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LMH is part of an integrated pathology service at 
King’s Haematological Malignancy Diagnostic Centre 

(HMDC) 

HMDC serves  population of >5 million 

Around 20,000 samples per annum 

> 8000 molecular diagnostic tests 
per annum 

King’s HMDC 



MDS: a heterogeneous disease 
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Point Mutations in MDS 

 

 
EP300 



Haferlach et al., Leukemia. 2014 Feb;28(2):241-7 

Only 5 genes are 
mutated in >10% 
of patients 

Many mutations are very rare 

Target present on the KCH panel 



 
• Targets selected to aid in the diagnosis and 

prognosis of MDS and AML patients. 
 

• DNA sources mostly from BM aspirates and PB 
using the Qiagen mini blood kit with 200 ul blood. 
Also from bone marrow films or other sources 
provided. 
 

• Decided to use the Illumina Tru-Seq Custom 
Amplicon workflow, with the MiSeq. 

 

King’s Myeloid Panel development 



• Quantify DNA 

• Preparation of NGS sequencing libraries 
 (annealing primers, extension, indexing, PCR) 

• Verify, purify and normalise libraries using magnetic bead system 

• Load onto MiSeq instrument 

• 2 days of data collection 

• Data and variant analysis 

Myeloid NGS Panel Workflow 
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24 genes mutation panel: 

Designed to target 24 genes or *gene mutation hotspots 

KCH: Myeloid Gene Panel  (MGP) 



Each lane is a library from one individual 
(approx. 300 bp) 

 Quantity of DNA used = approx. 200 ng * 
• 24-32 samples per run * 

MGP library QC 
 



• Magnetic bead clean-up and normalisation 
• Pool 5 µl of each library into 1 tube 
• Take 10-20 µl into loading buffer 
• Denature and load into MiSeq cartridge 

MiSeq-Sequencing 



• Not all amplicons work, even if predicted to be 
100% in DesignStudio. 
 

• Problem with software refusing to design a TP53 
amplicon …… 
 

• Several TP53 amplicons were spiked into the oligo 
pool, but didn’t appear to work. 
 

• With Ian Lewis’s help, a new primer pool was 
manufactured, with a new TP53 oligo added to the 
mix……..good result. 

Some design issues 



Version 3 kit (2 x 250) 



Version 3 kit (2 x 250) 



Variant Studio: filtering 
Align on the instrument > import vcf files > filters results 



Variant Studio:  identify variants 



Problems with very  
 
small amounts of DNA 

Suboptimal DNA 



These TSCA library preps are from old BM aspirate slides 

Suboptimal DNA 



Gene Variant Chr Type 
Alt 

Variant 
Freq 

dbSNP COSMIC Consequence 
Read 

Depth 

Alt 
Read 

Depth 

Protein 
Position 

Amino 
Acids 

DNMT3A G>G/A 2 snv 51     missense_variant 2466 1248 368 A/V 

SF3B1 T>T/C 2 snv 35   COSM84677 missense_variant 5727 2027 700 K/E 

TET2 C>C/G 4 snv 49 rs12498609   missense_variant 9363 4593 29 P/R 

TET2 C>C/T 4 snv 30   COSM43446 stop_gained 17728 5387 810 Q/* 

TET2 C>C/CT 4 insertion 32     fs_variant 13571 4384 879   

EZH2 C>C/G 7 snv 49 rs2302427   missense_variant 9431 4614 185 D/H 

DNMT3A G>G/A 2 snv 66     missense_variant 602 398 368 A/V 

DNMT3A G>G/T 2 snv 13     stop_gained 868 112 337 S/* 

SF3B1 T>T/C 2 snv 31   COSM84677 missense_variant 2126 656 700 K/E 

TET2 C>C/G 4 snv 46 rs12498609   missense_variant 2250 1044 29 P/R 

TET2 C>C/T 4 snv 43   COSM43446 stop_gained 19307 8317 810 Q/* 

TET2 C>C/CT 4 insertion 30     fs_variant 11306 3416 879   

EZH2 C>C/G 7 snv 46 rs2302427   missense_variant 7943 3658 185 D/H 

TP53 A>A/C 17 snv 11   COSM10788 missense_variant 1045 113 255 I/S 

ZRSR2 C>C/T X snv 12     missense_variant 1187 148 385 P/L 

If we use Whole Genome Amplification first….. 

Unamplified DNA 

WGA 

Suboptimal DNA: WGA 



A combined final report is issued, which includes 
Myeloid panel results and others tests and an overall diagnosis. 

Reporting 



King's Myeloid Gene Panel Results 
------------------------------------------------------------------------------------------------------ 
 
NAME:  
Hospital no.  
Date of birth:  
Sample I.D. LMH 53255. Sample type: PB. Sample date: 05/03/2014 
------------------------------------------------------------------------------------------------------ 
RESULTS:  
 
[gene] [amino acid ] [allele burden] 
 
DNMT3A [Trp860Ter] [12%] 
SF3B1 [Lys700Glu] [12%] 
 
 
 
Mutations / variants below 10% frequency are NOT reported. All variants of unknown significance have 
been excluded. Mutations may be present in regions which failed read depth thresholds: identified below: 
 
Regions excluded in this sample due to low coverage: 
CEBPA: 33792459-33792686, 33792633-33792884, 33792833-33793106. RUNX1: 36164341-36164569. 

“Well-known” pathogenic 
variants, Stops and frame shifts 

Reporting 



 
 
 
Test Overview 
24 genes or gene mutation hotspots, sequenced on Illumina MiSeq. Results filtered by: minimum read depth of 200 
and variant call of at least 10% frequency. The sensitivity of this test is undetermined and may not detect all 
mutations. NGS is unable to identify the majority of large indels, though it is possible that small indels < ~30 bp will be 
detected. 
 
Genes in panel: ASXL exons 1 12, CBL exons 7-9, CEBPA all coding exons, DNMT3A all coding exons, ETV6/TEL all 
coding exons, EZH2 all coding exons, FLT3 exons 14+20, GATA2 all coding exons, IDH1 exon 4, IDH2 exon 4, JAK2 exons 
12+14, KDM6A all coding exons, KIT exons 17, KRAS exons 2+3, NPM1 exon 12, NRAS exons 2+3, RUNX1 all exons 
except 1+2, SF3B1 exons 12 to 16, SRSF2 exon 1, STAG2 all coding exons, TET2 all coding exons, TP53 all coding exons, 
U2AF1 exons 2+6, ZRSR2 all coding exons. 
 
Authorised by: Dr R. Ireland Position: Consultant Date:24.04.2014 
Performed by: Dr S Best Position: Scientist Date:24.04.2014 
 
Please note that this test does not currently form part of the LMH laboratory’s CPA-accredited test repertoire. It is 
offered on a research-basis only and the results should be interpreted in the overall clinical and pathological context. 
 

Reporting 



• NEQAS schemes/ISO15189 
 
• Data storage issues. 
 Local/network storage 
 BaseSpace 
 
• Which data to keep? 
 vcf, FastQ, BAM, 
 whole analysis folder for 
 re-queuing in MSR? 

Problems still unresolved... 



Amplicon-specific NGS using NexteraXT: 
• TP53 
• SF3B1 
• RUNX1 
• BCR-ABL TKD  

 
More disease-focused NGS panels for: 

• Aplastic anaemia 
• Lymphoid malignancies 
• Myeloproliferative disorders 

 
 

Assays in development 



Case studies: 
1. Elderly lady 91 years presenting with shoulder pain  and tiredness 
• Macrocytosis (MCV=105) 
• Investigated by KCH haematologists - no anaemia or thrombocytopenia 
• Peripheral blood MGP shows TET2 [Ile750ArgTer62] 13% 
• ? Clonal disorder/ ? evidence of MDS / ? normal finding in 91 year old 

2. Gentleman of 66 years persistent neutropenia (1.4-1.9) 
• 3 bone marrow aspirates performed none consistent with MDS referred to KCH 
• Additional testing rules out other malignancies 
• MGP shows TET2[H786EfsTer], TET2[E1191Ter] and ZRSR2[K406NfsTer] 
• Not diagnostic but good evidence of MDS and a candidate for transplantation if 

symptoms worsen. 

3. Gentleman diagnosed with RARS-T at 43 years old now 60 years becoming 
transfusion dependant and “looking more proliferative” spleen slightly enlarged. 

• Marrow still looks like RARS-T 
• BM MGP shows SF3B1[K700E],  TET2[R1467KfsTer11],  JAK2[V617F],  TP53[R282G] 
• Mutations all fit with clinical picture disease maybe progressing but with TP53 

mutation we know that transplant outcome is poor.??? 
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And to Illumina !!! 

Thanks to the King’s team: 


