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adaptor
genome ——'—
adaptor
Vol (ul)
Forward primer: Water 3.7
CTACACGACGCTCTTCCGATCTGTTTCA  5xBuffer 2
GGACCTGCTTCGC 100 mM dNTP 0.1

Herculase Il (Agilent) 0.2

Reverse primer:
P Primer FR mix (20 uM) 0.5

GTGACTGGAGTTCAGACGTGTGCTCTTC

CGATCTTCCACTTGCGGCGTTCATC PNA probe {100uM) 3
DNA (50 ng/ul) 0.5
98C10s | Total 10 uL
98C60s —> 25C00s [ L35 5 75¢ 5 min
55C 30 s
72€30s




Sensitive Defectlon of Low—Abundance GNAS Mutations by NGS

PCR adaptor
product Index }
Forward primer: Vol (uL)
AATGATACGGCGACCACCGAGATCTACAC  Water 6.2
TCTTTCCCTACACGACGCTCTTCCGATCT  sxBuffer 2

100 mM dNTP 0.1
Herculase Il (Agilent) 0.2
Primer FR mix (20 uM) 0.5

Reverse primer:
CAAGCAGAAGACGGCATACGAGAT
GTGACTGGAGTTCAGACGTGT

Index Diluted PCR product 1
- Total 10 uL
98C 10 s
98C60s —> 55C30s Frx15 — 72C5 min
72C 30 s _

s
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MiSeq V3 Cartridge (300 bp PE)
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Data analysis

/7:/\/ Xeon 2.5 GHz (24 cores); 128G RAI\/I\

OS (dual boot)
Windows 7 Professional (64 bit)
Ubuntu 12.04 LTS (64 bit)

\_ . D(FHDD (2TB) LinuxEEFH Y,
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Data analysis

— Ubuntu — share + outputs — G1
(94 D(FHDD) I: G2

G3
- data 1 bwa-0.7.5a
-samtools-0.1.18
- reference -[ GNAS_ex8.fasta
GNAS_ex8.fasta.fai

- fastq = G1_S1 LO01 R1 001.fastq.gz
- G1 S1 LOO1 R2 001.fastq.gz
- G2_S2 1001 _R1 001.fastg.gz
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Data analysis

i (B rem—— M7 LD ~UDIER)

out=/media/Ubuntu/share/outputs/
fastq=/media/Ubuntu/share/data/fastq/
reference=/media/Ubuntu/share/data/reference/GNAS ex8.fast
a

mkdir /media/Ubuntu/share/outputs/G"$il"/
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Data analysis

BWAO.7[Cc KDY vEVD

cd $out/G"$i1"

bwa mem $reference $fastq/G"$il" S"$il" LOO1 R1 001.fastq.
gz $fastq/G"$il1l" S"$il" L@@l R2 @0l.fastg.gz -t 24 -M -R
"@RG¥tID:01¥tSM:"$il1"¥tPL:I11lumina" > G"$il".sam

> RPIYRIVITBEH I 7L (Gl.sam)
MERL S 11D
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Data analysis

SAMtools(C K DbamZ#a, V— .,
127w RXVERK (mpileup®D#E{&)

cd $out/G"$il1*
samtools view -bS G"$il".sam > G"$il".bam

samtools sort G"$il".bam G"$il" sorted
samtools index G"$il" sorted.bam

> V— NEHbam T 71 )l (G1_sorted.bam)
EAVTYVIORITPA)L BMERSND
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samtools mpileup -BQ 35 -uf $reference/GNAS ex8.fasta
-d 10000000 G"$il" sorted.bam |bcftools view -cg - >

G"$il1".vcf
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Data analysis
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260 GAS exal 266 A 982 DP=1:ACH =2.FQ=-30 0

070 GNAS exg| 408. T 282 . DP=45VDB=0.0000;AC1 =2 FO=—30 0

971 GNAS exB| 409 G 54 DP=481156 VDB=00000,AF1 =0AC1 3 0

072 GNAS exd| M0 T 51 . DP=483288 VDE=00000:AF1 =0rAC1 BBDP4=0.7 0,0:MA=20,FOk-48 PL 0

973 GNAS exB| 41 T 54 DP=493379 VDE=0.0000.AF1 =0-AC1 SBDR4=0,5.0,0.MO=20,FCE-51 PL o

974 GNAS exB| M2 T 54 DP=493393 VDE=00000:AF =0-AC1 BB.DP4=08.0,0:M0=20,FCl-51 PL 0

275 GNAS exB| 413 c 178 . DP=483398 WDB=0.0000:AF1 =0 AC1 S8 DP4=4 & 0,0Ma=20 =175 PL 0

076 GNAS exB| 414 A 205 DP=483400DE=00000:AF1 =0-AC1 FMDP4=471 4506 1 14 0.MB=20 FQ=-282.PV4=1 8 6e-081 046 PL 0

277 GNAS exB| M5. G 205 .  DP=483400VDE=0.0000:AF1 =0ACT FWDP4=472714 6.1 28 0:B=20,FO=-282,Pv4=1 0.0036,1 1 PL 0

978 GNAS exB| 16 G 205 DP=483400DE=00000:AF1 =0-AC1 SMDP4=467747 7138 0.MB=20 FO=-282 PV4=1 1 6e-051 0054  PL 0

079 GNAS exBl M7 A 205 DP=483400VDE=00000:AF1 =0rACT S DP4=470835 5 66 0-MBE20 FO=-282:PV4=1 2 45121 1 PL 0

980 GNAS exB| M8 O 908 DP=483400VDE=00000-AF1 =0 ACT 7.90.0.MBE20 FR=—282 FVA=1 4 To-391 1 PL o

981 GNAS exB| 413 O 205 DP=483400DE=00000:AF1 =0-AC1 BB.DP4=471 762.7 68 0-ME20, FQ=-282.PV4=1 0261 1 PL 0

082 GNAS exg| 420. T 205 . DP=483400VDE=0.0000:AF1 =0:ACT BH.DP4=465197 7,03 0:ME20,FO=-282;PV4=1 4 8e—07 1 023 PL 0

983 GNAS exB| 421 G 205 DP=483400VDE=00000:AF1 =0-ACT S8 DP4=448792.7 206 0-\h=20 FO=—282.PV4=1 0.0077.1 1 PL 0

084 GNAS exB| 422, G 205 .  DP=483400VDE=0.0000:AF1 =0AC1 FMDP4=4681 34,7 51 O:MEE20,FQI=-282,PV4=1 2 2e—05,1 0,083 PL 0 %

985 GNAS exd| 423 T 205 DP=483400VDE=00000:AF1 =0-ACT 6.56,0.MBE20 FR=—282 PV4=1 01 1 1 PL 0
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088 GNAS exB| 426 G 205 DP=483400DE=00000:AF1 =0-AC1 FW.DP4=431 964 5,382 0. MBI=20.FQ=-282 PV4=1 35e-051 0018 PL 0

2080 GNAS exB| 427. G 205 . DP=483400VDE=0.0000:AF1 =0ACT B.DP4=438976 8 22 0:MBE20,FO=-282;PV4=1 1 1 1 PL 0

980 GNAS exB| 428 T 205 DP=483400VDE=00000:AF1 =0-ACT 3 8,62 0.MBE20 FR=—282 PV4=1 B 3s-061 1 PL 0

081 GNAS exB| 428 G 202 DP=483400DE=00000:AF1 =0rAC1 B DP4=457538 5,650 0 MB=20.FQ=-282 PV4=1 7 26-091 0087 PL 0

982 GNAS exB| 430 O 905 DP=483400VDE=00000-AF1 =0-AC1 S8 DP4=446076 8 57 0-MBE20,FO=-282:PV4=1 1 1 1 PL 0

083 GNAS exB| 431 O 205 DP=483400DE=00000:AF1 =0rAC1 B DP4=457107 A 62 0-ME20,FQO=-282:PV4=1 0034 1 1 PL 0

984 GNAS exB| 432 G 905 . DP=483400VDE=00000.AF1 =0-AC1 S8 DP4=440535 5 411 0MB=20,FO=-2687 PVa=1 0.064 1 1 PL o

085 GNAS exd| 433 T 205 DP=483400VDE=00000:AF1 =0-AC1 ) DP4=445639 8 58 0-MEF20,FO=-282:PV4=1 3 5e—00 1 1 PL 0

056 GNAS exg| 434 . G . 208 . DP=483400VDE=0.0000:AF1 0ACT —gD4=s =00 FO=—282,P\4=1 00221018 PL 0 v
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Data analysis

DP=935526;VDB=0.0000;AF1=0;AC1=0

DP4=435819,360988,376,302

MQ=-2147483648;FC

DP4-= 435819 360988, 376,302

Reverse

Forwa rd
SRET)LE

Forwa rd

>

Reverse
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a2 f51 McCune-AlbrightiE{&EF 2L\ 3

O ~O—-JL 3

601 C 602 G 603 T
Cont1l 777757 /150 781905/265 776532 /101
Cont 2 804960 /144 807788 /256 802655 /106
Cont 3 801748 /112 806606 /244 801504 /98

Patient 1 826037/140 826973 /724 823554 /99
Patient2 894561 /151 897832/430 893605 /149
Patient 3 1007221 /249 1011798 /716 1004996 /145
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OPEN @ ACCESS Freely available online @ PLOS | ONE

Quantitative and Sensitive Detection of GNAS Mutations
Causing McCune-Albright Syndrome with Next
Generation Sequencing

Satoshi Narumi' *, Kumihiro Matsuo?>, Tomohiro Ishii', Yusuke Tanahashi’?, Tomonobu Hasegawa'

1 Department of Pediatrics, Keio University School of Medicine, Tokyo, Japan, 2 Department of Pediatrics, Asahikawa Medical University, Hokkaido, Japan

Abstract

Somatic activating GNAS mutations cause McCune-Albright syndrome (MAS). Owing to low mutation abundance, mutant-
specific enrichment procedures, such as the peptide nucleic acid (PNA) method, are required to detect mutations in
peripheral blood. Next generation sequencing (NGS) can analyze millions of PCR amplicons independently, thus it is
expected to detect low-abundance GNAS mutations quantitatively. In the present study, we aimed to develop an NGS-
based method to detect low-abundance somatic GNAS mutations. PCR amplicons encompassing exons 8 and 9 of GNAS, in
which most activating mutations occur, were sequenced on the MiSeq instrument. As expected, our NGS-based method
could sequence the GNAS locus with very high read depth (approximately 100,000) and low error rate. A serial dilution study
with use of cloned mutant and wildtype DNA samples showed a linear correlation between dilution and measured mutation
abundance, indicating the reliability of quantification of the mutation. Using the serially diluted samples, the detection
limits of three mutation detection methods (the PNA method, NGS, and combinatory use of PNA and NGS [PNA-NGS]) were

PLoS One. 2013;8(3):e60525. doi: 10.1371/journal.pone.0060525
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