SUPPLEMENTARY INFORMATION

K-shuff: a novel algorithm for characterizing structural and compositional diversity in gene libraries

1. Power analysis and performance evaluation of K-shuff for clone libraries 
To evaluate effect of library size on the ability of K-shuff to detect differences in libraries, test 16S rRNA gene libraries prepared by Sanger sequencing were compiled by combining 1000 sequences from salt marsh sediments [18], forest and cropland soils [20], and seawater (unpublished data). Representative IKF and CKF plots of the complete forest and sediment libraries are shown below (Fig A). Power analysis was then performed to test the statistical power of K-shuff by comparing the soil and sediment or seawater and sediment communities.  In this procedure, N (= 50, 75 and 100) sequences were randomly selected from the soil or sediment libraries (or seawater and sediment libraries) and mixed in different proportions (ω) to create pairs of libraries. One library in each pair consists of ωN soil sequences and (1-ω)N sediment sequences, while the other library in the pair contains (1-ω)N soil sequences and ωN sediment sequences. Then ω was increased from 0.5 to 1 in steps of 0.05, resulting in pairs of libraries with various levels of dissimilarity. With ω=0.5, the two generated libraries should be similar in both structure and membership, and the libraries should be very different when ω=1; i.e. no mixing between communities.  For each combination of N and ω, the  and  test statistics were performed on 1000 pairs of mixed libraries and the power calculated.
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Figure A. IKFs and CKF for the soil (library 1) and the sediment (library 2) libraries. The IKFs and CKF were calculated for with entire 1000 sequences in each library. The structure (IKF) and compositions (CKF) of the libraries were significantly different, both with p-values of <0.001
Table A. Power analysis of seawater vs. salt marsh sediment libraries: Power (# of times rejecting H0/1000), p < 0.05, N=number of sequences in each library.
	Proportion (ω)
	IKF
	CKF

	
	N=50
	N=75
	N=100
	N=50
	N=75
	N=100

	50%
	0.012
	0.017
	0.012
	0.046
	0.036
	0.042

	55%
	0.028
	0.047
	0.078
	0.034
	0.048
	0.053

	60%
	0.193
	0.299
	0.428
	0.093
	0.211
	0.406

	65%
	0.408
	0.655
	0.865
	0.390
	0.724
	0.950

	70%
	0.782
	0.945
	0.994
	0.923
	0.986
	0.999

	75%
	0.944
	0.997
	0.999
	0.988
	1.000
	1.000

	80%
	0.996
	1.000
	1.000
	1.000
	1.000
	1.000

	85%
	0.999
	1.000
	1.000
	1.000
	1.000
	1.000

	90%
	1.000
	1000
	1.000
	1.000
	1000
	1.000

	95%
	1.000
	1.000
	1.000
	1.000
	1.000
	1.000

	100%
	1.000
	1.000
	1.000
	1.000
	1.000
	1.000




Table B. Power analysis of soil vs. salt marsh sediment libraries: Power (# of times rejecting H0/1000), p < 0.05, N=number of sequences in each library.
	Proportion (ω)
	IKF
	CKF

	
	N=50
	N=75
	N=100
	N=50
	N=75
	N=100

	50%
	0.046
	0.044
	0.045
	0.019
	0.033
	0.030

	55%
	0.051
	0.044
	0.045
	0.022
	0.049
	0.053

	60%
	0.066
	0.050
	0.051
	0.106
	0.184
	0.255

	65%
	0.078
	0.059
	0.078
	0.251
	0.452
	0.800

	70%
	0.102
	0.080
	0.114
	0.698
	0.901
	0.998

	75%
	0.107
	0.117
	0.150
	0.925
	1.000
	1.000

	80%
	0.144
	0.144
	0.215
	0.995
	1.000
	1.000

	85%
	0.162
	0.206
	0.256
	1.000
	1.000
	1.000

	90%
	0.203
	0.277
	0.348
	1.000
	1.000
	1.000

	95%
	0.231
	0.341
	0.433
	1.000
	1.000
	1.000

	100%
	0.313
	0.409
	0.533
	1.000
	1.000
	1.000
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Figure B. Reproducibility and effect of sample size on the Ckf comparison of soil and marsh sediment libraries. The estimators were calculated for 1000 randomly chosen subsamples of the soil and marsh sediment rRNA gene libraries.  For each simulation, a total of N sequences are randomly drawn from each of the two libraries (soil and sediment); N = 25, 50, 75, and 100. For the two libraries of N sequences, the Ckf was calculated. The cumulative average and standard deviations for the first i simulations were then calculated and plotted; i=2, 3, …, 1000.
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Figure C. Reproducibility and effect of sample size on the Ikf comparison of the soil libraries.  Other details in the calculation as in Fig B.
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Figure D. Reproducibility and effect of sample size on the Ikf comparison of marsh sediment libraries.  Other details in the calculation as in Fig B.
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Figure E. The relationship between Ckf and the mixing proportions (ω) for seawater, sediment, and soil libraries. The Ckf was calculated during the power analyses in Tables A and B for N = 100. 
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Figure F. The relationship between Ikf and the mixing proportions (ω) for seawater, sediment, and soil libraries. The Ikf was calculated during the power analyses in Tables A and B for N = 100.

2. Evaluation of K-shuff for Illumina sequencing and power analyses 






Figure G. Effect of sample size on the mean Ikf values across the subsampled Illumina dataset. The effect of the number of sequences selected to calculate the Ikf  was determined from random samples of 100, 200, 300, 400 and 500 sequences for Cutting board (19 samples), Door Exterior (18 samples) and Pillowcase (20 samples) communities. These sites were chosen because they possessed low, high and intermediate OTU richness, respectively (see Fig 1 in Dunn et al. [23]). Bars represent the minimum and maximum values. *Excludes lowest outliers in accordance with Fig 1 in Dunn et al. [23].  




 
Figure H. Reproducibility and effect of sample size on the Ckf comparison of Cutting board (Cb) and Pillowcase (Pc) libraries. The estimators were calculated for 1000 randomly chosen subsamples of the Cb and Pc gene libraries.  For each simulation, a total of N sequences are randomly drawn from each of the two libraries (Cb and Pc); N = 50, 75, and 100. For the two libraries of N sequences, the Ckf was calculated. The cumulative average and standard deviations for the first i simulations were then calculated and plotted; i=2, 3, …, 1000.






Figure I.  Reproducibility and effect of sample size on the Ikf comparison of the Cutting board libraries.  For other details, see the legend to Fig H.










Figure J. Reproducibility and effect of sample size on the Ikf comparison of Pillowcase libraries. For other details, see the legend to Fig H.


Power analysis. For the Illumina dataset, the statistical power of K-shuff was tested by comparing the cutting board (Cb) and pillowcase (Pc) libraries at different mixing proportions (ω= 0.5 to 1) and sizes (N= 50, 75, 100). A Perl script was written to run 1000 iterations for each combination of ω and N. For each iteration, the script randomly sampled the desired number of sequences from the two libraries and build a squared distance matrix using MOTHUR v.1.35.1 run in batch mode. It then ran K-shuff, and extracted the test statistics (TI and TC) and p- values. 

Table C. Power analysis of Cutting board vs. Pillowcase libraries: Power (# of times rejecting H0/1000), p < 0.05, N=number of sequences in each library.
	
	IKF
	CKF

	Proportion (ω)
	N=50
	N=75
	N=100
	N=50
	N=75
	N=100

	50%
	0.039
	0.037
	0.042
	0.044
	0.028
	0.057

	55%
	0.044
	0.048
	0.042
	0.043
	0.042
	0.030

	60%
	0.057
	0.073
	0.082
	0.067
	0.057
	0.056

	65%
	0.095
	0.130
	0.146
	0.070
	0.077
	0.108

	70%
	0.126
	0.177
	0.214
	0.084
	0.128
	0.151

	75%
	0.175
	0.242
	0.336
	0.132
	0.211
	0.280

	80%
	0.246
	0.354
	0.473
	0.194
	0.336
	0.421

	85%
	0.308
	0.443
	0.609
	0.281
	0.433
	0.667

	90%
	0.425
	0.597
	0.732
	0.416
	0.645
	0.873

	95%
	0.473
	0.699
	0.860
	0.525
	0.826
	0.966

	100%
	0.607
	0.812
	0.920
	0.705
	0.935
	0.997
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Figure K. Power of TI (IKF) and TC (CKF) to distinguish libraries of bacterial 16S rRNA gene sequences from cutting board (Cb) and pillowcase (Pc) communities. The fraction of 1000 K-shuff comparisons that were significantly different or the power compared to the mixing proportion (ω) of the libraries as in Table C.




Figure L. The relationship between Ckf and the mixing proportions (ω) for Cutting board and Pillowcase libraries. The Ckf was calculated during the power analyses in Table C. 




Figure M. The relationship between Ikf and the mixing proportions (ω) for Cutting board (Cb) and Pillowcase (Pc) libraries. The Ikf was calculated during the power analyses in Table C. 




3. Application of K-shuff to Illumina datasets
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Figure N. Ikf values for each of the nine household sites examined by Dunn et al. [23]. The Ikf values were calculated for 100 sequences from each of the 40 households at each site. The mean, minimum and maximum values are shown. *Excludes lowest outliers in accordance with Fig 1 in Dunn et al. [23].



Figure O. MDS plot of the household bacterial communities with the compositional parameter Ckf for the subsampled Illumina® libraries by Dunn et al. [23]. The Ckf values were calculated for all 174 samples each with 100 sequences. 

[bookmark: _GoBack]Table D. Ckf (bottom left) and corresponding p-values (upper right) for OTU10.03 at each site. The number of sequences at each site is in parenthesis in the first column. 

	
	Cb 
	Dh 
	Di 
	Do 
	Fr 
	Kc 
	Pc 
	Ts 
	Tv 

	Cb (53)
	
	0.0310
	0.0280
	0.3040
	0.0060
	0.0140
	0.1500
	0.5990
	0.3260

	Dh (63)
	0.0015
	
	0.0890
	0.2250
	0.0010
	0.0080
	0.3300
	0.2180
	0.4350

	Di (17)
	0.0053
	0.0038
	
	0.2360
	0.0010
	0.0020
	0.7880
	0.0030
	0.3630

	Do (1)
	0.0527
	0.0529
	0.0520
	
	1.0000
	0.9690
	0.2070
	0.6750
	0.3730

	Fr (417)
	0.0048
	0.0052
	0.0085
	0.0533
	
	0.6450
	0.0010
	0.5660
	0.0070

	Kc (192)
	0.0043
	0.0046
	0.0079
	0.0533
	0.0005
	
	0.0010
	0.8400
	0.0190

	Pc (74)
	0.0035
	0.0028
	0.0018
	0.0522
	0.0080
	0.0074
	
	0.1020
	0.8650

	Ts (40)
	0.0035
	0.0038
	0.0072
	0.0532
	0.0013
	0.0008
	0.0066
	
	0.0630

	Tv (40)
	0.0022
	0.0012
	0.0037
	0.0527
	0.0048
	0.0043
	0.0032
	0.0035
	




Minimum*	100	200	300	400	500	100	200	300	400	500	100	200	300	400	500	Cutting Board	Door trim (exterior)	Pillowcase	0.12620000000000001	0.1174	0.12130000000000001	0.12479999999999999	0.1239	0.1641	0.157	0.16769999999999999	0.16520000000000001	0.1646	0.19309999999999999	0.19470000000000001	0.1951	0.19700000000000001	0.1951	Mean	100	200	300	400	500	100	200	300	400	500	100	200	300	400	500	Cutting Board	Door trim (exterior)	Pillowcase	0.167889473684211	0.16736315789473699	0.16789999999999999	0.167726315789474	0.16716315789473701	0.18706111111111101	0.18729999999999999	0.18831666666666699	0.18784444444444401	0.18701111111111099	0.20702999999999999	0.20619999999999999	0.207925	0.20769000000000001	0.20686499999999999	Maximum	100	200	300	400	500	100	200	300	400	500	100	200	300	400	500	Cutting Board	Door trim (exterior)	Pillowcase	0.2122	0.21479999999999999	0.21390000000000001	0.21379999999999999	0.215	0.20680000000000001	0.2074	0.2072	0.20760000000000001	0.20349999999999999	0.23269999999999999	0.21990000000000001	0.22359999999999999	0.22189999999999999	0.2205	
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Standard deviation
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Average




CKF

N=50	0.5	0.55000000000000004	0.6	0.65	0.7	0.75	0.8	0.85	0.9	0.95	1	4.3999999999999997E-2	4.2999999999999997E-2	6.7000000000000004E-2	7.0000000000000007E-2	8.4000000000000005E-2	0.13200000000000001	0.19400000000000001	0.28100000000000003	0.41599999999999998	0.52500000000000002	0.70499999999999996	N=75	0.5	0.55000000000000004	0.6	0.65	0.7	0.75	0.8	0.85	0.9	0.95	1	2.8000000000000001E-2	4.2000000000000003E-2	5.7000000000000002E-2	7.6999999999999999E-2	0.128	0.21099999999999999	0.33600000000000002	0.433	0.64500000000000002	0.82599999999999996	0.93500000000000005	N=100	0.5	0.55000000000000004	0.6	0.65	0.7	0.75	0.8	0.85	0.9	0.95	1	5.7000000000000002E-2	0.03	5.6000000000000001E-2	0.108	0.151	0.28000000000000003	0.42099999999999999	0.66700000000000004	0.873	0.96599999999999997	0.997	



CKF	0.5	0.55000000000000004	0.6	0.65	0.7	0.75	0.8	0.85	0.9	0.95	1	6.8428999999999999E-3	6.9178000000000104E-3	7.6990000000000001E-3	9.0054000000000002E-3	1.01209E-2	1.19816E-2	1.3988499999999999E-2	1.6329400000000001E-2	1.8476599999999999E-2	2.0982899999999999E-2	2.36099E-2	Mixing proportions


Ckf values




IKF1(Cb)	0.5	0.55000000000000004	0.6	0.65	0.7	0.75	0.8	0.85	0.9	0.95	1	0.2113805	0.21026719999999999	0.2092755	0.2079916	0.20691809999999999	0.20552019999999999	0.20398849999999999	0.2027716	0.2012545	0.19968430000000001	0.19803760000000001	IKF2(Pc)	0.5	0.55000000000000004	0.6	0.65	0.7	0.75	0.8	0.85	0.9	0.95	1	0.21159849999999999	0.21226990000000001	0.21353820000000001	0.21472569999999999	0.2153747	0.21625949999999999	0.21698390000000001	0.2180714	0.2185829	0.2192788	0.21984190000000001	Mixing proportions


Ikf values




Cb	1.30331	0.21593999999999999	-0.74890000000000001	-0.96352000000000004	0.94560999999999995	0.63019000000000003	0.85865000000000002	1.1538200000000001	1.50315	-0.55474999999999997	-0.15542	1.9868600000000001	-0.91520000000000001	1.03972	1.3452599999999999	2.1440199999999998	0.75900999999999996	-0.79900000000000004	-9.8200000000000006E-3	0.18659999999999999	5.008E-2	0.33745999999999998	-0.16994000000000001	-0.13213	-0.19464000000000001	0.16345000000000001	-0.47743000000000002	0.46439999999999998	-0.18026	0.31835999999999998	0.35264000000000001	0.22950000000000001	0.41259000000000001	0.18670999999999999	0.36353000000000002	0.22187000000000001	-0.32744000000000001	-1.188E-2	Dh	-0.88129000000000002	-0.15157999999999999	-0.76388	-0.27736	-0.42498999999999998	-0.78859000000000001	-0.70140999999999998	-0.40214	-0.66342000000000001	-0.34001999999999999	-0.99136000000000002	-1.03369	1.64805	-0.89065000000000005	-0.18734000000000001	-0.21425	-0.69340999999999997	-0.84940000000000004	-0.14860999999999999	-0.43758999999999998	-0.18898999999999999	0.11922000000000001	-0.42072999999999999	0.30864000000000003	-0.38014999999999999	-0.26029000000000002	0.47133000000000003	0.29629	0.13275000000000001	-0.14854999999999999	0.50966	-0.17297999999999999	-0.58743999999999996	-0.16047	0.30137000000000003	-0.27787000000000001	Di	-0.67295000000000005	-0.62982000000000005	0.32401000000000002	-0.85631000000000002	-2.7480000000000001E-2	-0.89449000000000001	-0.65751000000000004	-0.57438999999999996	-0.83518999999999999	-0.89632999999999996	-0.86719000000000002	-0.75763999999999998	-0.59496000000000004	-0.59014	-0.81962999999999997	-0.66791999999999996	-0.84218000000000004	-0.74624000000000001	-0.93378000000000005	-0.74912000000000001	0.31183	0.48277999999999999	0.52624000000000004	0.13582	0.45867999999999998	0.27542	0.42634	0.44419999999999998	6.7960000000000007E-2	0.26273999999999997	0.28782999999999997	-0.25276999999999999	0.34071000000000001	0.51727000000000001	0.30298000000000003	0.31757000000000002	0.2581	-0.21018999999999999	0.21221999999999999	Do	-0.46806999999999999	4.3310000000000001E-2	-0.56898000000000004	7.1029999999999996E-2	-0.51539000000000001	-6.4570000000000002E-2	-0.82769000000000004	-0.47181000000000001	-0.64700999999999997	-0.35365000000000002	-4.1529999999999997E-2	-0.73355000000000004	-0.12554000000000001	-0.31516	0.83762999999999999	-0.26643	-0.20265	1.14981	0.53735999999999995	0.59560000000000002	0.34395999999999999	0.59321999999999997	0.46767999999999998	0.45400000000000001	0.21737000000000001	0.53652	0.44794	0.47814000000000001	0.55076999999999998	0.36797000000000002	0.57342000000000004	0.45854	0.45456000000000002	0.42687999999999998	0.17380999999999999	0.48707	Fr	-0.40082000000000001	0.80169000000000001	-0.61384000000000005	0.69411999999999996	2.79657	-0.7329	2.5019499999999999	-0.40476000000000001	2.2312599999999998	1.1968099999999999	1.0699799999999999	-0.66669	1.1054299999999999	1.1891400000000001	-8.4000000000000003E-4	1.62436	3.32829	1.9186099999999999	0.90847	0.59875999999999996	0.42881999999999998	-0.36068	-0.30823	-0.42177999999999999	-8.7029999999999996E-2	-2.96E-3	-0.15298	-0.10251	-0.2379	-5.1400000000000001E-2	0.12972	-0.15454000000000001	0.33533000000000002	-0.20566999999999999	-0.61885000000000001	0.16328000000000001	-1.24E-2	0.25573000000000001	-0.47383999999999998	-0.46681	Kc	1.1149899999999999	-0.76258999999999999	0.17333000000000001	-0.73994000000000004	0.22044	2.4238400000000002	1.98519	-0.38213999999999998	-0.65220999999999996	0.86073999999999995	0.38067000000000001	0.94066000000000005	1.0292699999999999	-0.76500999999999997	-0.27234000000000003	2.2718500000000001	1.5585899999999999	1.44831	-0.78993999999999998	2.775E-2	0.34388999999999997	-0.58513999999999999	0.14396999999999999	-0.59372999999999998	-0.17702000000000001	0.30781999999999998	-2.7720000000000002E-2	5.4300000000000001E-2	0.32568999999999998	0.29865999999999998	0.32438	-0.27539999999999998	-0.29559999999999997	-0.46640999999999999	-0.15445	0.24016999999999999	-0.35759999999999997	5.6800000000000002E-3	Pc	-0.37153000000000003	-0.81952999999999998	-0.19289000000000001	-0.84484000000000004	-0.45002999999999999	0.44857999999999998	-1.3520000000000001E-2	4.6580000000000003E-2	1.0467299999999999	-0.63146000000000002	-0.55523	-0.74648000000000003	-0.98707	0.28970000000000001	-0.38929000000000002	-0.22395999999999999	-0.85533000000000003	0.28069	-0.59762000000000004	-0.53944999999999999	-0.38136999999999999	0.16023999999999999	-0.48937999999999998	-0.23093	-0.21115	-0.61704999999999999	0.15129999999999999	-0.28465000000000001	-0.34716999999999998	-0.13311999999999999	-0.16520000000000001	-0.35004000000000002	-0.12623999999999999	-0.15193000000000001	-0.48777999999999999	-0.29302	-0.1234	-0.35309000000000001	-0.29619000000000001	-0.43913999999999997	Ts	0.42870000000000003	2.2299000000000002	0.73570999999999998	0.58009999999999995	8.7669999999999998E-2	1.4635100000000001	0.23066999999999999	-0.18815999999999999	-1.0580000000000001E-2	0.55545	0.86933000000000005	-0.38450000000000001	-2.5049999999999999E-2	-1.821E-2	0.17175000000000001	-0.54825999999999997	-0.25818999999999998	-0.31048999999999999	0.39167999999999997	-0.47747000000000001	-8.2189999999999999E-2	-6.139E-2	-0.38211000000000001	-9.7879999999999995E-2	-0.43872	-0.26284000000000002	-0.31969999999999998	-0.44228000000000001	-0.30051	-0.32018000000000002	0.13511999999999999	-0.47432999999999997	-0.43830000000000002	-0.36201	-0.36679	-0.44080000000000003	-0.54352999999999996	TV	-0.78015999999999996	-1.0048699999999999	-0.42626999999999998	-0.98270999999999997	-0.76376999999999995	0.15490000000000001	-0.84358999999999995	-0.55128999999999995	-0.79415999999999998	-0.51005999999999996	-0.80449999999999999	-0.54434000000000005	-0.74136000000000002	-0.90636000000000005	-1.0173399999999999	-1.0187999999999999	-0.94413999999999998	-0.69948999999999995	-1.06897	-1.0252399999999999	-0.22359000000000001	0.12690000000000001	0.53803999999999996	-0.14829999999999999	-0.11982	0.28638000000000002	0.30118	-0.52590000000000003	-0.25452999999999998	3.3050000000000003E-2	0.38929000000000002	-0.25214999999999999	-3.1570000000000001E-2	-0.18823000000000001	3.9480000000000001E-2	5.5350000000000003E-2	-0.24512999999999999	-7.034E-2	-5.1929999999999997E-2	0.10598	
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