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Cancer-associated mutations in DICER1 RNase IIIa and IIIb domains 

 exert similar effects on miRNA biogenesis 
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Supplementary Figure 1. Both RNase IIIa and RNase IIIb domains of DICER1 harbor 
statistically significant hotspot mutations in cancer. Allele distributions and Q-values of 
three RNase IIIb hotspot residues (E1813, E1810 and D1709) and an uncharacterized 
RNase IIIa hotspot residue (S1344), from https://www.cancerhotspots.org.



Supplementary Figure 2: Bootstrap resampling analysis for enrichment of hotspot mutations in TCGA PanCan
data. Three Uterine cancer types, Uterine Corpus Endometrial Carcinoma (CN high and CN low), and uterine
carcinosarcoma are enriched for hotspot mutations (red box). For every cancer type, frequency of hotspot
mutations observed from random sampling is shown as a histogram (grey bars). The average expected hotspot
mutations from 10000 bootstrap replicates is shown (orange line), along with the actual observed hotspot mutations
for every TCGA cancer type (blue line). TCGA cancer types with zero hotspot mutations are highlighted and these
make up 70% of TCGA cancer types with > 50 samples. Cancer types with sample size > 200 shown in the box 
on the right corner illustrates dearth of hotspot mutations in cancers that have similar or higher samples compared
to hotspot enriched uterine cancers, indicating depletion of hotspot mutations for most TCGA cancer types. Note
that for all cases with zero hotspot mutations, we were not able to estimate statistical significance for depletion
due to highly left skewed distribution from resampling, as a result of overall low abundance of hotspot mutations
in TCGA PanCan data (31 out of 9919 samples). However, for all these cases, the observed hotspot mutations
(blue line) are well below the average hotspot mutations expected from 10000 bootstrap replicates.
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Supplementary Figure 3: Resampling analysis for enrichment of hotspot mutations in MSK-IMPACT cancer types. 
(A) For every cancer type, frequency of hotspot mutations observed from random sampling is shown as a histogram 
(grey bars). The orange line shows the average hotspot mutations observed from 10000 bootstrap replicates, and the 
blue line shows observed hotspot mutations in MSK-IMPACT data. Cancer types with zero observed hotspot mutations 
are highlighted, for which significance for depletion cannot be computed. 2 Uterine cancer types; sarcoma and sex cord
stromal tumor are enriched for hotspot mutations (red box). (B) For three cancer types, breast cancer, 
Non-small cell lung cancer, and Small cell lung cancer, bootstrap resampling generateds a normal distribution where the 
percentile confidence intervals for the variance statistic can be computed (5% and 95% confidence intervals). 
For breast cancer, the observed DICER1 hotspot mutation is below 5% CI, indicating statistically significant depletion for 
this cancer type (P < 0.05). (C) 13 MSK-IMPACT cancer types with sample sizes > 200, larger than typical uterine 
cancer cohorts with clear hotspot enrichment,but lacking DICER1 hotspot mutations, indicating overall dearth of hotspot 
mutations across the vast majority of cancer types with considerably large sample sizes. 

(A)

(B)

Hotspot mutations from random sampling

Fr
eq

ue
nc

y 
fro

m
 ra

nd
om

 s
am

pl
in

g

(C)

P= 0.0041

0

2000

4000

6000

0 1 2 3 4
Hotspot mutations

co
un

t

Uterine_Sarcoma ( 221 )

P< 0.0001

0

1000

2000

3000

0.0 2.5 5.0 7.5 10.0
Hotspot mutations

co
un

t

Endometrial_Cancer ( 916 )

P= 0.0082

0

1000

2000

0.0 2.5 5.0 7.5
Hotspot mutations

co
un

t

Soft_Tissue_Sarcoma ( 1261 )

P< 0.0001

0

2500

5000

7500

0 1 2 3 4
Hotspot mutations

co
un

t

Sex_Cord_Stromal_Tumor ( 53 )

P=   1

0

2500

5000

7500

0 1 2 3
Hotspot mutations

co
un

t

Adrenocortical_Carcinoma ( 70 )

P=   1

0

2500

5000

7500

0 1 2 3
Hotspot mutations

co
un

t

Ampullary_Cancer ( 79 )

P=   1

0

2500

5000

7500

0.0 0.5 1.0 1.5 2.0
Hotspot mutations

co
un

t

Anal_Cancer ( 73 )

P=   1

0

2000

4000

6000

0 1 2 3 4
Hotspot mutations

co
un

t

Appendiceal_Cancer ( 204 )

P=   1

0

1000

2000

3000

0 2 4 6 8
Hotspot mutations

co
un

t

Bladder_Cancer ( 888 )

P=   1

0

2000

4000

0 1 2 3 4
Hotspot mutations

co
un

t

Bone_Cancer ( 342 )

P=   1

0

500

1000

1500

0 5 10 15
Hotspot mutations

co
un

t

Breast_Cancer ( 4355 )

P=   1

0

2500

5000

7500

0 1 2 3
Hotspot mutations

co
un

t

Breast_Sarcoma ( 55 )

P=   1

0

1000

2000

3000

0 2 4 6 8
Hotspot mutations

Cancer_of_Unknown_Primary ( 945 )

P=   1

0

2000

4000

6000

0 1 2 3 4
Hotspot mutations

co
un

t

Cervical_Cancer ( 190 )

P=   1

0

2000

4000

6000

8000

0 1 2 3
Hotspot mutations

co
un

t

CNS_Cancer ( 107 )

P=   1

0

500

1000

1500

2000

0 5 10
Hotspot mutations

co
un

t

Colorectal_Cancer ( 2478 )

P=   1

0

1000

2000

3000

0 2 4 6
Hotspot mutations

co
un

t

Esophagogastric_Cancer ( 800 )

P=   1

0

2000

4000

6000

8000

0 1 2 3
Hotspot mutations

co
un

t

Gastrointestinal_Neuroendocrine_Tumor ( 131 )

P=   1

0

2000

4000

0 2 4
Hotspot mutations

Gastrointestinal_Stromal_Tumor ( 362 )

P=   1

0

1000

2000

3000

4000

0 2 4 6
Hotspot mutations

co
un

t

Germ_Cell_Tumor ( 515 )

P=   1

0

1000

2000

0.0 2.5 5.0 7.5 10.0
Hotspot mutations

co
un

t
Glioma ( 1396 )

P=   1

0

1000

2000

3000

4000

0 2 4 6
Hotspot mutations

co
un

t

Head_and_Neck_Cancer ( 446 )

P=   1

0

1000

2000

3000

0 2 4 6
Hotspot mutations

co
un

t

Hepatobiliary_Cancer ( 889 )

P=   1

0

2000

4000

6000

8000

0 1 2 3 4
Hotspot mutations

co
un

t

P= 0.12

0

1000

2000

0.0 2.5 5.0 7.5 10.0
Hotspot mutations

co
un

t

Melanoma ( 1389 )

P=   1

0

2000

4000

6000

0 1 2 3 4
Hotspot mutations

co
un

t

Mesothelioma ( 264 )

P= 0.23

0

2500

5000

7500

0 1 2 3
Hotspot mutations

co
un

t

Nerve_Sheath_Tumor ( 64 )

P=   1

0

500

1000

1500

0 5 10 15
Hotspot mutations

co
un

t
Non_Small_Cell_Lung_Cancer ( 4436 )

P=   1

0

1000

2000

3000

0 2 4 6 8
Hotspot mutations

co
un

t

Ovarian_Cancer ( 1008 )

P=   1

0

500

1000

1500

2000

0 4 8 12
Hotspot mutations

co
un

t

Pancreatic_Cancer ( 1748 )

P=   1

0

2000

4000

6000

0 1 2 3 4
Hotspot mutations

co
un

t

Peripheral_Nervous_System ( 198 )

P=   1

0

500

1000

1500

2000

0 3 6 9
Hotspot mutations

co
un

t

Prostate_Cancer ( 1868 )

P=   1

0

1000

2000

3000

0 2 4 6 8
Hotspot mutations

co
un

t

Renal_Cell_Carcinoma ( 673 )

P=   1

0

2500

5000

7500

0.0 0.5 1.0 1.5 2.0
Hotspot mutations

co
un

t

Retinoblastoma ( 52 )

P=   1

0

2000

4000

6000

0 2 4
Hotspot mutations

co
un

t
Salivary_Gland_Cancer ( 252 )

P=   1

0

2500

5000

7500

0 1 2 3
Hotspot mutations

co
un

t

Sellar_Tumor ( 79 )

P=   1

2000

4000

6000

0 2 4
Hotspot mutations

co
un

t

P=   1

0

2000

4000

6000

8000

0 1 2 3
Hotspot mutations

co
un

t

Small_Bowel_Cancer ( 103 )

P=   1

0

500

1000

1500

0 5 10 15
Hotspot mutations

co
un

t

Small_Cell_Lung_Cancer ( 4687 )

P=   1

0

2500

5000

7500

0 1 2 3
Hotspot mutations

co
un

t

Thymic_Tumor ( 63 )

P= 0.58

0

1000

2000

3000

4000

0 2 4 6
Hotspot mutations

co
un

t

Thyroid_Cancer ( 550 )

Mature_B-cell_Neoplasms (161)

Skin_Cancer_Non_Melanoma (286)

Hotspot mutations from random sampling

Fr
eq

ue
nc

y 
fro

m
 ra

nd
om

 s
am

pl
in

g

Cancer type (no. of cases)

Observed hotspot mutations

Average expected
hotspot mutations from random
sampling

P= 0.0041

0

2000

4000

6000

Uterine_Sarcoma ( 221 )

0 1 2 3 4

zero hotspot zero hotspot

zero hotspot zero hotspot

zero hotspot
zero hotspot zero hotspot

zero hotspot zero hotspot zero hotspot zero hotspot

zero hotspot zero hotspot zero hotspot zero hotspot

zero hotspot zero hotspot

zero hotspot zero hotspot zero hotspot zero hotspot zero hotspot zero hotspot

zero hotspot zero hotspot

0

500

1000

1500
Breast_Cancer ( 4355 )

0 5 10 155% CI 95% CI

0

500

1000

1500

0 5 10 155% CI 95% CI

Non_Small_Cell_Lung_Cancer (4436) Small_Cell_Lung_Cancer ( 4687 )

0

500

1000

1500

0 5 10 1595% CI5% CI

Appendiceal cancer (204)
Bone cancer (342)
Breast cancer (4355)
Esophagogastric cancer (800)
Gastrointestinal Stromal tumor (362)
Head and neck cancer (446)
Hepatobiliary cancer (889)
Mesothelioma (264)
Ovarian cancer (1008)
Pancreatic cancer (1748)
Prostrate cancer (1868)
Renal cell carcinoma (673)
Salivary gland cancer (252)

zero hotspot



Vedanayagam et al
Supplementary Figure 4

miRNA-5p/3p expression in Uterine Corpus Endometrial Cancer (UCEC)
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Supplementary Figure S4: miRNA-5p/3p expression in Uterine Corpus Endometrial Cancer (UCEC), showing miRNA 
processing asymmetry alterations across small RNA datasets. For all comparisons, a volcano plot, and a barplot are
shown for miRNA-5p (green), and -3p (blue), respectively. (A) miRNA-5p/3p expression in randomly selected non-hotspot
endometrial cases compared to remainder of DICER1-wt, in addition to other endometerial WT cases (hereafter, together
referred as WT). In control comparisons some miRNAs exhibited apparent up/downregulation, but almost none were
significant. On the other hand, when miRNA-5p/3p expression was compared between WT cases and either all RNAseIIIB
mutations (15 cases) (B), or just the non-allelic RNase IIIB hotspot mutations (11 cases) (C), or only the biallelic hotspot
mutations (4 cases) (D), we find significantly elevated miRNA-3p reads, and substantial reduction of miRNA-5p reads in
all three comparisons. Of note, only biallelic hotspot mutations represented most drastic bias in miRNA-5p/3p experssion.
False disovery rate for significantly different expression was determined using the Benjamini-Hochberg method at a
FDR of 0.01. Other P-values for all comparisons are from a Wilcoxon Rank-Sum test. 
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A B

Supplementary Figure 5. Schematic and utilization of a scoring metric to evaluate relative production of miRNA-5p 
and -3p strands across a library. 
(A) We focused on a set of 280 well-conserved and/or broadly-expressed miRNAs (see Supplementary Table 5). We 
summarize the log2 expression counts of all 5p and 3p strands separately. Because many miRNAs exhibit highly 
asymmetric maturation of 5p and 3p strands, we found it advantageous to calculate the median expression of 5p and 
3p strands in a library, as opposed to the mean expression, which was more biased by highly expressed loci. The 
median 5p/3p ratio mi

53 is given as log2(5p/3p). 
(B) The shift in 5p:3p arm distribution between an arbitrarily selected DICER-wt sample and an RNase IIIb hotspot 
with a biallelic inactivating mutation is illustrated, with the resulting effect on the mi

53 metric.
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tr|H3AIE1|H3AIE1_LATCH 1 ERLEMLGDSFLKHAI TTYLFCTYPD AHEGRL S YMRSKKVSNCNLYRLGKKKGLPSRMVVSI FDPPVNWLPPGYVVNQDKSTTDKWEIDETESDDQM--NNGRPDEEFDEEDDDDIMWRQPKEETDFEDDLTEYDQEHIKFIDNMLIGSGAFGKKISLSPFPTSETA
sp|B3DLA6|DICER_XENTR 1 ERLEMLGDSFLKHAI TTYLFCTYPD AHEGRL S YMRSKKVSNCNLYRLGKKKGSPSRMVVSI FDPPVNWLPPGYIV NQDK-NSDKWESNETSGEDVM--VNGKIDEDFDDEEDEDLMWRNPKEETDFDDDFLEYDQEHIKFIDSMLMGSGAFVKKIPLSSFAPPDQN
sp|Q6TV19|DICER_DANRE 1 ERLEMLGDSFLKHAI TTYLFCTYPD AHEGRL S YMRSKKVSNCNLYRLGKKKGLPSRMVVSI FDPPVNWLPPGYVVNQDKSSTDKWDSDENKDLANGKSDDEDEDDDDEPEEAE---VEPSKEDVNVEDD-LEYYYEHIRFIDSMLIGSGAFGKKISLQP----DPG
tr|H2M5U0|H2M5U0_ORYLA 1 ERLEMLGDSFLKHAI TTYLFCTYPD AHEGRL S YMRSKKVSNCNLYRLGKKKGLPSRMVVSI FDPPVNWLPPGYVVNQDKSSTDKVDSEETSKEELLTFDDDDDEDDTAEELDELMLKEEPKDEVNMEDD-LEYYKEHIRFIDNMLLGSGAFGKKISLSSFPHSESS
tr|I3JW57|I3JW57_ORENI 1 ERLEMLGDSFLKHAI TTYLFCTYPD AHEGRL S YMRSKKVSNCNLYRLGKKKGLPSRMVVSI FDPPVNWLPPGYVVNQDKSSTDRLNSEEEKAKEELLEYDEDDDEGEDVDEDGELMLKEPKDEVNMEDDLEYY-KEHIRFIDNMLLGSGAFGKKISLSGSPAMESP
tr|H2SRC5|H2SRC5_TAKRU 1 ERLEMLGDSFLKHAI TTYLFCTYPD AHEGRL S YMRSKKVSNCNLYRLGKKKGLPSRMVVSI FDPPVNWLPPGYIV NQEKSNNDKLDCAETKEENLSNNDYNEEEEEVEELEDELMLKDEPKDDVNMEED-LEYYKEHIKFIDNMLLGSGAFGKKISLSAFPPHESS
tr|G3Q9N5|G3Q9N5_GASAC 1 ERLEMLGDSFLKHAI TTYLFCTYPD AHEGRL S YMRSKKVSNCNLYRLGKKKGLPSRMVVSI FDPPVNWLPPGYVVNQDRSSPDKLDSEEAPEEPAANSDIEEEDAEELDEDGELMLKEEPKDEVNMEDD-LEYYKEHIKFIDNMLLGSGAFGKKISLSGFPPPEPP
tr|C3XZ63|C3XZ63_BRAFL 2 ERLETI GDSFLKHAI TTFLYCTYSR VHEGKL S YMRSRQVSNLNLYRLGKRKGLASRMVASI FDPAVNWLPP------------------------------------------GF-----------------IQNNRED--KEDAGSS---SKDSSLDV----PGG
tr|H8WGQ1|H8WGQ1_APHGO 2 ERLETI GDSFLKYAI TAYLYCTHDNVHEGKL S HLRSKQVSNLNLYRLGKLKMFGERMISTK FEPHDNWLPPCYFV PH------KLEKAL-------INASIP----------------------------------------------TSLWNMITLPTFK---------------------------------------DPDKEIEEQQFKVGFS
tr|D6W8B0|D6W8B0_TRICA 2 ERLETI GDSFLKYAI TNYLYSKYEN VHEGKL S HLRSKQVSNLNLYRLGRRKGLGEYMIATK FDPHDNWLPPCFY--------------------------------------------VPKE------------------LEEALIDAQFPANC--------------WTVADMAATR-DMTLDDICSMV
tr|E1ZX05|E1ZX05_CAMFO 2 ERLETI GDSFLKYAI TTYLYCTYDN I HEGKL S HLRSKQVSNLNLYRLGRQKMLGESMIATK FEPHDNWLPPCYY--------------------------------------------VPKE------------------LEQALIESGVPSAL--------------WNQADIPTLQ-AVNPTEITQLV
tr|H2YYK2|H2YYK2_CIOSA 3 ERLEMLGDSFLKHAVTVYLYCTYPE AHEGKL S YMRSKKVSNYNLYRIG KQFGLAGKMTGLI FDPTVNWLPTGFVV GASGQGDD-----------------SDEDLSDDDVEI-VASTSNPEEEEIYE-------EDEIQMIDGMLGGC---IRNLGSSPK--------------GDNGRIGFG-KLGDFL
tr|F6XSF3|F6XSF3_CIOIN 3 ERLEMLGDSFLKHAVTVYLYCTYPE SHEGKL S YMRSKKVSNYNLYRIG KQFGLAGKMTGLI FDPTVNWLPTGFVV GASGQGQDSDE---------------------DISDDD--IVDPPPPPSTINDEE--YEEDEIRMIDGMLGGCIRGSPKGDNGLFGLGKIS
tr|B2RFI9|B2RFI9_OIKDI 4 ERLEMLGDCFLKYSVTVYLYCKYEH QHEGQL S FF RSKKVSNRNLFRLGVYNDIPGRMVAEQ FDTGGNWLPPGYF- NKDHAAL---ESDDSEDEFEPAKGERPQEINEDDSEIES---------------AEDFDGEDISMVDEMLQGSSN--------------------------------------------QLMSFLDRKKQLPGDEFDISVW
tr|E9H7E4|E9H7E4_DAPPU 5 ERLETI GDSFLKYAI TTYLYCKYSS I HEGEL S HLRSRQVSNLHLYQLGKKKLFGGCMVATK FNPHENWLPPGYVI PDALEEALI-------------------------SSGIPLYWNV----VDLQG--MEMSSEQVKALEQIMLRFGGKIPSVEEVAMDGN-----------------IFHADLPRF------------------------------------------VP
tr|B4R0Q6|B4R0Q6_DROSI 5 ERLETI GDSFLKYAI TTYLYITYEN VHEGKL S HLRSKQVANLNLYRLGRRKRLGEYMIATK FEPHDNWLPPCYYV PKE----------------------LEKALIE--AKIPTHHWKLA--------DLLDIKN----------------LSSVQICEMVREKAD-ALGLEQNGGAQN----GQLDDSN
sp|P34529|DCR1_CAEEL 6 ERFETI GDSFLKFATTDYLYHTLLD QHEGKL S FARSKEVSNCNLYRLGKKLGIPQLIVANK FDAHDSWLPPCYIP TCD--------------------------------------FKAPNTDDAEEKD---------NEIERILDGQVIEEKP---------ENK
tr|F1KQ85|F1KQ85_ASCSU 6 ERLETVGDSFLKYAVTDYLFHMNPEQHEGKL S FARSKEVSNCNLYRLGKKRNLPSLMVGAK FDPNDSWLPPCYAP TS D--------------------------------------FKAPNSSDAEERD---------KIMEKVLEGSAAIEQTNF-----QVKVR
tr|E1FMV1|E1FMV1_LOALO 6 ERLETVGDSFLKYAVTDYLFHTNPE QHEGKL S FARSKEVSNCNLYRLGRKHNLPSLIIGSK FDPNDGWLPPCYAP TS D--------------------------------------FKAPNTLDAEERD---------KFIENVLEGKTVERQEP-------VRVP
tr|G0N0F3|G0N0F3_CAEBE 6 ERFETI GDSFLKFATTDYLYHTLQDQHEGKL S FARSKEVSNCNLYRLGKKLGIPQLIIANK FDAHDSWLPPCYIP TCN--------------------------------------FKAPNTDDAEEKD---------IEMERLLNGETIEEKP---------QNK
tr|A8Y3J1|A8Y3J1_CAEBR 6 ERFETI GDSFLKFATTDYLYHTLQE QHEGKL SWARSKEVSNCNLYRLGKKLGIPQLIVANK FDAHDSWLPPCYVP TCD--------------------------------------FKAPNTSDAEEKD---------KEMERILSGQTIEEKP---------ENK
tr|D2KU68|D2KU68_HEMPU 7 ERLEMLGDSFLKQAVTAYLYCTYPH LDEGKL S FL RSKQVSNFNLYCLGEKKALAHKMQVSL FDPSIN WLPPCMLVKESSKPIPKEET--------------------ETDPDAGFTWDPSTGVDDFDDDDFDWEENSDDFSDEEIDET---KAECPDDFFAREKDK
tr|C8CGD4|C8CGD4_ASTMI 7 ERLEMLGDSFLKQAVTI YLYCTYPR RHEGKL S YMRSKQVSNFNLYRLGKRKDIGRKMQVAL FDPAIN WLAACFFV KENVHPDQSYQKEG--SDVSSDDGDFAIDTW---DPSSVDMWDPN----------MVVEEETAPDIDIPMMTPGDMD-----SDFSDDDPT

*** all swissprot (release 2014_07) human gene positions have been pre-computed and are currently available.
*** submission of novel variations for scoring is temporarily unavailable.
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Supplementary Figure 7. Structural rationale for how RNase IIIa-S1344 affects RNase IIIb function. 

(A) DICER RNase IIIa S1344 is highly conserved. 
(B) DICER RNase IIIa S1344 corresponds to RNase IIIb T1733. 
(C) Modeling based on a DICER1 RNase III homodimeric structure (PDB:2eb1) shows that cancer-prone 
S1344 in the RNase IIIa domain is homologous to T1733 in RNase IIIb domain, which in turn lies in close 
proximity to RNase IIIb metal ion-binding residues that form part of the active site (and are also cancer 
hotspot mutations. This provides evidence that S1344, although it resides within RNase IIIa domain, is 
important for proper function of the RNase IIIb domain.
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