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Fig. S1. Sequencing statistics from exome sequencing and targeted amplicon sequencing studies. (A) The median fold coverage of each individual exome
sequencing analysis is plotted for both the leukemia exome and the T-cell (germ-line control) exome. Each patient was sequenced to >30-fold median coverage
(dotted line). The total number of exonic mutations per patient (B) and the total number of recurrent exonic mutations per patient (C) are shown in com-
parison with the averages obtained in previous sequencing studies from The Cancer Genome Atlas (TCGA) Research Network (11) (dotted lines). (D) The rate of
various transitions and transversions is shown for all leukemia-specific mutations and for the subset of mutations classified as preleukemic mutations. Both of
the mutation spectrums are dominated by C-to-T transitions. (E) Targeted amplicon sequencing was performed on all leukemia-specific mutations from each
patient in multiple cellular subpopulations. The total number of assays that were not covered to >500-fold coverage is shown for each patient. One hundred
percent of all assays of recurrently mutated genes and more than 99% of all assays were covered to >500-fold.
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Fig. S2. Hematopoietic stem cell (HSC) sorting schemes for all 10 patients profiled by exome sequencing. CD34+CD38− cells from each patient were profiled
for expression of leukemia-specific markers TIM3 and CD99. The CD34+/CD38−/TIM3−/CD99− population (blue box) was sorted to high purity. Leukemia cells
(red box) were sorted as TIM3+/CD99+. Presort and postsort analyses of sorted HSCs are shown to indicate sort purity and rule out leukemia cell contamination.
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Fig. S3. Xenotransplantation studies of HSCs isolated from leukemia patients. HSCs from leukemia patients were transplanted in neonatal NOD/SCID/IL2R-γ
(NSG) mice via facial vein injection. (A) Levels of human chimerism, indicated by hCD45+ cells, are shown for each of three mice transplanted with HSCs from
each individual case. HSCs from case SU291 were not transplanted due to an insufficient number of cells. The average level of human chimerism is indicated
by a horizontal bar, and the lower limit of detectable engraftment (0.1% hCD45+ cells) is indicated by the dotted line. (B) An example of the long-term
bilineage engraftment observed in all cases is shown. Engrafted cells contain both CD33+ myeloid and CD19+ lymphoid cells indicating engraftment of bona
fide stem cells.
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Fig. S4. (Continued)
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Fig. S4. Targeted amplicon sequencing of all leukemia-specific mutations in FACS-purified cells. FACS-purified leukemia cells, T cells, and HSCs were profiled
by targeted amplicon sequencing for all leukemia-specific mutations (Left). Similarly, FACS-purified hCD45+CD19+ lymphoid and hCD45+CD33+ myeloid cells
from mice engrafted with patient HSCs were profiled by targeted amplicon sequencing for all leukemia-specific mutations (Center). These assays were used to
determine which mutations could be classified as preleukemic. Each assay was also subjected to quality control measurements, which involved the sequencing
of admixtures of leukemia genomic DNA (gDNA) and nonleukemic control gDNA (Right). These assays were used to determine the accuracy of our sequencing
methodologies in determining the variant allele frequency of low-abundance mutations.
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Fig. S5. Preleukemic mutations are detectable in B and T lymphocytes from acute myeloid leukemia (AML) patients. FACS-purified CD19+/CD20+ B cells and
CD3+ T cells were profiled by targeted amplicon sequencing for all leukemia-specific mutations. (A–F) Cases in which preleukemic mutations could be detected
in these lymphocytes are shown. In almost all cases, a late mutation was also profiled to demonstrate that detectable preleukemic mutations were not the
consequence of leukemia cell contamination.
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Fig. S6. Targeted amplicon sequencing of patients with known mutations in IDH1/IDH2, DNMT3A, NPM1, FLT3, or KRAS/NRAS. Targeted amplicon sequencing
of FACS-purified leukemia cells, HSCs, T cells, and B cells from patients with known recurrent mutations in IDH1/IDH2, DNMT3A, NPM1, FLT3, or KRAS/NRASwas
performed in 16 additional patients. Variant allele frequencies for each mutation profiled in each patient are shown.
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Fig. S7. Sorting scheme for remission bone marrow samples. Bone marrow mononuclear cells from patient SU353 were FACS purified for CD34+ cells, CD19+ B
cells, CD3+ T cells, and CD11b+/CD14+/CD56+ monocytes, macrophages, and natural killer cells. Sample postsort analyses are presented for patient SU353 to
show purity of sorted cells.
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Fig. S8. Targeted amplicon sequencing of leukemia-specific mutations in remission cells. Bone marrow mononuclear cells from each patient were FACS
purified. (A–F) Targeted amplicon sequencing of all leukemia-specific mutations was performed on gDNA from remission CD34+ cells, B cells, and mature
monocytes, macrophages, and natural killer cells. Results from six patients are indicated.
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Table S1. Recurrent and preleukemic mutations identified by exome and targeted amplicon sequencing of 10 AML patients

Patient Age Sex Recurrent mutations
Preleukemic recurrent

mutations
Evidence for
preleukemia

SU067 52 F NPM1, RAD21, PTPN11, CES4 RAD21 CD19+ lymphoid cells from transplant
SU072 57 M NPM1, FLT3-ITD, IDH2, DNMT3A,

CACNA1E, SAP130, LPA
IDH2, DNMT3A CD19+ lymphoid cells from transplant

SU080 37 M inv(16), CBL, MIER3 inv(16), MIER3 Sorted HSCs
SU227 29 M FLT3-ITD, CEBPa, IKZF1, EPHA3 IKZF1, EPHA3 Sorted HSCs
SU290 64 M FLT3-ITD, CEBPa, NRAS — No preleukemia identified
SU291 35 F NPM1, TET2, NF1, trisomy 8 — Sorted HSCs
SU306 32 F NPM1, FLT3-D835, IDH2, DNMT3A IDH2 Sorted HSCs and CD19+ lymphoid

cells from transplant
SU320 68 M NPM1, FLT3-ITD, IDH2, COL2A1, DHX34 IDH2, COL2A1, DHX34 Sorted HSCs and CD19+ lymphoid

cells from transplant
SU336 29 F MLL-ELL, KRAS-G13D — No preleukemia identified
SU353 65 M NPM1, FLT3-ITD, DNMT3A,

ASXL1, AKAP12, PARP6
DNMT3A, ASKL1, PARP6 Sorted HSCs and CD19+ lymphoid

cells from transplant
SU008 64 M FLT3-ITD — Sorted HSCs
SU014 59 M IDH1, SMC1A, ZBTB33,

C10ORF76, NPM1, FLT3-ITD
NPM1, SMC1A, ZBTB33 Sorted HSCs

SU030 52 F SLC12A1, NPM1, FLT3-ITD — Sorted HSCs
SU043 38 F NPM1, FLT3-ITD — No preleukemia identified
SU048 79 F TET2, SMC1A, NPM1, FLT3-ITD TET2, SMC1A Sorted HSCs and CD19+ lymphoid

cells from transplant
SU070 72 F TET2, PHF6, CTCF, KALRN,

DOCK9, PLA2G4D, FLT3-ITD
TET2, PHF6, CTCF, KALRN,

DOCK9, PLA2G4D
Sorted HSCs and CD19+ lymphoid

cells from transplant

Patient demographic and recurrent mutations identified in each case are indicated. In addition, recurrent mutations that were found to be preleukemic are
indicated alongside the sequencing information used to inform that classification.
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Table S4. Analysis of preleukemic and recurrent mutations

Mutation no. Patient Gene Mutation Preleukemic? Evidence for preleukemia TCGA category

1 SU067 RAD21 Q592* Yes CD19+ lymphoid cells
from transplant

Cohesin complex

2 SU067 PTPN11 A72T No — Activated signaling
3 SU067 CES4 UTR No — Unknown
4 SU067 NPM1 ins(+TCTG) No — NPM1
5 SU067 TCHHL1 G587D No — Unknown
6 SU067 CCBE1 G185V No — Unknown
7 SU072 CACNA1E UTR No — Unknown
8 SU072 DNMT3A Q338fs Yes CD19+ lymphoid cells

from transplant
DNA methylation

9 SU072 SAP130 V630M Yes CD33+ myeloid cells
from transplant

Chromatin modifiers

10 SU072 LPA P913S No — Unknown
11 SU072 IDH2 R140Q Yes CD19+ lymphoid cells

from transplant
DNA methylation

12 SU072 FLT3 ITD No — Activated signaling
13 SU072 NPM1 ins(+GTCA) No — NPM1
14 SU072 GPR115 V324I No — Unknown
15 SU072 ODZ3 UTR Yes CD33+ myeloid cells

from transplant
Unknown

16 SU080 inv(16) inversion Yes Sorted HSCs Transcription factor Fusions
17 SU080 MIER3 UTR Yes Sorted HSCs Chromatin modifiers
18 SU080 CBL Q409fs No — Activated signaling
19 SU080 PLXNA4 V1393M Yes Sorted HSCs Unknown
20 SU080 R3HDM1 UTR Yes Sorted HSCs Unknown
21 SU227 TTN D14898E No — Unknown
22 SU227 IKZF1 G158S Yes Sorted HSCs Myeloid transcription factors
23 SU227 EPHA3 P317T Yes Sorted HSCs Unknown
24 SU227 CEBPa F106fs(+TT) No — Myeloid transcription factors
25 SU227 CEBPa L324ins(+12bp) No — Myeloid transcription factors
26 SU227 FLT3 ITD No — Activated signaling
27 SU290 NRAS G12D No — Activated signaling
28 SU290 CEBPa P23fs(-C) No — Myeloid transcription factors
29 SU290 CEBPa K304ins(+AAG) No — Myeloid transcription factors
30 SU290 FLT3 ITD No — Activated signaling
31 SU290 COL5A3 P912L No — Unknown
32 SU306 IDH2 R140Q Yes Sorted HSCs and CD19+ lymphoid

cells from transplant
DNA methylation

33 SU306 NPM1 ins(+TCTG) No — NPM1
34 SU306 FLT3 D835Y No — Activated signaling
35 SU306 DNMT3A del(V149) No — DNA methylation
36 SU320 COL2A1 I1320F Yes CD19+ lymphoid cells from transplant Unknown
37 SU320 IDH2 R140Q Yes Sorted HSCs and CD19+ lymphoid

cells from transplant
DNA methylation

38 SU320 FLT3 del(I836) Yes CD19+ lymphoid cells from transplant Activated signaling
39 SU320 DHX34 UTR Yes CD19+ lymphoid cells from transplant Unknown
40 SU320 NPM1 ins(+TCTG) Yes CD19+ lymphoid cells from transplant NPM1
41 SU320 MTND5 — Yes Sorted HSCs and CD19+ lymphoid

cells from transplant
Unknown

42 SU320 SLC12A3 S804N Yes CD19+ lymphoid cells from transplant Unknown
43 SU336 KRAS G13D No — Activated signaling
44 SU336 MLL-ELL t(11;19) No — Chromatin modifiers
45 SU336 IFI44 R276H No — Unknown
46 SU353 DNMT3A G543C Yes Sorted HSCs and CD19+ lymphoid

cells from transplant
DNA methylation

47 SU353 ASXL1 Q377stop Yes Sorted HSCs and CD19+ lymphoid
cells from transplant

Chromatin modifiers

48 SU353 AKAP12 UTR No — Activated signaling
49 SU353 PARP6 S103C Yes Sorted HSCs and CD19+ lymphoid

cells from transplant
Unknown

50 SU353 NPM1 +TCTG No — NPM1
51 SU353 MAU2 Q98H Yes Sorted HSCs and CD19+ lymphoid

cells from transplant
Cohesin complex
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Table S4. Cont.

Mutation no. Patient Gene Mutation Preleukemic? Evidence for preleukemia TCGA category

52 SU353 MTA2 D289V Yes Sorted HSCs and CD19+ lymphoid
cells from transplant

Chromatin modifiers

53 SU353 DNAH10 E118K Yes Single cell-derived colony genotyping Unknown
54 SU008 FLT3 ITD No — Activated signaling
55 SU014 IDH1 R132H No — DNA methylation
56 SU014 NPM1 ins(+TCTG) Yes Sorted HSCs NPM1
57 SU014 SMC1A R96H Yes Sorted HSCs Cohesin complex
58 SU014 KAISO C496Y Yes Sorted HSCs Chromatin modifiers
59 SU014 C10orf76 Q380E No — Unknown
60 SU014 FLT3 ITD No — Activated signaling
61 SU030 NPM1 ins(+TCTG) No — NPM1
62 SU030 SLC12A1 S514R No — Unknown
63 SU030 FLT3 ITD No — Activated signaling
64 SU048 TET2 E1357* Yes Sorted HSCs DNA methylation
65 SU048 TET2 D1384V Yes Sorted HSCs DNA methylation
66 SU048 SMC1A R711G Yes Sorted HSCs Cohesin complex
67 SU048 NPM1 ins(+TCTG) No — NPM1
68 SU048 FLT3 ITD No — Activated signaling
69 SU070 PHF6 G226R Yes Sorted HSCs Myeloid transcription Factors
70 SU070 DOCK9 A1475V Yes Sorted HSCs and CD19+ lymphoid

cells from transplant
Unknown

71 SU070 CTCF R11Q Yes Sorted HSCs and CD19+ lymphoid
cells from transplant

Chromatin modifiers

72 SU070 TET2 Y1649s Yes Sorted HSCs and CD19+ lymphoid
cells from transplant

DNA methylation

73 SU070 TET2 T1884A Yes Sorted HSCs and CD19+ lymphoid
cells from transplant

DNA methylation

74 SU070 FLT3 ITD No — Activated signaling

Data from all patients where exome sequencing, targeted amplicon sequencing, and HSC transplant data were available were used to investigate patterns
of mutation acquisition. Recurrent mutations were classified as either preleukemic or not preleukemic based on the presence of these mutations in sorted HSCs
or in cells that resulted from xenotransplantation of HSCs. Each mutation was classified into one of the mutation categories proposed by the TCGA Research
Network (1) or labeled as “unknown” when no function was easily attributable to a given mutation in the context of human AML.

1. Cancer Genome Atlas Research Network (2013) Genomic and epigenomic landscapes of adult de novo acute myeloid leukemia. N Engl J Med 368(22):2059–2074.
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