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SUPPLEMENTAL METHOD 

 

Kinetic analysis 

Practical problems and fitting method. There is a significant upward curvature of the low-

amplitude cleavage curves around t = 0 (see for example pre-mir-K2 and pre-miR-K7 for 

20130530). This was interpreted as a linearity problem of the IP response since this is only 

visible for the low-amplitude curves (accordingly, it is almost invisible with the Exp#1 data 

having higher amplitudes). Such a feature cannot be accounted for by equations (3) and (3’) 

(see main manuscript) imposing a downward curvature around t = 0. In order to nevertheless 

use these equations, a simple correction was devised to mimic this lack of linearity for the 

lowest values of 𝐾!(𝑡)/𝑅". For this, instead of using directly 𝑌! = 𝐾!(𝑡)/𝑅" to fit the 

experimental curves, a modified value of 𝑌! was used according to the response function: 

𝑌! 	®	ℛ(𝑌!) =
($!/&)"

()($!/&)"
	𝑌! 	+ 	

(
()($!/&)"

	𝑌!*    (4) 

with 𝜀 a small value. This response function gives ℛ(𝑌!)	»	𝑌!
* for 𝑌! 	of order 𝜖, which provides 

the upward curvature close to 𝑌! = 0, and it is transformed smoothly into ℛ(𝑌!) = 𝑌! for 

increasing values of 𝑌! above 𝜖. This ad-hoc procedure was quite effective to improve the 

quality of results, particularly for the Exp#2 data. The value of 𝜀 was tuned to 0.5 % to obtain 

the best fit of all curves with a minimum value of the global sum of the errors on 𝑓! and  𝑘!) for 

both data sets. Such a low value indicates that the correction is indeed a minor one. Practically, 

the fit was done with the function NonlinearModelFit (with Method ® “ConjugateGradient”) 

in Mathematica V.11 from Wolfram Research. 

 

Using a more stringent kinetic model of pri-miRNA cleavage. The simple model used in the 

study allowed us to obtain excellent fits (Figure 1 and Figure S1), but with three free parameters 

( 𝑓! 	, 𝑘!) and 𝑘!- ) per experimental curve. In order to use a more stringent test, we imposed two 

restrictions for a better representation of reality. First, we imposed that the variations of the 

rates of cleavage by Drosha from one experiment to another one should only result from the 

amount of Drosha in each experiment. For this, we imposed a strict proportionality of the two 

sets of 𝑘!). Second, we imposed that the cleaved fraction 𝑓! 	of 𝑅" yielding the pre-miR 𝐾! was 

the same for the two experiments (Figure S2). This more stringent method, therefore, involves 

only two adjustable parameters per curve, which represents quite a significant reduction of the 

degrees of freedom. 
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The fitting of the experimental cleavage curves with the kinetic model with three free 

parameters (see Material and Methods) per curve led to excellent agreement (Figure 1B and 

Figure S1B). Note that the slight correction for non-linearity (see Supplemental Material) was 

important to obtain this result. As expected, the results with a more stringent model with only 

two free parameters per curve were less good but mostly for the low-amplitude curves with the 

lowest signal-to-noise ratio (Figure S2). This indicates that the excellent agreement with three 

parameters was not simply the result of a meaningless numerical fit, which is in good support 

for the simple kinetic model in use. The numerical results are shown in Table S1.  

 

In vitro pre-miRNA stability assays 

Measure of stability of in vitro transcribed pre-miRNAs was performed in the same conditions 

as the in vitro Drosha miRNA processing assays (see Materials and Methods) except that whole 

cell lysate was used without overexpressing Drosha and DGCR8. Briefly, 500 fmol of each of 

the four tested pre-miRNAs were pooled together, denatured, let to refold and incubated in total 

HEK293Grip cells extract for increasing times at 37°C. 1/10 of the phenol-extracted and 

ethanol-precipitated RNAs was used for northern blot analysis. A standard curve was generated 

by loading decreasing amounts (50 to 3.125 fmol) of corresponding in vitro transcribed pre-

miRNAs. 
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SUPPLEMENTAL TABLES 

 

Table S1. Sequences of oligonucleotides used in this study. 
 
Usage Sequence 5’ to 3’ Name  

RNA 
preparation 

GAAATTAATACGACTCACTATAGAATGCGTGCTTCTGTTT
GAAGG 

Pri-miR-K10/12 T7 
forward primer  

 TTTACCGAAACCACCCAGAGGC Pri-miR-K10/12 
Reverse primer 

 GAAATTAATACGACTCACTATAGATTACAGGAAACTGGG
TGTAAG 

Pre-miR-K1 T7 
forward primer 

 GGTTGCAGGAAACAGGTGCTG Pre-miR-K1 reverse 
primer 

 GAAATTAATACGACTCACTATAGAACTGTAGTCCGGGTC
GATC 

Pre-miR-K2 T7 
forward primer 

 CAGCTCTAGCCCTGGAAGATC Pre-miR-K2 reverse 
primer 

 GAAATTAATACGACTCACTATAGTCACATTCTGAGGACG
GCAG 

Pre-miR-K3 T7 
forward primer 

 TGTCACATTCTGTGACCGCGA Pre-miR-K3 reverse 
primer 

 GAAATTAATACGACTCACTATAGAGCTAAACCGCAGTAC
TCTAGGG 

Pre-miR-K4 T7 
forward primer 

 TCAGCTAGGCCTCAGTATTCTA Pre-miR-K4 reverse 
primer 

 GAAATTAATACGACTCACTATAGAGGTAGTCCCTAGTGC
CCTAAG 

Pre-miR-K5 T7 
forward primer 

 CCGGCAAGTTCCAGGCATCCTA Pre-miR-K5 reverse 
primer 

 GAAATTAATACGACTCACTATAGCCAGCAGCACCTAATC
CATCG 

Pre-miR-K6 T7 
forward primer 

 CTCAACAGCCCGAAAACCATCA Pre-miR-K6 reverse 
primer 

 GAAATTAATACGACTCACTATAGAGCGCCACCGGACGGG
GATTTATG 

Pre-miR-K7 T7 
forward primer 

 AGCGCCAGCAACATGGGATCA Pre-miR-K7 reverse 
primer 

 GAAATTAATACGACTCACTATAGACTCCCTCACTAACGCC
CCG 

Pre-miR-K8 T7 
forward primer 

 CGTGCTCTCTCAGTCGCGCCTA Pre-miR-K8 reverse 
primer 
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 GAAATTAATACGACTCACTATAGACCCAGCTGCGTAAAC
CCCG 

Pre-miR-K9 T7 
forward primer 

 TTACGCAGCTGCGTATACCCAG Pre-miR-K9 reverse 
primer 

 GAAATTAATACGACTCACTATAGGTCACAGCTTAAACATT
TCTAG 

Pre-miR-K11 T7 
forward primer 

 TCGGACACAGGCTAAGCATTAA Pre-miR-K11 reverse 
primer 

 GAAATTAATACGACTCACTATAGGCTCGTGTTTGGGCAA
AACACATC 

Cut-K1 T7 forward 
primer 

 Same as pri-miR-K10/12 reverse primer Cut-K1 reverse 
primer 

 Same as pri-miR-K10/12 T7 forward primer Cut-K3 5’ fragment 
T7 forward primer 

 TAGCCCATTACAGGCATTGTAG Cut-K3 5’ fragment 
reverse primer 

 GAAATTAATACGACTCACTATAGGCCCCTCCAGGTCCAA
GCGACG 

Cut-K3 3’ fragment 
T7 forward primer 

 Same as pri-miR-K10/12 reverse primer Cut-K3 3’ fragment 
reverse primer  

   

Northern blot GCTTACACCCAGTTTCCTGTAAT Probe for miR-K1 

 CAGATCGACCCGGACTACAGTT Probe for miR-K2 

 TCGCTGCCGTCCTCAGAATGTGA Probe for miR-K3 

 TCAGCTAGGCCTCAGTATTCTA Probe for miR-K4-3p 

 CCGGCAAGTTCCAGGCATCCTA Probe for miR-K5 

 CTCAACAGCCCGAAAACCATCA Probe for miR-K6-3p 

 AGCGCCAGCAACATGGGATCA Probe for miR-K7 

 CGTGCTCTCTCAGTCGCGCCTA Probe for miR-K8 

 AGCGGGGTTTACGCAGCTGGGT Probe for miR-K9 

 TCGGACACAGGCTAAGCATTAA Probe for miR-K11 

 CGCCAATATTTACGTGCTGCTA  Probe for hsa miR-16 
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 AACTATACAACCTACTACCTCA Probe for hsa Let-7a 

   

Mutagenesis GGTGCTGCCCAGGACGGCCGGATGCGGGCGCTCGTGTTT
GGGCAAAACACATCCGCTGCC 

Forward primer to 
delete pre-miR-K1 

 GGCAGCGGATGTGTTTTGCCCAAACACGAGCGCCCGCAT
CCGGCCGTCCTGGGCAGCACC 

Reverse primer to 
delete pre-miR-K1 

 CGCAACAGCTACAATGCCTGTAATGGGCTACCCCTCCAG
GTCCAAGCGACGAACCGCCCG 

Forward primer to 
delete pre-miR-K3 

 CGGGCGGTTCGTCGCTTGGACCTGGAGGGGTAGCCCATT
ACAGGCATTGTAGCTGTTGCG 

Reverse primer to 
delete pre-miR-K3 

 GATACCACGCAGCCGCGCATATTGGCGTTGTCACGGCCC
GTGTGCCAGCCGCCTGGACG 

Forward primer to 
delete pre-miR-K7 

 CGTCCAGGCGGCTGGCACACGGGCCGTGACAACGCCAAT
ATGCGCGGCTGCGTGGTATC 

Reverse primer to 
delete pre-miR-K7 

 CTATTCCAGTAGGTATACCCAGCTGGGTCTACCCGGCTGG
GTAAATCCAGCTGTAATTC 

Forward primer to 
delete pre-miR-K9 

 GAATTACAGCTGGATTTACCCAGCCGGGTAGACCCAGCT
GGGTATACCTACTGGAATAG 

Reverse primer to 
delete pre-miR-K9 

 TGCTGCCCAGGACGGCCGGATGCGGGCGTGAGGTAGTAG
GTTGTATAGTTTTAGGG 

Forward primer to 
insert pre-Let-7a-1 

 CAGCGGATGTGTTTTGCCCAAACACGAGGAAAGACAGTA
GATTGTATAGTTATCTC 

Reverse primer to 
insert pre-Let-7a-1 

   

Antisense 
LNAs 

ATTGAATCAAACAGCCGACCAA 
 

Control LNA 

 GCTTACACCCAGTTTCCTGTAAT LNA targeting miR-
K1 

 GGTTGCAGGAAACAGGTGCTGCC LNA targeting miR-
K1* 

   

qPCR CTTTGGTATCGTGGAAGGACT GAPDH fw 

  CCAGTGAGCTTCCCGTTCAG   

GAPDH rev 

 CCAGGGAAGCTGTTCGACTATTTC CYC1 fw 

 CCAGGGAAGCTGTTCGACTATTTC CYC1 fw 

 AAAACAGGAAGCGGGTTGGAC  Pri-miR-K10/12 fw 
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 CCGCACCCTGCGTAAACAACC Pri-miR-K10/12 rev 

T7 promoter sequence and LNA residues are underlined. 
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Table S2. Kinetic parameters for cleavage of KSHV miRNA hairpins within pri-miR-K10/12 

by the Microprocessor in vitro.  

 
 Exp#1 Exp#2 

pre-
miR 

f (%) 
 
 

10 x k+ 
(min-1) 

 

100 x k- 
(min-1) 

 

f (%) 
 
 

10 x k+ 
(min-1) 

 

100 x k- 
(min-1) 

 
K1 15.0 ± 1.0 1.50 ± 0.20 1.10 ± 0.20 17.0 ± 0.6 0.30 ± 0.01 3.00 ± 0.20 
K2 1.7 ± 0.2 0.97 ± 0.20 0.32 ± 0.30 1.0 ± 0.1 0.53 ± 0.08 0.80 ± 0.30 
K3 32.0 ± 2.0 0.82 ± 0.08 0.34 ± 0.20 40.0 ± 0.9 0.22 ± 0.005 2.20 ± 0.10 
K4 15.0 ± 5.0 0.46 ± 0.20 1.70 ± 1.00 12.0 ± 12.0* 0.18 ± 0.18* 1.80 ± 1.80* 
K5 11.0 ± 0.8 0.81 ± 0.09 0.57 ± 0.20 2.8 ± 0.6 0.58 ± 0.20 0.15 ± 0.50 
K6 6.1 ± 5.0 0.38 ± 0.40 0.00 ± 2.00 2.8 ± 2.0 0.41 ± 0.30 0.00 ± 1.00 
K11 11.0 ± 0.3 1.60 ± 0.10 1.10 ± 0.10 9.6 ± 9.6* 0.26 ± 0.26* 2.60 ± 2.60* 
K7 3.4 ± 0.06 0.27 ± 0.005 2.70 ± 0.10 3.7 ± 0.1 0.14 ± 0.004 1.40 ± 0.10 
K8 11.0 ± 0.5 2.30 ± 0.30 0.10 ± 0.10 13.0 ± 3.0 0.71 ± 0.20 1.80 ± 0.90 
K9 7.0 ± 1.0 0.56 ± 0.10 0.05 ± 0.50 7.7 ± 6.0 0.32 ± 0.30 0.78 ± 2.00 

 
Pre-miRNA accumulation levels f are in percentage of cleaved pri-miRNA in the assay (initial 

concentration = 16.7 nM, see Material and Methods). Cleavage rate constants k+ and k- are 

associated to cleavage by the Microprocessor or to residual Dicer or another RNase activity, 

respectively. 

* when errors were extremely higher than the determined values, they were arbitrarily set at 

100 %. 
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Table S3. Primary sequence and structural features determinants of miRNA stem-loops from 

KSHV pri-miR-K10/12. 

 
H=any nt but G 
In grey, expression is over 10% 
  

Primary sequence and structural features of miRNA stem-loops from KSHV pri-miR-K10/12. 
 

Region or 
motif 

Terminal 
loop 

Basal stem Flanking single-
stranded 
segments 

U-14G-13 
from the 

5’ 
cleavage 

GUG/UGU 
in apical 

loop 

‘mismatched 
GHG’ at 7-9 
nt from the 

basal 
junction 

Shannon 
entropy 

along the 
miRNA 

stem 

No of 
positive 
criteria 

Criterion 
for optimal 
structure 

([10-14] nt 
long) 

~11 nt 
(±2) 

Stable 
platforms 

(at least one, ≥9 
nt long) 

   low  

miRNA 
stem loop 

 
 

  
 

 
 

     
 

K3 Y (13) Y (11) Y Y Y Y N Y 7 
K1 Y (11) Y (11) Y N N N Y Y 5 

K11 Y (11) Y (10) Y N Y Y N N 5 
K8 Y (11) N (7) +/- Y N Y N Y 4.5 

K4alt N (6) Y (11) Y Y N N N Y 4 
K6 N (9) Y (11) Y Y N Y N N 4 
K7 Y (14) Y (13) Y N N Y N N 4 
K9 N (8) Y (11) Y N N N N Y 3 
K4 N (6) N (7) +/- N N N N Y 1.5 
K2 N (16) N (0) N N Y N N N 1 
K5 N (9) N (3) +/- N N N N N 0.5 

 
 
H=any nt but G 
Max score = 8, above 4 = optimal hairpin? 
In grey, expression is over 10% 
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SUPPLEMENTAL FIGURES AND LEGENDS 

 

 
 

Figure S1. Genomic organization of KSHV miRNAs and location of pri-miR-K10/12. 

The twelve KSHV pre-miRNAs are localized in the latency locus and are indicated by green 

arrow heads. Ten of them are clustered in an intron (pre-miR-K1 to -K9 and pre-miR-K11) 

from which the sequence referred to as pri-miR-K10/12 derives, whereas pre-miR-K10 and -

K12 are in the coding region and in the 3’UTR of Kaposin mRNA, respectively. Sequence 

coordinates were derived from reference sequence NC_009333.1. Open reading frames are in 

grey. Lytic promoter is represented by a red arrow and latent promoters by yellow arrows. 

TR, Terminal Repeats. 
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Figure S2. Kinetic analysis of KSHV clustered pre-miRNAs maturation in vitro by the 

Microprocessor (Exp#2). 

(A) Northern blot analysis of the time course of in vitro processing assays using in vitro 

transcribed pri-miR-K10/12 and Hek293Grip cells total protein extract where Drosha and 

DGCR8 were overexpressed. In vitro transcribed pre-miRNAs and synthetic RNA 

oligonucleotides were loaded at decreasing concentrations as standards.  

(B) Cleavage curves were obtained after plotting pre-miRNA product, in percentage of initial 

pri-miR-K10/12 substrate, according to time. The fits were obtained with the model involving 

three free parameters per curve (compare with Figure S3 for the more stringent model with two 

free parameters per curve). 

(C) Processing efficiencies (left panel) and cleavage rate (right panel) were plotted in respect 

to miRNA hairpins showing variation among the clustered pre-miRNAs. The error bars come 
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from standard procedures used to fit the experimental curves by minimizing the residuals 

between the experimental points and their theoretical estimates.  
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Figure S3. Joint fitting of the experimental curves for Exp#1 (A) and Exp#2 (B) with two 

free parameters per curve. 
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Figure S4. Correlation among experiments of in vitro processing assays. 

Processing efficiencies (f in percentage, left panel) and cleavage rate constants (k+ in min-1, 

right panel) were compared between the two experiments analyzed in this study, namely 

Exp#1 and Exp#2. 
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Figure S5. Determination of synthetic pre-miRNAs stability in processing assays.  

In vitro transcribed pre-miRNAs were incubated in whole cell lysate from HEK293Grip cells 

and submitted to conditions used for in vitro processing assays. Their decay was followed 

over time. Northern blots (A) were quantified by using standard pre-miRNAs and results from 

three replicates were plotted (B) relative to pre-miRNA quantity at 0 min.  
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Figure S6. Positional entropy of KSHV miRNA hairpins. 

(A) Shannon entropy was plotted across the sequence of individual miRNA hairpins, namely 

stem-loop (SL)-miRNAs, including the pre-miRNA plus 20 nucleotides on both sides, using 

RNAfold from ViennaRNA Web Services (Institute for Theoretical Chemistry, University of 

Vienna) (1, 2). 

(B) Mean entropies of the best substrates (processed over 10%, blue curve, left panel) and of 

the worst substrates (processed below 10%, red curve, middle panel) were plotted across the 

sequence. Comparison of the two curves (right panel) show that the best substrates are 

enriched for low entropy along the stem in contrast to the worst substrates, in agreement with 

data published in Rice et al (3). However, in the two groups, exceptions come with SL-miR-

K11 (processed over 10% but showing high entropy along the stem, grey curve, left panel) 

and SL-miR-K9 (processed below 10% but showing low entropy, grey curve, middle panel). 

The approximate location of apical loop and the stem is highlighted in yellow and grey, 

respectively, and cleavage sites are indicated by arrow heads. 
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Figure S7. Relative expression of KSHV miRNAs from HEK293grip cells transiently 
transfected with pcDNA-K10/12 compared to expression in BCBL-1 infected cells. Values 
were obtained by quantifying signals from northern blot analysis. Error bars derive from three 
independent experiments except for miR-K1, -K2, -K4-3p and -K6-3p where n=2. 
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Figure S8. Quantification of neosynthesized miRNAs upon treatment with 20 nM of 

LNA oligonucleotides. 

HEK293FT-rKSHV cells were transfected with 20 nM LNA complementary to miR-K1* or 

control LNA. 24 hours after transfection, they were incubated with 100µM 4sU for another 16 

hours. Neosynthesized transcripts having incorporated 4sU were isolated and levels of mature 

miRNAs (A) and primary transcript (B) were measured by RT-qPCR. Histograms show ratios 

of enrichment in pull-down over input RNA relative to Let-7 levels which were set to 1 in 

control samples. Enrichment of primary transcript was determined relative to CYC1. Bars 

represent mean ± s.e.m of three experiments. Statistical significance was verified by unpaired t 

test with ns: non-significant, *: p < 0.05, **: p < 0.01, ***: p < 0.001. 
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