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R2EBWAR FRT7 v/ RK—BRENW 1TREFHLBIRENE 14 0 12 MEF
T
5 BRA b U—|/NRBRAT
Py =Py AbEY b ok
F (n=32) (n=68)
1 90.63% 88.24% CFLAR, PSEN1, CEACAM4, NAMPT, RHEB, GZMK,
INKTR, DUSP1, RARA, ITGAX, SLC25A37, EPOR
2 90.63% 86.27% CFLAR, PSENI1, CEACAM4, NAMPT, RHEB, GZMK,
INKTR, DUSPI1, ITGAX, SLC25A37, RXRA, EPOR
3 90.63% 86.27% CFLAR, PSEN1, CEACAM4, RHEB, GZMK, NKTR,
DUSP1, RARA, ITGAX, SLC25A37, RXRA, EPOR
4 00.63% 84.31% CFLAR, PSEN1, CEACAM4, NAMPT, GZMK, NKTR,
DUSPIL, ITGAX, SLC25A37, RYBP, RXRA, EPOR
5 90.63% 82.35% CFLAR, MAPKS, PSEN1, CEACAM4, GZMK, NKTR,
DUSP1, RARA, SLC25A37, RYBP, RXRA, EPOR
6 90.63% 80.39% CFLAR, PSEN1, CEACAM4, GZMK, NKTR, DUSPI,
RARA, ITGAX, SLC25A37, RYBP, RXRA, EPOR
7 90.63% 80.39% CFLAR, MAPKSY, PSENI, CEACAM4, NAMPT, GZMK,
INKTR, DUSPIL, ITGAX, SLC25A37, RXRA, EPOR
8 90.63% 80.39% CFLAR, PSEN1, CEACAM4, NAMPT, GZMK, NKTR,
DUSP1, RARA, ITGAX, SLC25A37, RYBP, EPOR
O 90.63% 80.39% CFLAR, PSENI, CEACAM4, NAMPT, GZMK, NKTR,
DUSP1, RARA, ITGAX, SLC25A37, RXRA, EPOR
10 90.63% 78.43% CFLAR, MAPKY, PSENI, CEACAM4, GZMK, NKTR,
DUSPI, RARA, ITGAX, SLC25A37, RXRA, EPOR
11 90.63% 78.43% CFLAR, MAPK9, PSEN1, CEACAM4, GZMK, NKTR,
DUSP1, RARA, ITGAX, SLC25A37, RYBP, EPOR
12 00.63% 78.43% CFLAR, MAPKS, PSEN1, CEACAM4, NAMPT, GZMK,
INKTR, ITGAX, SLC25A37, RYBP, RXRA, EPOR
13 90.63% 78.43% CFLAR, MAPKSY, PSEN1, CEACAM4, NAMPT, GZMK,
INKTR, DUSP1, RARA, ITGAX, SLC25A37, EPOR
14 IN/A IN/A BASP1, CD6, CD7, CXCL10, CXCL9, INPP5D, ISG20,
LCK, NKG7, PSMB9, RUNX3, and TAP1
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### Based on code from AltAnalyze's LineageProfiler (http://altanalyze.org)
#Author Nathan Salomonis - nsalomonis @ gmail.com

#Permission is hereby granted, free of charge, to any person obtaining a copy

#of this software and associated documentation files (the "Software"), to deal

#in the Software without restriction, including without limitation the rights

#to use, copy, modify, merge, publish, distribute, sublicense, and/or sell

#copies of the Software, and to permit persons to whom the Software is furnished
#to do so, subject to the following conditions:

#THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED,

#INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF MERCHANTABILITY,
FITNESS FOR A

#PARTICULAR PURPOSE AND NONINFRINGEMENT. IN NO EVENT SHALL THE
AUTHORS OR COPYRIGHT

#HOLDERS BE LIABLE FOR ANY CLATM, DAMAGES OR OTHER LIABILITY,
WHETHER IN AN ACTION

#OF CONTRACT, TORT OR OTHERWISE, ARISING FROM, QUT OF OR IN
CONNECTION WITH THE

#SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.
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import sys, string
import math

import os.path

import copy

import time

import getopt

try: import scipy
except Exception: pass

try: import unique ##H Not required (used in AltAnalyze)
except Exception: None
try: import export ### Not required (used in AltAnalyze)
except Exception: None

#import salstat_stats; reload(salstat_stats)
try:

from scipy import stats

use_scipy = True
except Exception:

use_scipy = False ### scipy is not required but is used as a faster implementation of Fisher

Exact Test when present

def filepath(filename):
try: fn = unique.filepath(filename)
except Exception: fn = filename
return fn

def exportFile(filename):
try: export_data = export.ExportFile(filename)
except Exception: export_data = open(filename,'w")
return export_data

def makeUnique(item):
dbl={}; listI=[]; k=0
for i in item:
try: dbl[i]=[]
except TypeError: db1[tuple(i)]=[]; k=1
foriindbl: '
if k==0; list1l.append(i)
else: list].append(list(i))
list1.sort()
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return listl

def cleanUpLine(line):
line = string.replace(line,\n',")
line = string, replace(line,"\¢',")
data = string.replace(line,\r',")
data = string.replace(data,™",")
return data

def returnLargeGlobal Vars():
##h# Prints all large global variables retained in memory (taking up space)
all = [var for var in globals() if (var[:2], var[-2:]) '=("__","_")]
for var in all:
try:
if len(globals()[var])>1:
print var, len(globals()[var])

except Exception: null=[]

def clearObjectsFromMemory(db_to_clear):
db_keys=(}
for key in db_to_clear: db_keys[key]=[]
for key in db_keys:
try: del db_to_clear[key]
except Exception:
try:
foriin key: del i #### For lists of tuples
except Exception: del key ## For plain lists

def int_check(value):

val_float = float(value)

val_int = int(value)

if val_float == val_int:
integer_check = "yes'

if val_float != val_int:
integer._check = 'no’

return integer_check

def IQR(array):
kl=175
k2=25
array.sort()
n = len(array)
valuel = float((n*k1)/100)
value = float((n*k2)/100)

JP 2016-
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if int_check(valuel) == 'no"
kl_val =int(valuel) + 1
if int_check(valuel) == 'yes"
kl1_val = int(valuel)
if int_check(value?2) == 'no":
k2_val = int(value2) + 1
if int_check(value2) = 'yes"
k2_val = int(value2)
try: median_val = scipy.median(array)
except Exception: median_val = Median(array)
upper?Sth = array[k]_val]
lower25th = array[k2_val]

int_qrt_range = upper75th - lower25th

T1 =lower25th-(1.5*%int_qrt_range)

T2 = upper75th-+(1.5*int_grt_range)

return lower25th,median_val,upper75th,int_qrt_range,T1,T2

class IQRData:
def __init_ (self,maxz,minz,medz,iql,iq3):
self.maxz = maxz, self.minz = minz
self. medz = medz; self.igl =iql
self.iq3 =iq3
def Max(self): return self. maxz
def Min(self): return self.minz
def Medium(self): return self.medz
def IQ] (self): return self.iq1
def 1Q3(self): return self.iq3
def SummaryValues(self):
vals =
string.join{[str(sel.1Q1()),str(self. Min()),str(self Medium(}),str(self. Max()),str(self. IQ3()1,\t")
return vals

def importGeneModels(geneModels):
fn=filepath(geneModels); x=0
geneModels=[]
for line in open(fn,'rU").xreadlines():
genes = cleanUpLine(line)
genes = string.replace(genes,""",")
genes = string.replace(genes,' ,',)
genes = string,.split(genes,',")
models=[]
for gene in genes:
if len(zene)>0:
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models.append(gene)
if len(models)>0:
geneModels.append(models)
return geneModels

H#HEHHEHEHE Below code deals is specific to this module #fHEHHHE
def
runLineageProfiler(species,array_type,exp_input,exp_output,codingtype,compendium_platform,
modelSize=None customMarkers=False,geneModels=False,permute=False useMulti=False):

""" This code differs from LineageProfiler.py in that it is able to iterate through the
LineageProfiler functions with distinct geneModels

that are either supplied by the user or discovered from all possible combinations, """

global exp_output_file; exp_output_file = exp_output; global targetPlatform
giobal tissues; global sample_headers

global analysis_type; global coding_type; coding_type = codingtype

global tissue_to_gene; tissue_to_gene = {}; global platform; global cutoff
global customMarkerFile; global delim; global keyed_by; global pearson_list
global Permute; Permute=permute; global useMultiRef; useMultiRef = useMulti
pearson_list=[]

#global tissue_specific_db

customMarkerFile = customMarkers
if geneModels == False: geneModels = []
else:
geneModels = importGeneModels(geneModels)

if W in exp_input: delim = "W
elif //' in exp_input; delim = "//'
else; delim ="/"

print "\nRunning LineageProfiler analysis on',string.split(exp_input,delim)[-1][:-4]

global correlate_by_order; correlate_by_order = 'no’

global rho_threshold; rho_threshold = -1

global correlate_to_tissue_specific; comrelate_to_tissue_specific = 'no’
platform = array_type

cutoff =0.01

global value_type

if 'stats.’ in exp_input:
value_type = 'calls'

else:
value_type = 'expression’
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tissue_specific_db={}; sample_headers=[]; tissues={]
if len(array_type)==2:
#H When a user-supplied expression is provided (no ExpressionQutput files provided -
importGeneIDTranslations)
vendor, array_type = array_type
platform = array_type
else: vendor = 'Not needed'

if RawSplice' in exp_input or 'FullDatasets' in exp_input or coding_type == 'AltExon";
analysis_type = 'AltExon'
if platform != compendium_platform: ### If the input IDs are not Affymetrix Exon 1.0 ST
probesets, then translate to the appropriate system
‘translate_to_genearray = 'no'
targetPlatform = compendium_platform
translation_db = importExonIDTranslations(array_type,species,translate_to_genearray)
keyed_by = 'translation’
else: translation_db=[]; keyed_by = 'primaryID'; targetPlatform = compendium_platform
elif array_type == "3'array” or array_type == 'AltMouse":
##H# Get arrayID to Ensemb] associations
if vendor != "Not needed":
### When no ExpressionOutput files provided (user supplied matrix)
translation_db = importVendorToEnsembl Translations(species,vendor,exp_input)
else:
translation_db = importGeneIDTranslations(exp_output)
keyed_by = 'translation’
targetPlatform = compendium_platform
analysis_type = 'geneLevel’
else:
translation_db=[]; keyed_by = 'primaryID'; targetPlatform = compendium_platform;
analysis_type = 'genelLevel

targetPlatform = compendium_platform ### Qverides above
try: importTissueSpecificProfiles(species,tissue_specific_db)
except Exception:
try:
try:
targetPlatform = 'exon'
importTissueSpecificProfiles(species,tissue_specific_db)
except Exception:
try:
targetPlatform = 'gene’
importTissueSpecificProfiles(species,tissue_specific_db)
except Exception:
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targetPlatform = "3'array"
importTissueSpecificProfiles(species,tissue_specific_db)
except Exception:
print '‘No compatible compendiums present...'
print e
forceError

all_marker_genes=(]
for gene in tissue_specific_db:
all_marker_genes.append(gene)

if len(geneModels)>0:
allPossibleClassifiers = geneModels

elif modelSize == None or modelSize = 'optimize".
allPossibleClassifiers = [all_marker_genes]

else:

#Ht A specific model size has been specified (e.g., find all 10-gene models)

allPossibleClassifiers = getRandomSets(all_marker_genes,modelSize)

num=I
all_models=[]
if len(allPossibleClassifiers)<16:
print ‘Using:'
for model in allPossibleClassifiers:
print 'model’,num, model
num+=1
all_models+=model

#all_models = unique.unique(all_models)
#print len(all_models);sys.exit()

#H# This is the main analysis function
print Number of references to compare to:',Jen{tissues)
if len(tissues)<16:

print tissues

if modelSize 1= ‘optimize":

hit_list, hits, fails, prognostic_class_db,sample_diff_z, evaluate_size, prognostic_class1_db,

prognostic_class2_db = iteratelineageProfiler(exp_input, tissue_specific_db,
allPossibleClassifiers,translation_db,compendium_platform,modelSize)
else:
summary_hit_list=[]
evaluate_size = len(allPossibleClassifiers[0])
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hit_list, hits, fails, prognostic_class_db,sample_diff z, evaluate_size, prognostic_class1_db,
prognostic_class2_db = iterateLineageProfiler(exp_input, tissue_specific_db,
allPossibleClassifiers,translation_db,compendium_platform,None)
while evaluate_size > 4:
hit_list.sort()
top_model = hit_list[-1][-1]
top_model_score = hit_list[-1][0]
try: ### Used for evaluation only - gives the same top models
second_model = hit_list[-2][-1]
second_model_score = hit_list[-2][0]
if second_model_score == top_model_score:
top_model = second_model_score ### Try this
print ‘selecting secondary’
except Exception: None

mie

allPossibleClassifiers = [hit_list[-1][-1]]

hit_list, hits, fails, prognostic_class_db,sample_diff_z, evaluate_size,
prognostic_class1_db, prognostic_class2_db = iterateLineageProfiler(exp_input,
tissue_specific_db, allPossibleClassifiers,translation_db,compendium_platform,modelSize)
summary_hit_list+=hit_list
hit_list = summary_hit_list

exp_output_file = string.replace(exp_output_file,\V,'/")
root_dir = string.join(string.split(exp_output_file,/[:-1],/)+"/'
dataset_name = string.replace(string.split(exp_input,'/)[-1][:-4],'exp.",")
output_classification_file =root_dir+'SampleClassification/+dataset_name+'-
SampleClassification.txt’
try: os.mkdir(root_dir+'SampleClassification’)
except Exception: None
export_summary = exportFile(output_classification_file)
models =]
for i in allPossibleClassifiers:
i = string.replace(str(i),"","[1:-1]
models.append(i)

class_headers = map(lambda x: x+' Predicted Hits',tissues)
headers = string.join(['Samples']+class_headers+['Composite Prognostic Score', Median Z-
score Difference’, Prognostic Risk']+models,\t")+"n'
export_summary.write(headers)
sorted_results=[] ##H# sort the results
for sample in prognostic_class_db:
if len(tissues)==2:

13

10

20

30

40



(77) JP 2016-531580 A 2016.10.

class]l_score = prognostic_class1_db[sample]
class2_score = prognostic_class2_db[sample]
zscore_distribution = map(str,sample_diff_z[sample])
dist_list=[]
for i in zscore_distribution;
try: dist_list.append(float(i))
except Exception: None ### Occurs for 'NA's
try: median_score = scipy.median(dist_list)
except Exception; median_score = Median(dist_list)

class_db = prognostic_class_db[sample]
class_scores=[]; class_scores_str=[]; class_scores_refs={]
for tissue in tissues:
class_scores_str.append(str(class_db[tissue]))
class_scores.append(class_db[tissue])
class_scores_refs.append((class_db[tissue],tissue))
overall_prog_score = str(max(class_scores)-min(class_scores))
if len(tissues)==2:
class_scores_str = [str(class]_score),str{class2_score)] ### range of positive and negative
scores for a two-class test
if class2_score == 0
call = 'High Risk '+ tissues[0]
elif class1_score == (:
call = 'Low Risk '+ tissues[0]
else:
call = 'Ttermediate Risk + tissues[0]
overall_prog_score = str(classl_score-class2_score)
clse:
class_scores_refs,sort()
call=class_scores_refs{-1][1]
if " in call:
call = string.split(call,"")[0]
if 'non' in call:
overall_prog_score = str{float(overall_prog_score)*-1)
median_score = median_score™-1
values = [sample]+class_scores_str+[overall_prog_score,str{median_score),call]
values = string. join(values+zscore_distribution,\t')+"\n'
sorted_results.append({float(overall_prog_score),median_score,values])
sample_diff_z[sample] = dist_list

sorted_results.sort()

sorted_results.reverse()

for i in sorted_results:
export_summary.write(i[-1])
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export_summary.close()

print 'Results file written to:',;root_dir+'SampleClassification/'+dataset_name+'-
SampleClassification.txt',\n'

hit_list.sort(); hit_list.reverse()
top_hit_list=[]

top_hit_db={}

hits_db={ }; fails_db={}

avg_pearson_rho = Average(pearson_list)

for i in sample_diff_z:
zscore_distribution = sample_diff_z[i]
maxz = max(zscore_distribution); minz = min(zscore_distribution)
sample_diff_z[i] = string.join(map(str,zscore_distribution),\t")
try:
lower25th,medz,upper75th,int_qrt_range, T1,T2 = IQR(zscore_distribution)
if float(maxz)>float(T2); maxz = T2
if float(minz) < float(T1): minz =T1
#iqr = IQRData(maxz,minz,medz,lower25th,upper75th)
#sample_diff_z[i] = igr
except Exception:
pass
for iin hits:
try: hits_db[i]+=1
except Exception: hits_db[i]=1
for i in fails:
try: fails_db[i]+=1
except Exception: fails_db[i}=1
for iin fails_db:
if i not in hits:
try:
fprint i+\t+'0\t"+str(fails_dbli])+\t'+ sample_diff_z[i]
None
except Exception:
#print i

None

if modelSize != False:
print Returning all model overal scores’
hits=[]
for i in hits_db:
hits.append(Thits_db[i],i])
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hits.sort()
hits.reverse()
for i in hits:
if i[ 1] in fails_db: fail = fails_db[i[ 1]]
else: fail = 0
try:
#print i[ 1]+t +ste([0])+\t'+str(fail)+"\t'+sample_diff_z[i[1]]
None
except Exception;
#print i[1]

None

fori in hit_list:
if i[0]>0:
top_hit_list.append(i[-1])
top_hit_db[tuple(i[-1])]=i[0]

if len(geneModels) > 0:
for i in hit_list:
print i[:5],i[-1],1[-2] ### print all
else:
print Returning all over 90'
foriin hit_list;
if i{0]>85:
print i[:5],i[-1],i[-2] ### print all

sys.exit()"""
#print Top hits'
for i in hit_list[:500]:
print [:5],i[-1],i[-2]
try:
if hit_list[0][0] == hit_list[20][0]:
foriin hit_list[20:]:
if hit_list[0][0] == i[Q]:
print i[:5),i[-1],i[-2]
else: sys.exit()
except Exception: None ### Occurs if less than 20 entries here

1mn

print 'Average Pearson correlation coefficient:’, avg_pearson_rho
if avg_pearson_rho<0.9:

JP 2016-531580 A 2016.10.13
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print \tThe average Pearson correlation coefficient for all example models is less than 0.9’
print \tYour data may not be comparable to the provided reference (quality control may be
needed).\n\n'
else:
print No unusual warning.\n'
return top_hit_db

def
iterateLineageProﬁler(exp_input,tissue_specific_db,allPossibleClassiﬁers,translation_db,compen
dium_platform,modelSize):

hit_list=[]

#H# Iterate through LineageProfiler for all gene models (allPossibleClassifiers)

times = 1; k=1000; 1=1000; hits=[]; fails=[]; f=0; s=0; sample_diff z={};
prognostic_class1_db={ J; prognostic_class?_db={])

prognostic_class_db={}

begin_time = time.time()

evaluate_size=len(allPossibleClassifiers[0]) ## Number of reference markers to evaluate

if modelSize="optimize":
evaluate_size -= 1
allPossibleClassifiers = getRandomSets(allPossibleClassifiers[0] evaluate_size)

for classifiers in allPossibleClassifiers:
tissue_to_gene={ }; expession_subset=[]; sample_headers={]; classifier_specific_db={}
for gene in classifiers:
try: classifier_specific_db[gene] = tissue_specific_db[gene]
except Exception: None
expession_subset, sampleHeaders =
importGeneExpressionValues(exp_input,classifier_specific_db,translation_db,expession_subset)
### If the incorrect gene system was indicated re-run with generic parameters
if len(expession_subset)==0:
translation_db=[]; keyed_by = 'primaryID"; targetPlatform = compendivm_platform;
analysis_type = 'gencLevel
tissue_specific_db={}
importTissueSpecificProfiles(species,tissue_specific_db)
expession_subset, sampleHeaders =
importGeneExpressionValues{exp_input,tissue_specific_db,translation_db,expession_subset)
if len(sample_diff z)==0: ### Do this for the first model examine only
for h in sampleHeaders:
sample_diff_z[h]=[] ### Create this before any data is added, since some models will
exclude data for some samples (missing dCT values)
if len(expession_subset)!=len(classifiers): f+=1
#if modelSize="optimize": print len(expession_subset), len(classifiers);sys.exit()
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if len(expession_subset)==len(classifiers): ## Sometimes a gene or two are missing from
one set
s+=1
#print classifiers,\t',
zscore_output_dir,tissue_scores =
analyzeTissueSpecificExpressionPatterns(tissue_specific_db,expession_subset)
#except Exception: print len(classifier_specific_db), classifiers; error
headers = list(tissue_scores['headers']); del tissue_scores['headers’]
if times ==k:
end_time = time.time()
print int(end_time-begin_time),'seconds’
k+=l
times+=1; index=0; positive=0; positive_score_diff=0
sample_number = (len(headers)-1)
population]_denom=0; population!_pos=0; population2_pos=0; population2_denom=0
diff_positive=[]; diff_negative=[]
while index < sample_number:
scores = map(lambda x: tissue_scores[x][index], tissue_scores)
scores_copy = list(scores); scores_copy.sort()
diff_z = scores_copyl[-1]-scores_copy[-2] ### Diff between the top two scores
j=0
for tissue in tissue_scores:
if scores[j] == max(scores):
hit_score =1
else: hit_score=10
if len(tissues)>2:
if tissue+"" in headers[index+1] and hit_score=1:
positive+=1
try:
class_db = prognostic_class_db[headers[index+1]]
try: class_db[tissue]+=hit_score
except Exception: class_db[tissue]=hit_score
except Exception:
class_db={}
class_db[tissue]=hit_score
prognostic_class_db[headers[index+1]] = class_db
j+=1
if len(tissues)==2:
diff_z = tissue_scores[tissues[0]][index]-tissue_scores[tissues[-1]]{index]
if headers[index+1] not in prognostic_class1_db:
prognostic_class1_db[headers[index+1]]=0 ### Create a default value for each
sample
if headers[index+1] not in prognostic_class2_db:
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prognostic_class2_dbfheaders[index+1]]=0 #H# Create a default value for each
sample
if diff_z>0:
prognostic_class1_dbfheaders[index+1]]+=1
if diff_z<Q:
prognostic_class2_dbfheaders[index+1]]+=1
if diff_z>0 and (tissues[0]+"' in headers{index-+1]):
positive+=1; positive_score_diff+=abs(diff_z)
population]_pos+=1; diff_positive.append(abs(diff_z))
hits.append(headers[index+1]) ### see which are correctly classified
elif diff_z<0 and (tissues[-1]+"" in headers[index+11]):
positive+=1; positive_score_diff+=abs(diff_z)
population2_pos+=1; diff_positive.append(abs(diff_z))
hits.append(headers[index+1]) ### see which are correctly classified
elif diff z>0 and (tissues[-1]+"" in headers[index+1]): ### Incorrectly classified
diff_negative.append(abs(diff_z))
fails.append(headers[index+1])
elif diff z<0 and (tissues[0]+"" in headers[index-+1]): ### Incorrectly classified
#print headers[index+1]
diff_negative.append(abs(diff_z))
fails.append(headers[index+1])
if (tissues[0]+"" in headers[index+1]):
populationl_denom+=1
else:
population2_denom-+=1
sample_diff_z[headers[index+1]].append(diff_z)
index+=1
percent_positive = (float(positive)/float(index))*100
if len(tissues)==2:
hit_list.append([percent_positive,population]_pos,
populationl_denom,population2_pos,population2_denom,[Average(diff_positive),Average(diff_
negative)],positive_score_diff len(classifiers),classifiers])
else:
hit_list.append([percent_positive,len(classifiers),classifiers])
for sample in sample_diff_z:
if len{(sample_diff_z[sample]) != (times-1): ### Occurs when there is missing data for
a sample from the analyzed model
sample_diff_z[sample].append('NA") ### add a null result
return hit_list, hits, fails, prognostic_class_db, sample_diff_z, evaluate_size,
prognostic_class1_db, prognostic_class2_db

def factorial(n):
##H# Code from http://docs.python.org/lib/module-doctest. html
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if not n >=0:
raise ValueError("n must be >=0")
if math.floor(n) !=n:
raise ValueError("n must be exact integer")
if n+1 ==n: # catch a value like 1e300
raise OverflowError("n too large")
result=1
factor=2
while factor <=n;
result *= factor
factor +=1
return result

def choose(n,x);

"""Equation represents the number of ways in which x objects can be selected from a total of n
objects without regard to order."""

#(n x) = nl/(x!(n-x)!)

f = factorial

result = f(n)/(f(x)*f(n-x))

return result

def getRandomSets(a,size):

g
#a — [1al"l"bl"lcl‘,ldl,lel,lf,lgi,l‘hl’lil,lj|,|kl’lll’lmf,ln1,lof’pr,lql,lr1,lsl,lt‘,Iul’lvl’iw'l,'lxl,l'yl’lzl]
#size =4

select_set={'ENSG00000140678"' ITTGAX',ENSG00000105835""NAMPT', ENSG00000027697
'IFNGR1','ENSG00000120129"'DUSP1',ENSG00000003402"-'CFLAR’, ENSG00000113269"'R
NF130'}

select_set={}

select_set2={'"ENSG00000163602" 'RYBP'}
negative_select = {'ENSGQ0000105352"'"CEACAM4'}
negative_select={ }

import random
possible_sets = choose(len(a),size)
print 'Possible',size,'gene combinations to test',possible_sets
perrnute_ls = []; done = 0; permute_db={}
while done ==0:

b = list(tuple(a)); random.shuffle(b)

bx_set={}

i=0

while i < len(b):

try:
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bx = b[i:i+size]; bx.sort()
if len(bx)==size: permute_db[tuple(bx)]=None

else: break
except Exception: break
H=1
if len(permute_db) == possible_sets:
done=1; break

for i in permute_db:
add=0; required=0; exclude=0
for lini:
if len(select_set)>0:
if 1 in select_set: add+=1
#if 1in select_set2: required+=1
#if 1 in negative_select; exclude+=1
else: add = 1000
if add>2 and exclude==0:# and required==1:
permute_ls.append(i)
#print len(permute_ls)
return permute_ls

def importVendorToEnsembl Translations(species, vendor.exp_input):

translation_db={}

#HHF Faster method but possibly not as good
uid_db = simpleUIDImport(exp_input)
import gene_associations

JP 2016-531580 A 2016.10.13

#HA# Use the same annotation method that is used to create the ExpressionQutput annotations
array_to_ens = gene_associations. filterGeneToUID(species, Ensembl’,vendor,associated_IDs)

for arrayid in array_to_ens:;
ensembl_list = array_to_ens{arrayid]

try: translation_db[arrayid] = ensembl_list[0] ### This first Ensemb] is ranked as the most
likely valid based on various metrics in getArrayAnnotationsFromGOElite

except Exception: None

translation_db={ }
import BuildAffymetrix Associations

#H# Use the same annotation method that is used to create the ExpressionQutput annotations

use_go = 'yes'
conventional_array_db={}
conventional_array_db =

BuildAffymetrix Associations.getArrayAnnotationsFromGOElite(conventional_array_db,species,

vendor,use_go)
for arrayid in conventional_array_db:
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ca = conventional_array_db[arrayid]

ens = ca.Ensembl()

try: translation_db[arrayid] = ens[0] ##H# This first Ensembl is ranked as the most likely
valid based on various metrics in getArrayAnnotationsFromGOElite

except Exception: None

return translation_db

def importTissueSpecificProfiles(species.tissue_specific_db):
if analysis_type == 'AltExon":
filename = ‘AltDatabase/ensembl/+species+'/+species+_'+targetPlatform +'_tissue-
specific_AltExon_protein_coding.txt'
else:
filename = 'AltDatabase/ensembl/+species+'/+species+_'+targetPlatform +'_tissue-
specific_'tcoding_type-+'.txt'
if customMarkerFile != False:
filename = customMarkerFile

if value_type == ‘calls";
filename = string.replace(filename,".txt',’_stats.txt")
fn=filepath(filename); x=0
tissues_added={ }
for line in open(fn,'TU").xreadlines():
data = cleanUpLine(line)
t = string.split{data,\t’)

if x==0:
print 'Tmporting the tissue compedium database:',string.split(filename,delim)[-1][:-4]
headers =t; x=1; index=0
fori in headers:
if 'UID' ==1: ens_index = index; uid_index = index
if analysis_type == 'AltExon" ens_index = ens_index ### Assigned above when
analyzing probesets
elif 'Ensembl' in i: ens_index = index
if 'marker-in' in 1 tissue_index = index+1; marker_in = index
index+=1
try:
foriin t[tissue_index:]: tissues.append(i)
except Exception:
foriin t[1:]: tissues.append(i)
if keyed_by == 'primaryID":
try: ens_index = uid_index
except Exception: None
else:
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try:
gene = {[0]
tissue_exp = map(float, t[1:])
tissue_specific_db[gene]=x,tissue_exp ### Use this to only grab relevant gene
expression profiles from the input dataset
except Exception:
gene = string.split(t[ens_index],1)[0] ### Only consider the first listed gene - this gene
is the best option based on ExpressionBuilder rankings
#if "Pluripotent Stem Cells' in t{marker_in] or ‘Heart' in t{marker_in]:
#if t{marker_in] not in tissues_added: ### Only add the first instance of a gene for that
tissue - used more for testing to quickly run the analysis
tissue_exp = map(float, t[tissue_index:])
if value_type = 'calls":
tissue_exp = produceDetectionCalls(tissue_exp,platform) ### 0 or 1 calls
tissue_specific_db[gene]=x,tissue_exp #H# Use this to only grab relevant gene
expression profiles from the input dataset
tissues_added[t[marker_in]]=[]
x+=1
print len(tissue_specific_db), 'genes in the tissue compendium database'

if correlate_to_tissue_specific = 'yes":
try: importTissueCorrelations(filename)
except Exception:
null=[]
#print "nNo tissue-specific correlations file present. Skipping analysis."; kill

useMultiRef
return tissue_specific_db

def importTissueCorrelations(filename):
filename = string.replace(filename, 'specific','specific_correlations’)
fn=filepath(filename); x=0
for line in open(fn,'tU").xreadlines():
data = cleanUpLine(line)
if x==0: x=1 ### Ignore header line
else:
uid,symbol,rho,tissue = string,split(data,\t")
if float(rho)>rho_threshold: ### Variable used for testing different thresholds internally
try: tissue_to_gene[tissue].append(uid)
except Exception: tissue_to_gene[tissue] = [uid]

def simpleUIDImport(filename):
"""Import the UIDs in the gene expression file"""
uid_db={}
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fn=filepath(filename)

for line in open(fn,'rU").xreadlines():
data = cleanUpLine(line)
uid_db[string.split(data,\t")[0]]=[]

return uid_db

def importGieneExpressionValues(filename, tissue_specific_db,translation_db,expession_subset):

##h Import gene-level expression raw values
fn=filepath(filename); x=0; genes_added={ }; gene_expression_db={)
dataset_name = string.split(filename,delim)[-1][:-4]
#print 'importing:',dataset_name
for line in open(fn,'rU").xreadlines():
data = cleanUpLine(line)
t = string.split(data,\t")

if x==0:
if % not in data;
foriin t[1:]: sample headers.append(i)
x=1
else:
gene = t[0]
#if ' not in gene and "E' in gene: print gene;sys.exit()
if analysis_type =="AltExon"
try: ens_gene,exon = string.split(gene,-")[:2]
except Exception: exon = gene
gene = exon
if keyed_by = “translation’: ### alternative value is "primaryID’
"""if gene == 'ENSMUSG00000025915-E19.3"
fori in translation_db: print [i], len(translation_db); break
print gene, [translation_db[gene}};sys.exit()"""
try: gene = translation_db[gene] ### Ensembl annotations
except Exception: gene = 'null’

if gene in tissue_specific_db:
index,tissue_exp=tissue_specific_db[gene]
try: genes_added[gene]+=1
except Exception: genes_added[gene]=1
try: exp_vals = map(float, t[1:])
except Exception:
#H# If a non-numeric value in the list
exp_vals=[]
foriint[1:]:
try: exp_vals.append(float(i))
except Exception: exp_vals.append(i)
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if value_type =="calls": ### Hence, this is a DABG or RNA-Seq expression
exp_vals = produceDetectionCalls(exp_vals,targetPlatform) ## O or 1 calls
gene_expression_db[gene] = [index,exp_vals]
#print len(gene_expression_db), 'matching genes in the dataset and tissue compendium
database’

for gene in genes_added:
if genes_added[gene]>1: del gene_expression_db[gene] #it# delete entries that are present
in the input set multiple times (not trustworthy)
else: expession_subset.append(gene_expression_db[gene)) ### These contain the rank order
and expression
#print len(expession_subset);sys.exit()
expession_subset.sort() ##H# This order now matches that of
gene_expression_db=[]
return expession_subset, sample_headers

def produceDetectionCalls(values,Platform):
# Platform can be the compendium platform (targetPlatform) or analyzed data platform
(platform or array_type)
new=[]
for value in values:
if Platform — 'RNASeq":
if value>1:
new.append(1) ### expressed
else:
new.append(0)
else:
if value<cutoff: new.append(1)
else: new.append(0)
return new

def importGenelDTranslations(filename);
#Ht Import ExpressionOutput/DATASET file to obtain Ensembl associations (typically for
Affymetrix 3" arrays)
fn=filepath(filename); x=0; translation_db={ }
for line in open(fn,'rU".xreadlines():
data = cleanUpLine(line)
t = string.split(data,\t")
if x==0:
headers =t; x=1; index=0
for i in headers:
if 'Ensembl' in i: ens_index = index; break
index+=1
else:
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uid = t[Q]
ens_geneids = t[ens_index]
ens_geneid = string.split(ens_geneids,'1)[0] ### In v.2.0.5, the first ID is the best protein
coding candidate
if len(ens_geneid)>0:
translation_db[uid] = ens_geneid
return translation_db

def remoteImportExonIDTranslations(array_type,species,translate_to_genearray,targetplatform):
global targetPlatform; targetPlatform = targetplatform
translation_db = importExonIDTranslations(array_type,species,translate_to_genearray)
return translation_db

def importExonIDTranslations{array_type,species,translate_to_genearray):
gene_translation_db={}; gene_translation_db2={}
if targetPlatform == 'gene’ and translate_to_genearray == 'no":
### Get gene array to exon array probeset associations
gene_translation_db = importExonIDTranslations('gene’,species, 'ves")
for geneid in gene_translation_db:
exonid = gene_translation_db[geneid]
gene_translation_db2[exonid] = geneid
#print exonid, geneid
translation_db = gene_translation_db2
else:

filename = 'AltDatabase/'+species+/+array_type+/+species+_"tarray_type+'-
exon_probesets.txt’
##H# Import exon array to target platform translations (built for DomainGraph visualization)
fo=filepath(filename); x=0; translation_db={}
print Tmporting the translation file',string split(fn,delim)[-1][:-4]
for line in open(fn,'tU").xreadlines():
data = cleanUpLine(line)
t = string.split{data,t")
if x==0: x=1
else:
platform_id,exon_id =t
if targetPlatform == 'gene’ and translate_to_genearray == 'no":
try:
translation_db[platform_id] = gene_translation_db[exon_id] ### return RNA-Seq
to gene array probeset ID
#print platform_id, exon_id, gene_translation_db[exon_id];sys.exit()
except Exception; null=[]
else:
translation_db([platform_id] = exon_id
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del gene_translation_db; del gene_translation_db2
return translation_db

def analyzeTissueSpecificExpressionPatterns(tissue_specific_db,expession_subset):
tissue_specific_sorted = []; genes_present={ }; tissue_exp_db={}; gene_order_db={};
gene_order=[]
gene_list=[]
for (index,vals) in expession_subset: genes_present[index]=[]
for gene in tissue_specific_db:
gene_list.append(gene)
tissue_specific_sorted.append(tissue_specific_db[gene])

gene_order_db[tissue_specific_db[gene][0]] = gene ### index order (this index was created
before filtering)

tissue_specific_sorted.sort()

new_index=0
for (index,tissue_exp) in tissue_specific_sorted:
try:
null=genes_present[index]
i=0
gene_order.append([new_index,gene_order_db[index]]); new_index+=1
for f in tissue_exp:

##H# The order of the tissue specific expression profiles is based on the import gene
order

try: tissue_exp_db]tissues[i]].append(f)
except Exception: tissue_exp_db[tissues[i]} = [f]
=1

except Exception: null=[] ### Gene is not present in the input dataset

##Ht Organize sample expression, with the same gene order as the tissue expression set
sample_exp_db=({}
for (index,exp_vals) in expession_subset:
i=0
for f in exp_vals:
it The order of the tissue specific expression profiles is based on the import gene order
try: sample_exp_db[sample_headers[i]].append(f)
except Exception: sample_exp_db[sample_headers[i]] = [f]
i+=1

if correlate_by_order = 'yes":
#hHt Rather than correlate to the absolute expression order, correlate to the order of
expression (lowest to highest)
sample_exp_db = replaceExpressionWithOrder(sample_exp_db)
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tissue_exp_db = replaceExpressionWithOrder(tissue_exp_db)
global tissue_comparison_scores; tissue_comparison_scores={}

if comrelate_to_tissue_specific == 'yes":
#itt Create a gene_index that reflects the current position of each gene
gene_index={ }
for (i,gene) in gene_order: gene_index[gene] = i
### Create a tissue 10 gene-index from the gene_index
tissue_to_index={ }
for tissue in tissue_to_gene:
for gene in tissue_to_gene[tissue]:
if gene in gene_index: ### Some are not in both tissue and sample datasets
index = gene_index[gene] ##H# Store by index, since the tissue and expression lists
are sorted by index
try: tissue_to_index[tissue].append(index)
except Exception: tissue_to_index[tissue] = [index]
tissue_to_index[tissue].sort()
sample_exp_db,tissve_exp_db =
returnTissueSpecificExpressionProfiles(sample_exp_db,tissue_exp_db,tissue_to_index)

distributionNull = True
if Permute:
import copy
sample_exp_db_original = copy.deepcopy(sample_exp_db)
tissue_exp_db_original = copy.deepcopy(tissue_exp_db)
group_list=[]; group_db={}
for sample in sample_exp_db:
group = string.split(sample,":")[0]
try: group_db[group].append(sample)
except Exception: group_db[group] = [sample]

import random
if distributionNull:
group_lengths=[]
for group in group_db:
group_lengths.append(len(group_db[group)))
group_db={}
for sample in sample_exp_db:
group = 'nulll’
try: group_db[group].append(sample)
except Exception; group_db[group] = [sample]
group_db['null2'] = group_db['null1"]
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choice = random.sample

tissue_groups = ['nulll’,/null2]
else:

choice = random.choice

tissue_groups = tuple(tissues)

permute_groups={]
groups=(]
an=0
for group in group_db: 10
samples = group_db{group]
permute_db={ }; x=0
while x<200:
if distributionNull:
size = group_lengths(gn]
psamples = choice(samples,size)
else: psamples = [choice(samples) for _ in xrange(len(samples))] ### works for
random.sample or choice (with replacement)
permute_db[tuple(psamples)]=None
xt+=1
permute_groups.append(permute_db)
groups.append(group); gn+=1 #H# for group sizes

20

groups.sort()
permute_groupl = permute_groups[0]
permute_group2 = permute_groups[1]

permute_groupl_list=[]
permute_group2_list=[]
for psamples in permute_groupl:
permute_groupl_list.append(psamples) 30
for psamples in permute_group2:
permute_group2_list.append(psamples)

1=0; diff_list=[]
group_zdiff_means={}
sample_diff zscores=[]
for psamples] in permute_groupl_list:
psamples2 = permute_group2_list[i] #this is the second group to compare to
x=0); pemmute_sample_exp_db={}
for sample in psamplesl: 40
if distributionNull:
nsample = 'null 1:'+string.split(sample,’:")[ 1] ### reassign group ID
new_sampleID=nsample+str(x)
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else: new_sampleID=sample+str(x)
try: permute_sample_exp_db[new_samplelD]=sample_exp_db[sample]
except Exception: print sample, new_samplelD, sample_exp_db[sample];sys.exit()
x+=1
for sample in psamples2:
if distributionNull:
nsample = ‘null2:'+string.split(sample.":")[1] ### reassign group ID
new_sampleID=nsample+str(x)
else: new_samplelD=sample+str(x)
permute_sample_exp_db[new_samplelD]=sample_exp_db[sample]
x+=1
i+=1

new_tissue_exp_db={ }
### Create a new reference from the permuted data
for sample in permute_sample_exp_db:
group = string.split(sample,"")[0]
try: new_tissue_exp_db[group].append(permute_sample_exp_db[sample])
except Exception: new_tissue_exp_db[group] = [permute_sample_exp_db[sample]]
for group in new_tissue_exp_db:
k = new_tissue_exp_db[group]
new_tissue_exp_db[group] = [Average(value) for value in zip(*k)] ### create new

reference from all same group sample values

PearsonCorrelationAnalysis(permute_sample_exp_db,new_tissue_exp_db)

zscore_output_dir,tissue_scores = exportCorrelationResults()
tissue_comparison_scores={ }

headers = list(tissue_scores['headers")); del tissue_scores[headers']

index=0; positive=0; positive_score_diff=0

sample_number = (lentheaders)-1)

diff_z_list=[]

population]_denom=0; population1_pos=0; population2_pos=0; population2_denom=0

group_diff_z_scores={} ### Keep track of the differences between the z-scores between

the two groups

while index < sample_number:
=0
#refl = tissue_groups[0]+""; ref2 = tissue_groups[-1]+"'
sample = headers[index+1]
diff_z = tissue_scores[tissue_groups[0]][index]-tissue_scores{tissue_groups[-

1]][index]

diff_list.append([diff_z,sample])

10

20

30

40



(94) JP 2016-

group = string.split(sample,":")[0]

try: group_diff_z_scores[group].append(diff_z)

except Exception: group_diff_z_scores[group] = [diff_z]
sample_diff_zscores.append(diff_z)

index+=1

for group in group_diff_z_scores:
avg_group_zdiff = Average(group_diff_z_scores[group])
try: group_zdiff_means[group].append(avg_group_zdiff)
except Exception: group_zdiff_means[group] = [avg_group_zdiff]

diff_list.sort()

all_group_zdiffs=[}
for group in group_zdiff means:

all_group_zdiffs += group_zdiff_means[group]
all_group_zdiffs.sort()

print sample_diff_zscores;sys.exit()

#for i in diff_list: print i
#sys.exit()

i=1
groups.reverse()
groupl,group? = groups[:2]
groupl+=""; group2+=""
scores=(]
print max(diff_list), min(diff_list);sys.exit()
while i < len(diff_list);
gl_hits=0; g2_hits=0
list] = diff_list[:i]
list2 = diff_list[i:]
for (z,s) in listl:
if groupl in s: g]_hits+=1
for (z,s) in list2:
if group2 in s: g2_hits+=1
sensitivity = float(gl_hits)/len(list1)
specificity = float(g2_hits)/len(list2)
accuracy = sensitivity+specificity
#accuracy = gl_hits+g2_hits

#print g1_hits, len(list])
#print g2_hits, len(list2)

531580 A 2016.10.13
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#print sensitivity, specificity;sys.exit()
z_cutoff = Average([list]1[-1][0],list2[0](0]])
scores.append([accuracy,z_cutoff])

i+=1

scores.sort(); scores.reverse()
print scores[0][0],\t',scores[0][1]

sample_exp_db = sample_exp_db_original
tissue_exp_db = tissue_exp_db_original

PearsonComrelationAnalysis(sample_exp_db,tissue_exp_db)
sample_exp_db=[]; tissue_exp_db=[]
zscore_output_dir,tissue_scores = exportCorrelationResults()
return zscore_output_dir, tissue_scores

def returnTissueSpecificExpressionProfiles(sample_exp_db,tissue_exp_db,tissue_to_index):
tissue_exp_db_abreviated={ }
sample_exp_db_abreviated={ } ### This db is designed differently than the non-tissue specific
(keyed by known tissues)

### Build the tissue specific expression profiles
for tissue in tissue_exp_db:
tissue_exp_db_abreviated[tissue] =[]
for index in tissue_to_index[tissue]:
tissue_exp_db_abreviated([tissue].append(tissue_exp_db[tissue][index]) ### populate
with just marker expression profiles

##H# Build the sample specific expression profiles
for sample in sample_exp_db:
sample_tissue_exp_db={}
sample_exp_db[sample]
for tissue in tissue_to_index:
sample_tissue_exp_db[tissue] = []
for index in tissue_to_index[tissue]:
sample_tissue_exp_db[tissue].append(sample_exp_db[sample][index])
sample_exp_db_abreviated[sample] = sample_tissue_exp_db
return sample_exp_db_abreviated, tissue_exp_db_abreviated

def replaceExpressionWithOrder(sample_exp_db):
for sample in sample_exp_db:
sample_exp_sorted=[]; i=0
for exp_val in sample_exp_db[sample]: sample_exp_sorted.append([exp_val,i]); i+=1
sample_exp_sorted.sort(); sample_exp_resort = []; order =
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for (exp_val,i) in sample_exp_sorted: sample_exp_resort.append([i,order]); order+=1
sample_exp_resort.sort(); sample_exp_sorted=[] ### Order lowest expression to highest
for (i,0) in sample_exp_resort: sample_exp_sorted.append(o) ##H# The expression order
replaces the expression, in the original order
sample_exp_db[sample] = sample_exp_sorted ##H# Replace exp with order
return sample_exp_db

def PearsonCorrelationAnalysis(sample_exp_db,tissue_exp_db):
#print "Beginning LineageProfiler analysis"
k=0
original_increment = int(len(tissue_exp_db)/15.00); increment = original_increment
p = 1 #H# Default value if not calculated
for tissue in tissue_exp_db:
#print k,"of " len(tissue_exp_db),"classifier tissue/cell-types”
if k == increment: increment+=original_increment; #print ¥,
k+=1
tissue_expression_list = tissue_exp_db][tissue]
for sample in sample_exp_db:
if correlate_to_tissue_specific = "yes"
### Keyed by tissue specific sample profiles
sample_expression_list = sample_exp_db[sample][tissue] ### dictionary as the value
for sample_exp_db[sample]
#print tissue, sample_expression_list
#print tissue_expression_list; sys.exit()
else: sample_expression_list = sample_exp_db[sample]
try:
#HH# p-value is likely useful to report (not supreemly accurate but likely sufficient)
rho,p = stats.pearsonr(tissue_expression_list,sample_expression_list)
pearson_list.append(rho)
try: tissue_comparison_scores[tissue].append{[rho,p,sample])
except Exception: tissue_comparison_scores[tissue] = [[tho,p,sample]]
except Exception:
#HH# simple pure python implementation - no scipy required (not as fast though and no
p-value)
try:
rho = pearson(tissue_expression_list,sample_expression_list); p=0
try: tissue_comparison_scores[tissue].append([rho,p,sample])
except Exception: tissue_comparison_scorestissue] = [[tho,p,sample]]
pearson_list.append(rho)
except Exception: None ### Occurs when an invalid string is present - ignore and
move onto the next model
#itst = salstat_stats, TwoSampleTests(tissue_expression_list,sample_expression_list)
#pp,pr = tst.PearsonsCorrelation()
#sp,sr = tst.SpearmansCorrelation()
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#print tissue, sample
#if rho>.5: print [tho, pr, sr].[pp.sp];sys.exit()
#if tho<.5: print [rho, pr, srl.[pp,spl;sys.exit()
sample_exp_db=(]; tissue_exp_db=[]
#print ‘Correlation analysis finished'

def pearson(arrayl,array?):

item = 0; sum_a=0; sum_b=0; sum_c=0

while item < len(array1);
a = (arrayl[item] - Average(arrayl))*(array2[item] - Average(array?))
b = math.pow((arrayl[item] - Average(arrayl)),2)
¢ = math.pow((array2[item] - Average(array2)),2)
sum_a=sum_a+a
sum_b=sum_b+b
Sum_c =sum_c +¢
item = item + 1

I = sum_a/math.sqrt(sum_b*sum_c)

return r

def Median(array):

array.sort()

len_float = float(len(array))

len_int = int(len(array))

if (len_float/2) — (len_int/2):
try: median_val = avg([array[(len_int/2)-1],array[(len_int/2)]])
except IndexError: median_val ="

else:
try: median_val = array[len_int/2]
except IndexError: median_val ="

return median_val

def Average(array):
try: return sumf{array)/len(array)

except Exception: return 0

def adjustPValues():

""" Can be applied to calculate an FDR p-value on the p-value reported by scipy.

Currently this method is not employed since the p-values are not sufficiently
stringent or appropriate for this type of analysis """

import statistics
all_sample_data={}
for tissue in tissue_comparison_scores:
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for (r,p,sample) in tissue_comparison_scores[tissue]:
all_sample_data[sample] = db = {} ### populate this dictionary and create sub-
dictionaries
break

for tissue in tissue_comparison_scores:
for (r,p,sample) in tissue_comparison_scores[tissue]:
gs = statistics.GroupStats(",",p)
all_sample_data[sample][tissue] = gs
for sample in all_sample_data:

statistics.adjustPermuteStats(all_sample_data[sample])

for tissue in tissue_comparison_scores:
scores =]
for (r,p,sample) in tissue_comparison_scores[tissue]:
p = all_sample_data[sample][tissue].AdjP()
scores.append([r,p,sample])
tissue_comparison_scores[tissue] = scores

def stdev(array):

sum_dev =0

try: x_bar = scipy.average(array)

except Exception: x_bar=Average(array)

n = float(len(airay))

for x in array:
x = float(x)
sq_deviation = math.pow((x-x_bar),2)
sum_dev += sq_deviation

try:
s_sqr = (1.0/(n-1.0))*sum_dev #s squared is the variance
s = math.sqrt(s_sqr)

except Exception:
s ='null’

return s

def replacePearsonPvalueWithZscore():
adjust_rho=True
all_sample_data={}
for tissue in tissue_comparison_scores:
for (r,p,sample) in tissue_comparison_scores[tissue):

all_sample_data[sample] = [] ### populate this dictionary and create sub-dictionaries

break
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for tissue in tissue_comparison_scores:
for (r,p,sample) in tissue_comparison_scores[tissue]:
if adjust_rho:
try: r = 0.5*math.log(((1+r)/(1-r)))
except Exception: print tissue, sample, r, p; sys.exit()
all_sample_data[sample].append(r)
#print tissue, sample, r

sample_stats={}

all_dataset_rho_values=[]

5+ Get average and standard deviation for all sample rho's

for sample in all_sample_data:
all_dataset_rho_values+=all_sample_data{sample]
try: avg=scipy.average(all_sample_data[sample])
except Exception: avg=Average(all_sample_data[sample])
st_dev=stdev(all_sample_data[sample])
sample_stats[sample]=avg,st_dev

try: global_rho_avg = scipy.average(all_dataset_rho_values)
except Exception: global_rho_avg=Average(all_sample_data[sample])
global_rho_stdev = stdev(all_dataset_rho_values)

##t Replace the p-value for each rho
for tissue in tissue_comparison_scores:
scores =]
for (r,p,sample) in tissue_comparison_scores[tissue]:
if adjust_rho:
try: r = 0.5*math.log(((1+r)/(1-r)))
except Exception: print tissue, sample, r, p; sys.exit()
#u,s=sample_stats[sample]
#z = (r-u)fs
z = (r-global_rho_avg)/global_rho_stdev ### Instead of doing this for the sample
background, do it relative to all analyzed samples
#z_alt = (r-global_rho_avg)/global_rho_stdev
scores.append([r,z,sample])
#print sample, r, global_rho_avg, global_rho_stdev, z
tissue_comparison_scores[tissue] = scores

def exportCorrelationResults():
corr_output_file = string replace(exp_output_file, DATASET",'LineageCorrelations')
corr_output_file = string.replace(corr_output_file,'.txt',~+coding_type+'.txt")
if analysis_type == "AltExon'";
corr_output_file = string.replace(corr_output_file,coding_type,'AltExon')
filename = string.split(corr_output_file,delim)[-1][:-4]
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#score_data = exportFile(corr_output_file)

zscore_output_dir = string.replace(corr_output_file,".txt',-zscores.txt")
#probability_data = exportFile(zscore_output_dir) .

#adjustPValues()

replacePearsonPvalueWithZscore()

#HHF Make title row
headers=["Sample_name']
for tissue in tissue_comparison_scores:
for (r,z,sample) in tissue_comparison_scores[tissue]: headers.append(sample)
break .
fititle_row = string.join(headers, \t)+"\n'
#score_data, write(title_row)
#f use_scipy: probability_data.write(title_row)
## Export correlation data
tissue_scores = { }; tissue_probabilities={ }; tissue_score_list = [] ### store and rank tissues
according to max(score)
for tissue in tissue_comparison_scores:
scores=[]
probabilities=[]
for (1,z,sample) in tissue_comparison_scores[tissue]:
scores.append(r)
probabilities.append(z)
tissue_score_list.append((max(scores),tissue))
tissue_scores[tissue] = probabilities ## These are actually z-scores
#tissue_scores[tissue] = string.join(map(str,[ tissue]+scores),\t)+'\n' ### export line
if use_scipy:
tissue_probabilities[tissue] = string.join(map(str,[tissue]+probabilities), \t'}+'\n'

tissue_score_list.sort()

tissue_score_list.reverse()

f#for (score,tissue) in tissue_score_list:

#score_data. write(tissue_scores[tissue])

#if use_scipy: probability_data.write(tissue_probabilities[tissue])
#score_data.close()

#if use_scipy: probability_data.close()

#print filename, 'exported...'

tissue_scores['headers’] = headers

return zscore_output_dir, tissue_scores

def visualizeLineageZscores(zscore_output_dir,grouped_lineage_zscore_dir,graphic_links):
import clustering
### Perform hierarchical clustering on the LineageProfiler Zscores

10

20

30

40



(101) JP 2016-531580 A 2016.10.

graphic_links = clustering.runHCOnly(zscore_output_dir,graphic_links)
return graphic_links

if _name_ =—' main__"

HAEHHHAHRRRARARE Default Variables #HHHHHHHHAHHEHHHE
species = 'Hs'

platform = "exon"

vendor = 'Affymetrix’
compendium_platform = "exon"
codingtype = "protein_coding'
platform = vendor, platform
exp_output = None

geneModels = False

modelSize = None

permute = False

useMulti = False

""" This script iterates the LineageProfiler algorithm (correlation based classification method)
to identify sample types relative

two one of two references given one or more gene models. The program '

#python LineageProfilerIterate.py --i
"/Users/nsalomonis/Desktop/dataAnalysis/qPCR/ExpressionInput/exp.ABI_Pediatric.txt" --r
"/Users/nsalomonis/Desktop/dataAnalysis/qPCR/Ex pressionQutput/MarkerFinder/MarkerFinder
-ABI Pediatric.txt” --m
"/Users/nsalomonis/Desktop/dataAnalysis/qPCR/ExpressionInput/7GeneModels. txt"

#python LineageProfilerIterate.py --i
"/Users/nsalomonis/Desktop/dataAnalysis/qPCR/deltaCT/LabMeeting/ExpressionInput/exp.ABI
_PediatricSNS.txt" --r

"/Users/nsalomonis/Desktop/data Analysis/qPCR/ExpressionQutput/MarkerFinder/MarkerFinder
-ABI_PediatricSNS.txt" --s 4

HERAHARRRAAAARHE Comand-line arguments #HHHHHHHHHEHHHH
if len(sys.argv[1:])<=1: ### Indicates that there are insufficient number of command-line
arguments
print "Warning! Please designate a tab-delimited input expression file in the command-line”
print Example: python LineageProfilerlterate.py --i "/Users/me/qPCR.txt" --r
"[Users/me/reference.txt" --m "/Users/me/models.txt""
else:
try:
options, remainder = getopt.getopt(sys.argv[1:],",

L}

['i=,'species=",'o=, platform=",'codingtype=",

13

10

20

30

40



(102) JP 2016-531580 A 2016.10.13

‘compendium_platform=",r=",m="'v=""s=", permute=",'useMulti="])
except Exception,e:

ni

print
for opt, arg in options:
if opt == '--i': exp_input=arg
elif opt == '--0": exp_output=arg
elif opt == '--platform": platform=arg
elif opt == "--codingtype"; codingtype=arg
elif opt == '--compendium_platform': compendium_platform=arg
elif opt == --r': customMarkers=arg
elif opt == "--m’: geneModels=arg
elif opt == "--v": vendor=arg
elif opt == --permute’; permute=True
elif opt = '--useMulti"; useMulti=True
elif opt =="--s"
try: modelSize = int(arg)
except Exception:

modelSize = arg
if modelSize !='optimize":
print ‘Please specify a modelSize (e.g., 7-gene model search) as a single integer
(e.g..7)
sys.exit()
else:
print "Warning! Command-line argument: %s not recognized. Exiting..." % opt;
sys.exit()

if exp_output == None: exp_output = exp_input
runLineageProfiler(species,platform,exp_input,exp_output,codingtype,compendium_platform,m

odelSize=modelSize,customMarkers=customMarkers,geneModels=geneModels, permute=permut
e,useMulti=useMulti)
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INTERNATIONAL SEARCH REPORT International application No.
PCT/US2014/054342

A. CLASSIFICATION OF SUBJECT MATTER
C124Q) 1/68(2006,01)i

According to International Patent Classification (TPC) or to both national classification and TPC
B. FIELDS SEARCHED

Minimiun documentation searched (classification system followed by classification symibols)
C12Q 1/68; GOIN 33/68

Docnmentation searched other than mininmm documentation to the extent that such docnments are inchided in the fields searched
Korean utility models and applications for utility models
Japanese utility models and applications for utility models

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
eKOMPASS(KIPO internal) & Keywonds: acute rejection, renal allograft, biomarker, CEACAM4

C, DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No,

A US 2013-0143755 A1 (SARWAL et al.) 06 June 2013 20-32,45-48,60-63
See abstract and claims 1, 15-16.

A LI et al., ‘A peripheral blood diagnostic test for acute rejection in renal 29-32,45-48,60-63
transplantation’

American Journzl of Transplantation, Vol.12, No.10, pp.2710-2718 (2012)
See abstract and discussion.

A HEIDT et al., ‘Peripheral blood sampling for the detection of allograft 20-32,15-18, 60-63
rejection: biomarker identification and validation’
Transplantation, Vol.92, Ne.1, pp.1-9 (2011)

See the whole document ,

A HARTONO et al,, ‘Noninvasive diagnosis of acute rejection of renal 29-32,45-48,60-63
allografts’

Current Opinion in Organ Transplantation, Vol.15, No.1, pp.35-41 (2010)
See the whole document .

A NAESENS et al., ‘Progressive histological damage in renal allografts is 29-32,45-48,60-63
associated with expression of innate and adaptive immnity genes'
Kidney International, Vol.80, No.12, pp.1364-1376 (2011)

See the whole document .

I:l Further documents are listed in the continnation of Box C. g See patent family annex.
" Special categories of ciled documenis; "T" later documeni published after the international filing date or priority
"A" document defining the general stale of the art which is not considered date and not in conflict with the applicalion but ciled t understand
10 be of particular relevance the principle or theory undertying the invention
"E" earlier application or patent but published on or afler the inte mational "X" dooument of particular relevance; Lhe claimed invention cannot be
filing dale considered novel or cannot be considered 1o involve an inventive
"L"  document which may throw doubts on priority claim(s) or which is step when the document is taken alone
ciled D establish the publication date of another citation or ather "Y' documeni of particular relevance; the claimed invention cannot be
special reason (as specified) considered 1o involve an imventive step when the document is
"O" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents,such ¢combination
means being obvious to a person skilled in the anl
"P"  documeni published prior to the international filing date but later "&" documeni member of the same patent family
than the priotity date claimed
Date of the actnal completion of the intemational search Date of mailing of the international search report
28 November 2014 (28,11.2014) 01 December 2014 (01.12.2014)
Name and mailing address of the [SA/KR Authorized officer

Imemational Application Division
Komran Iniellectyal Propeny Office
189 Cheongsa-mo, Seo-gu, Dasjeon Metropolitan City, 302-701, KIM, Seung Beom

Y Repuhlic of Korea
Facsimile No. +82-42-472-7140 Telephone No. +82-42-481-3371

Form PCT/ISA/210 (second sheet) (July 2009)
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BoxNo.II Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This intermational search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. C'laims Nos.: 1-28,74-37
because they relate to subject matter not required to be searched by this Authority, namely:
Claims 1-28 and 74-87 pertain to methods for treatment of the human body by therapy, as well as diagnostic methods, and ttms

relate to a subject matter which this Intemational Searching Awuthority is not required, under PCT Article 17(2)(@){d) and PCT
Rule 39,1(iv), to search,

2. Claims Nos.: 9-10,23-24,39-40,53-54,68-69,82-83
because they relate to parts of the international application that do nwot comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

Claims 9,10,23,24,39,40,53,54,68,69,82 and 83 are unclear since they refer to multiple dependent claims which do not comply
with PCT Rule 6.4(a).

3. Claims Nos.! 5-8,11-14,19-22,25-28,33-38,41 -44,49-52,55-59,64-67,70-73,78-81,84-87
becanse they ate dependent claims and ate not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. Il  Ohservations where unity of invention is lacking (Continnation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

1. |:| As all required addtional search fees were timely paid by the applicant, this intemational search report covers all searchable
claims.

2, |:| Ag all searchable claims could be scarched withont effort justifying an additional fees, this Authority did not invite payment
of any additional fees.

3. |:| As only some of the required additional search fees were timely paid by the applicant, this intemational search report covers
only those claims for which fees were paid, specifically claims Nos.:

4, |:| No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest I:l The additional search fees were accompanied by the applicant’s protest and, where applicable, the
paymeni of a protest fee.
The additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the imvitation,
I:l No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (July 2009)
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