OMTM, Volume 7

Supplemental Information

Targeted Cell-to-Cell Delivery of Protein

Payloads via the Granzyme-Perforin Pathway

Daniel J. Woodsworth, Lisa Dreolini, Libin Abraham, and Robert A. Holt



1 Plasmids

1.1 Base pdL plasmid
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Supplementary Figure 1: Base pdL vector. In this example the insert cod-

ing sequence is the granzyme B-crmCherry fusion protein (GZB-MCH). The
annotations correspond to those in the genbank file.



1.2 Base pdL plasmid sequence

LOCUS pdL_GZB—-MCH 7276 bp DNA
DEFINITION
ACCESSION
VERSION
KEYWORDS
SOURCE
ORGANISM
FEATURES Location/Qualifiers
promoter 2..1628
/label="CAG promoter’
promoter 1635..1702
/label="T7 promoter’
sig_peptide 1717..1776
/ gene="GZMB"
/label="GZMB signal peptide”
mat_peptide 1777..2457
/ gene="GZMB"
/product="granzyme B"
/label="GZMB"
misc_feature 2467..2526
/note="Geneious type: polylinker
/label="Glycine Serine linker”
CDS 2536..3216
/label="mCherry”
polyA_signal 3262..3486
/label="BGH polyA”
terminator 3495..3538
/label="T-T7"
promoter 3606..3949
/label="P-SV40"
misc_feature 4011..4805
/note="Geneious type: Marker’
/label="NeoR"
polyA_signal 4979..5109
/label="SV40_polyA”
misc_feature complement (5492..6162)
/note="Geneious type: Origin
/label="pUC_ori”
misc_feature complement (6307..7167)
/note="Geneious type: Marker’
/label="AmpR"
promoter complement (7202..7208)
/label="P—bla”
ORIGIN
1 ctgcaggcgt tacataactt acggtaaatg gcccgcecctgg
61 gcccattgac gtcaataatg acgtatgttc ccatagtaac
121 gacgtcaatg ggtggagtat ttacggtaaa ctgcccactt
181 atatgccaag tacgccccct attgacgtca atgacggtaa
241 cccagtacat gaccttatgg gactttccta cttggcagta
301 ctattaacat ggtcgaggtg agccccacgt tctgcttcac
361 ccccaccccc aattttgtat ttatttattt tttaattatt
421 gggegegess gg8LCLCgeyg ccaggegggy CELeLCeesy
481 ggcggagagg tgcggcggca gccaatcaga gcggegegcet
541 cgaggcggcg geggeggegg ccctataaaa agcgaagcege

circular

of Replication”

ctgaccgccc
gccaataggg
ggcagtacat
atggcccgcc
catctacgta
tctccccatc
ttgtgcagcg
cgaggggegsg
ccgaaagttt
gcggeggeceg

UNA 21-FEB—-2017

aacgaccccc
actttccatt
caagtgtatc
tggcattatg
ttagtcatcg
tcccccccct
atgggggcegg
ggcggggega
ccttttatgg
gggagtcgcet
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1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1801
1861
1921
1981
2041
2101
2161
2221
2281
2341
2401
2461
2521
2581
2641
2701
2761
2821
2881
2941
3001
3061
3121
3181
3241
3301
3361
3421
3481
3541
3601
3661
3721
3781
3841
3901
3961

gcgacgctgc
ctgactgacc
taattagcgc
ggggceteegg
gtgcgtgege
cggcgegges
cccgeggtgce
ggggtgagcea
ccgagttgct
gctcgceccgtg
tcgggeegesg
aggcgeggceg
tcctttgtcc
cgggegegesg
tgcgtcgecg
cggctgectt
ctctagacaa
cttccaccac
caagctactt
gccttcctcc
ccccactccc
tgcggtggcet
tccataaatg
atccctgtga
atcatgctac
ctacctagca
cagacggccc
gaagatcgaa
gtgggggacc
tgtaacaagg
gcctgcacca
gcecgetggag
gggtcgegegce
gtgaacggcc
cagaccgcca
tcccctcagt
tacttgaagc
ggcgegcgtge
gtgaagctgc
ggctgggage
aagcagaggc
aaggccaaga
acctcccaca
tccaccggcg
tagcccgctg
cccccecgtgec
aggaaattgc
aggacagcaa
ctatggtaac
cgagcgattt
taattctgtg
gaagtatgca
ccccagcagg
ccctaactcc
gctgactaat
agaagtagtg
gtatatccat

cttcgccccg
gcgttactcc
ttggtttaat
gagggccctt
agcgccgcegt
ctttgtgcecgce
gggeggggect
gegggetegtge
gagcacggcc
ccgggceggesg
gagggctegg
agccgcagcc
caaatctgtg
gcgaagcggt
cgccgceccgtc
cgggggeggac
ttgtactaac
cggttaatac
gttctttttg
tgctgcccag
gcccctacat
tcctgatacg
tcaccttggg
aaagacccat
tgcagctgga
acaaggccca
ccctgggaaa
agtgcgaatc
cagagattaa
tggcccagegsg
aagtctcaag
gtggggegttc
cgcccatcat
acgagttcga
agctgaaggt
tcatgtacgg
tgtccttccc
tgaccgtgac
gcggcaccaa
cctcctccga
tgaagctgaa
agcccgtgcea
acgaggacta
gcatggacga
atcagcctcg
ttccttgacc
atcgcattgt
gggggaggat
gcgtataacc
cggcctattg
gaatgtgtgt
aagcatgcat
cagaagtatg
gcccatcccg
tttttttatt

aggaggcttt
tttcggatct

tgccccgctc
cacaggtgag
gacggcttgt
tgtgcgggee
gcggcectccgce
tccgcagtgt
gcgagggegaa
gcgcgtcggt
cggcttcggg
ggtggeggea
gggaggeggcg
attgcctttt
cggagccgaa
gcggegeegg
cccttctccc
ggggeaggec
cttcttctct
gactcactat
cattaattaa
ggcagatgca
ggcttatctt
agacgacttc
ggcccacaat
cccccatcca
gagaaaggcc
ggtgaagcca
acactcacac
tgacttacgc
aaagacttcc
cattgtctcc
ctttgtacac
tggcgggesgt
caaggagttc
gatcgagggce
gaccaagggt
ctccaaggcc
cgagggcttc
ccaggactcc
cttcccctcc
gcggatgtac
ggacggcegsgc
gctgcccggce
caccatcgtg
gctgtacaag
actgtgcctt
ctggaaggtg
ctgagtaggt
tgggaagaca
ccttggggcc
gttaaaaaat
cagttagggt
ctcaattagt
caaagcatgc
cccctaactc
tatgcagagg
tttggaggcc
gatcaagaga

cgccgecgcec
cgggcgggac
ttcttttctg
gagcggctcg
gctgcccggce
gcgegaggesg
caaaggctgc
cgggctgcaa
tgcgggectce
getgggeete
cggcecggcececc
atggtaatcg
atctgggagg
caggaaggaa
tctccagcct
ggggttcgegc
ttcctctcct
aggctagcat
gccgccatgce
ggggagatca
atgatctggg
gtgctgacag
atcaaagaac
gcctataatc
aagcggacca
gggcagacat
acactacaag
cattattacg
tttaaggeggsg
tatggacgaa
tggataaaga
ggatcaggesg
atgcgcttca
gagggcgageg
ggccccctgce
tacgtgaagc
aagtgggagce
tccctgcagg
gacggccccg
cccgaggacg
cactacgacg
gcctacaacg
gaacagtacg
gaattctaat
ctagttgcca
ccactcccac
gtcattctat
atagcaggca
tctaaacggg
gagctgattt
gtggaaagtc
cagcaaccag
atctcaatta
cgcccagttc
ccgaggcecgc
taggcttttg
caggatgagg

tcgcgceccgcc
ggcccttctc
tggectgegtg
ggggetgegt
ggctgtgage
agcgcggeceg
gtgcgeggetg
ccccccctgce
cgtacgggec
ccgggcggesg
cggagcgcecg
tgcgagagegsg
cgccgecgea
atgggcgges
cggggetgtce
ttctggegtg
gacaggtigg
ttaggtgaca
aaccaatcct
tcgggggaca
atcagaagtc
ctgctcactg
aggagccgac
ctaagaactt
gagctgtgca
gcagtgtggce
aggtgaagat
acagtaccat
actctggagg
acaatggcat
aaaccatgaa
gtggaggttc
aggtgcacat
gccgceccccta
ccttcgcectg
accccgccga
gcgtgatgaa
acggcgagtt
taatgcagaa
gcgceccctgaa
ctgaggtcaa
tcaacatcaa
aacgcgccga
agctcgaggg
gccatctgtt
tgtcctttcc
tctgggeget
tgctggggat

tcttgagggsg
aacaaaaatt

cccaggctcc
gtgtggaaag
gtcagcaacc
cgcccattct
ctctgcecctct
caaaaagctc
atcgtttcgc

cgccccggcet
ctccgggctg
aaagccttga
gecgtgtgtgt
gectgeggegceg
ggggeggtge
tgtgecgtges
acccccctcc
gtggcgegee
cggggecegec
gecggetgtceg
cgcagggact
ccccctctag
agggccttcg
cgcgggegegga
tgaccggege
tgtacagtag
ctatagaata
gcttctgcetg
tgaggccaag
tctgaagagg
ttggggaagce
ccagcagttt
ctccaacgac
gcccctcagg
cggetggegee
gacagtgcag
tgagttgtgc
ccctcttgtg
gcctccacga
acgctacgcg
cggtggaggt
ggaggegctcc

cgagggcacc
ggacatcctg

catccccgac
cttcgaggac
catctacaag
gaagaccatg
gggcgagatc
gaccacctac
gttggacatc
gggccgcecac
taccactagt
gtttgcccct
taataaaatg
gggetggegc
gcggtgeggcet
ttttttgact
taacgcgaat
ccagcaggca
tccccaggcet
atagtcccgc
ccgccccatg
gagctattcc

ccgggagctt
atgattgaac
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4081
4141
4201
4261
4321
4381
4441
4501
4561
4621
4681
4741
4801
4861
4921
4981
5041
5101
5161
5221
5281
5341
5401
5461
5521
5581
5641
5701
5761
5821
5881
5941
6001
6061
6121
6181
6241
6301
6361
6421
6481
6541
6601
6661
6721
6781
6841
6901
6961
7021
7081
7141
7201
7261

aagatggatt
gggcacaaca
gcccggttct
cagcgcggcet
tcactgaagc
catctcacct
atacgcttga
cacgtactcg
ggctcgegcec
tcgtcgtgac
ctggattcat
ctacccgtga
acggtatcgc
tctgagcggsg
agatttcgat
cgeecggetgg
cttgtttatt
taaagcattt
tcatgtctgt
tcctgtgtga
gtgtaaagcc
gcccgctttce
ggggagagegc
ctcggtcgtt
cacagaatca
gaaccgtaaa
tcacaaaaat
ggcgtttccc
atacctgtcc
gtatctcagt
tcagcccgac
cgacttatcg
cggtgctaca
tggtatctgc
cggcaaacaa
aaaaaaagga
cgaaaactca
ccttttaaat
tgacagttac
atccatagtt
tggccccagt
aataaaccag
catccagtct
gcgcaacgtt
ttcattcagc
aaaagcggtt
atcactcatg
cttttctgtg
gagttgctct
agtgctcatc
gagatccagt
caccagcgtt
ggcgacacgg
tcagggttat

aggggttccg

gcacgcaggt
gacaatcggc
ttttgtcaag
atcgtggctg
gggaagggac
tgctcctgcec
tccggctacc
gatggaagcc
agccgaactg
ccatggcgat
cgactgtggc
tattgctgaa
cgctcccgat
actctggggt
tccaccgccg
atgatcctcc
gcagcttata
ttttcactgc
ataccgtcga
aattgttatc
tggggtgect
cagtcgggaa
ggtttgcgta
cggetgegegc
ggggataacg
aaggccgcgt
cgacgctcaa
cctggaagct
gcctttctcec
tcggtgtagg
cgctgcgcect
ccactggcag
gagttcttga
gctctgcectga
accaccgctg
tctcaagaag
cgttaaggga
taaaaatgaa
caatgcttaa
gcctgactcc
gctgcaatga
ccagccggaa
attaattgtt
gttgccattg
tccggttccc
agctccttcg
gttatggcag
actggtgagt
tgcccggcegt
attggaaaac
tcgatgtaac
tctgggtgag
aaatgttgaa
tgtctcatga
cgagct

tctccggceccg
tgctctgatg
accgacctgt
gccacgacgg
tggctgctat
gagaaagtat
tgcccattcg
ggtcttgtcg
ttcgccaggc
gcctgcttgce
cggctgggtg
gagcttggeg
tcgcagcgca
tcgaaatgac
ccttctatga
agcgegggega
atggttacaa
attctagttg
cctctagcta
cgctcacaat
aatgagtgag
acctgtcgtg
ttgggcgctc
gagcggtatc
caggaaagaa
tgctggcegtt
gtcagaggtg
ccctcgtgeg
cttcgggaag
tcgttcgctc
tatccggtaa
cagccactgg
agtggtggcc
agccagttac
gtagcggttt
atcctttgat
ttttggtcat
gttttaaatc
tcagtgaggc
ccgtcgtgta
taccgcgaga
gggccgageg
gccgggaagce
ctacaggcat
aacgatcaag
gtcctccgat
cactgcataa
actcaaccaa
caatacggga
gttcttcggg
ccactcgtgc
caaaaacagg
tactcatact
gcggatacat

cttgggtgga
ccgececgtgtt
ccggtgccct
gcgtteccttg
tgggcgaagt
ccatcatggc
accaccaagc
atcaggatga
tcaaggcgcecg
cgaatatcat
tggcggaccg
gcgaatgggce
tcgccttcta
cgaccaagcg
aaggttggec
tctcatgctg
ataaagcaat
tggtttgtcc
gagcttggeg
tccacacaac
ctaactcaca
ccagctgcat
ttccgcecttcc
agctcactca
catgtgagca
tttccatagg
gcgaaacccg
ctctcctgtt
cgtggcecgcett
caagctgggc
ctatcgtctt
taacaggatt
taactacggc
cttcggaaaa
ttttgtttgce
cttttctacg
gagattatca
aatctaaagt
acctatctca
gataactacg
cccacgctca
cagaagtggt
tagagtaagt
cgtggtgtca
gcgagttaca
cgttgtcaga
ttctcttact
gtcattctga
taataccgcg
gcgaaaactc
acccaactga
aaggcaaaat
cttccttttt
atttgaatgt

gaggctattc
ccggctgtca
gaatgaactg
cgcagctgtg
gccggggeag
tgatgcaatg
gaaacatcgc
tctggacgaa
catgcccgac
ggtggaaaat
ctatcaggac
tgaccgcttc
tcgccttctt
acgcccaacc
ttcggaatcg
gagttcttcg
agcatcacaa
aaactcatca
taatcatggt
atacgagccg
ttaattgcgt
taatgaatcg
tcgctcactg
aaggcggtaa
aaaggccagc
ctccgccccc
acaggactat
ccgaccctgc
tctcatagct
tgtgtgcacg
gagtccaacc
agcagagcga
tacactagaa
agagttggta
aagcagcaga
gggtctgacg
aaaaggatct
atatatgagt
gcgatctgtc
atacgggagg
ccggctccag
cctgcaactt
agttcgccag
cgctcgtcgt
tgatccccca
agtaagttgg
gtcatgccat
gaatagtgta
ccacatagca
tcaaggatct
tcttcagcat
gccgcaaaaa
caatattatt
atttagaaaa

ggctatgact
gcgeaggegsgc
caggacgagg
ctcgacgttg
gatctcctgt
cggegegctge
atcgagcgag
gagcatcagg
ggcgaggatc
ggccgcetttt
atagcgttgg
ctcgtgcttt
gacgagttct
tgccatcacg
ttttccggga
cccaccccaa
atttcacaaa
atgtatctta
catagctgtt
gaagcataaa
tgcgctcact
gccaacgcgc
actcgctgcg
tacggttatc
aaaaggccag
ctgacgagca
aaagatacca
cgcttaccgg
cacgctgtag
aaccccccgt
cggtaagaca
ggtatgtagg
gaacagtatt
gctcttgatc
ttacgcgcag
ctcagtggaa
tcacctagat
aaacttggtc
tatttcgttc
gcttaccatc
atttatcagc
tatccgcctc
ttaatagttt
ttggtatggc
tgttgtgcaa
ccgcagtgtt
ccgtaagatg
tgcggcecgacc
gaactttaaa
taccgctgtt
cttttacttt
agggaataag
gaagcattta
ataaacaaat



1.3 Coding sequence inserts

Coding sequences listed below extend from the Pacl site to Kpnl site of the
pdL vector.

>GZB1-MCH
TTAATTAAGCCGCCATGCAACCAATCCTGCTTCTGCTGGCCTTCCTCCTGCTGCCCAGGGCAGATGCAATCATCGGGGGA
CATGAGGCCAAGCCCCACTCCCGCCCCTACATGGCTTATCTTATGATCTGGGATCAGAAGTCTCTGAAGAGGTGCGGTGG
CTTCCTGATACGAGACGACTTCGTGCTGACAGCTGCTCACTGT TGGGGAAGCTCCATAAATGTCACCTTGGGGGCCCACA
ATATCAAAGAACAGGAGCCGACCCAGCAGTTTATCCCTGTGAAAAGACCCATCCCCCATCCAGCCTATAATCCTAAGAAC
TTCTCCAACGACATCATGCTACTGCAGCTGGAGAGAAAGGCCAAGCGGACCAGAGCTGTGCAGCCCCTCAGGCTACCTAG
CAACAAGGCCCAGGCGGCCGCTGGAGGTGGGGGTTCTGGCGGGGGTGGATCAGGGGGTGGAGGT TCCGGTGGAGGTGGGT
CGGGCGCGCCCATCATCAAGGAGTTCATGCGCTTCAAGGTGCACATGGAGGGCTCCGTGAACGGCCACGAGTTCGAGATC
GAGGGCGAGGGCGAGGGCCGCCCCTACGAGGGCACCCAGACCGCCAAGCTGAAGGTGACCAAGGGTGGCCCCCTGCCCTT
CGCCTGGGACATCCTGTCCCCTCAGTTCATGTACGGCTCCAAGGCCTACGTGAAGCACCCCGCCGACATCCCCGACTACT
TGAAGCTGTCCTTCCCCGAGGGCTTCAAGTGGGAGCGCGTGATGAACTTCGAGGACGGCGGCGTGGTGACCGTGACCCAG
GACTCCTCCCTGCAGGACGGCGAGTTCATCTACAAGGTGAAGCTGCGCGGCACCAACTTCCCCTCCGACGGCCCCGTAAT
GCAGAAGAAGACCATGGGCTGGGAGGCCTCCTCCGAGCGGATGTACCCCGAGGACGGCGCCCTGAAGGGCGAGATCAAGC
AGAGGCTGAAGCTGAAGGACGGCGGCCACTACGACGCTGAGGTCAAGACCACCTACAAGGCCAAGAAGCCCGTGCAGCTG
CCCGGCGCCTACAACGTCAACATCAAGTTGGACATCACCTCCCACAACGAGGACTACACCATCGTGGAACAGTACGAACG
CGCCGAGGGCCGCCACTCCACCGGCGGCATGGACGAGCTGTACAAGGAATTCTAATAGCTCGAGGGTACC
>GZB2-MCH
TTAATTAAGCCGCCATGCAACCAATCCTGCTTCTGCTGGCCTTCCTCCTGCTGCCCAGGGCAGATGCAGTGAAGCCAGGG
CAGACATGCAGTGTGGCCGGCTGGGGGCAGACGGCCCCCCTGGGAAAACACTCACACACACTACAAGAGGTGAAGATGAC
AGTGCAGGAAGATCGAAAGTGCGAATCTGACTTACGCCATTATTACGACAGTACCATTGAGTTGTGCGTGGGGGACCCAG
AGATTAAAAAGACTTCCTTTAAGGGGGACTCTGGAGGCCCTCTTGTGTGTAACAAGGTGGCCCAGGGCATTGTCTCCTAT
GGACGAAACAATGGCATGCCTCCACGAGCCTGCACCAAAGTCTCAAGCTTTGTACACTGGATAAAGAAAACCATGAAACG
CTACGCGGCCGCTGGAGGTGGGGGTTCTGGCGGGGGTGGATCAGGGGGTGGAGGTTCCGGTGGAGGTGGGTCGGGCGCGC
CCATCATCAAGGAGTTCATGCGCTTCAAGGTGCACATGGAGGGCTCCGTGAACGGCCACGAGT TCGAGATCGAGGGCGAG
GGCGAGGGCCGCCCCTACGAGGGCACCCAGACCGCCAAGCTGAAGGTGACCAAGGGTGGCCCCCTGCCCTTCGCCTGGGA
CATCCTGTCCCCTCAGTTCATGTACGGCTCCAAGGCCTACGTGAAGCACCCCGCCGACATCCCCGACTACTTGAAGCTGT
CCTTCCCCGAGGGCTTCAAGTGGGAGCGCGTGATGAACTTCGAGGACGGCGGCGTGGTGACCGTGACCCAGGACTCCTCC
CTGCAGGACGGCGAGTTCATCTACAAGGTGAAGCTGCGCGGCACCAACTTCCCCTCCGACGGCCCCGTAATGCAGAAGAA
GACCATGGGCTGGGAGGCCTCCTCCGAGCGGATGTACCCCGAGGACGGCGCCCTGAAGGGCGAGATCAAGCAGAGGCTGA
AGCTGAAGGACGGCGGCCACTACGACGCTGAGGTCAAGACCACCTACAAGGCCAAGAAGCCCGTGCAGCTGCCCGGLGLC
TACAACGTCAACATCAAGTTGGACATCACCTCCCACAACGAGGACTACACCATCGTGGAACAGTACGAACGCGCCGAGGG
CCGCCACTCCACCGGCGGCATGGACGAGCTGTACAAGGAATTCTAATAGCTCGAGGGTACC

>GZB-MCH
TTAATTAAGCCGCCATGCAACCAATCCTGCTTCTGCTGGCCTTCCTCCTGCTGCCCAGGGCAGATGCAGGGGAGATCATC
GGGGGACATGAGGCCAAGCCCCACTCCCGCCCCTACATGGCTTATCTTATGATCTGGGATCAGAAGTCTCTGAAGAGGTG
CGGTGGCTTCCTGATACGAGACGACTTCGTGCTGACAGCTGCTCACTGT TGGGGAAGCTCCATAAATGTCACCTTGGGGG
CCCACAATATCAAAGAACAGGAGCCGACCCAGCAGTTTATCCCTGTGAAAAGACCCATCCCCCATCCAGCCTATAATCCT
AAGAACTTCTCCAACGACATCATGCTACTGCAGCTGGAGAGAAAGGCCAAGCGGACCAGAGCTGTGCAGCCCCTCAGGCT
ACCTAGCAACAAGGCCCAGGTGAAGCCAGGGCAGACATGCAGTGTGGCCGGCTGGGGGCAGACGGCCCCCCTGGGAAAAC
ACTCACACACACTACAAGAGGTGAAGATGACAGTGCAGGAAGATCGAAAGTGCGAATCTGACTTACGCCATTATTACGAC
AGTACCATTGAGTTGTGCGTGGGGGACCCAGAGATTAAAAAGACTTCCTTTAAGGGGGACTCTGGAGGCCCTCTTGTGTG
TAACAAGGTGGCCCAGGGCATTGTCTCCTATGGACGAAACAATGGCATGCCTCCACGAGCCTGCACCAAAGTCTCAAGCT
TTGTACACTGGATAAAGAAAACCATGAAACGCTACGCGGCCGCTGGAGGTGGGGGTTCTGGCGGGGGTGGATCAGGGGGT
GGAGGTTCCGGTGGAGGTGGGTCGGGCGCGCCCATCATCAAGGAGT TCATGCGCTTCAAGGTGCACATGGAGGGCTCCGT
GAACGGCCACGAGT TCGAGATCGAGGGCGAGGGCGAGGGCCGCCCCTACGAGGGCACCCAGACCGCCAAGCTGAAGGTGA
CCAAGGGTGGCCCCCTGCCCTTCGCCTGGGACATCCTGTCCCCTCAGTTCATGTACGGCTCCAAGGCCTACGTGAAGCAC
CCCGCCGACATCCCCGACTACTTGAAGCTGTCCTTCCCCGAGGGCTTCAAGTGGGAGCGCGTGATGAACTTCGAGGACGG
CGGCGTGGTGACCGTGACCCAGGACTCCTCCCTGCAGGACGGCGAGTTCATCTACAAGGTGAAGCTGCGCGGCACCAACT
TCCCCTCCGACGGCCCCGTAATGCAGAAGAAGACCATGGGCTGGGAGGCCTCCTCCGAGCGGATGTACCCCGAGGACGGC
GCCCTGAAGGGCGAGATCAAGCAGAGGCTGAAGCTGAAGGACGGCGGCCACTACGACGCTGAGGTCAAGACCACCTACAA
GGCCAAGAAGCCCGTGCAGCTGCCCGGCGCCTACAACGTCAACATCAAGTTGGACATCACCTCCCACAACGAGGACTACA
CCATCGTGGAACAGTACGAACGCGCCGAGGGCCGCCACTCCACCGGCGGCATGGACGAGCTGTACAAGGAATTCTAATAG



CTCGAGGGTACC

>GZBSS-MCH

TTAATTAAGCCGCCATGCAACCGATCTTGTTGCTGCTGGCTTTTCTGCTGT TGCCAAGGGCAGACGCTGGAGAGGGCGCG
CCCATCATCAAGGAGTTCATGCGCTTCAAGGTGCACATGGAGGGCTCCGTGAACGGCCACGAGTTCGAGATCGAGGGCGA
GGGCGAGGGCCGCCCCTACGAGGGCACCCAGACCGCCAAGCTGAAGGTGACCAAGGGTGGCCCCCTGCCCTTCGCCTGGG
ACATCCTGTCCCCTCAGTTCATGTACGGCTCCAAGGCCTACGTGAAGCACCCCGCCGACATCCCCGACTACTTGAAGCTG
TCCTTCCCCGAGGGCTTCAAGTGGGAGCGCGTGATGAACT TCGAGGACGGCGGCGTGGTGACCGTGACCCAGGACTCCTC
CCTGCAGGACGGCGAGTTCATCTACAAGGTGAAGCTGCGCGGCACCAACT TCCCCTCCGACGGCCCCGTAATGCAGAAGA
AGACCATGGGCTGGGAGGCCTCCTCCGAGCGGATGTACCCCGAGGACGGCGCCCTGAAGGGCGAGATCAAGCAGAGGCTG
AAGCTGAAGGACGGCGGCCACTACGACGCTGAGGTCAAGACCACCTACAAGGCCAAGAAGCCCGTGCAGCTGCCCGGLCGL
CTACAACGTCAACATCAAGTTGGACATCACCTCCCACAACGAGGACTACACCATCGTGGAACAGTACGAACGCGCCGAGG
GCCGCCACTCCACCGGCGGCATGGACGAGCTGTACAAGGAATTCTAATAGCTCGAGGGTACC

>GZBSS—MCH-GZBSM
TTAATTAAGCCGCCATGCAACCGATCTTGTTGCTGCTGGCTTTTCTGCTGTTGCCAAGGGCAGACGCTGGAGAGGGCGCG
CCCATCATCAAGGAGTTCATGCGCTTCAAGGTGCACATGGAGGGCTCCGTGAACGGCCACGAGT TCGAGATCGAGGGCGA
GGGCGAGGGCCGCCCCTACGAGGGCACCCAGACCGCCAAGCTGAAGGTGACCAAGGGTGGCCCCCTGCCCTTCGCCTGGG
ACATCCTGTCCCCTCAGTTCATGTACGGCTCCAAGGCCTACGTGAAGCACCCCGCCGACATCCCCGACTACTTGAAGCTG
TCCTTCCCCGAGGGCTTCAAGTGGGAGCGCGTGATGAACTTCGAGGACGGCGGCGTGGTGACCGTGACCCAGGACTCCTC
CCTGCAGGACGGCGAGTTCATCTACAAGGTGAAGCTGCGCGGCACCAACT TCCCCTCCGACGGCCCCGTAATGCAGAAGA
AGACCATGGGCTGGGAGGCCTCCTCCGAGCGGATGTACCCCGAGGACGGCGCCCTGAAGGGCGAGATCAAGCAGAGGCTG
AAGCTGAAGGACGGCGGCCACTACGACGCTGAGGTCAAGACCACCTACAAGGCCAAGAAGCCCGTGCAGCTGCCCGGLGL
CTACAACGTCAACATCAAGT TGGACATCACCTCCCACAACGAGGACTACACCATCGTGGAACAGTACGAACGCGCCGAGG
GCCGCCACTCCACCGGCGGCATGGACGAGCTGTACAAGGAATTCACAGCTGCTCACTGTTGGGGAAGCTCCATAAATGTC
ACCTTGGGGGCCCACAATATCAAAGAACAGGAGCCGACCCAGCAGTTTATCCCTGTGAAAAGACCCATCCCCCATCCAGC
CTATAATCCTAAGAACTTCTCCAACGACATCATGCTACTGCAGCTGGAGAGAAAGGGTACC

>MCH

TTAATTAAGCCGCCATGATCATCAAGGAGT TCATGCGCTTCAAGGTGCACATGGAGGGCTCCGTGAACGGCCACGAGTTC
GAGATCGAGGGCGAGGGCGAGGGCCGCCCCTACGAGGGCACCCAGACCGCCAAGCTGAAGGTGACCAAGGGTGGCCCCCT
GCCCTTCGCCTGGGACATCCTGTCCCCTCAGTTCATGTACGGCTCCAAGGCCTACGTGAAGCACCCCGCCGACATCCCCG
ACTACTTGAAGCTGTCCTTCCCCGAGGGCTTCAAGTGGGAGCGCGTGATGAACTTCGAGGACGGCGGCGTGGTGACCGTG
ACCCAGGACTCCTCCCTGCAGGACGGCGAGTTCATCTACAAGGTGAAGCTGCGCGGCACCAACTTCCCCTCCGACGGCCC
CGTAATGCAGAAGAAGACCATGGGCTGGGAGGCCTCCTCCGAGCGGATGTACCCCGAGGACGGCGCCCTGAAGGGCGAGA
TCAAGCAGAGGCTGAAGCTGAAGGACGGCGGCCACTACGACGCTGAGGTCAAGACCACCTACAAGGCCAAGAAGCCCGTG
CAGCTGCCCGGCGCCTACAACGTCAACATCAAGTTGGACATCACCTCCCACAACGAGGACTACACCATCGTGGAACAGTA
CGAACGCGCCGAGGGCCGCCACTCCACCGGCGGCATGGACGAGCTGTACAAGGAATTCTAATAGCTCGAGGGTACC

2 Image filtration and colocalization analysis:
MATLAB source code

% %
%——Name: LAGfilter_batch.m

%——Author: Daniel Woodsworth

%——Date: March 3, 2017

%
%LAG = local and global filter

%

%Basic idea is to account for local variations in background signal, but
%also to achieve robust filtering of noise (so local and global filtering)
%

%To do this, first calculate local background for each pixel, subtract this
%background from original image.

%



%Then calculate global median absolute devation. Use this as estimate of
%variance of pixel noise, and define threshold as some multiple of this.
%Define all pixels below this threshold as noise, and set to zero.

%Local pixel intensity idea comes from Dunn et al 2011
%Median absolute deviation idea comes from Josh Scurl

clear all
close all
clc

YetHHHHPARAM SET HEREHHHHHH

%Set paths here for input and output directories
inPath = '/Volumes/DAN/coloc /RAW/ ';

outPath = '/Volumes/DAN/coloc /FILT /’;

YotHHHHPARAM SET HERESHHH

%length on either side of current pixel that to make box for median
%calculation

L =12;

YotHHHHPARAM SET HEREAHHH

%Number of standard deviations above MAD to consider as above backcground
%These are empirical

CO_threshold = 3;

Cl_threshold = 6;

YHHPARAM  SET  HEREAA A

%Regex pattern for extracting unique identifier of sample image (e.g.
%within given sample, whatever IDs the actual image files)
CaptureNumberPattern = '~ Capture (\d+).";

%Get directories in basepath
tmp = dir(inPath);

dirs = {tmp.name};

dirs([1,2]) = []; %Delete . and

for dirindex = 1l:length(dirs)

%Assume each directory name is sample name
SampleName = dirs{dirindex};

path = fullfile (inPath,6dirs{dirindex});
writePath = fullfile (outPath,dirs{dirindex });

%Get all image file names, assuming tiff extension

im_files = dir(fullfile (path, 'x.tiff "));

fnames = {im_files .name};

%Get all unique captures. Each capture has separate tiff for each

%channel. Assume format of Name_Cx.tiff , where x = 0,1 is channel id.

%Strip channel id to get actual name, then strip duplicates.

[temp, basenames, extensions] = cellfun(@fileparts ,fnames, 'UniformOutput’, false);
ImageNames = cellfun (@(x) x(1:end—3), basenames, 'UniformOutput’, false);
ImageNames = unique (ImageNames);



mkdir(writePath);

SampleName

for i = 1l:length(ImageNames)
%Get unique identifier of image file name
[tokens ,matches] = regexp (ImageNames{i},CaptureNumberPattern, ' tokens ', 'match’);
CaptureNumber = cell2mat(tokens{1});

CaptureNumber

CO_.img_name = fullfile (path,strcat(ImageNames{i}, _.CO’',6 extensions{1}));
Cl.img_name = fullfile (path,strcat(ImageNames{i}, -Cl’,6 extensions{1l}));

%% Read image

imf = imfinfo(CO_.img_name);

CO.img = zeros(imf(1).Height, imf(1).Width, ’'single ');
CO.img(:,:) = imread(CO_img_name);

imf = imfinfo(Cl_.img_name);

Cl.img = zeros(imf(1l).Height, imf(1).Width, ’'single ');
Cl.img(:,:) = imread(Cl.img_name);

%——C0 = green channel = lytic granule filter %

%Useful for punctuate type objects

%min and max pixels to consider, to account for edge cases
min_pix = L+1;
max_pix = size(CO.img,1)—L;

%lnitialize background matrix to maximum pixel intensity
bg = repmat(max(CO-img(:)),size(CO.img,1),size(CO.img,1));

%Calculate localized background pixel intensity for whole image
for k = min_pix:max_pix
for j = min_pix:max_pix

sub = COimg ((k—L): (kbL), (—L):(j+L));
bg(k,j) = median(sub(:));

end
end

%Subtract local background from image
CO_.im_bgfilt = CO_.img—bg;

%Set any negative pixels to 0
CO_im_bgfilt (CO_im_bgfilt < 0) = 0;

Y%Now subtract MAD from image to filter pixel noise
%See below for more information
%Since so many pixels are 0, use all nonzero pixels to calculate MAD



%! don't know why using the original image works better, but it cleans up
%pixel noise better (essentially a higher threshold)

CO_pos = CO-img(CO_.img > 0);
mad_CO0 = median(abs(CO_pos(:) — median(CO_pos(:))));
noise_std_CO0 = 1.4826 x mad_CO; %See below for explanation

%Noise filter. Set all pixels below threshold to 0
CO0_mad_sub = CO_im_bgfilt;

CO_mad_sub(CO_mad_sub < noise_std_-CO x CO_threshold) = 0;

%Cl = RED = mCherry channel

% ———Good for homogenous structures —%
%

%Just do MAD threshold , but with 6sigma

Cl_pos = Cl.img(Cl.img > 0);
mad_Cl = median(abs(Cl_pos(:) — median(Cl_pos(:)))):
noise_std_C1 = 1.4826 % mad_Cl; %See below for explanation

%Noise filter. Set all pixels below 6 sigma threshold to 0
Cl_mad_sub = Cl.img;

Cl_mad_sub(Cl_mad._sub < noise_std_C1l % Cl_threshold) = 0;

%Write images
COOUT = fullfile(writePath,strcat(ImageNames{i}, _filt_.CO ', extensions{1}));
C1.OUT = fullfile (writePath ,strcat(ImageNames{i}, _filt_.C1l ', 6 extensions{1}));

imwrite (uintl6 (CO_-mad_sub),C0-OUT);
imwrite (uintl6 (Cl_mad_sub),C1.OUT);

end
end
%——————Background on MAD derivation etc———%
% Convert the median absolute deviation to something more resembling a
% standard deviation. This is used instead of calculating the standard
% deviation directly because the median absolute deviation ignores outliers
% (and actual spots), giving a result after normalisation closer to the
% standard deviation of noise alone, with other image features ignored.
% (See http://en.wikipedia.org/wiki/Median_absolute_deviation#Relation_to_standard_deviation
% for the conversion factor)

%calculate the absolute median devation
%This is mad = median(abs(Intensity_i —median(Intensity)))
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%In other words: calculate median intensity of images using all pixels.
%Subtract this from each pixel.

%Take absolute value of these values

%Calculate median of these values

%
%Sigma “1.4mad (see wikipedia article on mad)
%To be very sure that retain only signal, take all pixels that have

%intensity that is 6xsigma above 1.4xmad
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