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Figure S1. DNA methylation profile of proband blood samples 

(A) Principal component analysis (PCA) and (B) heatmap showing clustering of the useable DOT1L samples

(red) and matched control samples (blue) using DNAm values at the 185 CpG sites associated with a distinct

DOT1L specific DNAm profile. The heatmap color gradient indicates the normalized DNAm value ranging

from −2.0 (blue) to 2.0 (yellow). Euclidean distance metric is used in the heatmap clustering dendrograms.

Please see Table S9 for significantly enriched CpG sites.

SUPPLEMENTAL INFORMATION 
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Figure S2. Tissue specific knockdown of gpp causes eye and wing phenotypes

(A) Eye specific knockdown of gpp causes a rough eye phenotype. Ey-GAL4 > gpp-RNAi #1 causes a mild

phenotype in a region of the eye indicated with an arrow. Ey-GAL4 > RNAi #3 causes a severe phenotype in

the whole eye. Ey-GAL4 > RNAi #2 does not cause any phenotype. All the crosses were performed at 29oC.

(ey: eyeless)

(B) Knockdown of gpp in developing tissues causes wing phenotypes and lethality. en-GAL4 > gpp-RNAi #1

causes cross vein branching with a penetrance of 82.4%. en-GAL4 > RNAi #3 causes lethality and the

survivors have a severe phenotype in the whole wing with a full penetrance. en-GAL4 > RNAi #2 causes vein

branching phenotype with a very low penetrance. All the crosses were performed at 29oC. (en: engrailed)
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Figure S3. Human reference or variant DOT1L fails to rescue lethality 

Expression of reference or variant DOT1L in gppTG4/Df flies failed to rescue the lethality at all temperatures 

(18oC, 25oC and 29oC) tested while reintroduction of GR construct fully rescued lethality.    
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Figure S4. Expression of reference or variant DOT1L in gpp expressing cells causes wing deformities  

(A) Survivors of heterozygous mutant flies, gppTG4/+, expressing reference or variant DOT1L cDNA show 

morphological wing defects such as whole wing blistering, necrosis, loss of cross-veins and extra vein 

branching with penetrance levels >95%.

(B) The distribution of different wing phenotypes in survivors of heterozygous mutant flies, gppTG4/+, expressing 

each DOT1L cDNA.
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Figure S5. Expression of reference or variant DOT1L in developing tissues causes wing deformities  

(A) Schematic of engrailed expression from embryos to larval wing disc and adult wings.

(B) en-GAL4 > UAS-DOT1L reference or variant expressing flies show morphological wing defects such as 

whole wing blistering, necrosis, loss of cross-veins and extra vein branching.(en: engrailed)

(C) Representative images of different wing phenotypes (left panel) and the distribution of different wing 

phenotypes in en-GAL4 > UAS-DOT1L reference or variant expressing flies (right panel).
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Figure S6. H3K79 methylation pattern of flies ubiquitously expressing human DOT1L and variants 

(Ai) H3K79 methylation levels and (Aii) DOT1L levels in flies ubiquitously expressing reference or variant 

DOT1L cDNAs. Flies expressing reference DOT1L show increased H3K79 methylation compared to control 

flies (Act-GAL4 > UAS-Empty). Protein lysate from 10 adult flies were prepared for each sample. H3K79 

methylation levels were normalized with loading control, H3, and fold change for each sample were 

calculated by comparing normalized H3K79 methylation levels to reference DOT1L expressing flies. DOT1L 

levels were normalized with loading control, α-tubulin, and fold change for each sample were calculated by 

comparing normalized DOT1L levels to reference DOT1L expressing flies. All the crosses were performed 

at 25oC. Blue numbers indicate the fold change of H3K79 methylation level in reference when compared to 

control (UAS-Empty).  

(Bi) Normalized H3K79 methylation band intensities for each group from three independent experiments 

were plotted as mean ± SEM, and statistical significance was determined by one-way ANOVA for multiple 

groups (* p<0.05, **** p < 0.0001). (Bii) Normalized DOT1L band intensities for each group from three 

independent experiments were plotted as mean ± SEM, and statistical significance was determined by one-

way ANOVA for multiple groups. 

(C) Percent viability of flies ubiquitously (Act-GAL4) expressing reference or variant DOT1L cDNAs. All the

crosses were performed at 25oC. Percent viabilities (o/e ratios) from three independent experiments were

plotted as mean ± SEM, and statistical significance was determined by one-way ANOVA for multiple groups.

(D) Expression of DOT1L cDNA in gpp expression domains using gppTG4 results in higher protein levels

than ubiquitous expression of DOT1L using Act-GAL4 driver. Normalized DOT1L band intensities for control

(UAS-empty) and UAS-DOT1L-Reference from three independent experiments (Figure 4E and Figure S6A)

were plotted as mean ± SEM, and statistical significance was determined by one-way ANOVA for multiple

groups.

(E) Percent viability of flies expressing fly gpp (gppGS13895) ubiquitously (Act-GAL4) or in gpp expression

domains (gppTG4). All the crosses were performed at 25oC. Percent viabilities (o/e ratios) from three

independent experiments were plotted as mean ± SEM, and statistical significance was determined by one-

way ANOVA for multiple groups (* p<0.05).



Table S2. Details on match outcomes from Genematcher for DOT1L from October 2017 to June 2019 

Event 
Type 

Date of Match Country of 
Clinician/Individ
ual 

Outcome Variant Sample Provided 
for DNAm 
Profiling 

Original 
individual 

 N/A Canada Included in study c.133T>G, p.Cys45Gly Yes* 

Previously 
published 

 N/A England Included in study c.874C>T, p.Arg292Cys Yes 

Match October 17th 2017 Netherlands No response - - 
Match October 17th 2017 Netherlands No response - - 
Match October 17th,  2017 France No response - - 
Match October 17th, 2017 USA Included in study c.299C>T, p.Thr100Met Yes 
Match December 5th, 2017 USA No response after initial 

contact 
[frameshift variant] - 

Match December 19th, 2017 USA Included in study c.1352A>G,
p.Asp451Gly

Yes (for both 
family members) 

Match March 19th, 2018 USA Included in study c.367G>A, p.Glu123Lys Yes 
Match May 7th, 2018 France Included in study c.385G>A, p.Glu129Lys Yes 
Match May 7th, 2018 France Included in study c.3074A>T,

p.Lys1025Met
Yes* 

Match July 18th, 2018 New Zealand Included in study c.367G>A, p.Glu123Lys No (not available; 
individual 
deceased)  

Match June 11th 2019 Norway Included in study c.1876C>G, p.Leu626Val Yes 
*not utilized in analysis due to lack of age matched controls



Table S3. Sequencing methods for individuals with DOT1L variants  

 

 

Proband 1 2 3 NZ 4 Ch 5 OR 6 7 8 9 10 11 
DOT1L variant 
(NM-032482.3) 

c.133T>G 
p.Cys45Gly 

c.299C>T 
p.Thr100M
et 

c.367G>A 
p.Glu123Ly
s 

c.367G>A 
p.Glu123Ly
s 

c.367G>A 
p.Glu123Ly
s 

c.385G>A 
p.Glu129Ly
s 

c.1876C>G 
p.Leu626V
al 

c.2557C>T 
p.Arg853C
ys 

c.3074A>T 
p.Lys1025
Met 

c.874C>T 
p.Arg292C
ys 

c.1352A>G 
p.Asp451G
ly 

Sequencing 
approach 

Trio 
genome 
sequencing 

Trio 
genome 
sequencing 

Singleton 
exome 
sequencing 

Whole 
exome 
sequencing 

Trio exome 
sequencing 

Trio exome 
sequencing 

Trio exome 
sequencing 

Whole 
exome 
sequencing 

Trio exome 
sequencing 

Trio exome 
sequencing 

Trio exome 
sequencing 

Capture 
reagent 

- N/A SOPHiA 
Genetics 
Clinical 
Exome 
Solution v1 

N/A GeneDx 
Proprietary 
System 

Roche 
SeqCap EZ 
MedExome
  

Nextera 
Rapid 
Capture 
Exome Kit 
(Illumina) 

N/A Roche 
SeqCap EZ 
MedExome
  

SureSelect 
RNA baits 
(Agilent) 

N/A 

Sequencer HiSeq X 
platform 
(Illumina 
Inc) 

HiSeq X 
platform 
(Illumina 
Inc) 

Illumina Inc N/A Illumina Inc Illumina 
NextSeq 
500 

NextSeq 
500 
(Illumina) 

N/A Illumina 
NextSeq 
500 

Illumina 
HiSeq 

N/A 

Location of 
Sequencing 

The Center 
for Applied 
Genomics, 
Toronto, 
Canada 

HudsonAlp
ha Clinical 
Services 
Lab, 
Huntsville, 
Alabama 

SOPHiA 
GENETICS 

N/A GeneDx Genetic 
laboratory, 
Pitié-
Salpêtrière 
Hospital, 
Paris, 
France 

Telemark 
Hospital 
Trust, 
Skien, 
Norway 

N/A Genetic 
laboratory, 
Pitié-
Salpêtrière 
Hospital, 
Paris, 
France 

Genetics 
services of 
the UK 
National 
Health 
Service 
and the 
Republic of 
Ireland 

N/A 

Publication of 
Sequencing 
Methods 

PMID:  
32960281 

- - - - PMID: 
31580924 

PMID: 
26534809 

- PMID: 
31580924 

PMID:  
28135719 

- 



Table S4. Publicly available fly lines used in this study 

Fly Line Genotype BDSC # 
gppxxv In(3R)gppXXV, gppXXV/TM3, P{ActGFP}JMR2, Ser1 42231 
Deficiency  w[1118]; Df(3R)BSC193/TM6B, Tb[+] 9620 
Genomic rescue w[1118]; Dp(3;2)GV-CH321-05H03, PBac{y[+mDint2] 

w[+mC]=GV-CH321-05H03}VK00037/CyO 
90095 

gpp RNAi #1 y1 v1; P{TRiP.JF01284}attP2 31327 
gpp RNAi #2 y1 v1; P{TRiP.JF01283}attP2/TM3, Ser1 31481 
gpp RNAi #3 y[1] sc[*] v[1] sev[21]; P{y[+t7.7] v[+t1.8]=TRiP.GL01325}attP2 41893 
gpp RNAi #4 y[1] v[1]; P{y[+t7.7] v[+t1.8]=TRiP.HMJ02129}attP40 42556 
Luciferase RNAi y[1] v[1];; P{y[+t7.7] v[+t1.8]=TRiP.JF01355}attP2 31603 
ey-GAL4 (on II) w[*]; P{w[+m*] =GAL4-ey.H}3-8 5534 
da-GAL4 (on III) w[*]; P{w[+mW.hs]=GAL4-da.G32}UH1, Sb[1]/TM6B, Tb[1] 55851 
en-GAL4 (on II) w[1118]; P{w[+mW.hs]=en2.4-GAL4}e16E, P{w[+mC]=UAS-

RFP.W}2/CyO 
30557 

act-GAL4 (on II) y[1] w[*]; P{w[+mC]=Act5C-GAL4}25FO1/CyO, y[+] 4414 
repo-GAL4 (on 
III) 

w[1118]; P{w[+m*]=GAL4}repo/TM3, Sb[1] 7415 

UAS-mCherry. 
NLS (on II) 

w[*]; P{w[+mC]=UAS-mCherry.NLS}2; MKRS/TM6B, Tb[1] 38425 

UAS-Empty (on 
II) 

w[*]; P{w[+mC]=UAS}/CyO  

gppGS13895 y[1] w[67c23]; P{w[+mC]=GSV6}GS13895/TM3, Sb[1] Ser[1] Kyoto 
205608 

 

Table S5. Mutagenesis and qPCR primers used in this study 

Name Assay Forward primer (5’-3’) Reverse primer (5’-3’) 
p.Cys45Gl
y 

Mutagenesis CCGATGGGTCgGTGAAGAAATC ATGGTCTCGATGATTTCATG 

p.Thr100
Met 

Mutagenesis AAGCTGAACAtGCGGCCGTCC CATGGGCTGCGTGGTGCC 

p.Glu123L
ys 

Mutagenesis GACCGACCCCaAGAAGCTCAA ACCGAGTGGTTGTAGACC 

p.Glu129L
ys 

Mutagenesis CAACAACTACaAGCCCTTCTCCCC AGCTTCTCGGGGTCGGTC 

p.Arg292
Cys 

Mutagenesis CACCATCATGtGCGTGGTGGAGC CCGATGTCACTCAAGTTTC 

p.Leu626
Val 

Mutagenesis GAAGCAGGCCgTGAAGAGCCA TCCTTCAACAGCTTCTCCAG 

p.Lys1025
Met 

Mutagenesis GAGGCCAGCAtGGGAGACCTGCCC GGGCAACGGGCCCTGGGC 

qPrimer1 qPCR ATCGTTGCATTGGAAAAAGG GTACGGCGGCATTGTAAACT 
qPrimer2 qPCR CCATTGGAAGGTCTAGCAGC CTGCTGCACGTCGTTGAC 
RpL32 qPCR TAAGCTGTCGCACAAATGGCG AACGCGGTTCTGCATGAGCA 



Table S7. Clinical features of individuals with suspected non-diagnostic variants in 
DOT1L 

 

 

Individual 10 11 
DOT1L variant  
(NM_032482.3) 

c.874C>T 
p.Arg292Cys 

c.1352A>G 
p.Asp451Gly 

Inheritance de novo Inherited from unaffected father 
Sex Female Female 
Age at last 
assessment 

11 years 11 months 

Medical History 
Brain anomalies 
(MRI/ CT) 

N/A N/A 

Cardiac 
Anomalies 

No No 

Hypotonia No No 

Musculoskeletal 
anomalies 

No 
 
  

Yes 
Torticollis 
flexible hips, leg length discrepancy, 
right sided weakness with facial 
asymmetry  

Urogenital 
anomalies 

No No 

Hearing loss No Yes 

Ophthalmological 
anomalies  

No Yes 
Amblyopia, anisometropia 

Growth and Development 
Global 
developmental delay 

Yes - 

Intellectual Disability Yes - 

Language Non-verbal Speech delay, articulation concern 

Height percentile 27.8% 3.3% 

Microcephaly 
(percentile) 

No  
(10th)  

No 
(63rd)  

Abbreviations are as follows:  N/A: Not available 



Table S8. Summary of variant details, allele frequencies and in-silico predictions for all DOT1L variants reported in our 
study 

Variant Details 
Type Missense Missense Missense Missense Missense Missense Missense Missense Missense 
g. coordinates 
[GRCh37 (Chr19)] 

g.2185861T
>G 

g.2191045C
>T 

g.2191113G
>A 

g.2191131G
>A 

g.2207590C
>T 

g.2211098A
>G 

g.2214548C
>G 

g.2217783C
>T 

g.2222242A
>T 

c. variant 
(NM_032482.3) c.133T>G c.299C>T c.367G>A c.385G>A c.874C>T c.1352A>G c.1876C>G c.2557C>T c.3074A>T 

p. variant 
(NP_115871.1) p.Cys45Gly p.Thr100Me

t p.Glu123Lys p.Glu129Lys p.Arg292Cy
s 

p.Asp451Gl
y p.Leu626Val p.Arg853Cy

s 
p.Lys1025M
et 

Variant Allele Frequencies (searched December 2022) 
gnomAD v2.1.1 0 0 0 0 0 31 0 0 1 
gnomAD v3.1.2 0 0 0 0 0 19 0 0 0 
TOPMed Bravo 0 0 0 0 0 1 0 2 0 
deCAF 0 2 0 0 0 97 0 0 0 

In Silico Predictions & Conservation Metrics 
Aggregated 
Prediction 
(Franklin) 

Deleterious 
(0.71) 

Benign 
(0.12) 

Uncertain 
(0.55) 

Uncertain 
(0.55) 

Uncertain 
(0.36) 

Benign 
(0.09) 

Uncertain 
(0.29) 

Uncertain 
(0.41) 

Benign 
(0.07) 

Revel 
Deleterious 
(Supporting) 
(0.67) 

Benign 
(Moderate) 
(0.12) 

Uncertain 
(0.47) 

Uncertain 
(0.47) 

Benign 
(Supporting) 
(0.24) 

Benign 
(Moderate) 
(0.09) 

Benign 
(Moderate) 
(0.17) 

Uncertain 
(0.31) 

Benign 
(Moderate) 
(0.07) 

Varity Deleterious 
(0.96) 

Deleterious 
(low) (0.43) 

Deleterious 
(0.84) 

Deleterious 
(0.72) 

Deleterious 
(0.64)  

Benign 
(0.08) 

Benign (low) 
(0.28) 

Deleterious 
(low) (0.44) 

Benign (low) 
(0.25) 

MutationAssessor 
Low 
deleterious 
probability 
(1.83) 

Medium 
deleterious 
probability 
(1.94) 

Medium 
deleterious 
probability 
(1.98) 

Medium 
deleterious 
probability 
(1.99) 

Medium 
deleterious 
probability 
(2.09) 

Medium 
deleterious 
probability 
(2.05) 

Medium 
deleterious 
probability 
(1.96) 

Medium 
deleterious 
probability 
(2.33) 

Medium 
deleterious 
probability 
(1.98) 

FATHMM Uncertain 
(1.93) 

Uncertain 
(2.06) 

Uncertain 
(2.02) 

Uncertain 
(2.05) 

Uncertain 
(1.95)  

Uncertain 
(1.81) 

Uncertain 
(1.5) 

Uncertain 
(1.39) 

Uncertain 
(1.68) 



MetaLR Benign (low) 
(0.15) 

Benign 
(0.13) 

Benign 
(0.11) 

Benign 
(0.11) 

Benign 
(0.05)  

Benign (low) 
(0.25) 

Benign (low) 
(0.17) 

Benign (low) 
(0.17) 

Benign 
(0.15) 

BayesDel 
Uncertain 
(0.09) 

Benign 
(Supporting) 
(-0.35) 

Uncertain    
(-0.11) 

Uncertain    
(-0.14) 

Uncertain    
(-0.06) 

Benign 
(Moderate) 
(-0.43) 

Benign 
(Supporting) 
(-0.35) 

Uncertain    
(-0.17) 

Benign 
(Moderate) 
(-0.43) 

CADD 
Phred: 27.0 
Raw score: 
3.912343 

Phred: 25.4 
Raw score: 
3.620297 

Phred: 29.2 
Raw score: 
4.170345 

Phred: 26.0 
Raw score: 
3.745109 

Phred: 24.7 
Raw score: 
3.406433 

Phred: 25.6 
Raw score: 
3.652334 

Phred: 23.8 
Raw score: 
3.080506 

Phred: 24.8 
Raw score: 
3.453433 

Phred: 23.0 
Raw score: 
2.738641 

Metadome 

Tolerance 
score 
(dn/ds): 0.07 
(highly 
intolerant) 

Tolerance 
score 
(dn/ds): 0.4 
(intolerant) 

Tolerance 
score 
(dn/ds): 0.06 
(highly 
intolerant) 

Tolerance 
score 
(dn/ds): 0.06 
(highly 
intolerant) 

Tolerance 
score 
(dn/ds): 0.12 
(highly 
intolerant) 

Tolerance 
score 
(dn/ds): 0.62 
(slightly 
intolerant) 

Tolerance 
score 
(dn/ds): 0.34 
(intolerant) 

Tolerance 
score 
(dn/ds): 0.58 
(slightly 
intolerant) 

Tolerance 
score 
(dn/ds): 0.62 
(slightly 
intolerant) 

Grantham 
distance 

Large 
physicoche
mical 
difference 
(159) 

Moderate 
physicoche
mical 
difference 
(81) 

Small 
physicoche
mical 
difference 
(56) 
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physicoche
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mical 
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mical 
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Moderate 
physicoche
mical 
difference 
(95) 

GERP Uncertain 
(4.68) 

Uncertain 
(4.75) 

Uncertain 
(4.75) 

Uncertain 
(4.75) 

Uncertain 
(3.63) 

Uncertain 
(3.62) 

Uncertain 
(3.96) 

Uncertain 
(4.15) 

Uncertain 
(3.49) 

Amino acid 
residue 
conservation (13 
species) 

Highly 
conserved 
(11/13) 

Moderately 
conserved 
(8/13) 

Highly 
conserved 
(11/13) 

Highly 
conserved 
(11/13) 

Moderately 
conserved 
(10/13) 

Moderately 
conserved 
(9/13) 

Moderately 
conserved 
(10/13) 

Moderately 
conserved 
(9/13) 
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conserved 
(8/13) 

PhyloP 
Moderately 
conserved 
nucleotide 
(7.08) 

Moderately 
conserved 
nucleotide 
(5.64) 

Highly 
conserved 
nucleotide 
(9.17) 

Highly 
conserved 
nucleotide 
(9.17) 

Weakly 
conserved 
nucleotide 
(2.94) 

Moderately 
conserved 
nucleotide 
(6.78) 

Weakly 
conserved 
nucleotide 
(2.83) 

Weakly 
conserved 
nucleotide 
(2.29) 

Weakly 
conserved 
nucleotide 
(1.45) 
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