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1 Plasmids

1.1 Base pdL plasmid

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.
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1.2 Base pdL plasmid sequence

LOCUS pdL GZB−MCH 7276 bp DNA c i r c u l a r UNA 21−FEB−2017
DEFINITION .
ACCESSION .
VERSION .
KEYWORDS .
SOURCE

ORGANISM
.

FEATURES Loca t i on / Q u a l i f i e r s
promoter 2 . . 1 628

/ l a b e l=”CAG promoter ”
promoter 1635 . . 1702

/ l a b e l=”T7 promoter ”
s i g p e p t i d e 1717 . . 1776

/gene=”GZMB”
/ l a b e l=”GZMB s i g n a l p e p t i d e ”

mat pep t i de 1777 . . 2457
/gene=”GZMB”
/ product=”granzyme B”
/ l a b e l=”GZMB”

m i s c f e a t u r e 2467 . . 2526
/ note=”Gene ious type : p o l y l i n k e r ”
/ l a b e l=”G l y c i n e S e r i n e l i n k e r ”

CDS 2536 . . 3216
/ l a b e l=”mCherry”

p o l yA s i g n a l 3262 . . 3486
/ l a b e l=”BGH polyA”

t e rm i n a t o r 3495 . . 3538
/ l a b e l=”T−T7”

promoter 3606 . . 3949
/ l a b e l=”P−SV40”

m i s c f e a t u r e 4011 . . 4805
/ note=”Gene ious type : Marker ”
/ l a b e l=”NeoR”

p o l yA s i g n a l 4979 . . 5109
/ l a b e l=”SV40 polyA”

m i s c f e a t u r e complement ( 5492 . . 6 162 )
/ note=”Gene ious type : O r i g i n o f R e p l i c a t i o n ”
/ l a b e l=”pUC or i ”

m i s c f e a t u r e complement ( 6307 . . 7 167 )
/ note=”Gene ious type : Marker ”
/ l a b e l=”AmpR”

promoter complement ( 7202 . . 7 208 )
/ l a b e l=”P−b l a ”

ORIGIN
1 c tgcaggcg t t a c a t a a c t t acgg taaa tg gcccgcc tgg c tgac cgcc c aacgaccccc

61 gc c c a t t g a c g t c a a t a a t g a c g t a t g t t c c c a t ag t aa c gccaataggg a c t t t c c a t t
121 gacg t caa tg gg tggag ta t t t a cgg t a aa c t g c c c a c t t ggcag taca t c a ag t g t a t c
181 a ta tgccaag t a c g c c c c c t a t t g a c g t c a a tgacgg taa a tggcccgcc t g g c a t t a t g
241 c c c ag t a c a t g a c c t t a t gg g a c t t t c c t a c t t g g c ag t a c a t c t a c g t a t t a g t c a t c g
301 c t a t t a a c a t ggtcgaggtg agccccacg t t c t g c t t c a c t c t c c c c a t c t c c c c c c c c t
361 c c c ca c c c c c a a t t t t g t a t t t a t t t a t t t t t t a a t t a t t t t g t g c ag cg atgggggcgg
421 gggggggggg ggggcgcgcg ccaggcgggg cggggcgggg cgaggggcgg ggcggggcga
481 ggcggagagg tgcggcggca gccaa tcaga gcggcgcgct c c g a a ag t t t c c t t t t a t g g
541 cgaggcggcg gcggcggcgg c c c t a t a aaa agcgaagcgc gcggcgggcg gggagtcgc t
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601 gcgacgc tgc c t t c g c c c c g t g c c c c g c t c cgccgccgcc t cgcgccgcc cgccccggc t
661 c t ga c t g a c c g c g t t a c t c c cacaggtgag cgggcgggac g g c c c t t c t c c t c cgggc tg
721 t a a t t a g c g c t t g g t t t a a t g a cgg c t t g t t t c t t t t c t g t gg c t g cg t g aaagcc t t ga
781 ggggctccgg gagggccc t t tg tgcggggg gagcggctcg gggggtgcgt g c g t g t g t g t
841 gtgcgtgggg agcgccgcgt gcggc t ccgc gc tgcccggc ggc tg tgagc gctgcgggcg
901 cggcgcgggg c t t t g t g c g c t c c g c a g t g t gcgcgagggg agcgcggccg ggggcggtgc
961 cccgcgg tgc ggggggggct gcgaggggaa caaaggctgc gtgcggggtg tg tgcg tggg

1021 ggggtgagca gggggtgtgg gcgcg t cgg t cgggctgcaa c c c c c c c t g c a c c c c c c t c c
1081 c c g ag t t g c t gagcacggcc cggc t t cggg tgcggggc t c cgtacggggc gtggcgcggg
1141 gc t cg c cg tg ccgggcgggg ggtggcggca ggtgggggtg ccgggcgggg cggggccgcc
1201 tcgggccggg gagggctcgg gggaggggcg cggcggcccc cggagcgccg gcggc tg t cg
1261 aggcgcggcg agccgcagcc a t t g c c t t t t a t gg t aa t cg tgcgagaggg cgcagggact
1321 t c c t t t g t c c c a a a t c t g t g cggagccgaa atc tgggagg cgccgccgca c c c c c t c t a g
1381 cgggcgcggg gcgaagcggt gcggcgccgg caggaaggaa atgggcgggg agggcc t t cg
1441 tg cg t cgc cg cgccgccg t c c c c t t c t c c c t c t c c a g c c t cggggc tg t c cgcgggggga
1501 c g g c t g c c t t cgggggggac ggggcagggc ggggt t cggc t t c t g g c g t g tgaccggcgg
1561 c t c t aga caa t t g t a c t a a c c t t c t t c t c t t t c c t c t c c t gacaggt tgg t g t a c ag t ag
1621 c t t c c a c c a c c gg t t a a t a c g a c t c a c t a t aggc tagca t t t a gg t ga ca c t a t a gaa t a
1681 c a a g c t a c t t g t t c t t t t t g c a t t a a t t a a gccgcca tgc a a c c a a t c c t g c t t c t g c t g
1741 g c c t t c c t c c t g c t g c c cag ggcagatgca ggggagatca tcgggggaca tgaggccaag
1801 c c c c a c t c c c g c c c c t a c a t g g c t t a t c t t a t ga t c t ggg a t cagaag t c tc tgaagagg
1861 tg cgg tggc t t c c t g a t a c g agacgac t t c g tgc tgacag c t g c t c a c t g t tggggaagc
1921 t c c a t a a a t g t c a c c t t g g g ggcccacaa t a tcaaagaac aggagccgac c c a g c a g t t t
1981 a t c c c t g t g a aaagaccca t c c c c c a t c c a g c c t a t a a t c c t a a g a a c t t c t c caacgac
2041 a t c a t g c t a c tgcagc tgga gagaaaggcc aagcggacca gagc tg tgca gcccc t cagg
2101 c t a c c t a g c a acaaggccca ggtgaagcca gggcagacat gcag tg tggc cggctggggg
2161 cagacggccc ccc tgggaaa acac t c a cac acac tacaag aggtgaagat gacagtgcag
2221 gaagatcgaa ag tgcgaa t c t g a c t t a c g c c a t t a t t a c g a cag t a c c a t t g a g t t g t g c
2281 gtgggggacc cagaga t taa aaagac t t c c t t t aaggggg ac t c tggagg c c c t c t t g t g
2341 tg taacaagg tggcccaggg c a t t g t c t c c ta tggacgaa acaa tggca t gcc t c cacga
2401 gcc tgcacca aag t c t caag c t t t g t a c a c tggataaaga aaacca tgaa acgc tacgcg
2461 gccgctggag g tggggg t t c tggcgggggt ggatcagggg g tggagg t t c cggtggaggt
2521 gggtcgggcg c g c c c a t c a t caaggag t t c a t g c g c t t c a agg tgcaca t ggagggctcc
2581 gtgaacggcc acgag t t cga gatcgagggc gagggcgagg gccgcc c c t a cgagggcacc
2641 cagaccgcca agc tgaaggt gaccaagggt ggcccc c tgc c c t t c g c c t g ggaca t c c tg
2701 t c c c c t c a g t t c a t g t a c gg c t c caaggcc tacg tgaagc accccgccga ca t c c c cgac
2761 t a c t t g a ag c t g t c c t t c c c cgagggc t t c aagtgggagc gcgtga tgaa c t t cgaggac
2821 ggcggcgtgg tgaccg tgac ccaggac t c c t c c c t g cagg acggcgag t t c a t c t a c aag
2881 g tgaagc tgc gcggcaccaa c t t c c c c t c c gacggccccg taa tgcagaa gaagaccatg
2941 ggctgggagg c c t c c t c c g a gcgga tg tac cccgaggacg gcgccc tgaa gggcgagatc
3001 aagcagaggc tgaagc tgaa ggacggcggc cac tacgacg c tgagg t caa gaccacc t a c
3061 aaggccaaga agcccg tgca gc tgcccggc gcc tacaacg t c aa ca t c aa g t t g ga c a t c
3121 ac c t c c c a ca acgaggacta c a c c a t c g t g gaacagtacg aacgcgccga gggccgccac
3181 tccaccggcg gcatggacga gc tg tacaag g a a t t c t a a t agctcgaggg t a c c a c t a g t
3241 t agc c cg c t g a t c ag c c t c g a c t g t g c c t t c t a g t t g c c a g c c a t c t g t t g t t t g c c c c t
3301 c c c c cg t g c c t t c c t t g a c c c tggaaggtg c c a c t c c c a c t g t c c t t t c c t a a t a aaa t g
3361 aggaaa t tgc a t c g c a t t g t c t gag t agg t g t c a t t c t a t t c t gggggg t ggggtggggc
3421 aggacagcaa gggggaggat tgggaagaca atagcaggca tg c tgggga t gcggtgggc t
3481 c t a t g g t a a c gcg t a t aa c c c c t t ggggcc t c t aaacggg t c t t gagggg t t t t t t g a c t
3541 cgag cga t t t c g g c c t a t t g g t t a aaaaa t g a g c t g a t t t aacaaaaa t t t aacgcgaa t
3601 t a a t t c t g t g g a a t g t g t g t c ag t t aggg t g tggaaagtc c c caggc t c c ccagcaggca
3661 gaagta tgca aagca tgca t c t c a a t t a g t cagcaaccag gtgtggaaag t c c c c agg c t
3721 ccccagcagg cagaag ta tg caaagca tgc a t c t c a a t t a g t cagcaacc a t ag t c c cg c
3781 c c c t a a c t c c gc c ca t c c cg c c c c t a a c t c c g c c c ag t t c c g c c c a t t c t c cgc c c ca tg
3841 g c t g a c t a a t t t t t t t t a t t ta tgcagagg ccgaggccgc c t c t g c c t c t g a g c t a t t c c
3901 agaagtagtg aggaggc t t t t t t g gaggc c t a g g c t t t t g caaaaagc tc c cgggagc t t
3961 g t a t a t c c a t t t t c g g a t c t gatcaagaga caggatgagg a t c g t t t c g c a t ga t t g aa c
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4021 aaga tgga t t gcacgcaggt t c t c c gg c cg c t t ggg tgga gagg c t a t t c gg c t a t g a c t
4081 gggcacaaca gacaatcggc t g c t c t g a t g c c g c c g t g t t c cggc t g t c a gcgcaggggc
4141 g c c c g g t t c t t t t t g t c a a g a c cga c c t g t c c gg t g c c c t gaa tgaac tg caggacgagg
4201 cagcgcggc t a t c g t gg c t g gccacgacgg g c g t t c c t t g cgcagc tg tg c t c g a c g t t g
4261 t ca c t gaagc gggaagggac t g g c t g c t a t tgggcgaagt gccggggcag g a t c t c c t g t
4321 c a t c t c a c c t t g c t c c t g c c gagaaagta t c c a t c a t gg c t ga t g caa t g cggcggctgc
4381 a t a c g c t t g a t c c gg c t a c c t g c c c a t t c g accaccaagc gaaaca tcgc atcgagcgag
4441 ca cg t a c t c g gatggaagcc g g t c t t g t c g a tcagga tga t c tggacgaa gagcatcagg
4501 ggc tcgcgcc agccgaactg t t c g c caggc tcaaggcgcg ca tgcccgac ggcgaggatc
4561 t c g t c g t g a c c ca tggcga t g c c t g c t t g c c g a a t a t c a t ggtggaaaat g g c c g c t t t t
4621 c t g g a t t c a t cgac tg tggc cggc tgggtg tggcggaccg c t a t c aggac a t agcg t t gg
4681 c t a c c cg t ga t a t t g c t g a a gagc t tggcg gcgaatgggc t g a c c g c t t c c t c g t g c t t t
4741 acgg ta t cgc c g c t c c c g a t t cgcagcgca t c g c c t t c t a t c g c c t t c t t g a cgag t t c t
4801 tc tgagcggg a c t c t gggg t t cgaaa tgac cgaccaagcg acgcccaacc t g c c a t c a cg
4861 a g a t t t c g a t t c ca c cgc cg c c t t c t a t g a aaggt tgggc t t c ggaa t c g t t t t c c g g g a
4921 cgccggctgg a t g a t c c t c c agcgcgggga t c t c a t g c t g g a g t t c t t c g cccaccccaa
4981 c t t g t t t a t t g c ag c t t a t a a t gg t t a c aa a taaagcaa t agca tcacaa a t t t c a c a a a
5041 t a a a g c a t t t t t t t c a c t g c a t t c t a g t t g t g g t t t g t c c aaa c t c a t c a a t g t a t c t t a
5101 t c a t g t c t g t a t a c cg t cga c c t c t a g c t a gagc t tggcg t a a t c a t g g t c a t a g c t g t t
5161 t c c t g t g t g a a a t t g t t a t c c g c t c a c aa t t c ca cacaac atacgagccg gaagcataaa
5221 g tg taaagcc t gggg t g c c t aatgagtgag c t a a c t c a c a t t a a t t g c g t t g c g c t c a c t
5281 g c c c g c t t t c cagtcgggaa a c c t g t c g t g c c ag c t g ca t t a a t g aa t c g gccaacgcgc
5341 ggggagaggc g g t t t g c g t a t t g gg cg c t c t t c c g c t t c c t c g c t c a c t g a c t cg c t g cg
5401 c t c g g t c g t t cggctgcggc gagcgg ta t c ag c t c a c t c a aaggcggtaa t a c g g t t a t c
5461 cacagaa tca ggggataacg caggaaagaa ca tg tgagca aaaggccagc aaaaggccag
5521 gaaccgtaaa aaggccgcgt t g c t g g c g t t t t t c c a t a g g c t c c g c c c c c c tgacgagca
5581 t ca caaaaa t cgacgc t caa gtcagaggtg gcgaaacccg acaggac ta t aaagatacca
5641 gg c g t t t c c c c c t ggaagc t c c c t c g t g cg c t c t c c t g t t c cgac c c tg c cg c t t a c cgg
5701 a t a c c t g t c c g c c t t t c t c c c t t cgggaag cg t gg cg c t t t c t c a t a g c t cacgc tg t ag
5761 g t a t c t c a g t t cgg tg t agg t c g t t c g c t c caagctgggc t g t g t g c a cg aac c c c c cg t
5821 t cagcccgac cg c t g cg c c t t a t c c gg t a a c t a t c g t c t t gag tccaacc cggtaagaca
5881 c g a c t t a t c g ccac tggcag cagccac tgg t a a c agga t t agcagagcga gg ta tg tagg
5941 cgg tgc t a ca g a g t t c t t g a ag tgg tggcc t aa c t a cggc t a cac t agaa gaa cag t a t t
6001 t g g t a t c t g c g c t c t g c t g a agccag t t a c c t t cggaaaa agag t tgg ta g c t c t t g a t c
6061 cggcaaacaa accaccgc tg g t a g c g g t t t t t t t g t t t g c aagcagcaga t t a cgcgcag
6121 aaaaaaagga t c t caagaag a t c c t t t g a t c t t t t c t a c g gggtc tgacg c t cag tggaa
6181 cgaaaac tca cg t taaggga t t t t g g t c a t g aga t t a t c a aaaagga tc t t c a c c t a g a t
6241 c c t t t t a a a t taaaaa tgaa g t t t t a a a t c a a t c t a a ag t a t a t a t g a g t a a a c t t g g t c
6301 t g a c ag t t a c c a a t g c t t a a t cag tgaggc a c c t a t c t c a g c g a t c t g t c t a t t t c g t t c
6361 a t c c a t a g t t g c c t g a c t c c c c g t c g t g t a ga taac t a cg atacgggagg g c t t a c c a t c
6421 tggc c c cag t gc tgcaa tga taccgcgaga c c ca cgc t c a ccggc t ccag a t t t a t c a g c
6481 aataaaccag ccagccggaa gggccgagcg cagaagtgg t c c t g c a a c t t t a t c c g c c t c
6541 c a t c c a g t c t a t t a a t t g t t gccgggaagc t agag t aag t ag t t cgc cag t t a a t a g t t t
6601 gcgcaacg t t g t t g c c a t t g c t a caggca t c g t gg t g t c a c g c t c g t c g t t t g g t a t g g c
6661 t t c a t t c a g c t c c g g t t c c c aacgatcaag gcgag t t aca t g a t c c c c c a t g t t g t g c a a
6721 aaaagcgg t t a g c t c c t t c g g t c c t c c g a t c g t t g t c a ga ag taag t t gg c c g c a g t g t t
6781 a t c a c t c a t g g t t a t ggcag ca c t g ca t aa t t c t c t t a c t g t c a t g c c a t c cg taaga tg
6841 c t t t t c t g t g a c t gg tgag t ac t caaccaa g t c a t t c t g a gaa t ag tg t a tgcggcgacc
6901 g a g t t g c t c t t g c c cggcg t caatacggga t aa t a c cgcg ccaca tagca gaa c t t t a a a
6961 ag t g c t c a t c a t tggaaaac g t t c t t c g g g gcgaaaac tc t c a agga t c t t a c c g c t g t t
7021 gaga t ccag t t c g a t g t a a c c c a c t c g t g c acccaac tga t c t t c a g c a t c t t t t a c t t t
7081 ca c c ag cg t t t c t ggg tgag caaaaacagg aaggcaaaat gccgcaaaaa agggaataag
7141 ggcgacacgg aaa t g t t gaa t a c t c a t a c t c t t c c t t t t t c a a t a t t a t t g a ag ca t t t a
7201 t c a g g g t t a t t g t c t c a t g a gcgga taca t a t t t g a a t g t a t t t a gaaaa a taaacaaa t
7261 aggggt t ccg cgagc t

//
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1.3 Coding sequence inserts

Coding sequences listed below extend from the PacI site to KpnI site of the
pdL vector.

>GZB1−MCH
TTAATTAAGCCGCCATGCAACCAATCCTGCTTCTGCTGGCCTTCCTCCTGCTGCCCAGGGCAGATGCAATCATCGGGGGA
CATGAGGCCAAGCCCCACTCCCGCCCCTACATGGCTTATCTTATGATCTGGGATCAGAAGTCTCTGAAGAGGTGCGGTGG
CTTCCTGATACGAGACGACTTCGTGCTGACAGCTGCTCACTGTTGGGGAAGCTCCATAAATGTCACCTTGGGGGCCCACA
ATATCAAAGAACAGGAGCCGACCCAGCAGTTTATCCCTGTGAAAAGACCCATCCCCCATCCAGCCTATAATCCTAAGAAC
TTCTCCAACGACATCATGCTACTGCAGCTGGAGAGAAAGGCCAAGCGGACCAGAGCTGTGCAGCCCCTCAGGCTACCTAG
CAACAAGGCCCAGGCGGCCGCTGGAGGTGGGGGTTCTGGCGGGGGTGGATCAGGGGGTGGAGGTTCCGGTGGAGGTGGGT
CGGGCGCGCCCATCATCAAGGAGTTCATGCGCTTCAAGGTGCACATGGAGGGCTCCGTGAACGGCCACGAGTTCGAGATC
GAGGGCGAGGGCGAGGGCCGCCCCTACGAGGGCACCCAGACCGCCAAGCTGAAGGTGACCAAGGGTGGCCCCCTGCCCTT
CGCCTGGGACATCCTGTCCCCTCAGTTCATGTACGGCTCCAAGGCCTACGTGAAGCACCCCGCCGACATCCCCGACTACT
TGAAGCTGTCCTTCCCCGAGGGCTTCAAGTGGGAGCGCGTGATGAACTTCGAGGACGGCGGCGTGGTGACCGTGACCCAG
GACTCCTCCCTGCAGGACGGCGAGTTCATCTACAAGGTGAAGCTGCGCGGCACCAACTTCCCCTCCGACGGCCCCGTAAT
GCAGAAGAAGACCATGGGCTGGGAGGCCTCCTCCGAGCGGATGTACCCCGAGGACGGCGCCCTGAAGGGCGAGATCAAGC
AGAGGCTGAAGCTGAAGGACGGCGGCCACTACGACGCTGAGGTCAAGACCACCTACAAGGCCAAGAAGCCCGTGCAGCTG
CCCGGCGCCTACAACGTCAACATCAAGTTGGACATCACCTCCCACAACGAGGACTACACCATCGTGGAACAGTACGAACG
CGCCGAGGGCCGCCACTCCACCGGCGGCATGGACGAGCTGTACAAGGAATTCTAATAGCTCGAGGGTACC
>GZB2−MCH
TTAATTAAGCCGCCATGCAACCAATCCTGCTTCTGCTGGCCTTCCTCCTGCTGCCCAGGGCAGATGCAGTGAAGCCAGGG
CAGACATGCAGTGTGGCCGGCTGGGGGCAGACGGCCCCCCTGGGAAAACACTCACACACACTACAAGAGGTGAAGATGAC
AGTGCAGGAAGATCGAAAGTGCGAATCTGACTTACGCCATTATTACGACAGTACCATTGAGTTGTGCGTGGGGGACCCAG
AGATTAAAAAGACTTCCTTTAAGGGGGACTCTGGAGGCCCTCTTGTGTGTAACAAGGTGGCCCAGGGCATTGTCTCCTAT
GGACGAAACAATGGCATGCCTCCACGAGCCTGCACCAAAGTCTCAAGCTTTGTACACTGGATAAAGAAAACCATGAAACG
CTACGCGGCCGCTGGAGGTGGGGGTTCTGGCGGGGGTGGATCAGGGGGTGGAGGTTCCGGTGGAGGTGGGTCGGGCGCGC
CCATCATCAAGGAGTTCATGCGCTTCAAGGTGCACATGGAGGGCTCCGTGAACGGCCACGAGTTCGAGATCGAGGGCGAG
GGCGAGGGCCGCCCCTACGAGGGCACCCAGACCGCCAAGCTGAAGGTGACCAAGGGTGGCCCCCTGCCCTTCGCCTGGGA
CATCCTGTCCCCTCAGTTCATGTACGGCTCCAAGGCCTACGTGAAGCACCCCGCCGACATCCCCGACTACTTGAAGCTGT
CCTTCCCCGAGGGCTTCAAGTGGGAGCGCGTGATGAACTTCGAGGACGGCGGCGTGGTGACCGTGACCCAGGACTCCTCC
CTGCAGGACGGCGAGTTCATCTACAAGGTGAAGCTGCGCGGCACCAACTTCCCCTCCGACGGCCCCGTAATGCAGAAGAA
GACCATGGGCTGGGAGGCCTCCTCCGAGCGGATGTACCCCGAGGACGGCGCCCTGAAGGGCGAGATCAAGCAGAGGCTGA
AGCTGAAGGACGGCGGCCACTACGACGCTGAGGTCAAGACCACCTACAAGGCCAAGAAGCCCGTGCAGCTGCCCGGCGCC
TACAACGTCAACATCAAGTTGGACATCACCTCCCACAACGAGGACTACACCATCGTGGAACAGTACGAACGCGCCGAGGG
CCGCCACTCCACCGGCGGCATGGACGAGCTGTACAAGGAATTCTAATAGCTCGAGGGTACC
>GZB−MCH
TTAATTAAGCCGCCATGCAACCAATCCTGCTTCTGCTGGCCTTCCTCCTGCTGCCCAGGGCAGATGCAGGGGAGATCATC
GGGGGACATGAGGCCAAGCCCCACTCCCGCCCCTACATGGCTTATCTTATGATCTGGGATCAGAAGTCTCTGAAGAGGTG
CGGTGGCTTCCTGATACGAGACGACTTCGTGCTGACAGCTGCTCACTGTTGGGGAAGCTCCATAAATGTCACCTTGGGGG
CCCACAATATCAAAGAACAGGAGCCGACCCAGCAGTTTATCCCTGTGAAAAGACCCATCCCCCATCCAGCCTATAATCCT
AAGAACTTCTCCAACGACATCATGCTACTGCAGCTGGAGAGAAAGGCCAAGCGGACCAGAGCTGTGCAGCCCCTCAGGCT
ACCTAGCAACAAGGCCCAGGTGAAGCCAGGGCAGACATGCAGTGTGGCCGGCTGGGGGCAGACGGCCCCCCTGGGAAAAC
ACTCACACACACTACAAGAGGTGAAGATGACAGTGCAGGAAGATCGAAAGTGCGAATCTGACTTACGCCATTATTACGAC
AGTACCATTGAGTTGTGCGTGGGGGACCCAGAGATTAAAAAGACTTCCTTTAAGGGGGACTCTGGAGGCCCTCTTGTGTG
TAACAAGGTGGCCCAGGGCATTGTCTCCTATGGACGAAACAATGGCATGCCTCCACGAGCCTGCACCAAAGTCTCAAGCT
TTGTACACTGGATAAAGAAAACCATGAAACGCTACGCGGCCGCTGGAGGTGGGGGTTCTGGCGGGGGTGGATCAGGGGGT
GGAGGTTCCGGTGGAGGTGGGTCGGGCGCGCCCATCATCAAGGAGTTCATGCGCTTCAAGGTGCACATGGAGGGCTCCGT
GAACGGCCACGAGTTCGAGATCGAGGGCGAGGGCGAGGGCCGCCCCTACGAGGGCACCCAGACCGCCAAGCTGAAGGTGA
CCAAGGGTGGCCCCCTGCCCTTCGCCTGGGACATCCTGTCCCCTCAGTTCATGTACGGCTCCAAGGCCTACGTGAAGCAC
CCCGCCGACATCCCCGACTACTTGAAGCTGTCCTTCCCCGAGGGCTTCAAGTGGGAGCGCGTGATGAACTTCGAGGACGG
CGGCGTGGTGACCGTGACCCAGGACTCCTCCCTGCAGGACGGCGAGTTCATCTACAAGGTGAAGCTGCGCGGCACCAACT
TCCCCTCCGACGGCCCCGTAATGCAGAAGAAGACCATGGGCTGGGAGGCCTCCTCCGAGCGGATGTACCCCGAGGACGGC
GCCCTGAAGGGCGAGATCAAGCAGAGGCTGAAGCTGAAGGACGGCGGCCACTACGACGCTGAGGTCAAGACCACCTACAA
GGCCAAGAAGCCCGTGCAGCTGCCCGGCGCCTACAACGTCAACATCAAGTTGGACATCACCTCCCACAACGAGGACTACA
CCATCGTGGAACAGTACGAACGCGCCGAGGGCCGCCACTCCACCGGCGGCATGGACGAGCTGTACAAGGAATTCTAATAG
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CTCGAGGGTACC
>GZBSS−MCH
TTAATTAAGCCGCCATGCAACCGATCTTGTTGCTGCTGGCTTTTCTGCTGTTGCCAAGGGCAGACGCTGGAGAGGGCGCG
CCCATCATCAAGGAGTTCATGCGCTTCAAGGTGCACATGGAGGGCTCCGTGAACGGCCACGAGTTCGAGATCGAGGGCGA
GGGCGAGGGCCGCCCCTACGAGGGCACCCAGACCGCCAAGCTGAAGGTGACCAAGGGTGGCCCCCTGCCCTTCGCCTGGG
ACATCCTGTCCCCTCAGTTCATGTACGGCTCCAAGGCCTACGTGAAGCACCCCGCCGACATCCCCGACTACTTGAAGCTG
TCCTTCCCCGAGGGCTTCAAGTGGGAGCGCGTGATGAACTTCGAGGACGGCGGCGTGGTGACCGTGACCCAGGACTCCTC
CCTGCAGGACGGCGAGTTCATCTACAAGGTGAAGCTGCGCGGCACCAACTTCCCCTCCGACGGCCCCGTAATGCAGAAGA
AGACCATGGGCTGGGAGGCCTCCTCCGAGCGGATGTACCCCGAGGACGGCGCCCTGAAGGGCGAGATCAAGCAGAGGCTG
AAGCTGAAGGACGGCGGCCACTACGACGCTGAGGTCAAGACCACCTACAAGGCCAAGAAGCCCGTGCAGCTGCCCGGCGC
CTACAACGTCAACATCAAGTTGGACATCACCTCCCACAACGAGGACTACACCATCGTGGAACAGTACGAACGCGCCGAGG
GCCGCCACTCCACCGGCGGCATGGACGAGCTGTACAAGGAATTCTAATAGCTCGAGGGTACC
>GZBSS−MCH−GZBSM
TTAATTAAGCCGCCATGCAACCGATCTTGTTGCTGCTGGCTTTTCTGCTGTTGCCAAGGGCAGACGCTGGAGAGGGCGCG
CCCATCATCAAGGAGTTCATGCGCTTCAAGGTGCACATGGAGGGCTCCGTGAACGGCCACGAGTTCGAGATCGAGGGCGA
GGGCGAGGGCCGCCCCTACGAGGGCACCCAGACCGCCAAGCTGAAGGTGACCAAGGGTGGCCCCCTGCCCTTCGCCTGGG
ACATCCTGTCCCCTCAGTTCATGTACGGCTCCAAGGCCTACGTGAAGCACCCCGCCGACATCCCCGACTACTTGAAGCTG
TCCTTCCCCGAGGGCTTCAAGTGGGAGCGCGTGATGAACTTCGAGGACGGCGGCGTGGTGACCGTGACCCAGGACTCCTC
CCTGCAGGACGGCGAGTTCATCTACAAGGTGAAGCTGCGCGGCACCAACTTCCCCTCCGACGGCCCCGTAATGCAGAAGA
AGACCATGGGCTGGGAGGCCTCCTCCGAGCGGATGTACCCCGAGGACGGCGCCCTGAAGGGCGAGATCAAGCAGAGGCTG
AAGCTGAAGGACGGCGGCCACTACGACGCTGAGGTCAAGACCACCTACAAGGCCAAGAAGCCCGTGCAGCTGCCCGGCGC
CTACAACGTCAACATCAAGTTGGACATCACCTCCCACAACGAGGACTACACCATCGTGGAACAGTACGAACGCGCCGAGG
GCCGCCACTCCACCGGCGGCATGGACGAGCTGTACAAGGAATTCACAGCTGCTCACTGTTGGGGAAGCTCCATAAATGTC
ACCTTGGGGGCCCACAATATCAAAGAACAGGAGCCGACCCAGCAGTTTATCCCTGTGAAAAGACCCATCCCCCATCCAGC
CTATAATCCTAAGAACTTCTCCAACGACATCATGCTACTGCAGCTGGAGAGAAAGGGTACC
>MCH
TTAATTAAGCCGCCATGATCATCAAGGAGTTCATGCGCTTCAAGGTGCACATGGAGGGCTCCGTGAACGGCCACGAGTTC
GAGATCGAGGGCGAGGGCGAGGGCCGCCCCTACGAGGGCACCCAGACCGCCAAGCTGAAGGTGACCAAGGGTGGCCCCCT
GCCCTTCGCCTGGGACATCCTGTCCCCTCAGTTCATGTACGGCTCCAAGGCCTACGTGAAGCACCCCGCCGACATCCCCG
ACTACTTGAAGCTGTCCTTCCCCGAGGGCTTCAAGTGGGAGCGCGTGATGAACTTCGAGGACGGCGGCGTGGTGACCGTG
ACCCAGGACTCCTCCCTGCAGGACGGCGAGTTCATCTACAAGGTGAAGCTGCGCGGCACCAACTTCCCCTCCGACGGCCC
CGTAATGCAGAAGAAGACCATGGGCTGGGAGGCCTCCTCCGAGCGGATGTACCCCGAGGACGGCGCCCTGAAGGGCGAGA
TCAAGCAGAGGCTGAAGCTGAAGGACGGCGGCCACTACGACGCTGAGGTCAAGACCACCTACAAGGCCAAGAAGCCCGTG
CAGCTGCCCGGCGCCTACAACGTCAACATCAAGTTGGACATCACCTCCCACAACGAGGACTACACCATCGTGGAACAGTA
CGAACGCGCCGAGGGCCGCCACTCCACCGGCGGCATGGACGAGCTGTACAAGGAATTCTAATAGCTCGAGGGTACC

2 Image filtration and colocalization analysis:

MATLAB source code

%−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−%
%−−−Name : LAG f i l t e r b a t c h .m
%−−−Author : Dan i e l Woodsworth
%−−−Date : March 3 , 2017
%
%LAG = l o c a l and g l o b a l f i l t e r
%
%Bas i c i d e a i s to account f o r l o c a l v a r i a t i o n s i n background s i g n a l , but
%a l s o to a c h i e v e r obu s t f i l t e r i n g o f n o i s e ( so l o c a l and g l o b a l f i l t e r i n g )
%
%To do t h i s , f i r s t c a l c u l a t e l o c a l background f o r each p i x e l , s u b t r a c t t h i s
%background from o r i g i n a l image .
%
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%Then c a l c u l a t e g l o b a l median a b s o l u t e d e v a t i o n . Use t h i s as e s t ima t e o f
%v a r i a n c e o f p i x e l no i s e , and d e f i n e t h r e s h o l d as some mu l t i p l e o f t h i s .
%De f i n e a l l p i x e l s be low t h i s t h r e s h o l d as no i s e , and s e t to z e r o .

%Loca l p i x e l i n t e n s i t y i d e a comes from Dunn e t a l 2011
%Median a b s o l u t e d e v i a t i o n i d e a comes from Josh S c u r l

c l e a r a l l
c l o s e a l l
c l c

%#####PARAM SET HERE######
%Set paths he r e f o r i n pu t and output d i r e c t o r i e s
inPath = ’/ Volumes/DAN/ co l o c /RAW/ ’ ;
outPath = ’/ Volumes/DAN/ co l o c /FILT / ’ ;

%#####PARAM SET HERE######
%leng t h on e i t h e r s i d e o f c u r r e n t p i x e l t ha t to make box f o r median
%c a l c u l a t i o n
L = 12 ;

%#####PARAM SET HERE######
%Number o f s t anda rd d e v i a t i o n s above MAD to c o n s i d e r as above backcground
%These a r e emp i r i c a l
C0 t h r e s h o l d = 3 ;
C1 t h r e s h o l d = 6 ;

%#####PARAM SET HERE######
%Regex p a t t e r n f o r e x t r a c t i n g un ique i d e n t i f i e r o f sample image ( e . g .
%w i t h i n g i v en sample , whateve r IDs the a c t u a l image f i l e s )
CaptureNumberPattern = ’ˆ Capture (\d+) ’ ;

%Get d i r e c t o r i e s i n basepath
tmp = d i r ( inPath ) ;
d i r s = {tmp . name } ;
d i r s ( [ 1 , 2 ] ) = [ ] ; %De l e t e . and . .

f o r d i r i n d e x = 1 : l e n g t h ( d i r s )

%Assume each d i r e c t o r y name i s sample name
SampleName = d i r s { d i r i n d e x } ;
path = f u l l f i l e ( inPath , d i r s { d i r i n d e x } ) ;
w r i t ePa th = f u l l f i l e ( outPath , d i r s { d i r i n d e x } ) ;

%Get a l l image f i l e names , assuming t i f f e x t e n s i o n
i m f i l e s = d i r ( f u l l f i l e ( path , ’ ∗ . t i f f ’ ) ) ;
fnames = { i m f i l e s . name } ;

%Get a l l un ique c ap t u r e s . Each cap tu r e has s e p a r a t e t i f f f o r each
%channe l . Assume format o f Name Cx . t i f f , where x = 0 ,1 i s channe l i d .
%S t r i p channe l i d to ge t a c t u a l name , then s t r i p d u p l i c a t e s .
[ temp , basenames , e x t e n s i o n s ] = c e l l f u n ( @ f i l e p a r t s , fnames , ’ UniformOutput ’ , f a l s e ) ;
ImageNames = c e l l f u n (@( x ) x ( 1 : end−3) , basenames , ’ UniformOutput ’ , f a l s e ) ;
ImageNames = un ique ( ImageNames ) ;
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mkdir ( w r i t ePa th ) ;

SampleName

f o r i = 1 : l e n g t h ( ImageNames )

%Get un ique i d e n t i f i e r o f image f i l e name
[ tokens , matches ] = regexp ( ImageNames{ i } , CaptureNumberPattern , ’ tokens ’ , ’ match ’ ) ;
CaptureNumber = ce l l 2ma t ( tokens {1} ) ;

CaptureNumber

C0 img name = f u l l f i l e ( path , s t r c a t ( ImageNames{ i } , ’ C0 ’ , e x t e n s i o n s {1} ) ) ;
C1 img name = f u l l f i l e ( path , s t r c a t ( ImageNames{ i } , ’ C1 ’ , e x t e n s i o n s {1} ) ) ;

%% Read image
imf = im f i n f o ( C0 img name ) ;
C0 img = ze r o s ( imf ( 1 ) . Height , imf ( 1 ) . Width , ’ s i n g l e ’ ) ;
C0 img ( : , : ) = imread ( C0 img name ) ;

imf = im f i n f o ( C1 img name ) ;
C1 img = ze r o s ( imf ( 1 ) . Height , imf ( 1 ) . Width , ’ s i n g l e ’ ) ;
C1 img ( : , : ) = imread ( C1 img name ) ;

%−−−−C0 = green channe l = l y t i c g r a nu l e f i l t e r −−−−−%
%Use f u l f o r punctuate type o b j e c t s

%min and max p i x e l s to c on s i d e r , to account f o r edge c a s e s
m in p i x = L+1;
max pix = s i z e ( C0 img ,1)−L ;

%I n i t i a l i z e background mat r i x to maximum p i x e l i n t e n s i t y
bg = repmat (max( C0 img ( : ) ) , s i z e ( C0 img , 1 ) , s i z e ( C0 img , 1 ) ) ;

%Ca l c u l a t e l o c a l i z e d background p i x e l i n t e n s i t y f o r whole image
f o r k = min p i x : max pix

f o r j = min p i x : max pix

sub = C0 img ( ( k−L ) : ( k+L ) , ( j−L ) : ( j+L ) ) ;

bg ( k , j ) = median ( sub ( : ) ) ;

end
end

%Sub t r a c t l o c a l background from image
C 0 im b g f i l t = C0 img−bg ;

%Set any n e g a t i v e p i x e l s to 0
C 0 im b g f i l t ( C 0 im b g f i l t < 0) = 0 ;

%Now s u b t r a c t MAD from image to f i l t e r p i x e l n o i s e
%See below f o r more i n f o rma t i o n
%S ince so many p i x e l s a r e 0 , use a l l nonzero p i x e l s to c a l c u l a t e MAD
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%I don ’ t know why u s i n g the o r i g i n a l image works b e t t e r , but i t c l e a n s up
%p i x e l n o i s e b e t t e r ( e s s e n t i a l l y a h i g h e r t h r e s h o l d )

C0 pos = C0 img ( C0 img > 0 ) ;
mad C0 = median ( abs ( C0 pos ( : ) − median ( C0 pos ( : ) ) ) ) ;
n o i s e s t d C0 = 1.4826 ∗ mad C0 ; %See below f o r e x p l a n a t i o n

%Noi se f i l t e r . Set a l l p i x e l s be low t h r e s h o l d to 0
C0 mad sub = C0 im b g f i l t ;

C0 mad sub ( C0 mad sub < n o i s e s t d C0 ∗ C0 th r e s h o l d ) = 0 ;

%C1 = RED = mCherry channe l
%−−−−−Good f o r homogenous s t r u c t u r e s−−−−−−%
%
%Jus t do MAD th r e s ho l d , but w i th 6 s igma

C1 pos = C1 img ( C1 img > 0 ) ;
mad C1 = median ( abs ( C1 pos ( : ) − median ( C1 pos ( : ) ) ) ) ;
n o i s e s t d C1 = 1.4826 ∗ mad C1 ; %See below f o r e x p l a n a t i o n

%Noi se f i l t e r . Set a l l p i x e l s be low 6 sigma t h r e s h o l d to 0
C1 mad sub = C1 img ;

C1 mad sub ( C1 mad sub < n o i s e s t d C1 ∗ C1 th r e s h o l d ) = 0 ;

%Write images
C0 OUT = f u l l f i l e ( wr i t ePath , s t r c a t ( ImageNames{ i } , ’ f i l t C 0 ’ , e x t e n s i o n s {1} ) ) ;
C1 OUT = f u l l f i l e ( wr i t ePath , s t r c a t ( ImageNames{ i } , ’ f i l t C 1 ’ , e x t e n s i o n s {1} ) ) ;

imwr i t e ( u i n t 16 ( C0 mad sub ) ,C0 OUT ) ;
imwr i t e ( u i n t 16 ( C1 mad sub ) ,C1 OUT ) ;

end

end

%−−−−−−−−−−−−Background on MAD d e r i v a t i o n etc−−−−−−−−%

% Conver t the median a b s o l u t e d e v i a t i o n to someth ing more r e s emb l i n g a
% s tanda rd d e v i a t i o n . Th i s i s used i n s t e a d o f c a l c u l a t i n g the s t anda rd
% d e v i a t i o n d i r e c t l y because the median a b s o l u t e d e v i a t i o n i g n o r e s o u t l i e r s
% ( and a c t u a l s p o t s ) , g i v i n g a r e s u l t a f t e r n o rma l i s a t i o n c l o s e r to the
% s tanda rd d e v i a t i o n o f n o i s e a lone , w i th o th e r image f e a t u r e s i g no r e d .
% ( See h t tp : // en . w i k i p e d i a . org / w i k i / Med i a n a b s o l u t e d e v i a t i o n#R e l a t i o n t o s t a n d a r d d e v i a t i o n
% f o r the c o n v e r s i o n f a c t o r )

%c a l c u l a t e the a b s o l u t e median d e v a t i o n
%This i s mad = median ( abs ( I n t e n s i t y i −median ( I n t e n s i t y ) ) )
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%In o th e r words : c a l c u l a t e median i n t e n s i t y o f images u s i n g a l l p i x e l s .
%Sub t r a c t t h i s from each p i x e l .
%Take a b s o l u t e v a l u e o f t h e s e v a l u e s
%Ca l c u l a t e median o f t h e s e v a l u e s
%
%Sigma ˜1 .4mad ( s e e w i k i p e d i a a r t i c l e on mad)
%To be ve r y s u r e t ha t r e t a i n on l y s i g n a l , t ake a l l p i x e l s t ha t have
%i n t e n s i t y t ha t i s 6∗ s igma above 1 .4∗mad
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