM520 KRAS
chr7 116339642 7,11633964G T 51.4 10565.6 COSM706 MET

SNP‐SILENT chr10 43613843 10,4361384G T 100 31914.5 ‐‐‐ RET
SNP‐SILENT chr10 43615633 10,4361563C G 50.1 10183.3 ‐‐‐ RET
SNP‐MISSENSEchr4 55972974 4,55972974T A 49.1 9875.29 ‐‐‐ KDR
SNP‐MISSENSEchr17 7579472 17,7579472G C 100 31736.8 ‐‐‐ TP53
INTRON chr13 28602292 13,2860229T C 49.2 9915.31 ‐‐‐ FLT3
INTRON chr13 28610183 13,2861018A G 100 31963.6 ‐‐‐ FLT3
INTRON chr19 1220321 19,1220321T C 52.7 10997.3 ‐‐‐ STK11
INTRON chr22 24176287 22,2417628G A 49.7 9792.67 COSM1090 SMARCB1
<MUT FREQ THchr3 10191454 3,10191454G T 2.9 6.39619 ‐‐‐ VHL

High stringency
>2% frequency, >100x coverage

DMO Number Analysis  By
MD15‐XXX RS

Review Index Gene Chr Chr,Position ReferGen Coverage Score SNP db_xMutation Cal MutanAmino Acid C
<MUT FREQ TH 108 GNAS 20 20,57484421 G G 817 22.8 rs12191 c.602G>AG 3.79 201R>HR

76 KRAS 12 12,25398284 C G 2401 26.4 rs12191 c.35G>TG 12.8 12G>VG
50 MET 7 7,116339642 G G 2625 25.6 rs55985 c.504G>GT 48.9 168E>DE

100 SMAD4 18 18,48604733 A A 2209 15.2 c.1557_1558i 8.69 FS
105 STK11 19 19,1221314 C C 2813 9.9 rs67873 c.842_843ins 2.03;16FS
106 GNA11 19 19,3118934 G G 671 1.9 c.623_624ins 1.34;19FS

SNP‐SILENT 44 APC 5 5,112175770 G G 2740 25.8 rs41115 c.4479G>A 99.2 1493T>T
SNP‐SILENT 49 EGFR 7 7,55249063 G G 573 20.3 rs10501 c.2361G>AG 53.1 787Q>QQ
SNP‐SILENT 63 RET 10 10,43613843 G G 2887 26.5 rs18008 c.2307G>T 99.5 769L>L
SNP‐SILENT 65 RET 10 10,43615633 C C 3161 26.5 rs18008 c.2712C>CG 50 904S>SS
SNP‐MISSENSE 38 KDR 4 4,55972974 T A 1937 23.8 rs18703 c.1416A>TA 49.9 472Q>HQ
SNP‐MISSENSE 94 TP53 17 17,7579472 G C 2087 18.7 rs10425 c.215_216ins 2.78;88FS;72P>RP
LOW FREQ & C 80 RB1 13 13,49033857 T T 474 11.6 c.1996_1997i 4.64 FS
INTRON 47 NPM1 5 5,170837529 A A 1128 12.8 IVS847‐2A>AT 1.15 Splice
INTRON 48 NPM1 5 5,170837530 G G 1128 6.5 IVS847‐2_8472.22;1.Splice
Homopolymer  101 STK11 19 19,1207065 G G 4021 9.3 c.157_158ins 6.74;2.FS
Homopolymer  102 STK11 19 19,1207077 G G 4018 10.9 c.169_170ins 6.05;2.FS
Homopolymer  84 IDH2 15 15,90631918 C G 2055 3.6 c.435_436ins 8.52;10FS
Deletion Artifa 59 FGFR1 8 8,38285915 C G 1178 24.5 ‐ 1.95
Deletion Artifa 60 FGFR1 8 8,38285916 A T 1179 21.8 ‐ 1.87
Artifact 66 RET 10 10,43617393 G G 2200 8.8 IVS2731‐2_27 1.09 Splice
Artifact 95 TP53 17 17,7579473 G C 2086 13.8 c.214C>GC 9.16 72P>AP
<500X COV 78 RB1 13 13,48919262 A A 135 8.2 c.429_430ins 14.1 FS
<MUT FREQ TH 107 JAK3 19 19,17945675 G C 1642 14.6 c.2185_2186i 2.68 FS
<MUT FREQ TH 109 SMARCB1 22 22,24143265 T T 1374 10.5 c.499_500ins 1.82 FS

Text Color Key
Green: Germline SNP
Blue: Sequencing Artifact
Red: Less than 5% mutation frequency threshold 
Orange: Less than 500X coverage
Pink: Less than 500X coverage and  5% mutation 
frequency threshold

Low stringency
>1% frequency, >300x coverage

MD15-xxx Last, First

POSITIVE -
GNAS AND KRAS MUTATIONS WERE DETECTED (see NOTE and 
Interpretation).

NEGATIVE -
BRAF, CTNNB1, PIK3CA, VHL mutations were NOT 
detected.

NOTE: GNAS mutations are associated with Intraductal Papillary 
Mucinous Neoplasm (IPMN) and a PIK3CA mutation is most often 
observed in Intraductal Tubulopapillary Neoplasm (IPTN).

INTERPRETATION                                        ---------
-----

GENE #1: GNAS (GNAS complex locus)

MUTATION: p.R201H (c.602G>A)

TYPE: Missense (Substitution Mutation)

COSMIC #: COSM27895

FUNCTION:

Oncogene, Activating mutation                        
- stimulatory G-protein alpha subunit                
- triggers signal transduction pathway activating    
adenylyl cyclase and production of hormones          
that regulate endocrine glands (e.g. thyroid)

DIAGNOSIS:

High frequency "hotspot" somatic mutation found      
in a variety of tumors.   p.R201H is most            
commonly seen in Appendiceal carcinoma, Fibrous      
dysplasia, Pancreatic cyst (IPMN) and Colorectal     
carcinoma.

THERAPY:
No "FDA approved" therapy targeting this             
mutation for this tumor type at this time.

Ion Torrent Next Generation Sequencing Report QC Review: _____________

Date: _____________
Patient Name Last, First Analysis By Rebecca
DMO # MD15‐XXX Analysis Date 10/28/2015 Excel Macro Version 10122015_v1
Cell Block/Thin Prep # na PGM Run # 500 Variant Caller Reference hg19 tmap‐f3
Patient Sex Female Barcode # IonXpress_003 Nextgene Reference Human_v37_3_dbsnp135_dna
Patient Date of Birth 10/28/1920 PGM Instrument # PGM2 COSMIC version v72
Patient Age 95 Tumor Type Pancreatic Cyst dbSNP version Bui ld 127
Medical Record # 123456789 Tumor % 10‐20%
Chip ID # 10‐11‐15‐1 Analysis Threshold 5%
Control Name Supercontrol AML Baseline? NA
Control Lot # 011415 Transplant Status NA

Detected Mutations
Common Findings:
Variant Caller: See common findings.
Nextgene: See common findings.
*See next page  for deta i led mutation report.

Manual review of clinically relevant genes

Gene
Chromosome 
location of ROI Exon Codons covered Coverage (depth) x

Wildtype or 
Mutant?

BRAF 7,140481403 11 469 793 Wildtype
BRAF 7,140453136 15 598‐601 1179 Wildtype

CDKN2A 9,21971185 2 58 5413 Wildtype
CDKN2A 9,21971120 2 80 5391 Wildtype
GNAS 20,57484421 8 201 878 MUTANT
GNAS 20,57484596 9 227 2720 Wildtype Sample ID HID Key
KRAS 12,25398285 2 12‐13 2655 MUTANT

F‐TRYASAW

GNAS (201R>HR), KRAS (12G>VG), MET (168E>DE) mutations were detected by Variant Caller and Nextgene.
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