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Supplementary Tables
Supplementary Table S1 – Detailed ML results for all splits.
	[bookmark: _Hlk502779579]Split
	F1-macro
	PR-AUC
	ROC-AUC
	sensitivity
	specificity
	MCC

	1
	0.905
	0.994
	0.972
	0.978
	0.811
	0.811

	2
	0.896
	0.993
	0.970
	0.965
	0.835
	0.793

	3
	0.897
	0.994
	0.973
	0.950
	0.899
	0.798

	4
	0.896
	0.991
	0.961
	0.971
	0.808
	0.791

	5
	0.899
	0.991
	0.967
	0.961
	0.860
	0.799

	6
	0.891
	0.993
	0.968
	0.969
	0.805
	0.783

	7
	0.893
	0.991
	0.968
	0.967
	0.817
	0.785

	8
	0.893
	0.992
	0.967
	0.962
	0.838
	0.786

	9
	0.900
	0.992
	0.963
	0.968
	0.835
	0.801

	10
	0.902
	0.995
	0.975
	0.968
	0.845
	0.804

	Avg
	0.897
	0.992
	0.968
	0.966
	0.835
	0.795

	Std
	0.0045
	0.0014
	0.0044
	0.0072
	0.0287
	0.0091


Supplementary Table 1 - Summary of ML Accuracy results with different measures. F1-macro, sensitivity and specificity, are defined in section ‎2.2.3. PR-AUC is the area under the precision-recall curve, unweighted and averaged over both labels. Note that this curve for the negative label is actually the NPV (see section ‎2.2.3) vs specificity curve. ROC-AUC is the area under the ROC curve. Matthews Correlation Coefficient (Matthews, 1975) (MCC) is a measure of the quality of a binary confusion matrix, ranging from -1 (complete disagreement between predictions and observations) and 1 (perfect prediction).


Supplementary Table S2 - Detailed information about the 25 top-scoring PFs
	#
	Protein ID (PATRIC)
	Function
	Genus broadness
	Weight
	HP
	NHP
	P - ratio

	1
	fig|57678.3.peg.3911|
	Antitoxin/ABC transporter/Methionyl-tRNA synthetase
	13
	1.121
	165
	11
	2.75

	2
	fig|562.5116.peg.303|
	Phage tail fiber protein
	9
	1.041
	9
	1
	1.65

	3
	fig|1035839.4.peg.497|
	Phage tail fiber
	9
	1.011
	18
	4
	0.82

	4
	fig|104628.18.peg.787|
	ABC transport system/drug resistance efflux pump
	24
	0.954
	64
	7
	1.67

	5
	fig|1638939.5.peg.6205|
	Secreted protein - Unknown function
	7
	0.885
	11
	2
	1.01

	6
	fig|1896987.3.peg.84|
	Permease/amino acid metabolism
	9
	0.879
	26
	7
	0.68

	7
	fig|546275.3.peg.221|
	Iron-metabolism
	8
	0.814
	28
	1
	5.13

	8
	fig|908937.4.peg.2347|
	Mobile element
	6
	0.810
	23
	2
	2.11

	9
	fig|518636.5.peg.5056|
	Antitoxin
	9
	0.808
	7
	7
	0.18

	10
	fig|777.21.peg.2668|
	Unknown function
	5
	0.757
	258
	1
	47.24

	11
	fig|873513.3.peg.40|
	Unknown function
	3
	0.749
	6
	3
	0.37

	12
	fig|160453.3.peg.3556|
	Putative lipoprotein – Unknown function
	7
	0.734
	256
	0
	inf

	13
	fig|29385.56.peg.1991|
	Biofilm-associated protein
	10
	0.732
	41
	1
	7.51

	14
	fig|1637974.4.peg.3466|
	Antitoxin
	5
	0.729
	6
	0
	inf

	15
	fig|38289.22.peg.1916|
	Unknown function
	5
	0.726
	53
	0
	inf

	16
	fig|48296.46.peg.4105|
	Nitrate metabolism
	9
	0.719
	44
	3
	2.69

	17
	fig|1276.5.peg.1875|
	Unknown function
	8
	0.718
	10
	3
	0.61

	18
	fig|53378.3.peg.5629|
	Type IV secretory pathway
	8
	0.713
	13
	3
	0.79

	19
	fig|1008457.3.peg.262|
	Metabolism of amino groups
	11
	0.708
	18
	1
	3.30

	20
	fig|108486.3.peg.1334|
	Mobile element
	12
	0.699
	42
	1
	7.69

	21
	fig|866774.4.peg.1228|
	Aminopeptidase
	7
	0.693
	12
	2
	1.10

	22
	fig|29303.4.peg.53|
	Unknown function
	7
	0.678
	15
	1
	2.75

	23
	fig|1408286.3.peg.775|
	Unknown function
	11
	0.678
	122
	8
	2.79

	24
	fig|742821.3.peg.2226|
	Unknown function
	15
	0.673
	42
	15
	0.51

	25
	fig|525372.3.peg.2084|
	Fimbria adhesion/Two-component system sensor/Acetylornithine deacetylase
	9
	0.670
	27
	15
	0.33


Supplementary Table 2 - The Top 25 PFs with positive weights in the HP classifier and their functional categories, sorted in decreasing weight order. Each PF’s function was determined using all of its members. The bacterial spectrum is presented as a number of genera that contain the PF within their genome (Genus broadness). The weight column in the table denotes the weights assigned to the corresponding feature by the classifier; the higher the weight, the more important the feature during classification. Virulence, metabolism, and unknown functions are highlighted in light gray, white and dark gray, respectively.



[bookmark: _Ref505020684]Supplementary Table S3 - Complete description of the downloaded data
Since Table S3 is too large to be included here, it is supplied separately in ‘Supplementary.xlsx’. 
The file includes 4 sheets:
1. S3 - HP – a list of our downloaded bacteria (with meta-data) which we labeled as HP.
2. S3 – NHP - a list of our downloaded bacteria (with meta-data) which we labeled as NHP.
3. S3 – Inconclusive - a list of our downloaded bacteria (with meta-data) which we labeled as inconclusive. 
4. S3 - Genera and Phyla - a list of the different genera and phyla of the organisms used in this work.
5. S3 – Comparative analysis – a list of the 100 bacteria downloaded for comparative analysis, including meta data and detailed predictions by BacPaCS, PaPrBaG, and Pathogenfinder. 



Supplementary Information
Supplementary Information I1 - SVM and L1 Norm
[bookmark: __Fieldmark__3223_552847503]We used SVM with a linear kernel, so that the output model is represented by a vector . This vector  can then be used for prediction. To predict whether an organism with a feature vector  is pathogenic, the following formula is used:

We use a version of SVM training which minimizes the following objective function: 

Here,  is the number of training samples,  is the ’th sample feature vector,  is the ’th sample’s label (which can be 1 or -1),  is a bias term, and  is a regularization parameter, which we discuss below.  is the L1 norm of vector . 
The formula above is different from the more classical SVM training objective. In the classical SVM training objective, the last term is . However, this classical formulation does not prefer sparse solutions, and so might cause the model to use too many features, leading to less robust and less interpretable results.
The linear SVM objective has a parameter ‘C’, which is a positive number that needs to be tuned for the classifier to produce optimal results. This parameter indirectly controls the number of features that the final model will have. A larger number of features will lead to a better accuracy on the training set, at the expense of a less sparse model, which could result in worse accuracy on unseen organisms. A smaller number of features could lead to a poor accuracy on the training set, which can also result in a poor accuracy on unseen organisms. Thus, the value of ‘C’ needs to be tuned to obtain the best expected accuracy on unseen organisms. To tune the ‘C’ parameter, our goal is to obtain a relatively balanced accuracy on both positive and negative examples. This is done via cross-validation on the training set alone. The ‘C’ value that produces the highest average F1-macro score (defined in Section 2.2.3) is selected. Due to the skewness of the data, using the training set as-is for training would result in a higher accuracy on pathogenic examples and a low accuracy on non-pathogenic ones. To overcome this issue, we oversample the non-human pathogen (NHP) examples. This is equivalent to counting each NHP example as if it appeared N times, where the ratio of HP to NHP in our dataset is N:1. Thus, the resulting input to the SVM training procedure is balanced in terms of HP vs. NHP frequencies.


Supplementary Information I2 - Labeling Method
We downloaded (on March 15th, 2017), all ‘WGS’ and ‘Complete’ genomes available in PATRIC. The ‘Complete’ genomes list was downloaded in order to validate our annotation scheme using Pathogenfinder’s (Cosentino et al., 2013) self-annotated list of NHP/HP bacterial genomes. We used Pathogenfinder’s annotation of the ‘Complete’ genomes as a reference to control the annotation scheme we developed for the ‘WGS’ genomes. Their data was annotated mostly manually, using references from the literature, making it highly reliable.
Based on PATRIC’s annotations, we labeled genomes as HP if they satisfied any of the following criteria:
· The ‘Disease’ field is not empty, and does not contain a commensal term, as defined below. 
· One of the fields ‘Isolation Source’, ‘Host Health’, or ‘Comments’ includes an HP term. In addition, the same fields cannot include any of the NHP terms (the terms used for HP and NHP are detailed below).
· A genome was manually verified as HP, by reviewing it in the literature. 
Excluding the generated HP list, we labeled genomes as NHP if they satisfied any of the following criteria:
· One of the fields ‘Isolation Source’, ‘Host Health’, or ‘Comments’ includes an NHP term.
· One of the fields ‘Isolation Source’, ‘Host Health’, or ‘Comments’ includes a weaker NHP term.
This resulted in 17,881 HPs and 3,274 NHPs, making a ratio of 5.45:1 HP: NHP in the dataset. The criteria above were selected iteratively, using as reference the shorter list of the ‘Complete’ genomes. This list includes Pathogenfinder’s genomes, and thus, for each iteration, the HP/NHP annotations were compared to theirs, and the criteria were optimized to minimize discrepancies.
The following term lists were used for the criteria above:
· HP terms: virulence, disease, superbug, patient, diarrhea, waterborne, foodborne, toxin, clinical, intensive, outbreak, infection, pathogen, water borne, food borne.
· NHP terms: healthy, probiotic, commensal.
· Weaker NHP terms: ‘comparative’, ‘reference’. 
· Commensal terms: 'healthy', 'Healthy', 'Commensal', 'Commensal (plant)', 'Periodontally healthy'.
To clarify, we term the weaker NHP terms as weaker, since they are not sufficient to reject HP, but when no HP indications are available, an annotation containing these terms is considered NHP.
For the comparative analysis set, we used the same method, with a small addition: organisms with ‘dietary supplements’ in ‘Isolation Source’ were considered NHP as well. The labels of the test set used for the comparative analysis were also manually validated, and labels were corrected as needed, see details in Section 3.4.
Information regarding the full labeled set is available in Table S3.  

Supplementary Information I3 – Cross-Validation description
The following illustration demonstrates how we evaluated the performance of our model on the data set using cross validation. As explained in Section 3, the data was divided to 10 equal stratified validation sets. For each validation set, we trained a model on the remaining 90% of the training set. The validation sets were never used to train the model that they evaluated, nor were they used to tune that model's 'C' parameter. The illustration below shows how the two types of cross-validations are applied to one of the folds. The other folds are analogous.[image: ]
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