SUPPLEMENTARY MATERIAL

Supplementary Table 1. Significance levels for correlation and ROC curves shown in Fig. 1.

	Correlation
	Algorithm’s authors
	ISIS
	Sloan Kettering
	Amgen-Dharm
	Novartis
	Subset 223

	
	Reynolds-Khvorova
	<0.0001
	<0.0001
	<0.0001
	<0.0001
	<0.0001

	
	Jagla-Rothman
	0.0001
	<0.0001
	<0.0001
	<0.0001
	<0.0001

	
	Ui Tei - Saigo 1
	0.1140
	<0.0001
	0.0010
	<0.0001
	<0.0001

	
	Ui Tei - Saigo 2
	<0.0001
	<0.0001
	<0.0001
	<0.0001
	<0.0001

	
	Sætrom
	<0.0001
	<0.0001
	<0.0001
	<0.0001
	<0.0001

	
	Arm_Prudz
	0.0008
	<0.0001
	<0.0001
	<0.0001
	<0.0001

	
	Huesken-Hall
	<0.0001
	<0.0001
	<0.0001
	<0.0001
	<0.0001

	
	Shabalina_Ogurtsov
	<0.0001
	<0.0001
	<0.0001
	<0.0001
	<0.0001

	
	Henschel_Haberman
	0.0005
	<0.0001
	<0.0001
	<0.0001
	<0.0001

	
	Vert-Vandenbrouck
	<0.0001
	<0.0001
	<0.0001
	<0.0001
	<0.0001

	ROC
	Reynolds-Khvorova
	0.0001
	<0.0001
	<0.0001
	<0.0001
	0.0005

	
	Jagla-Rothman
	0.0539
	<0.0001
	<0.0001
	<0.0001
	<0.0001

	
	Ui Tei - Saigo 1
	0.1619
	0.0292
	0.0796
	<0.0001
	0.0134

	
	Ui Tei - Saigo 2
	0.0051
	<0.0001
	<0.0001
	<0.0001
	<0.0001

	
	Sætrom
	0.0101
	<0.0001
	<0.0001
	<0.0001
	<0.0001

	
	Arm_Prudz
	0.0041
	<0.0001
	<0.0001
	<0.0001
	<0.0001

	
	Huesken-Hall
	<0.0001
	<0.0001
	<0.0001
	<0.0001
	<0.0001

	
	Shabalina_Ogurtsov
	<0.0001
	<0.0001
	<0.0001
	<0.0001
	<0.0001

	
	Henschel_Haberman
	0.0235
	<0.0001
	0.0004
	<0.0001
	<0.0001

	
	Vert-Vandenbrouck
	<0.0001
	<0.0001
	<0.0001
	<0.0001
	<0.0001


Supplementary Table 2.
Significances levels for correlation coefficients shown in Table 2. Correlation coefficients of remaining level of mRNA or normalized protein product level versus (G or model 1 output values were reported and shown in Table 2. The current Table shows the significance levels for these correlations.

	Base
	Database name
	G values of the 5' duplex terminal base pairs

(5’ antisense strand)
	((G values of the duplex 5' two base pairs

((G 5’ of antisense strand minus

(G of 5’ of sense strand)
	Output values from model 1.

	
	
	Two
	Four
	
	

	1
	Isis Pharmaceuticals
	2.7*10-4
	N.S.
	<0.0001
	<0.0001

	2
	Amgen/Dharmacon
	<0.0001
	N.S.
	<0.0001
	<0.0001

	3
	Sloan Kettering
	<0.0001
	<0.05
	<0.0001
	<0.0001

	4
	Novartis
	<0.0001
	<0.05
	<0.0001
	<0.0001


Supplementary Table 3.
Statistical information for model 1. Identity of the nucleotides that are significant for the model, are shown in letters (A, G, C and U(T)). The positions of significant nucleotides from 5’ of the antisense strand are shown with numbers, following the letters). For example A19 means A at the 19th position from the 5’ end of the antisense strand, in the siRNA duplex. (G1 - Gibbs free energy for the first base pair in the duplex (5’ of the antisense strand), (G18 - Gibbs free energy for the last base pair in the duplex (3’ end of antisense strand).

	n 
	2431
	 
	
	
	
	

	
	
	
	
	
	
	

	R2 
	0.33
	
	
	
	
	

	Adjusted R2 
	0.33
	
	
	
	
	

	SE 
	15.7102
	
	
	
	
	

	
	
	
	
	
	
	

	Term 
	Coefficient
	SE
	p
	95% CI of Coefficient
	

	Intercept 
	19.6770
	1.5754
	<0.0001
	16.5876
	to 22.7663
	

	(G1
	-7.6603
	0.5807
	<0.0001
	-8.7990
	to -6.5215
	

	(G18
	4.4429
	0.4504
	<0.0001
	3.5597
	to 5.3261
	

	A19 
	6.1631
	0.8006
	<0.0001
	4.5931
	to 7.7330
	

	A20 
	1.6693
	0.7936
	0.0355
	0.1131
	to 3.2255
	

	G1 
	5.3899
	1.1830
	<0.0001
	3.0702
	to 7.7097
	

	C1 
	4.4738
	1.0840
	<0.0001
	2.3482
	to 6.5994
	

	C20 
	4.4753
	0.7869
	<0.0001
	2.9322
	to 6.0184
	

	C21 
	6.7645
	0.7406
	<0.0001
	5.3123
	to 8.2168
	

	U1 
	-7.9153
	0.9149
	<0.0001
	-9.7093
	to -6.1213
	

	
	
	
	
	
	
	

	Source of variation 
	SSq
	DF
	MSq
	F
	p
	

	Due to regression 
	299326.610
	9
	33258.512
	134.75
	<0.0001
	

	About regression 
	597528.622
	2421
	246.811
	
	
	

	Total 
	896855.232
	2430
	
	
	
	


Supplementary Table 4.
Statistical information for model 2.

	n 
	2431
	 
	
	
	

	
	
	
	
	
	

	R2 
	0.42
	
	
	
	

	Adjusted R2 
	0.42
	
	
	
	

	SE 
	14.6649
	
	
	
	

	
	
	
	
	
	

	Term 
	Coefficient
	SE
	p
	95% CI of Coefficient

	Intercept 
	21.1705
	2.3966
	<0.0001
	16.4709
	to 25.8700

	(G1
	-6.2253
	0.5535
	<0.0001
	-7.3108
	to -5.1399

	(G18
	6.6051
	0.5501
	<0.0001
	5.5264
	to 7.6838

	A19 
	6.0820
	0.7733
	<0.0001
	4.5656
	to 7.5985

	A20 
	2.5408
	0.7481
	0.0007
	1.0737
	to 4.0078

	G1 
	5.4724
	1.1089
	<0.0001
	3.2980
	to 7.6469

	C1 
	4.2651
	1.0159
	<0.0001
	2.2730
	to 6.2572

	C20 
	4.2186
	0.7375
	<0.0001
	2.7723
	to 5.6649

	C21 
	6.0263
	0.7010
	<0.0001
	4.6517
	to 7.4009

	U1 
	-7.6595
	0.8571
	<0.0001
	-9.3402
	to -5.9787

	(G7
	-1.9224
	0.5031
	0.0001
	-2.9089
	to -0.9359

	(G13
	-1.5442
	0.4279
	0.0003
	-2.3833
	to -0.7050

	A10 
	-3.8304
	0.7154
	<0.0001
	-5.2333
	to -2.4274

	A16 
	-2.0346
	0.7124
	0.0043
	-3.4316
	to -0.6375

	A18 
	2.4914
	0.8124
	0.0022
	0.8982
	to 4.0845

	C3 
	2.5541
	0.7036
	0.0003
	1.1744
	to 3.9339

	C7 
	3.9745
	0.7129
	<0.0001
	2.5765
	to 5.3725

	C8 
	-2.2079
	0.8287
	0.0078
	-3.8330
	to -0.5828

	G14 
	4.0865
	0.7123
	<0.0001
	2.6897
	to 5.4833

	G17 
	1.6908
	0.6937
	0.0149
	0.3306
	to 3.0510

	G18 
	4.9324
	0.8197
	<0.0001
	3.3250
	to 6.5398

	U6 
	-2.4927
	0.6873
	0.0003
	-3.8405
	to -1.1450

	G+C 
	-5.3937
	0.7307
	<0.0001
	-6.8266
	to -3.9607

	 
	 
	 
	 
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	Source of variation 
	SSq
	DF
	MSq
	F
	p

	Due to regression 
	378991.128
	22
	17226.869
	80.10
	<0.0001

	About regression 
	517864.104
	2408
	215.060
	
	

	Total 
	896855.232
	2430
	
	
	


Supplementary Table 5.
Significance levels for correlation coefficients and ROC curves shown in Fig. 4.

	Correlation
	
	ISIS
	Sloan Kettering
	Amgen/Dharm
	Novartis
	Subset 223

	
	Model 1
	<0.0001
	<0.0001
	<0.0001
	<0.0001
	<0.0001

	
	Model 2
	<0.0001
	<0.0001
	<0.0001
	<0.0001
	<0.0001

	ROC
	Model 1
	<0.0001
	<0.0001
	<0.0001
	<0.0001
	<0.0001

	
	Model 2
	<0.0001
	<0.0001
	<0.0001
	<0.0001
	<0.0001


Supplementary Table 6. Significances levels for ROC comparisons on Novartis dataset. Statistical comparison of two ROC-curve estimates obtained from partially-paired datasets to compare the algorithm with the highest correlation to the other algorithms. The Table shows the two-tailed p-values from comparisons of the ROC-area, and the algorithms’ sensitivities in the high specificity area.

	BioPredsi compared to
	Area
	99 % specificity
	95 % specificity

	Amarzguioui-Prydz
	0.0000
	0.0000
	0.0000

	Sætrom
	0.0000
	0.0006
	0.0000

	Henschel-Haberman
	0.0000
	0.0252
	0.0000

	Jagla-Rothman
	0.0000
	0.0000
	0.0000

	Reynolds-Khvorova
	0.0000
	0.3091
	0.0037

	model2
	0.0003
	0.0931
	0.6068

	Ui-Tei-Saigo2
	0.0000
	0.0038
	0.0000

	Shabalina-Ogurtsov
	0.3941
	0.0372
	0.1278

	Vert-Vandenbrouck
	0.1979
	0.0063
	0.0496


Supplementary Table 7 Significances levels for ROC comparisons on Amgen /Dharmacon dataset. See Supplementary Table 6 for details.

	Shabalina-Ogurtsov compared to
	Area
	99 % specificity
	95 % specificity

	Amarzguioui-Prydz
	0.0001
	0.0613
	0.0106

	BioPredsi
	0.5790
	0.4551
	0.4398

	Sætrom
	0.8214
	0.2958
	0.4189

	Henschel-Haberman
	0.0000
	0.0944
	0.0063

	Jagla-Rothman
	0.0000
	0.0532
	0.0053

	Reynolds-Khvorova
	0.0000
	0.5077
	0.0953

	model2
	0.6960
	0.3306
	0.3504

	Ui-Tei-Saigo2
	0.0536
	0.0796
	0.0481

	Vert-Vandenbrouck
	0.6306
	0.8729
	0.7997


Supplementary Table 8 Significances levels for ROC comparisons on Isis dataset. See Supplementary Table 6 for details.

	Shabalina-Ogurtsov compared to
	Area
	99 % specificity
	95 % specificity

	Amarzguioui-Prydz
	0.4342
	0.6747
	0.8195

	BioPredsi
	0.4600
	0.1250
	0.1174

	Sætrom
	0.3784
	0.1725
	0.2499

	Henschel-Haberman
	0.1183
	0.6152
	0.8226

	Jagla-Rothman
	0.3310
	0.1897
	0.2726

	Reynolds-Khvorova
	0.9658
	0.2020
	0.2262

	model2
	0.4525
	0.1181
	0.1098

	Ui-Tei-Saigo2
	0.8624
	0.1617
	0.1935

	Vert-Vandenbrouck
	0.1973
	0.3276
	0.2453


Supplementary Table 9 Significances levels for ROC comparisons on Sloan /Kettering dataset. See Supplementary Table 6 for details.

	Shabalina-Ogurtsov compared to
	Area
	99 % specificity
	95 % specificity

	Amarzguioui-Prydz
	0.1216
	0.8287
	0.5529

	BioPredsi
	0.8980
	0.6701
	0.6902

	Sætrom
	0.0374
	0.1565
	0.0816

	Henschel-Haberman
	0.0664
	0.1892
	0.1130

	Jagla-Rothman
	0.2025
	0.7019
	0.5094

	Reynolds-Khvorova
	0.0249
	0.1051
	0.0500

	model2
	0.9561
	0.8038
	0.8207

	Ui-Tei-Saigo2
	0.8077
	0.5444
	0.5574

	Vert-Vandenbrouck
	0.5559
	0.5216
	0.4819


Supplementary Table 10 Significances levels for ROC comparisons on subset 223. See Supplementary Table 6 for details.

	Shabalina-Ogurtsov compared to
	Area
	99 % specificity
	95 % specificity

	Amarzguioui-Prydz
	0.1008
	0.5061
	0.4292

	BioPredsi
	0.3852
	0.3068
	0.2916

	Sætrom
	0.0675
	0.1485
	0.1202

	Henschel-Haberman
	0.0001
	0.0517
	0.0241

	Jagla-Rothman
	0.0472
	0.3097
	0.2464

	Reynolds-Khvorova
	0.0000
	0.0210
	0.0079

	Model 2
	0.7033
	0.8298
	0.8605

	Ui-Tei-Saigo2
	0.4953
	0.8379
	0.7975

	Vert-Vandenbrouck
	0.0970
	0.0969
	0.0638


Binding model for siRNA – RISC entry

To understand why some siRNA directed cleavage reactions occur readily whereas other reactions are slow, we need to consider their intermediate stages. This consideration can also help in understanding the relationship between the rate of siRNA directed cleavage reaction and the terminal stabilities of siRNA duplexes. Here we propose a model for the process. This model explores “transition state theory” for deriving equations1 http://www.owlnet.rice.edu/~chem445/lec09.pdf. The first stage of the process of siRNA directed cleavage is reversible adsorption of antisense strand into RISC, i.e. "transition" complex formation. This stage is followed by further nonreversible reactions resulting in products such as cleaved siRNA duplex sense strand and cleaved target mRNA. These have the following form:
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Overall reaction
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(3)
Here [SA] - duplex of sense and antisense strands (siRNA duplex), E - enzyme, [AE S] – transition complex, [AE] – RISC loaded with the antisense strand,  S * and mRNA * - the cleaved sense strand and target mRNA (reaction products); k, kr, ka – kinetic constants, corresponding reactions (1), (2) and (3).  

We assume that the formation of transition complex is a rate limiting stage for reaction (3). The formation of transition complex [AE S] is characterized by the equilibrium constant of binding Ka. The logarithm of this constant is related to the free energy of transition complex formation. The first stage of formation of this complex is siRNA terminal duplex melting. The efficiency of this stage is determined by terminal stabilities of an siRNA duplex. This stability, in turn, is determined by the free energy of terminal nucleotides in the duplex. It is likely that the energy related to stability of terminal 5’ nucleotides pairs in an siRNA duplex is part of the energy of formation of the RISC transition state. Accordingly, the energy of formation of the transition complex depends linearly on the energy related to stability of terminal 5’ nucleotide base pairs in a siRNA duplex. Estimation of the energy required for transition complex formation can be performed using experimental data2. According to the assumption that the formation of RISC is a rate limiting stage for reaction (3), the logarithm ka will linearly depend on the energy of transition complex formation (ΔFa):  

         ln ka = - ΔFa /RT + C0 .







(4)

Here C0 is a constant.  

The logarithm of the reaction rate (3) depends on the free energy of formation of the transition complex, and this energy includes the energy related to stability of the 5’ antisense strand terminus of siRNA: 

ΔFa /RT = C1 ΔGa /RT + C2 .






(5)

Here ΔGa - energy related to stability of 5’ antisense strand terminus of siRNA, C1 and C2 are constants.  

The following relationship can be derived from this:  

ln ka = - C1 ΔGa /RT - C2 + C0 .






(6)

Thus our model predicts a linear relationship of the logarithm of the experimental reaction rate and the energy related to stability the terminal nucleotide base pairs. The two strands of an siRNA duplex can participate in RISC formation and compete with each other. So two parallel reactions leading to the formation of two different product types, can occur. One product type is RISC loaded with antisense strand (see (1)) and the other is RISC loaded with siRNA duplex sense strand. For this second reaction we can write a similar equation (3):
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(7)
Here [SE] – RISC loaded with the antisense strand, A * and mRNA * - the cleaved sense strand and non-target mRNA (reaction products); ks – kinetic constant, corresponding this reactions.  

Equation (8) can be derived in a same way as (6):

ln ks = - C1 ΔGs /RT + const.






(8)

From (6) and (8) the next equation (9) can be derived:

ln ka / ks = - C1 ΔΔG /RT + const.





(9)

Here ΔΔG = ΔGa - ΔGs .

ΔΔG is the subtraction value of ∆G related to stability of the 5’ ends of antisense and sense strands. Thus this model predicts the linear relationship between this subtraction value ΔΔG and ratio of rates of two competing reactions (taken as a natural logarithm value).
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