Analyzing Sequence Data from GS GType Targeted Sequencing

of Leukemia-Associated Genes using NextGENe® Software

May 2012 John McGuigan, Kevin LeVan, Shouyong Ni, CS Jonathan Liu

Introduction

The GS GType RUNXI1 and GS GType TET2/CBL/KRAS Primer Sets can be used to find genetic variations in four cancer-associated
genes using the Roche GS FLX or Roche GS Junior sequencing systems. NextGENe is able to rapidly process the sequence data in
only a few minutes on a typical desktop computer running a Windows operating system. Processing includes sorting based on MID
sequences, alignment, and mutation calling. The quality information can be used to perform additional filtering and trimming on the
data when starting from an SFF file. The entire workflow can be automated to run unattended using the NextGENe AutoRun tool.

Two datasets were processed in this analysis- one 12-sample run of the RUNX1 assay and one 3-sample run of the TET2/CBL/KRAS
assay. An alignment of one sample is shown in figure 1, where a 12 bp deletion was found in the TET2 gene.
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Figure 1: A 12 bp deletion in TET2 detected at approximately 41% frequency

Procedure

1. The sequence reads (SFF or FNA format) are sorted into individual projects bases on MID sequences using the barcode sorting tool
(Figure 2). A log file records the results of sorting and MID trimming. Sorting SFF files will generate .qual files containing the
basecalling quality scores in addition to the fna files containing the sorted and trimmed reads.
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Figure 2: The barcode sorting tool. A tab-delimited text file specifying all four MID sequences
was used to sort the FNA file into three samples- the last MID was for a negative control.
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2. The sorted sequences are processed in the Sequence Operation Tool (Figure 3). The Sequence Trim function is used to remove primer
sequences from the ends of the reads. The list of primer sequences is a tab-delimited text file where each line has a name, the forward
primer, and the reverse primer. If an SFF file was used during sorting, the .fna and .qual files can be loaded into the format conversion
tool for primer trimming instead and the quality scores can be used for further trimming and filtering of the reads.
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C:\data\454\ eukemia\GSGType-RUNX1\1-SortF-NAHIFESE302_s01MID_01.fna
C:\data\454\ eukemia\GSGType-RUNX1\1-SortF-NA\HIFESE302_s02-MID_02.fna
C:\data\454\ eukemia\GSGType-RUNX1\1-SortF-NA\HIFESE302_s03-MID_03.fna

C:\data\454\_eukemia\GSGType-RUNX1\1-SortF-NA\HIFESE302_s04-MID_04.fna

C:\data\454\eukemia\GSGType-RUNX 1\1-Sor tFNA\HIFESE302_s05-MID_19.fna Remove

>

Tt [l

C:\data\454\_eukemia\GSGType-RUNX1\1-SortF-NA\HIFESE302_s06-MID_06.fna
C:\data\454\_eukemia\GSGType-RUNX1\1-SortF-NA\HIFESE302_s07-MID_08.fna
112421428V o1 bamia\ZE/Tyme I INY 111 SnrtENA L IEEOE 302 N2 MR 10 fna
< i ] »

Remove All

Output:
[ L pe-RUNX12 Set

Settings

[0 2 (MB) % Max #
=

[277 base

U |

9

I Trim by Sequences

[V Trim by Sequences in the File
| C:\data\454\Leukemia\GSGType-RUNX 1\RUNX1_Primers. txt Load

[RUNX1_E03 GCTGTTTGCAGGGTCCTAAC GGCCTCCGCCTGTCCTC 4
RUNX1_E04 CATTGCTATTCCTCTGCAACC GTTTGTTGCCATGAAACGTG
IRUNX1_E0S AAATTCCGGGAGTGTTGTCA GAAAGGTTGAACCCAAGGAA _
o1 Y 1 F creTere

< i >

I~ miRNA Trimming

OK Cancel |
Figure 3: The Sequence Operation Tool

3. The reads are aligned to Genbank reference files and mutations are called. Alignment settings were adjusted from the default settings in
order to improve sensitivity and specificity (Figure 4). At least 15 occurrences of the SNP must be found at a position with at least 250x
coverage and at least 5% of the reads at that position must show the mutation. Homopolymer indel calls were removed if the forward/reverse
balance was less than 0.5- the forward reads with the indel must be at least half the number of reverse reads, or the number of reverse reads
must be at least half the number of forward reads. The Forward and Reverse Balance filter was also applied- the ratio of forward reads for the
mutant allele must be at least 30% of the ratio of forward reads for the normal allele.

4. Mutation filtering settings in the NextGENe Viewer can be adjusted in order to further improve specificity. In this case only mutations
within 5 bp of a coding sequence were kept after filtering in the viewer. The mutations were annotated with dbSNP135 (built into NextGENe
references) and dbNSFP v1.1. The database of Non-synonymous Functional Predictions (A(bNSFP) includes several different prediction
scores [1]. NextGENe is able to import PhyloP, PolyPhen-2, SIFT, MutationTaster, LRT, and 1000 Genomes frequency information from this
database. The next major release of NextGENe will include support for the Catalog of Somatic Mutation in Cancer (COSMIC) database [2].
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Sample Trim
™ Select Sequence Range
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Mutation Filter
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Figure 4: Alignment settings used in this analysis.

Barcode sorting and alignment results are summarized in tables 1 and 2. The reads were distributed evenly among all of the samples
and nearly all of the reads were aligned.
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01 02 03
MID-01 MID-02 MID-04
Sorted Reads 26,842 25,797 25,792
Percent of Total 34.22% 32.89% 32.88%
Aligned Reads 26,806 25,768 25,758
Aligned % 99.87% 99.89% 99.87%

Table 1: Analysis results for TET2/CBL/KRAS samples

01 02 03 04 05 06 07 08 09 10 11 12
MID01 MID02 MID-03 MID-04 MID-19 MID-06 MID-08 MID-10 MID-13 MID-18 MID-15 MID-16
Sorted (.0 5705 5157 5870 6049 5236 5291 4,858 4,684 5646 499 5182
Reads
Percent
9.41%  8.80%  7.96%  9.06%  9.34%  8.08%  8.17%  7.50%  7.24%  8.71%  7.70%  8.00%
of Total
A’:‘g":d 6,082 568 5139 5858 6032 5226 5263 4,334 4668 5615 4967 5131
eads
Aligned
= 99.7%  99.6%  99.7%  99.8%  99.7%  99.8%  99.5%  99.5%  99.4%  99.5%  99.5%  99.0%
0

Table 2: Analysis results for RUNX1 samples

11 mutations were called in the 3 TET2/CBL/KRAS samples, and 5 different mutations were called in the RUNX1 samples. The
mutant allele percentages are shown in tables 3 and 4.

s01- s02- s03-
MID_01 MID_02 MID_04
CBL c.1139T>CT 380 L>PL 58.06%
¢.1253T>CT 418 S>SF 52.60%
KRAS c.34G>GT 12 G>CG 12.62% rs12193530
c.57G>GT 19 L>FL 18.45% rs12193538
c.58A>AT 20 T>TS 18.45%
TET2 c.3782G>AG 1261 R>HR 43.66%
€.3894_3895 insT FS (1299) 44.15%
c.5284A>AG 1762 I>IV 50.63% rs2454206
¢.5600_c.5611 delTHGS
deICTCAT_GGGTCAA (1867-1870) 41-20%
c.5736T>CT 1912 H>HH | 48.45%

Table 3: Mutation calling results for CBL/KRAS/TET2 samples.
Mutations highlighted in purple were found in the dbSNP v135 database.

1 2 3 4 5 7 12

c.261_262

= FS (89) 6.73% 6.71%

insGA
c.331_336 del TL

14.45% 16.20%

delACCCTG | (111-112)
c.482T>TC 161 L>LP | 20.38% 18.71%
c.1025T>TC | 342 1>IT 8.11% 6.52%
c.1389C>GC | 463 P>PP | 48.04% 49.72% 51.83% rs61750222

Table 4: Mutation calling results for RUNX1 samples.
Samples 6, 8, 9, 10, and 11 did not have any called mutations after filtering.

NextGENe is able to very rapidly process samples from the GS GType RUNX1 and GS GType TET2/CBL/KRAS primer sets in order
to find potentially important mutations. This includes MID sorting and trimming, alignment, and mutation calling. NextGENe is also
able to annotate the mutations that were found using dbSNP, the dbNSFP database, and (soon) the COSMIC database. Each alignment
took less than a minute to run, and all of the pre-alignment processing was done in less than 5 minutes. All of these steps can be fully
automated in order to make processing samples even faster and easier.
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In this experiment two long (>= 6 bp) in-frame deletions were detected: a 12 bp deletion in TET2 (figure 1) and a 6bp deletion in
RUNXI1 (figure 5). Multiple SNPs were detected, including a T>TC mutation found near 20% frequency in two RUNX1 samples
(figure 6). That mutation is predicted by PhyloP to be at a conserved position, and is predicted to be damaging by four different
functional prediction scores (PolyPhen-2, SIFT, Mutation Taster, and LRT).

Sample 2 Sample 4
= B
FUNXI _I FUNXT

21:36,259,170 21:36,259,160 21:36,259,150 21:36,259,170 21:36,259,160 21:36,259,150
162,430 62,440 162 162,430 16. 0 162,
CGCTGCAACAAGACCCTGCCCATCGCTT CGCTGCAACAAGACCCTGCCCATCGCTT
CGCTGCAACAAG - - - - - - CCCATCGCTT CGCTGCAACAAG- - - - - - CCCATCGCTT
110 115 110 115
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CGCTGCRARACARARGARACCCTGCCCATCGCTT CGCTGCRARCARARGACCCTGCCCATCGCTT
CGCTGCARACARARGARACCCTGCCCATCGCTT CGCTGCRACARGACCCTGCCCATCGCTT
CGCTGCARACARRLG CCCATCGCTT CGCTGCRACARGARACCCTGCCCATCGCTT,
CGCTGCARACARGARACCCTGCCCATCGCTT CGCTGCARAARCRAGARACCCTGCCCGCRTCGCTT
CGCTGCARACARGRCCCTGCCCATCGCTT 5|CGCTGCARCRAGACCCTIGCCCATCGCTT
CGCTGCARARCARRGARACCCTGCCCATCGCTT CGCTGCARAARACARARGARACCCTGCCCATCGCTT
CGCTGCARAARCARARGACCCTGCCCATCGCTT CGCTGCAACARARGARACCCTGCCCATCGCTT
CGCTGCARAARACAARGACCCTGCCCATCGCTT CGCTGCRACRARRAG CCCATCGCTT,
CGCTGCRARACAARGACCCTGCCCATCGCTT CGCTGCRACARRAG CCCATCGCTT,
CGCTGCARARACARARGACCCTGCCCATCGCTT MW|CGCTGCRAACAARAGACCCTIGCCCATCGCTT,
CGCTGCRARACARRGACCCTGCCCATCGCTT CGCTGCRACARARGACCCTGCCCATCGCTT,
CGCTGCRARACARRGACCCTGCCCATCGCTT CGCTGCRARACARARGACCCTGCCCATCGCTT
CGCTGCRACRARRLG CCCATCGCTT CGCTGCARARACARGACCCTGCCCATCGCTT
CGCTGCRACARARGACCCTIGCCCATCGCTT CGCTGCRACARGARACCCTGCCCATCGCTT
CGCTGCRACARGARACCCTGCCCATCGCTT 1B5|CGCTGCRACARGRACCCTGCCCATCGCTT,
CGCTGCARACARGARCCCTGCCCATCGCTT CGCTGCRACH G GCCCATCGCTT
CGCTGCARACARGRCCCTGCCCATCGCTT CGCTGCRACARGARCCCTGCCCATCGCTT
CGCTGCARARCRARGARACCCTGCCCATCGCTT CGCTGCARAARACARARGARACCCTGCCCATCGCTT
CGCTGCARAARCARARGACCCTGCCCATCGCTT CGCTGCAARCRARRAG CCCATCGCTT
CGCTGCARACRARRAG CCCATCGCTT 2W|CGCTGCRAACARARG CCCATCGCTT,
CGCTGCRAARACARAARGACCCTIGCCCATCGCTT CGCTGCRACRARRAG CCCATCGCTT,
CGCTGCRARACARAARGACCCTGCCCATCGCTT CGCTGCRARCARRG CCCATCGCTT,
CGCTGCRARACARARGACCCTGCCCATCGCTT CGCTGCRARACARRGAC TGCCCATCGCTT]

CGCTGCAACAAGACCCTGCCCATCGCTTvl CGCTGCAACRRGACCCTIGCCCATCGCTT|,
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Figure 5: A 6bp deletion found in two RUNX1 samples

Sample 1 Sample 3

- -

RUNX1 RUNX
136,252,900 21:36,252,890  21:36,252,880 21:36,252,870 2 136,252,900 21:36,252,890  21:36,252,880 21:36,252,870 2|
168,705 720 16 168,705 168,720 16,

IGTTGCAAGATTT AATGACCT CAGGTTTGTCGGTCGAAGTG
IGTTGCAAGATTT AATGACIC/CAGGTTTGTCGGTCGAAGTG
155 160 165

vV AR F N D L R F V G R S
vV AR F N D UWLR F V G R S

GTTGCAAGATTT AATGACCT CAGGTTTGTCGGTCGAAGTG
GTTGCAAGATTT AATGACIC/CAGGTTTGTCGGTCGAAGTG
155 160 165

vV AR F N D L R F V G R S
vV AR F N D WR F V G R S

GTTGCRAGATTTAARTGACCTCAGGTTITGTCGGTCGAAGTG
GTTGCRAGATTTARTGACCCCAGGTTITIGTCGGTCGAAGTG
GTTGCRAGATTTARTGACCTCAGGTTITGTCGGTCGAAGTG
GTTGCAAGATTTAATGACCCCAGGTTTIGTCGGTCGRAGTG
GTTGCAAGATTTAATGACCTCAGGTTIGTCGGTCGRAGTG
GTTGCRAGATTTAATGACCTCAGGTTITGTICGGTCGAAGTG
GTTGCRAGATTTAATGACCTCAGGTTITGTCGGTCGAAGTG
GTTGCRAGATTTAATGACCTCAGGTTITGTCGGTCGAAGTG
GTTGCRAGATTTAARTGACCTCAGGTTITGTCGGTCGAAGTG
GTTGCRAGATTTARTGACCTCAGGTTTIGTCGGTCGAAGTG
GTTGCRAGATTTARATGACCTICAGGTTTGTICGGTCGRAAGTG
GTTGCAAGATTTAATGACCTCAGGTTIGTCGGTCGRAGTG
GTTGCRAGATTTAATGACCTCAGGTTITGTCGGTCGAAGTG
GTTGCRAGATTTAATGACCTCAGGTTITGTCGGTCGAAGTG
GTTGCRAGATTTAATGACCTCAGGTTITGTCGGTCGAAGTG
GTTGCRAGATTTARTGACCTCAGGTTITIGTCGGTCGAAGTG
GTTGCRAGATTTARTGACCCCAGGTTITGTCGGTCGAAGTG
GTTGCRAGATTTARATGACCTCAGGTTITGTCGGTCGRAAGTG
GTTGCAAGATTTAATGACCTCAGGTTTIGTCGGTCGRAGTG
GTTGCRAGATTTAATGACCTCAGGTTITGTCGGTCGAAGTG
GTTGCRAGATTTAATGACCTCAGGTITGTICGGTCGAAGTG
GTTGCRAGATTTAATGACCTCAGGTTITGTCGGTCGAAGTG
GTTGCRAGATTTAARTGACCTCAGGTTITGTCGGTCGAAGTG
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GTTGCRAGATTTAARTGACCTCAGGTTTIGTICGGTCGRAGTG
GTTGCRAGATTTAATGACCTCAGGTTTIGTCGGTCGRAGTG
GTTGCRAGATTTAATGACCCCAGGTTTIGTCGGTCGRAGTG
GTTGCRAGATTTARATGACCTCAGGTTITGTCGGTCGRAGTG
GTTGCAAGATTTAATGACCTCAGGTTTIGTCGGTCGAAGTG
GTTGCRAGATTTAARTGACCTCAGGTTTIGTCGGTCGRAGTG
GTTGCRAGATTTAATGACCTCAGGTTTIGTCGGTCGRAGTG
GTTGCRAGATTTAARTGACCTCAGGTTIGTCGGTCGRAAGTG
GTTGCRAGATTTAATGACCTCAGGTTTIGTCGGTCGRAAGTG
GTTGCRAGATTTAARTGACCCCAGGTTITIGTCGGTCGRAGTG
GTTGCRAGATTTARATGACCTCAGGTTITGTCGGTCGRAGTG
GTTGCRAAGATTTAATGACCTCAGGTTTIGTCGGTCGAAGTG
GTTGCRAGATTTAARTGACCTCAGGTTTIGTICGGTCGRAGTG
GTTGCRAGATTTAATGACCTCAGGTTTIGTCGGTCGRAGTG
GTTGCRAGATTTAATGACCTCAGGTTTIGTCGGTCGRAAGTG
GTTGCRAGATTTAARTGACCTCAGGTTTIGTCGGTCGAAGTG
GTTGCRAGATTTAARTGACCTCAGGTTTIGTCGGTCGRAGTG
GTTGCRAGATTTARATGACCTCAGGTTITGTCGGTCGRAGTG
GTTGCRAAGATTTAATGACCTCAGGTITTIGTCGGTCGAAGTG
GTTGCRAGATTTAARTGACCTCAGGTTTIGTCGGTCGRAGTG
GTTGCRAGATTTAATGACCTCAGGTTTIGTCGGTCGRAGTG
GTTGCRAGATTTAATGACCCCAGGTTTIGTCGGTCGRAGTG
GTTGCRAGATTTAARTGACCCCAGGTTTIGTCGGTCGRAGTG

GTIGCARGATITARTGACCTCRGGTITTGTCGGICGARGIG | GTIGCRRGATITARTGACCTCRGGITTIGTCGGICGAAGIG |

Figure 6: A SNP found in two RUNX1 samples that is predicted to be damaging
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