
10/29/2024 5:13:53 PM(from 1-535 bp)

https://benchling.com/welmoedvz/f/lib_D3qqxZMc-apex-controls/seq_P8nqJiYa-k4-pb-to_apex-v5-nes/edit 1/34

K4-PB-TO_APEX-V5-NES (14104 bp)

tagctcttgatccggcaaacaaaccaccgctggtagcggtggtttttttgtttgcaagcagcagattacgcgcagaaaaaaaggatctcaagaagatcctttgatct

atcgagaactaggccgtttgtttggtggcgaccatcgccaccaaaaaaacaaacgttcgtcgtctaatgcgcgtctttttttcctagagttcttctaggaaactaga

AciI AciI
AbaSI AbaSI AbaSI AbaSI AbaSI

source

10 20 30 40 50 60 70 80 90 100

tttctacggggtctgacgctcagtggaacgaaaactcacgttaagggattttggtcatgagattatcaaaaaggatcttcacctagatccttttaaattaaaaatga

aaagatgccccagactgcgagtcaccttgcttttgagtgcaattccctaaaaccagtactctaatagtttttcctagaagtggatctaggaaaatttaatttttact

AbaSI AbaSI

E60
source

110 120 130 140 150 160 170 180 190 200 210

agttttaaatcaatctaaagtatatatgagtaaacttggtctgacagttaccaatgcttaatcagtgaggcacctatctcagcgatctgtctatttcgttcatccat

tcaaaatttagttagatttcatatatactcatttgaaccagactgtcaatggttacgaattagtcactccgtggatagagtcgctagacagataaagcaagtaggta

AbaSI AbaSI AbaSI

Amp
source

220 230 240 250 260 270 280 290 300 310 320

agttgcctgactccccgtcgtgtagataactacgatacgggagggcttaccatctggccccagtgctgcaatgataccgcgagacccacgctcaccggctccagatt

tcaacggactgaggggcagcacatctattgatgctatgccctcccgaatggtagaccggggtcacgacgttactatggcgctctgggtgcgagtggccgaggtctaa

AciIAbaSI
AbaSI

AbaSI
AbaSI AbaSI

AbaSI

Amp
source

330 340 350 360 370 380 390 400 410 420

tatcagcaataaaccagccagccggaagggccgagcgcagaagtggtcctgcaactttatccgcctccatccagtctattaattgttgccgggaagctagagtaagt

atagtcgttatttggtcggtcggccttcccggctcgcgtcttcaccaggacgttgaaataggcggaggtaggtcagataattaacaacggcccttcgatctcattca

AciIAbaSI
AbaSI

AbaSI
AbaSI

AbaSI AbaSI
AbaSI

AbaSI

AbaSI

Amp
source

430 440 450 460 470 480 490 500 510 520 530



10/29/2024 5:13:53 PMK4-PB-TO_APEX-V5-NES (14104 bp) (from 536-1070 bp)

https://benchling.com/welmoedvz/f/lib_D3qqxZMc-apex-controls/seq_P8nqJiYa-k4-pb-to_apex-v5-nes/edit 2/34

agttcgccagttaatagtttgcgcaacgttgttgccattgctacaggcatcgtggtgtcacgctcgtcgtttggtatggcttcattcagctccggttcccaacgatc

tcaagcggtcaattatcaaacgcgttgcaacaacggtaacgatgtccgtagcaccacagtgcgagcagcaaaccataccgaagtaagtcgaggccaagggttgctag

AclIAbaSI AbaSI
AbaSI

AbaSI AbaSI AbaSI AbaSI
AbaSI

Amp
source

540 550 560 570 580 590 600 610 620 630 640

aaggcgagttacatgatcccccatgttgtgcaaaaaagcggttagctccttcggtcctccgatcgttgtcagaagtaagttggccgcagtgttatcactcatggtta

ttccgctcaatgtactagggggtacaacacgttttttcgccaatcgaggaagccaggaggctagcaacagtcttcattcaaccggcgtcacaatagtgagtaccaat

AciI
AciI

AbaSI
AbaSI

AbaSI

Amp
E59

source

650 660 670 680 690 700 710 720 730 740

tggcagcactgcataattctcttactgtcatgccatccgtaagatgcttttctgtgactggtgagtactcaaccaagtcattctgagaatagtgtatgcggcgaccg

accgtcgtgacgtattaagagaatgacagtacggtaggcattctacgaaaagacactgaccactcatgagttggttcagtaagactcttatcacatacgccgctggc

AciIAbaSI AbaSI AbaSI
AbaSI

Amp
source

750 760 770 780 790 800 810 820 830 840 850

agttgctcttgcccggcgtcaatacgggataataccgcgccacatagcagaactttaaaagtgctcatcattggaaaacgttcttcggggcgaaaactctcaaggat

tcaacgagaacgggccgcagttatgccctattatggcgcggtgtatcgtcttgaaattttcacgagtagtaaccttttgcaagaagccccgcttttgagagttccta

AciI
AclI

AbaSI AbaSI AbaSI AbaSI AbaSI

AbaSI

AbaSI

Amp
source

860 870 880 890 900 910 920 930 940 950 960

cttaccgctgttgagatccagttcgatgtaacccactcgtgcacccaactgatcttcagcatcttttactttcaccagcgtttctgggtgagcaaaaacaggaaggc

gaatggcgacaactctaggtcaagctacattgggtgagcacgtgggttgactagaagtcgtagaaaatgaaagtggtcgcaaagacccactcgtttttgtccttccg

AciI
AbaSI

AbaSI

AbaSI AbaSI AbaSI AbaSI AbaSI

Amp
F4

source

970 980 990 1,000 1,010 1,020 1,030 1,040 1,050 1,060 1,070



10/29/2024 5:13:53 PMK4-PB-TO_APEX-V5-NES (14104 bp) (from 1071-1605 bp)

https://benchling.com/welmoedvz/f/lib_D3qqxZMc-apex-controls/seq_P8nqJiYa-k4-pb-to_apex-v5-nes/edit 3/34

aaaatgccgcaaaaaagggaataagggcgacacggaaatgttgaatactcatactcttcctttttcaatattattgaagcatttatcagggttattgtctcatgagc

ttttacggcgttttttcccttattcccgctgtgcctttacaacttatgagtatgagaaggaaaaagttataataacttcgtaaatagtcccaataacagagtactcg

AciI
AciI

AbaSI AbaSI

Amp
HH28

source

1,080 1,090 1,100 1,110 1,120 1,130 1,140 1,150 1,160 1,170

ggatacatatttgaatgtatttagaaaaataaacaaataggggttccgcgcacatttccccgaaaagtgccacctaaattgtaagcgttaatattttgttaaaattc

cctatgtataaacttacataaatctttttatttgtttatccccaaggcgcgtgtaaaggggcttttcacggtggatttaacattcgcaattataaaacaattttaag

AciIAbaSI AbaSI AbaSI

source

1,180 1,190 1,200 1,210 1,220 1,230 1,240 1,250 1,260 1,270 1,280

gcgttaaatttttgttaaatcagctcattttttaaccaataggccgaaatcggcaaaatcccttataaatcaaaagaatagaccgagatagggttgagtgttgttcc

cgcaatttaaaaacaatttagtcgagtaaaaaattggttatccggctttagccgttttagggaatatttagttttcttatctggctctatcccaactcacaacaagg

AanIAbaSI AbaSI AbaSI AbaSI

source

1,290 1,300 1,310 1,320 1,330 1,340 1,350 1,360 1,370 1,380 1,390

agtttggaacaagagtccactattaaagaacgtggactccaacgtcaaagggcgaaaaaccgtctatcagggcgatggcccactacgtgaaccatcaccctaatcaa

tcaaaccttgttctcaggtgataatttcttgcacctgaggttgcagtttcccgctttttggcagatagtcccgctaccgggtgatgcacttggtagtgggattagtt

AdeIAbaSI AbaSI AbaSI

source

1,400 1,410 1,420 1,430 1,440 1,450 1,460 1,470 1,480 1,490

gttttttggggtcgaggtgccgtaaagcactaaatcggaaccctaaagggagcccccgatttagagcttgacggggaaagccggcgaacgtggcgagaaaggaaggg

caaaaaaccccagctccacggcatttcgtgatttagccttgggatttccctcgggggctaaatctcgaactgcccctttcggccgcttgcaccgctctttccttccc

AbaSI
AbaSI

AbaSI AbaSI AbaSI AbaSI
AbaSI
AbaSI

AbaSI AbaSI
AbaSI

AbaSI

source

1,500 1,510 1,520 1,530 1,540 1,550 1,560 1,570 1,580 1,590 1,600



10/29/2024 5:13:53 PMK4-PB-TO_APEX-V5-NES (14104 bp) (from 1606-2140 bp)

https://benchling.com/welmoedvz/f/lib_D3qqxZMc-apex-controls/seq_P8nqJiYa-k4-pb-to_apex-v5-nes/edit 4/34

aagaaagcgaaaggagcgggcgctagggcgctggcaagtgtagcggtcacgctgcgcgtaaccaccacacccgccgcgcttaatgcgccgctacagggcgcgtccca

ttctttcgctttcctcgcccgcgatcccgcgaccgttcacatcgccagtgcgacgcgcattggtggtgtgggcggcgcgaattacgcggcgatgtcccgcgcagggt

AciI AciI AciI
AciI AciI

AbaSI
AbaSI

AbaSI
AbaSI

AbaSI

AbaSI AbaSI

AbaSI
AbaSI

source

1,610 1,620 1,630 1,640 1,650 1,660 1,670 1,680 1,690 1,700 1,710

ttcgccattcaggctgcgcaactgttgggaagggcgatcggtgcgggcctcttcgctattacgccagctggcgaaagggggatgtgctgcaaggcgattaagttggg

aagcggtaagtccgacgcgttgacaacccttcccgctagccacgcccggagaagcgataatgcggtcgaccgctttccccctacacgacgttccgctaattcaaccc

AciIAbaSI
AbaSI

AbaSI
AbaSI

AbaSI
AbaSI

AbaSI AbaSI AbaSI
AbaSI

AbaSI AbaSI

source

ctcttcgctattacgccagc

1,720 1,730 1,740 1,750 1,760 1,770 1,780 1,790 1,800 1,810

taacgccagggttttcccagtcacgacgttgtaaaacgacggccagtgagcgcgcctcgttcattcacgtttttgaacccgtggaggacgggcagactcgcggtgca

attgcggtcccaaaagggtcagtgctgcaacattttgctgccggtcactcgcgcggagcaagtaagtgcaaaaacttgggcacctcctgcccgtctgagcgccacgt

AciIAbaSI
AbaSI

AbaSI AbaSI AbaSI
AbaSI

AbaSI

source

1,820 1,830 1,840 1,850 1,860 1,870 1,880 1,890 1,900 1,910 1,920

aatgtgttttacagcgtgatggagcagatgaagatgctcgacacgctgcagaacacgcagctagattaaccctagaaagataatcatattgtgacgtacgttaaaga

ttacacaaaatgtcgcactacctcgtctacttctacgagctgtgcgacgtcttgtgcgtcgatctaattgggatctttctattagtataacactgcatgcaatttct

AbaSI
AbaSI

AbaSI AbaSI
AbaSI

AbaSI
AbaSI

AbaSI

5'ITRBII(R) 5'TR
source

1,930 1,940 1,950 1,960 1,970 1,980 1,990 2,000 2,010 2,020 2,030

taatcatgtgtaaaattgacgcatgtgttttatcggtctgtatatcgaggtttatttattaatttgaatagatattaagttttattatatttacacttacatactaa

attagtacacattttaactgcgtacacaaaatagccagacatatagctccaaataaataattaaacttatctataattcaaaataatataaatgtgaatgtatgatt

5'TR
source

2,040 2,050 2,060 2,070 2,080 2,090 2,100 2,110 2,120 2,130 2,140



10/29/2024 5:13:53 PMK4-PB-TO_APEX-V5-NES (14104 bp) (from 2141-2568 bp)

https://benchling.com/welmoedvz/f/lib_D3qqxZMc-apex-controls/seq_P8nqJiYa-k4-pb-to_apex-v5-nes/edit 5/34

taataaattcaacaaacaatttatttatgtttatttatttattaaaaaaaacaaaaactcaaaatttcttctataaagtaacaaaacttttatgagggacagccccc

attatttaagttgtttgttaaataaatacaaataaataaataattttttttgtttttgagttttaaagaagatatttcattgttttgaaaatactccctgtcggggg

core...sul
source

gttttgaaaatactccctgtcgg

2,150 2,160 2,170 2,180 2,190 2,200 2,210 2,220 2,230 2,240

ccccaaagcccccagggatgtaattacgtccctcccccgctagggggcagcagcgagccgcccggggctccgctccggtccggcgctccccccgcatccccgagccg

ggggtttcgggggtccctacattaatgcagggagggggcgatcccccgtcgtcgctcggcgggccccgaggcgaggccaggccgcgaggggggcgtaggggctcggc

AciI AciI AciI AciIAbaSI
AbaSI

AbaSI
AbaSI
AbaSI

AbaSI AbaSI
AbaSI

AbaSI
AbaSI

AbaSI

AbaSI
AbaSI

core insul
source

2,250 2,260 2,270 2,280 2,290 2,300 2,310 2,320 2,330 2,340 2,350

gcagcgtgcggggacagcccgggcacggggaaggtggcacgggatcgctttcctctgaacgcttctcgctgctctttgagcctgcagacacctggggggatacgggg

cgtcgcacgcccctgtcgggcccgtgccccttccaccgtgccctagcgaaaggagacttgcgaagagcgacgagaaactcggacgtctgtggacccccctatgcccc

AciI

AbaSI
AbaSI

AbaSI AbaSI
AbaSI

AbaSI
AbaSI

AbaSI AbaSI AbaSI
AbaSI
AbaSI

core insul
source

2,360 2,370 2,380 2,390 2,400 2,410 2,420 2,430 2,440 2,450 2,460

aaaaggcctccacggccttaattaagggaggtggtccctgcagttacgccaatgataacccccgccagaaaaatcttagtagccttccctttttgttttccgtgccc

ttttccggaggtgccggaattaattccctccaccagggacgtcaatgcggttactattgggggcggtctttttagaatcatcggaagggaaaaacaaaaggcacggg

AciI
AbaSI

AbaSI
AbaSI

AbaSI AbaSI AbaSI

SeqVer (SV40 F)
SeqVer (SV40 F)

SeqVer (WT AAV R)
SeqVer (WT AAV R)

Synthesized DNA from GeneWiz
color: #ffffff
color: #ffffff
color: #ffffff

short UCOE

CC60

A43-151119
source

2,470 2,480 2,490 2,500 2,510 2,520 2,530 2,540 2,550 2,560



10/29/2024 5:13:53 PMK4-PB-TO_APEX-V5-NES (14104 bp) (from 2569-2782 bp)

https://benchling.com/welmoedvz/f/lib_D3qqxZMc-apex-controls/seq_P8nqJiYa-k4-pb-to_apex-v5-nes/edit 6/34

caactcggcggattgactcggccccttccggaaacacccgaatcaacttctagtcaaattattgttcacgccgcaatgacccacccctggcccgcgtctgtggaact

gttgagccgcctaactgagccggggaaggcctttgtgggcttagttgaagatcagtttaataacaagtgcggcgttactgggtggggaccgggcgcagacaccttga

AciI
AciI AciIAbaSI

AbaSI
AbaSI

AbaSI
AbaSI

AbaSI
AbaSI
AbaSI

AbaSI
AbaSI

AccIII

SeqVer (SV40 F)
SeqVer (SV40 F)

SeqVer (WT AAV R)
SeqVer (WT AAV R)

Synthesized DNA from GeneWiz
color: #ffffff
color: #ffffff
color: #ffffff

short UCOE
source

2,570 2,580 2,590 2,600 2,610 2,620 2,630 2,640 2,650 2,660 2,670

gacccctggtgtacaggagagttcgctgctgaaagtggtcccaaaggggtactagtttttaagctcccaactccccctcccccagcgtctggaggattccacaccct

ctggggaccacatgtcctctcaagcgacgactttcaccagggtttccccatgatcaaaaattcgagggttgagggggagggggtcgcagacctcctaaggtgtggga

AbaSI AbaSI AbaSI AbaSI AbaSI
AbaSI

AbaSI
AbaSI
AbaSI

AccB7I

SeqVer (SV40 F)
SeqVer (SV40 F)

SeqVer (WT AAV R)
SeqVer (WT AAV R)

Synthesized DNA from GeneWiz
color: #ffffff
color: #ffffff
color: #ffffff

short UCOE

A44-151119

source

2,680 2,690 2,700 2,710 2,720 2,730 2,740 2,750 2,760 2,770 2,780



10/29/2024 5:13:53 PMK4-PB-TO_APEX-V5-NES (14104 bp) (from 2783-2996 bp)

https://benchling.com/welmoedvz/f/lib_D3qqxZMc-apex-controls/seq_P8nqJiYa-k4-pb-to_apex-v5-nes/edit 7/34

cgcaccgcaggggcgaggaagtgggcggagtccggttttggcgccagccgctgaggctgccaagcagaaaagccaccgctgaggagactccggtcactgtcctcgcc

gcgtggcgtccccgctccttcacccgcctcaggccaaaaccgcggtcggcgactccgacggttcgtcttttcggtggcgactcctctgaggccagtgacaggagcgg

AciI
AciI AciI

AciI
AbaSI

AbaSI

AbaSI
AbaSI AbaSI

AbaSI
AbaSI

AbaSI
AbaSI

AbaSI

AbaSI

SeqVer (SV40 F)
SeqVer (SV40 F)

SeqVer (WT AAV R)
SeqVer (WT AAV R)

Synthesized DNA from GeneWiz
color: #ffffff
color: #ffffff
color: #ffffff

short UCOE

C54

source

2,790 2,800 2,810 2,820 2,830 2,840 2,850 2,860 2,870 2,880

ccgcctcccccttccctccccttggggaccaccgggcgccacgccgcgaacggtaagtgccgcggtcgtcggcgcctccgccctccccctagggccccaattcccag

ggcggagggggaagggaggggaacccctggtggcccgcggtgcggcgcttgccattcacggcgccagcagccgcggaggcgggagggggatcccggggttaagggtc

AciI
AciI

AciI

AciI AciIAbaSI
AbaSI

AbaSI
AbaSI

AbaSI AbaSI
AbaSI

AbaSI

AbaSI AbaSI
AbaSI
AbaSI
AbaSI

SeqVer (SV40 F)
SeqVer (SV40 F)

SeqVer (WT AAV R)
SeqVer (WT AAV R)

Synthesized DNA from GeneWiz
color: #ffffff
color: #ffffff
color: #ffffff

short UCOE

EE38

source

2,890 2,900 2,910 2,920 2,930 2,940 2,950 2,960 2,970 2,980 2,990



10/29/2024 5:13:53 PMK4-PB-TO_APEX-V5-NES (14104 bp) (from 2997-3317 bp)

https://benchling.com/welmoedvz/f/lib_D3qqxZMc-apex-controls/seq_P8nqJiYa-k4-pb-to_apex-v5-nes/edit 8/34

cgggcgcggcgcgcggcccctccccccgccgggcgcgcgcccgctgccccgcccttcgtggccgcccggcgtgggcggtgccacccctccccccggcggccccgcgc

gcccgcgccgcgcgccggggaggggggcggcccgcgcgcgggcgacggggcgggaagcaccggcgggccgcacccgccacggtggggaggggggccgccggggcgcg

AciI AciI AciI

AciI

AciI
AciI

AciI

AciI AciI AciI
AbaSI AbaSI

AbaSI

AbaSI
AbaSI

AbaSI
AbaSI

AbaSI

AbaSI
AbaSI

AbaSI
AbaSI

AbaSI

AbaSI
AbaSI

AbaSI
AbaSI AbaSI

AbaSI
AbaSI

SeqVer (SV40 F)
SeqVer (SV40 F)

SeqVer (WT AAV R)
SeqVer (WT AAV R)

Synthesized DNA from GeneWiz
color: #ffffff
color: #ffffff
color: #ffffff

short UCOE
source

3,000 3,010 3,020 3,030 3,040 3,050 3,060 3,070 3,080 3,090 3,100

gcagctcccggctccctcccccttcggatgtggcttgagctgtaggcgcggagggtaccagtttactccctatcagtgatagagaacgtatgaagagtttactccct

cgtcgagggccgagggagggggaagcctacaccgaactcgacatccgcgcctcccatggtcaaatgagggatagtcactatctcttgcatacttctcaaatgaggga

AciI
AbaSI AbaSI

AbaSI
AbaSI

AbaSI
AbaSI

AbaSI
AbaSI

AbaSI

AbaSI

AbaSIAcc65I

SeqVer (SV40 F)
SeqVer (SV40 F)

SeqVer (WT AAV R)
SeqVer (WT AAV R)

Synthesized DNA from GeneWiz
color: #ffffff
color: #ffffff
color: #ffffff

short UCOE

TRE3G promoter
added via PCR

A45-151119

source

cccttcggatgtggcttga

3,110 3,120 3,130 3,140 3,150 3,160 3,170 3,180 3,190 3,200 3,210

atcagtgatagagaacgtatgcagactttactccctatcagtgatagagaacgtataaggagtttactccctatcagtgatagagaacgtatgaccagtttactccc

tagtcactatctcttgcatacgtctgaaatgagggatagtcactatctcttgcatattcctcaaatgagggatagtcactatctcttgcatactggtcaaatgaggg

AbaSI AbaSI
AbaSI

AbaSI

TRE3G promoter
added via PCR

B28-160212-F
source

3,220 3,230 3,240 3,250 3,260 3,270 3,280 3,290 3,300 3,310



10/29/2024 5:13:53 PMK4-PB-TO_APEX-V5-NES (14104 bp) (from 3318-3638 bp)

https://benchling.com/welmoedvz/f/lib_D3qqxZMc-apex-controls/seq_P8nqJiYa-k4-pb-to_apex-v5-nes/edit 9/34

tatcagtgatagagaacgtatctacagtttactccctatcagtgatagagaacgtatatccagtttactccctatcagtgatagagaacgtataagctttaggcgtg

atagtcactatctcttgcatagatgtcaaatgagggatagtcactatctcttgcatataggtcaaatgagggatagtcactatctcttgcatattcgaaatccgcac

TRE3G promoter
added via PCR

source

3,320 3,330 3,340 3,350 3,360 3,370 3,380 3,390 3,400 3,410 3,420

tacggtgggcgcctataaaagcagagctcgtttagtgaaccgtcagatcgcctggagcaattccacaacacttttgtcttataccaactttccgtaccacttcctac

atgccacccgcggatattttcgtctcgagcaaatcacttggcagtctagcggacctcgttaaggtgttgtgaaaacagaatatggttgaaaggcatggtgaaggatg

AbaSI AbaSI AbaSI

TRE3G promoter
added via PCR

A13-MM-Tre3GF
A34-151006 A42-151006 C37

source

accacttcctac

3,430 3,440 3,450 3,460 3,470 3,480 3,490 3,500 3,510 3,520 3,530

cctcgtaaaggatccgccgccaccatgGGAAAGTCTTACCCAACTGTGAGTGCTGATTACCAGGACGCCGTTGAGAAGGCGAAGAAGAAGCTCAGAGGCTTCATCGC

ggagcatttcctaggcggcggtggtacCCTTTCAGAATGGGTTGACACTCACGACTAATGGTCCTGCGGCAACTCTTCCGCTTCTTCTTCGAGTCTCCGAAGTAGCG

AciI
AciIBamHIAbaSI AbaSI

AbaSI
AbaSI AbaSI

G K
2

S Y
4

P T
6

V S
8

A D
10

Y Q
12

D A
14

V E
16

K A
18

K K
20

K L
22

R G
24

F I
26

A
3559-4386

SeqVer (SV40 F)

SeqVer (TRE 3G F)
SeqVer (WT AAV R)

synthesized

APEX2
pcDNA3 APEX-NES

sourceBB28-160401
KK09

151...3F

source

cctcgtaaaggatccgccgccaccatgGGAAAGTCTTACC CCGTTGAGAAGGCGAAGAAG

3,540 3,550 3,560 3,570 3,580 3,590 3,600 3,610 3,620 3,630



10/29/2024 5:13:53 PMK4-PB-TO_APEX-V5-NES (14104 bp) (from 3639-3852 bp)

https://benchling.com/welmoedvz/f/lib_D3qqxZMc-apex-controls/seq_P8nqJiYa-k4-pb-to_apex-v5-nes/edit 10/34

TGAGAAGAGATGCGCTCCTCTAATGCTCCGTTTGGCATTCCACTCTGCTGGAACCTTTGACAAGGGCACGAAGACCGGTGGACCCTTCGGAACCATCAAGCACCCTG

ACTCTTCTCTACGCGAGGAGATTACGAGGCAAACCGTAAGGTGAGACGACCTTGGAAACTGTTCCCGTGCTTCTGGCCACCTGGGAAGCCTTGGTAGTTCGTGGGAC

AbaSI AbaSI
AbaSI

AbaSI
AbaSI

AbaSI AbaSI

E
28

K R
30

C A
32

P L
34

M L
36

R L
38

A F
40

H S
42

A G
44

T F
46

D K
48

G T
50

K T
52

G G
54

P F
56

G T
58

I K
60

H P
62

3559-4386

SeqVer (SV40 F)

SeqVer (TRE 3G F)
SeqVer (WT AAV R)

synthesized

APEX2
pcDNA3 APEX-NES

source

source

GGAGATTACGAGGCAAACCG

3,640 3,650 3,660 3,670 3,680 3,690 3,700 3,710 3,720 3,730 3,740

CCGAACTGGCTCACAGCGCTAACAACGGTCTTGACATCGCTGTTAGGCTTTTGGAGCCACTCAAGGCGGAGTTCCCTATTTTGAGCTACGCCGATTTCTACCAGTTG

GGCTTGACCGAGTGTCGCGATTGTTGCCAGAACTGTAGCGACAATCCGAAAACCTCGGTGAGTTCCGCCTCAAGGGATAAAACTCGATGCGGCTAAAGATGGTCAAC

AciIAfeIAbaSI
AbaSI

AbaSI AbaSI AbaSI AbaSI AbaSI AbaSI
AbaSI

A E
64

L A
66

H S
68

A N
70

N G
72

L D
74

I A
76

V R
78

L L
80

E P
82

L K
84

A E
86

F P
88

I L
90

S Y
92

A D
94

F Y
96

Q L
98

3559-4386

SeqVer (SV40 F)

SeqVer (TRE 3G F)
SeqVer (WT AAV R)

synthesized

APEX2
pcDNA3 APEX-NES

source

source

3,750 3,760 3,770 3,780 3,790 3,800 3,810 3,820 3,830 3,840 3,850



10/29/2024 5:13:53 PMK4-PB-TO_APEX-V5-NES (14104 bp) (from 3853-4066 bp)

https://benchling.com/welmoedvz/f/lib_D3qqxZMc-apex-controls/seq_P8nqJiYa-k4-pb-to_apex-v5-nes/edit 11/34

GCTGGCGTTGTTGCCGTTGAGGTCACGGGTGGACCTAAGGTTCCATTCCACCCTGGAAGAGAGGACAAGCCTGAGCCACCACCAGAGGGTCGCTTGCCCGATCCCAC

CGACCGCAACAACGGCAACTCCAGTGCCCACCTGGATTCCAAGGTAAGGTGGGACCTTCTCTCCTGTTCGGACTCGGTGGTGGTCTCCCAGCGAACGGGCTAGGGTG

AbaSI AbaSI AbaSI
AbaSI

AbaSI
AbaSI

AbaSI AbaSI
AbaSI

AbaSI AbaSI

A G
100

V V
102

A V
104

E V
106

T G
108

G P
110

K V
112

P F
114

H P
116

G R
118

E D
120

K P
122

E P
124

P P
126

E G
128

R L
130

P D
132

P T
134

3559-4386

SeqVer (SV40 F)

SeqVer (TRE 3G F)
SeqVer (WT AAV R)

synthesized

APEX2
pcDNA3 APEX-NES

source

source

3,860 3,870 3,880 3,890 3,900 3,910 3,920 3,930 3,940 3,950

TAAGGGTTCTGACCATTTGAGAGATGTGTTTGGCAAAGCTATGGGGCTTACTGACCAAGATATCGTTGCTCTATCTGGGGGTCACACTATTGGAGCTGCACACAAGG

ATTCCCAAGACTGGTAAACTCTCTACACAAACCGTTTCGATACCCCGAATGACTGGTTCTATAGCAACGAGATAGACCCCCAGTGTGATAACCTCGACGTGTGTTCC

AbaSI AbaSI
AbaSI

AbaSI AbaSI AbaSI AbaSI

K G
136

S D
138

H L
140

R D
142

V F
144

G K
146

A M
148

G L
150

T D
152

Q D
154

I V
156

A L
158

S G
160

G H
162

T I
164

G A
166

A H
168

K
3559-4386

SeqVer (SV40 F)

SeqVer (TRE 3G F)
SeqVer (WT AAV R)

synthesized

APEX2
pcDNA3 APEX-NES

source

source

3,960 3,970 3,980 3,990 4,000 4,010 4,020 4,030 4,040 4,050 4,060



10/29/2024 5:13:53 PMK4-PB-TO_APEX-V5-NES (14104 bp) (from 4067-4280 bp)

https://benchling.com/welmoedvz/f/lib_D3qqxZMc-apex-controls/seq_P8nqJiYa-k4-pb-to_apex-v5-nes/edit 12/34

AGCGTTCTGGATTTGAGGGTCCCTGGACCTCTAATCCTCTTATTTTCGACAACTCATACTTCACGGAGTTGTTGAGTGGTGAGAAGGAAGGTCTCCTTCAGCTACCT

TCGCAAGACCTAAACTCCCAGGGACCTGGAGATTAGGAGAATAAAAGCTGTTGAGTATGAAGTGCCTCAACAACTCACCACTCTTCCTTCCAGAGGAAGTCGATGGA

AbaSI
AbaSI

AbaSI AbaSI
AbaSI

AbaSI

AbaSI AbaSI AbaSI

E
170

R S
172

G F
174

E G
176

P W
178

T S
180

N P
182

L I
184

F D
186

N S
188

Y F
190

T E
192

L L
194

S G
196

E K
198

E G
200

L L
202

Q L
204

P
3559-4386

SeqVer (SV40 F)

SeqVer (TRE 3G F)
SeqVer (WT AAV R)

synthesized

APEX2
pcDNA3 APEX-NES

source

source

GCGTTCTGGATTTGAGGGTC

4,070 4,080 4,090 4,100 4,110 4,120 4,130 4,140 4,150 4,160 4,170

TCTGACAAGGCTCTTTTGTCTGACCCTGTATTCCGCCCTCTCGTTGACAAATATGCAGCGGACGAAGATGCCTTCTTTGCTGATTACGCTGAGGCTCACCAAAAGCT

AGACTGTTCCGAGAAAACAGACTGGGACATAAGGCGGGAGAGCAACTGTTTATACGTCGCCTGCTTCTACGGAAGAAACGACTAATGCGACTCCGAGTGGTTTTCGA

AciI AciIAbaSI
AbaSI

AbaSI
AbaSI

AbaSI

AbaSI

S
206

D K
208

A L
210

L S
212

D P
214

V F
216

R P
218

L V
220

D K
222

Y A
224

A D
226

E D
228

A F
230

F A
232

D Y
234

A E
236

A H
238

Q K
240

L
3559-4386

SeqVer (SV40 F)

SeqVer (TRE 3G F)
SeqVer (WT AAV R)

synthesized

APEX2
pcDNA3 APEX-NES

source

source

4,180 4,190 4,200 4,210 4,220 4,230 4,240 4,250 4,260 4,270 4,280



10/29/2024 5:13:53 PMK4-PB-TO_APEX-V5-NES (14104 bp) (from 4281-4601 bp)

https://benchling.com/welmoedvz/f/lib_D3qqxZMc-apex-controls/seq_P8nqJiYa-k4-pb-to_apex-v5-nes/edit 13/34

TTCCGAGCTTGGGTTTGCTGATGCCGGCAAGCCCATCCCCAACCCCCTGCTGGGCCTGGACAGCACCCTGCAGCTGCCTCCCCTGGAGCGCCTGACCCTGGACTAAt

AAGGCTCGAACCCAAACGACTACGGCCGTTCGGGTAGGGGTTGGGGGACGACCCGGACCTGTCGTGGGACGTCGACGGAGGGGACCTCGCGGACTGGGACCTGATTa

AbaSI
AbaSI

AbaSI AbaSI
AbaSI
AbaSI

AbaSI

AbaSI

AbaSI AbaSI
AbaSI

AbaSI AbaSI

S
242

E L
244

G F
246

A D
248

A G
250

K P
252

I P
254

N P
256

L L
258

G L
260

D S
262

T L
264

Q L
266

P P
268

L E
270

R L
272

T L
274

D *
276

3559-4386

SeqVer (SV40 F)

SeqVer (TRE 3G F)
SeqVer (WT AAV R)

synthesized

On primer
V5 tag NES

source

On PrimerAPEX2
pcDNA3 APEX-NES

source

source

CTCGCGGACTGGGACCTGATTa

4,290 4,300 4,310 4,320 4,330 4,340 4,350 4,360 4,370 4,380

aagtttaaactcgcgaatcgatcgcccaccccaacttgtttattgcagcttataatggttacaaataaagcaatagcatcacaaatttcacaaataaagcatttttt

ttcaaatttgagcgcttagctagcgggtggggttgaacaaataacgtcgaatattaccaatgtttatttcgttatcgtagtgtttaaagtgtttatttcgtaaaaaa

NruI AanIAbaSI AbaSI

SeqVer (SV40 F)

SeqVer (WT AAV R)

SeqVer (TRE 3G F)

SV40 pA

BB29-160401

KK10

C12
C38

source

ttcaaatttgagcgcttagctagcgggtg

4,390 4,400 4,410 4,420 4,430 4,440 4,450 4,460 4,470 4,480 4,490

tcactgcattctagttgtggtttgtccaaactcatcaatgtatcttatcatgtctgtataccgtcgacctctagctagagcttggcgtaatcatggtcatagctgtt

agtgacgtaagatcaacaccaaacaggtttgagtagttacatagaatagtacagacatatggcagctggagatcgatctcgaaccgcattagtaccagtatcgacaa

AccI AccIAbaSI AbaSI AbaSI
AbaSI

SeqVer (WT AAV R)

SeqVer (TRE 3G F)

SeqVer (SV40 F)
SV40 pA

C31

source

4,500 4,510 4,520 4,530 4,540 4,550 4,560 4,570 4,580 4,590 4,600



10/29/2024 5:13:53 PMK4-PB-TO_APEX-V5-NES (14104 bp) (from 4602-5029 bp)

https://benchling.com/welmoedvz/f/lib_D3qqxZMc-apex-controls/seq_P8nqJiYa-k4-pb-to_apex-v5-nes/edit 14/34

tcctgtgtgaaattgttatccgctcacaattccacacaacatacgagccggaagcataaagtgtaaagcctggggtgcctaatgagtgagctaactcacattaattg

aggacacactttaacaataggcgagtgttaaggtgtgttgtatgctcggccttcgtatttcacatttcggaccccacggattactcactcgattgagtgtaattaac

AciI AbaSI AbaSI AbaSI AbaSI

SeqVer (WT AAV R)
SeqVer (TRE 3G F)

A18-MM-SV40PA_1
B19-160210

source

ggcgagtgttaaggtgtgtt

4,610 4,620 4,630 4,640 4,650 4,660 4,670 4,680 4,690 4,700

cgttgcgctcactgcccgctttccagtcgggaaacctgtcgtgccagctgcattaatgaatcggccaacgcgcggggagaggcggtttgcgtattgggcgctcttcc

gcaacgcgagtgacgggcgaaaggtcagccctttggacagcacggtcgacgtaattacttagccggttgcgcgcccctctccgccaaacgcataacccgcgagaagg

AciI AciI AciI AciI
AbaSI

AbaSI

AbaSI AbaSI

SeqVer (TRE 3G F)
SeqVer (WT AAV R)

sourcesource

4,710 4,720 4,730 4,740 4,750 4,760 4,770 4,780 4,790 4,800 4,810

gcttcctcgctcactgactcgctgcgctcggtcgttcggctgcggcgagcggtatcagctcactcaaaggacggccgcacatgtaaggaaaattttagggatgttaa

cgaaggagcgagtgactgagcgacgcgagccagcaagccgacgccgctcgccatagtcgagtgagtttcctgccggcgtgtacattccttttaaaatccctacaatt

AciI
AciI

AciIAbaSI
AbaSI

AbaSI AbaSI AbaSI AbaSI AbaSI
AflIII

SeqVer (TRE 3G F)

r-PciI-RGBpolyA
RBGpolyA

source

4,820 4,830 4,840 4,850 4,860 4,870 4,880 4,890 4,900 4,910 4,920

agaaaaaaataacacaaaacaaaatataaaaaaaatctaacctcaagtcaaggcttttctatggaataaggaatggacagcagggggctgtttcatatactgatgac

tctttttttattgtgttttgttttatattttttttagattggagttcagttccgaaaagataccttattccttacctgtcgtcccccgacaaagtatatgactactg

AbaSI AbaSI
AbaSI

AbaSI AbaSI

RBGpolyA
SeqVer (TRE 3G F)

source

4,930 4,940 4,950 4,960 4,970 4,980 4,990 5,000 5,010 5,020



10/29/2024 5:13:53 PMK4-PB-TO_APEX-V5-NES (14104 bp) (from 5030-5457 bp)

https://benchling.com/welmoedvz/f/lib_D3qqxZMc-apex-controls/seq_P8nqJiYa-k4-pb-to_apex-v5-nes/edit 15/34

ctctttatagccaacctttgttcatggcagccagcatatgggcatatgttgccaaactctaaaccaaatactcattctgatgttttaaatgatttgccctcccatat

gagaaatatcggttggaaacaagtaccgtcggtcgtatacccgtatacaacggtttgagatttggtttatgagtaagactacaaaatttactaaacgggagggtata

AccB7I

RBGpolyA
source

5,030 5,040 5,050 5,060 5,070 5,080 5,090 5,100 5,110 5,120 5,130

gtccttccgagtgagagacacaaaaaattccaacacactattgcaatgaaaataaatttcctttattagccagaagtcagatgctcaaggggcttcatgatgtcccc

caggaaggctcactctctgtgttttttaaggttgtgtgataacgttacttttatttaaaggaaataatcggtcttcagtctacgagttccccgaagtactacagggg

AbaSI
AbaSI

AbaSI
AbaSI

AbaSI
AbaSI

AbaSI

RBGpolyA
B11-151217-R A1-151002-R

source

5,140 5,150 5,160 5,170 5,180 5,190 5,200 5,210 5,220 5,230 5,240

ataatttttggcagagggaaaaagatctcagtggtatttgtgagccagggcattggccacaccagccaccaccttctgataggcagcctgcacctgaggagtgaatt

tattaaaaaccgtctccctttttctagagtcaccataaacactcggtcccgtaaccggtgtggtcggtggtggaagactatccgtcggacgtggactcctcacttaa

AbaSI AbaSI AbaSI AbaSI
AbaSI

AbaSI
AbaSI

AbaSI

RBGpolyA
15...R

source

ccagccaccaccttctgata

5,250 5,260 5,270 5,280 5,290 5,300 5,310 5,320 5,330 5,340 5,350

cacgcgttttagcctggcagcatatcgagatcgaagtcatcgagagcgtcagcagggagcatatccagatcaaaatcatccagggcatcggcgggcagcatgtccag

gtgcgcaaaatcggaccgtcgtatagctctagcttcagtagctctcgcagtcgtccctcgtataggtctagttttagtaggtcccgtagccgcccgtcgtacaggtc

AciI
AbaSI AbaSI AbaSI AbaSI

AbaSI

AbaSIAflIII

rtTA3G
source

5,360 5,370 5,380 5,390 5,400 5,410 5,420 5,430 5,440 5,450



10/29/2024 5:13:53 PMK4-PB-TO_APEX-V5-NES (14104 bp) (from 5458-5885 bp)

https://benchling.com/welmoedvz/f/lib_D3qqxZMc-apex-controls/seq_P8nqJiYa-k4-pb-to_apex-v5-nes/edit 16/34

gtcgaagtcgtccagggcgtcggtgggtccgccgctctcgcacttcagctgcttctcgaggccgcagatgatcagttccaggccgaacaggaaggcgggctcggcgc

cagcttcagcaggtcccgcagccacccaggcggcgagagcgtgaagtcgacgaagagctccggcgtctactagtcaaggtccggcttgtccttccgcccgagccgcg

AciI
AciI

AciI AciI

AbaSI AbaSI AbaSI AbaSI AbaSI
AbaSI

AbaSI

AbaSI
AbaSI

AbaSI
AbaSI

AbaSI

rtTA3G
A37...06

source

5,460 5,470 5,480 5,490 5,500 5,510 5,520 5,530 5,540 5,550 5,560

cctgtctgtcgaacagctcgatggcctgcttcagcagggggggcatgctgtcggtggtgggtgtctctctttcctctttggcgacctggtgttcctgttcttccagc

ggacagacagcttgtcgagctaccggacgaagtcgtcccccccgtacgacagccaccacccacagagagaaaggagaaaccgctggaccacaaggacaagaaggtcg

AbaSI AbaSI AbaSI
AbaSI

AbaSI
AbaSI

AbaSI

AbaSI AbaSI AbaSI AbaSI

rtTA3G
B77

source

5,570 5,580 5,590 5,600 5,610 5,620 5,630 5,640 5,650 5,660 5,670

acgcagcccagggtgaagtggcccacggcgctcagggcgtacagggcgttttccaggctgaagccctgctggcacaggaaggccagctggttttccagtgtctcgta

tgcgtcgggtcccacttcaccgggtgccgcgagtcccgcatgtcccgcaaaaggtccgacttcgggacgaccgtgtccttccggtcgaccaaaaggtcacagagcat

AbaSI
AbaSI

AbaSI
AbaSI

AbaSI
AbaSI

AbaSI
AbaSI

AbaSI
AbaSI

AbaSI

rtTA3G
A35-...006

15...F
source

cgtacagggcgttttccag

5,680 5,690 5,700 5,710 5,720 5,730 5,740 5,750 5,760 5,770

ctgcttctcggtgggtctggtgcccaggtgcactttggcgccgtcccggtggctcagcagggcgcatctgtagctcttggcgttgttccgcaggaagtcctgccagc

gacgaagagccacccagaccacgggtccacgtgaaaccgcggcagggccaccgagtcgtcccgcgtagacatcgagaaccgcaacaaggcgtccttcaggacggtcg

AciI
AbaSI AbaSI

AbaSI
AbaSI AbaSI AbaSI AbaSI

AbaSI
AbaSI AbaSI

AbaSI

AbaSI

rtTA3G
source

5,780 5,790 5,800 5,810 5,820 5,830 5,840 5,850 5,860 5,870 5,880



10/29/2024 5:13:53 PMK4-PB-TO_APEX-V5-NES (14104 bp) (from 5886-6313 bp)

https://benchling.com/welmoedvz/f/lib_D3qqxZMc-apex-controls/seq_P8nqJiYa-k4-pb-to_apex-v5-nes/edit 17/34

tctcgccttccagagggcagctgtgggtgtggtgccggtccagcatctcgatgggcagggcgtccagcagggcccgcttgttcttcacgtgccagtacagggtgggc

agagcggaaggtctcccgtcgacacccacaccacggccaggtcgtagagctacccgtcccgcaggtcgtcccgggcgaacaagaagtgcacggtcatgtcccacccg

AciIAbaSI
AbaSI

AbaSI
AbaSI

AbaSI

AbaSI
AbaSI

AbaSI AbaSI
AbaSI

AbaSI AbaSI
AbaSI

rtTA3G
source

5,890 5,900 5,910 5,920 5,930 5,940 5,950 5,960 5,970 5,980 5,990

tgttccacgcccagtttctgggccagcttccgggtggtcaggccctcgatgcccacgccgttcagcagttccagggcgctgttgatcactttgctcttgtccagccg

acaaggtgcgggtcaaagacccggtcgaaggcccaccagtccgggagctacgggtgcggcaagtcgtcaaggtcccgcgacaactagtgaaacgagaacaggtcggc

AbaSI
AbaSI

AbaSI
AbaSI

AbaSI
AbaSI

AbaSI
AbaSI

AbaSI
AbaSI
AbaSI AbaSI AbaSI AbaSI

AccB7I

rtTA3G
DD39A40-151006

B54-160309
source

6,000 6,010 6,020 6,030 6,040 6,050 6,060 6,070 6,080 6,090

gctcatgtcgacattctttgccaaaatgatgagacagcacaataaccagcacgttgcccaggagctgtaggaaaaagaagaaggcatgaacatggttagcagaggct

cgagtacagctgtaagaaacggttttactactctgtcgtgttattggtcgtgcaacgggtcctcgacatcctttttcttcttccgtacttgtaccaatcgtctccga

AccIAbaSI
AbaSI

AbaSI
AbaSI

AbaSI
AbaSI

AbaSI
AbaSI

AbaSI

Mini-Intron
AA27-151016-1F

A41-151006
A2-151002-F

source

6,100 6,110 6,120 6,130 6,140 6,150 6,160 6,170 6,180 6,190 6,200

ctagagccgccggtcacacgccagaagccgaaccccgccctgccccgtcccccccgaaggcagccgtccccccgcggacagccccgaggctggagagggagaagggg

gatctcggcggccagtgtgcggtcttcggcttggggcgggacggggcagggggggcttccgtcggcaggggggcgcctgtcggggctccgacctctccctcttcccc

AciI
AciI

AciI
AciIAbaSI

AbaSI AbaSI
AbaSI
AbaSI

AbaSI AbaSI
AbaSI

AbaSI

AbaSI
AbaSI
AbaSI

AbaSI
AbaSI
AbaSI

AbaSI

CAG

source

6,210 6,220 6,230 6,240 6,250 6,260 6,270 6,280 6,290 6,300 6,310



10/29/2024 5:13:53 PMK4-PB-TO_APEX-V5-NES (14104 bp) (from 6314-6741 bp)

https://benchling.com/welmoedvz/f/lib_D3qqxZMc-apex-controls/seq_P8nqJiYa-k4-pb-to_apex-v5-nes/edit 18/34

acggcggcgcggcgacgcacgaaggccctccccgcccatttccttcctgccggcgccgcaccgcttcgccccgcgcccgctagagggggtgcggcggcgcctcccag

tgccgccgcgccgctgcgtgcttccgggaggggcgggtaaaggaaggacggccgcggcgtggcgaagcggggcgcgggcgatctcccccacgccgccgcggagggtc

AciI
AciI

AciI AciI
AciI AciI AciI AciI

AciI

AbaSI AbaSI
AbaSI
AbaSI

AbaSI
AbaSI

AbaSI

AbaSI AbaSI

AbaSI
AbaSI

AbaSI
AbaSI

AbaSI

AbaSI AbaSI

CAG
source

6,320 6,330 6,340 6,350 6,360 6,370 6,380 6,390 6,400 6,410 6,420

atttcggctccgcacagatttgggacaaaggaagtccctgcgccctctcgcacgattaccataaaaggcaatggctgcggctcgccgcgcctcgacagccgccggcg

taaagccgaggcgtgtctaaaccctgtttccttcagggacgcgggagagcgtgctaatggtattttccgttaccgacgccgagcggcgcggagctgtcggcggccgc

AciI AciI AciI

AciI

AbaSI
AbaSI

AbaSI
AbaSI

AbaSI
AbaSI

AbaSI AbaSI
AbaSI

AbaSI

AbaSI

CAG

B04-151217-F
A26-151102-F

source

6,430 6,440 6,450 6,460 6,470 6,480 6,490 6,500 6,510 6,520

ctccgggggccgccgcgcccctcccccgagccctccccggcccgaggcggccccgccccgcccggcacccccacctgccgccaccccccgcccggcacggcgagccc

gaggcccccggcggcgcggggagggggctcgggaggggccgggctccgccggggcggggcgggccgtgggggtggacggcggtggggggcgggccgtgccgctcggg

AciI
AciI

AciI AciI

AciI

AciI
AciI

AarI

AbaSI AbaSI
AbaSI

AbaSI

AbaSI
AbaSI AbaSI

AbaSI
AbaSI AbaSI

AbaSI

AbaSI
AbaSI

AbaSI AbaSI

CAG
source

6,530 6,540 6,550 6,560 6,570 6,580 6,590 6,600 6,610 6,620 6,630

cgcgccacgccccgtacggagccccgcacccgaagccgggccgtgctcagcaactcggggaggggggtgcagggggggttgcagcccgaccgacgcgcccacacccc

gcgcggtgcggggcatgcctcggggcgtgggcttcggcccggcacgagtcgttgagcccctccccccacgtcccccccaacgtcgggctggctgcgcgggtgtgggg

AciI AciIAbaSI
AbaSI

AbaSI
AbaSI

AbaSI

AbaSI
AbaSI

AbaSI AbaSI
AbaSI

AbaSI
AbaSI

AbaSI
AbaSI

AbaSI

AbaSI
AbaSI

CAG
source

6,640 6,650 6,660 6,670 6,680 6,690 6,700 6,710 6,720 6,730 6,740



10/29/2024 5:13:53 PMK4-PB-TO_APEX-V5-NES (14104 bp) (from 6742-7169 bp)

https://benchling.com/welmoedvz/f/lib_D3qqxZMc-apex-controls/seq_P8nqJiYa-k4-pb-to_apex-v5-nes/edit 19/34

ctgctcacccccccacgcacacaccccgcacgcagcctttgttcccctcgcagccccccccgcaccgcggggcaccgcccccggccgcgctcccctcgcgcacactg

gacgagtgggggggtgcgtgtgtggggcgtgcgtcggaaacaaggggagcgtcggggggggcgtggcgccccgtggcgggggccggcgcgaggggagcgcgtgtgac

AciI
AciI

AciI
AciI AciI

AciIAbaSI
AbaSI

AbaSI AbaSI AbaSI

AbaSI
AbaSI

AbaSI

AbaSI

AbaSI
AbaSI

AbaSI
AbaSI

AbaSI
AbaSI

CAG
source

6,750 6,760 6,770 6,780 6,790 6,800 6,810 6,820 6,830 6,840

cggagcgcacaaagccccgcgccgcgcccgcagcgctcacagccgccgggcagcgcggagccgcacgcggcgctccccacgcacacacacacgcacgcaccccccga

gcctcgcgtgtttcggggcgcggcgcgggcgtcgcgagtgtcggcggcccgtcgcgcctcggcgtgcgccgcgaggggtgcgtgtgtgtgtgcgtgcgtggggggct

AciI AciI
AciI

AciI

AciI

AciI AciI AciIAfeIAbaSI
AbaSI
AbaSI

AbaSI
AbaSI
AbaSI

AbaSI
AbaSI

AbaSI AbaSI

CAG
source

6,850 6,860 6,870 6,880 6,890 6,900 6,910 6,920 6,930 6,940 6,950

gccgctccccccgcacaaagggccctcccggagcccctcaaggctttcacgcagccacagaaaagaaacaagccgtcattaaaccaagcgctaattacagcccggag

cggcgaggggggcgtgtttcccgggagggcctcggggagttccgaaagtgcgtcggtgtcttttctttgttcggcagtaatttggttcgcgattaatgtcgggcctc

AciI AciI AfeIAbaSI
AbaSI
AbaSI

AbaSI
AbaSI

AbaSI AbaSI
AbaSI

CAG
source

6,960 6,970 6,980 6,990 7,000 7,010 7,020 7,030 7,040 7,050 7,060

gagaagggccgtcccgcccgctcacctgtgggagtaacgcggtcagtcagagccggggcgggcggcgcgaggcggcggcggagcggggcacggggcgaaggcagcgt

ctcttcccggcagggcgggcgagtggacaccctcattgcgccagtcagtctcggccccgcccgccgcgctccgccgccgcctcgccccgtgccccgcttccgtcgca

AciI
AciI AciI

AciI
AciI

AciI

AciI

AciI

AciI

AbaSI AbaSI

AbaSI
AbaSI

AbaSI
AbaSI

AbaSI AbaSI
AbaSI

AbaSI

AbaSI

AbaSI

AbaSI AbaSI
AbaSI

AbaSI
AbaSI

AbaSI

CAG
source

7,070 7,080 7,090 7,100 7,110 7,120 7,130 7,140 7,150 7,160



10/29/2024 5:13:53 PMK4-PB-TO_APEX-V5-NES (14104 bp) (from 7170-7597 bp)

https://benchling.com/welmoedvz/f/lib_D3qqxZMc-apex-controls/seq_P8nqJiYa-k4-pb-to_apex-v5-nes/edit 20/34

cgcagcgactccccgcccgccgcgcgcttcgctttttatagggccgccgccgccgccgcctcgccataaaaggaaactttcggagcgcgccgctctgattggctgcc

gcgtcgctgaggggcgggcggcgcgcgaagcgaaaaatatcccggcggcggcggcggcggagcggtattttcctttgaaagcctcgcgcggcgagactaaccgacgg

AciI

AciI
AciI

AciI
AciI

AciI
AciI

AciI AciI
AciI

AbaSI
AbaSI

AbaSI

AbaSI
AbaSI

AbaSI

AbaSI AbaSI
AbaSI AbaSI

AbaSI

CAG
B03-151217-F

source

7,170 7,180 7,190 7,200 7,210 7,220 7,230 7,240 7,250 7,260 7,270

gccgcacctctccgcctcgccccgccccgcccctcgccccgccccgccccgcctggcgcgcgccccccccccccccccgcccccatcgctgcacaaaataattaaaa

cggcgtggagaggcggagcggggcggggcggggagcggggcggggcggggcggaccgcgcgcggggggggggggggggcgggggtagcgacgtgttttattaatttt

AciI AciI
AciI

AciI
AciI

AciI

AciI

AciI
AbaSI

AbaSI AbaSI
AbaSI

AbaSI

AbaSI
AbaSI
AbaSI

AbaSI
AbaSI

AbaSI

CAG
source

7,280 7,290 7,300 7,310 7,320 7,330 7,340 7,350 7,360 7,370 7,380

aataaataaatacaaaattgggggtggggaggggggggagatggggagagtgaagcagaacgtggggctcacctcgaccatggtaatagcgatgactaatacgtaga

ttatttatttatgttttaacccccacccctcccccccctctacccctctcacttcgtcttgcaccccgagtggagctggtaccattatcgctactgattatgcatct

AbaSI AbaSI AbaSI
AbaSI

AbaSI

CAG CMV enhancer
B16-160126-F

source

7,390 7,400 7,410 7,420 7,430 7,440 7,450 7,460 7,470 7,480 7,490

tgtactgccaagtaggaaagtcccataaggtcatgtactgggcataatgccaggcgggccatttaccgtcattgacgtcaatagggggcgtacttggcatatgatac

acatgacggttcatcctttcagggtattccagtacatgacccgtattacggtccgcccggtaaatggcagtaactgcagttatcccccgcatgaaccgtatactatg

AciI
AatII

AbaSI AbaSI
AbaSI

AbaSI AbaSI

AbaSI

AbaSI

CMV enhancer
source

7,500 7,510 7,520 7,530 7,540 7,550 7,560 7,570 7,580 7,590



10/29/2024 5:13:53 PMK4-PB-TO_APEX-V5-NES (14104 bp) (from 7598-8132 bp)

https://benchling.com/welmoedvz/f/lib_D3qqxZMc-apex-controls/seq_P8nqJiYa-k4-pb-to_apex-v5-nes/edit 21/34

acttgatgtactgccaagtgggcagtttaccgtaaatactccacccattgacgtcaatggaaagtccctattggcgttactatgggaacatacgtcattattgacgt

tgaactacatgacggttcacccgtcaaatggcatttatgaggtgggtaactgcagttacctttcagggataaccgcaatgatacccttgtatgcagtaataactgca

AatII
AbaSI AbaSI AbaSI AbaSI

AbaSI
AbaSI

CMV enhancer
B10-151217-R

source

7,600 7,610 7,620 7,630 7,640 7,650 7,660 7,670 7,680 7,690 7,700

caatgggcgggggtcgttgggcggtcagccaggcgggccatttaccgtaagttatgtaacgcggaactccatatatgggctatgaactaatgaccccgtaattgatt

gttacccgcccccagcaacccgccagtcggtccgcccggtaaatggcattcaatacattgcgccttgaggtatatacccgatacttgattactggggcattaactaa

AciI AciI AciI AciIAatII
AbaSI AbaSI AbaSI AbaSI

AbaSI

CMV enhancer
source

7,710 7,720 7,730 7,740 7,750 7,760 7,770 7,780 7,790 7,800 7,810

actattaataactagtcaataatcaatgtcaataaaatatctttattttcattacatctgtgtgttggttttttgtgtgaatcgatagtactaacatacgctctcca

tgataattattgatcagttattagttacagttattttatagaaataaaagtaatgtagacacacaaccaaaaaacacacttagctatcatgattgtatgcgagaggt

AbaSI AbaSI

Transcription blockerCMV enhancer
f-17-trans.block.
source

7,820 7,830 7,840 7,850 7,860 7,870 7,880 7,890 7,900 7,910

tcaaaacaaaacgaaacaaaacaaactagcaaaataggctgtccccagtgcaagtgcaggtgccagaacatttctctgagctcacggggacagcccccccccaaagc

agttttgttttgctttgttttgtttgatcgttttatccgacaggggtcacgttcacgtccacggtcttgtaaagagactcgagtgcccctgtcgggggggggtttcg

AarIAbaSI AbaSI
AbaSI

AbaSI AbaSI AbaSI
AbaSI

Transcription blocker chick cHS4 insulator(1)
source

7,920 7,930 7,940 7,950 7,960 7,970 7,980 7,990 8,000 8,010 8,020

ccccagggatgtaattacgtccctcccccgctagggggcagcagcgagccgcccggggctccgctccggtccggcgctccccccgcatccccgagccggcagcgtgc

ggggtccctacattaatgcagggagggggcgatcccccgtcgtcgctcggcgggccccgaggcgaggccaggccgcgaggggggcgtaggggctcggccgtcgcacg

AciI AciI AciI AciI

AciI

AbaSI AbaSI
AbaSI

AbaSI
AbaSI AbaSI

AbaSI

AbaSI
AbaSI

AbaSI

AbaSI
AbaSI

AbaSI
AbaSI

chick cHS4 insulator(1)
source

8,030 8,040 8,050 8,060 8,070 8,080 8,090 8,100 8,110 8,120 8,130



10/29/2024 5:13:53 PMK4-PB-TO_APEX-V5-NES (14104 bp) (from 8133-8667 bp)

https://benchling.com/welmoedvz/f/lib_D3qqxZMc-apex-controls/seq_P8nqJiYa-k4-pb-to_apex-v5-nes/edit 22/34

ggggacagcccgggcacggggaaggtggcacgggatcgctttcctctgaacgcttctcgctgctctttgagcctgcagacacctggggggatacggggaaaaagctt

cccctgtcgggcccgtgccccttccaccgtgccctagcgaaaggagacttgcgaagagcgacgagaaactcggacgtctgtggacccccctatgcccctttttcgaa

AbaSI AbaSI
AbaSI

AbaSI
AbaSI

AbaSI AbaSI AbaSI AbaSI

chick cHS4 insulator(1)
source

8,140 8,150 8,160 8,170 8,180 8,190 8,200 8,210 8,220 8,230

taggctgaaagagagatttagaatgacagaatcatagaacggcctgggttgcaaaggagcacagtgctcatccagatccaaccccctgctatgtgcagggtcatcaa

atccgactttctctctaaatcttactgtcttagtatcttgccggacccaacgtttcctcgtgtcacgagtaggtctaggttgggggacgatacacgtcccagtagtt

AbaSI AbaSI AbaSI
AbaSI

AbaSI
AbaSI

chick cHS4 insulator(1)
source

8,240 8,250 8,260 8,270 8,280 8,290 8,300 8,310 8,320 8,330 8,340

ccagcagcccaggctgcccagagccacatccagcctggccttgaatgcctgcagggatggggcatccacagcctccttgggcaacctgttcagtgcgtcaccaccct

ggtcgtcgggtccgacgggtctcggtgtaggtcggaccggaacttacggacgtccctaccccgtaggtgtcggaggaacccgttggacaagtcacgcagtggtggga

AbaSI AbaSI AbaSI AbaSI
AbaSI
AbaSI

AbaSI

AbaSI

AbaSI
AbaSI

AbaSI AbaSI

chick cHS4 insulator(1)
source

8,350 8,360 8,370 8,380 8,390 8,400 8,410 8,420 8,430 8,440 8,450

ctgggggaaaaactgcctcctcatatccaacccaaacctcccctgtctcagtgtaaagccattcccccttgtcctatcaagggggagtttgctgtgacattgttggt

gaccccctttttgacggaggagtataggttgggtttggaggggacagagtcacatttcggtaagggggaacaggatagttccccctcaaacgacactgtaacaacca

AbaSI
AbaSI

AbaSI
AbaSI

AbaSI
AbaSI

AbaSI AbaSIAccB7I

chick cHS4 insulator(1)
source

8,460 8,470 8,480 8,490 8,500 8,510 8,520 8,530 8,540 8,550 8,560

ctggggtgacacatgtttgccaattcagtgcatcacggagaggcagatcttggggataaggaagtgcaggacagcatggacgtgggacatgcaggtgttgagggctc

gaccccactgtgtacaaacggttaagtcacgtagtgcctctccgtctagaacccctattccttcacgtcctgtcgtacctgcaccctgtacgtccacaactcccgag

AarIAbaSI AbaSI
AbaSI

AbaSI AbaSI AbaSIAflIII

chick cHS4 insulator(1)
source

8,570 8,580 8,590 8,600 8,610 8,620 8,630 8,640 8,650 8,660



10/29/2024 5:13:53 PMK4-PB-TO_APEX-V5-NES (14104 bp) (from 8668-9202 bp)

https://benchling.com/welmoedvz/f/lib_D3qqxZMc-apex-controls/seq_P8nqJiYa-k4-pb-to_apex-v5-nes/edit 23/34

tgggacactctccaagtcacagcgttcagaacagccttaaggataagaagataggatagaaggacaaagagcaagttaaaacccagcatggagaggagcacaaaaag

accctgtgagaggttcagtgtcgcaagtcttgtcggaattcctattcttctatcctatcttcctgtttctcgttcaattttgggtcgtacctctcctcgtgtttttc

AflII
AbaSI

AbaSI
AbaSI AbaSI AbaSI AbaSI

chick cHS4 insulator(1)
source

8,670 8,680 8,690 8,700 8,710 8,720 8,730 8,740 8,750 8,760 8,770

gccacagacactgctggtccctgtgtctgagcctgcatgtttgatggtgtctggatgcaagcagaaggggtggaagagcttgcctggagagatacagctgggtcagt

cggtgtctgtgacgaccagggacacagactcggacgtacaaactaccacagacctacgttcgtcttccccaccttctcgaacggacctctctatgtcgacccagtca

AbaSI AbaSI AbaSI AbaSI
AbaSI

AbaSI

AbaSI AbaSI AbaSI

chick cHS4 insulator(1)
source

8,780 8,790 8,800 8,810 8,820 8,830 8,840 8,850 8,860 8,870 8,880

aggactgggacaggcagctggagaattgccatgtagatgttcatacaatcgtcaaatcatgaaggctggaaaagccctccaagatccccaagaccaaccccaaccca

tcctgaccctgtccgtcgacctcttaacggtacatctacaagtatgttagcagtttagtacttccgaccttttcgggaggttctaggggttctggttggggttgggt

AbaSI
AbaSI

AbaSI AbaSI AbaSI

chick cHS4 insulator(1)
source

8,890 8,900 8,910 8,920 8,930 8,940 8,950 8,960 8,970 8,980

cccaccgtgcccactggccatgtccctcagtgccacatccccacagttcttcatcacctccagggacggtgacccccccacctccgtgggcagctgtgccactgcag

gggtggcacgggtgaccggtacagggagtcacggtgtaggggtgtcaagaagtagtggaggtccctgccactgggggggtggaggcacccgtcgacacggtgacgtc

AbaSI AbaSI AbaSI AbaSI
AbaSI

AbaSI AbaSI
AbaSI

AbaSI

chick cHS4 insulator(1)
source

8,990 9,000 9,010 9,020 9,030 9,040 9,050 9,060 9,070 9,080 9,090

caccgctctttggagaaggtaaatcttgctaaatccagcccgaccctcccctggcacaacgtaaggccattatctctcatccaactccaggacggagtcagtgagaa

gtggcgagaaacctcttccatttagaacgatttaggtcgggctgggaggggaccgtgttgcattccggtaatagagagtaggttgaggtcctgcctcagtcactctt

AciI
AbaSI

AbaSI AbaSI
AbaSI
AbaSI

AbaSI
AbaSI

AbaSI

chick cHS4 insulator(1)
source

9,100 9,110 9,120 9,130 9,140 9,150 9,160 9,170 9,180 9,190 9,200



10/29/2024 5:13:53 PMK4-PB-TO_APEX-V5-NES (14104 bp) (from 9203-9630 bp)

https://benchling.com/welmoedvz/f/lib_D3qqxZMc-apex-controls/seq_P8nqJiYa-k4-pb-to_apex-v5-nes/edit 24/34

tattataacttcgtatagcatacattatacgaagttatgggcagagcgcacatcgcccacagtccccgagaagttggggggaggggtcggcaattgaaccggtgcct

ataatattgaagcatatcgtatgtaatatgcttcaatacccgtctcgcgtgtagcgggtgtcaggggctcttcaacccccctccccagccgttaacttggccacgga

AanI
AbaSI AbaSI

AbaSI
AbaSI

AbaSI
AbaSI
AbaSI
AbaSI

AbaSI

AbaSI
AbaSI

AbaSI

EF-1-alpha core promotercolor: #ffffff
loxP

source

9,210 9,220 9,230 9,240 9,250 9,260 9,270 9,280 9,290 9,300

agagaaggtggcgcggggtaaactgggaaagtgatgtcgtgtactggctccgcctttttcccgagggtgggggagaaccgtatataagtgcagtagtcgccgtgaac

tctcttccaccgcgccccatttgaccctttcactacagcacatgaccgaggcggaaaaagggctcccaccccctcttggcatatattcacgtcatcagcggcacttg

AciI AciI AclIAbaSI AbaSI
AbaSI

AbaSI

AbaSI
AbaSI

AbaSI

AbaSI

EF-1-alpha core promoter
source

9,310 9,320 9,330 9,340 9,350 9,360 9,370 9,380 9,390 9,400 9,410

gttctttttcgcaacgggtttgccgccagaacacaggtaagtgccgtgtgtggttcccgcgggcctggcctctttacgggttatggcccttgcgtgccttgaattac

caagaaaaagcgttgcccaaacggcggtcttgtgtccattcacggcacacaccaagggcgcccggaccggagaaatgcccaataccgggaacgcacggaacttaatg

AciI AciI
AciI

AbaSI
AbaSI

AbaSI
AbaSI

AbaSI
AbaSI

AbaSI
AbaSI

EF-1-alpha intron AEF-1-alpha core promoter
E22

source

9,420 9,430 9,440 9,450 9,460 9,470 9,480 9,490 9,500 9,510 9,520

ttccacctggctgcagtacgtgattcttgatcccgagcttcgggttggaagtgggtgggagagttcgaggccttgcgcttaaggagccccttcgcctcgtgcttgag

aaggtggaccgacgtcatgcactaagaactagggctcgaagcccaaccttcacccaccctctcaagctccggaacgcgaattcctcggggaagcggagcacgaactc

AflIIAbaSI AbaSI
AbaSI
AbaSI

AbaSI
AbaSI

AbaSI AbaSI

EF-1-alpha intron A
E56

source

9,530 9,540 9,550 9,560 9,570 9,580 9,590 9,600 9,610 9,620 9,630



10/29/2024 5:13:53 PMK4-PB-TO_APEX-V5-NES (14104 bp) (from 9631-10058 bp)

https://benchling.com/welmoedvz/f/lib_D3qqxZMc-apex-controls/seq_P8nqJiYa-k4-pb-to_apex-v5-nes/edit 25/34

ttgaggcctggcctgggcgctggggccgccgcgtgcgaatctggtggcaccttcgcgcctgtctcgctgctttcgataagtctctagccatttaaaatttttgatga

aactccggaccggacccgcgaccccggcggcgcacgcttagaccaccgtggaagcgcggacagagcgacgaaagctattcagagatcggtaaattttaaaaactact

AciI

AciI

AbaSI
AbaSI

AbaSI
AbaSI

AbaSI AbaSI AbaSI
AbaSI

AbaSI AbaSI

EF-1-alpha intron A

E1
D74

source

9,640 9,650 9,660 9,670 9,680 9,690 9,700 9,710 9,720 9,730

cctgctgcgacgctttttttctggcaagatagtcttgtaaatgcgggccaagatctgcacactggtatttcggtttttggggccgcgggcggcgacggggcccgtgc

ggacgacgctgcgaaaaaaagaccgttctatcagaacatttacgcccggttctagacgtgtgaccataaagccaaaaaccccggcgcccgccgctgccccgggcacg

AciI
AciI

AciI

AciIAbaSI AbaSI AbaSI AbaSI AbaSI
AbaSI

AbaSI
AbaSI

AbaSI

EF-1-alpha intron A
source

9,740 9,750 9,760 9,770 9,780 9,790 9,800 9,810 9,820 9,830 9,840

gtcccagcgcacatgttcggcgaggcggggcctgcgagcgcggccaccgagaatcggacgggggtagtctcaagctggccggcctgctctggtgcctggcctcgcgc

cagggtcgcgtgtacaagccgctccgccccggacgctcgcgccggtggctcttagcctgcccccatcagagttcgaccggccggacgagaccacggaccggagcgcg

AciI AciIAbaSI AbaSI

AbaSI
AbaSI

AbaSI AbaSI
AbaSI
AbaSI

AbaSI AbaSI
AflIII

EF-1-alpha intron A
source

9,850 9,860 9,870 9,880 9,890 9,900 9,910 9,920 9,930 9,940 9,950

cgccgtgtatcgccccgccctgggcggcaaggctggcccggtcggcaccagttgcgtgagcggaaagatggccgcttcccggccctgctgcagggagctcaaaatgg

gcggcacatagcggggcgggacccgccgttccgaccgggccagccgtggtcaacgcactcgcctttctaccggcgaagggccgggacgacgtccctcgagttttacc

AciI

AciI
AciI AciI

AciIAbaSI
AbaSI

AbaSI AbaSI

AbaSI
AbaSI

AbaSI
AbaSI

AbaSI
AbaSI

AbaSI

AbaSI

AbaSI
AbaSI

AbaSI
AbaSI

AbaSI
AbaSI

EF-1-alpha intron A
source

9,960 9,970 9,980 9,990 10,000 10,010 10,020 10,030 10,040 10,050



10/29/2024 5:13:53 PMK4-PB-TO_APEX-V5-NES (14104 bp) (from 10059-10486 bp)

https://benchling.com/welmoedvz/f/lib_D3qqxZMc-apex-controls/seq_P8nqJiYa-k4-pb-to_apex-v5-nes/edit 26/34

aggacgcggcgctcgggagagcgggcgggtgagtcacccacacaaaggaaaagggcctttccgtcctcagccgtcgcttcatgtgactccacggagtaccgggcgcc

tcctgcgccgcgagccctctcgcccgcccactcagtgggtgtgtttccttttcccggaaaggcaggagtcggcagcgaagtacactgaggtgcctcatggcccgcgg

AciI
AciI

AciIAbaSI

AbaSI
AbaSI

AbaSI AbaSI AbaSI
AbaSI

AbaSI AbaSI
AbaSI

EF-1-alpha intron A
D75

source

10,060 10,070 10,080 10,090 10,100 10,110 10,120 10,130 10,140 10,150 10,160

gtccaggcacctcgattagttctcgcgcttttggagtacgtcgtctttaggttggggggaggggttttatgcgatggagtttccccacactgagtgggtggagactg

caggtccgtggagctaatcaagagcgcgaaaacctcatgcagcagaaatccaacccccctccccaaaatacgctacctcaaaggggtgtgactcacccacctctgac

AdeIAbaSI AbaSI AbaSI AbaSI AbaSI
AbaSI

EF-1-alpha intron A
D48

source

10,170 10,180 10,190 10,200 10,210 10,220 10,230 10,240 10,250 10,260 10,270

aagttaggccagcttggcacttgatgtaattctccttggaatttgccctttttgagtttggatcttggttcattctcaagcctcagacagtggttcaaagttttttt

ttcaatccggtcgaaccgtgaactacattaagaggaaccttaaacgggaaaaactcaaacctagaaccaagtaagagttcggagtctgtcaccaagtttcaaaaaaa

AbaSI AbaSI AbaSI
AbaSI

AbaSI

EF-1-alpha intron A

EF1a-F
E20

source

10,280 10,290 10,300 10,310 10,320 10,330 10,340 10,350 10,360 10,370

cttccatttcaggtgtcgtgatttaaatcccaccatgaccgagtacaagcccacggtgcgcctcgccacccgcgacgacgtccccagggccgtacgcaccctcgccg

gaaggtaaagtccacagcactaaatttagggtggtactggctcatgttcgggtgccacgcggagcggtgggcgctgctgcaggggtcccggcatgcgtgggagcggc

AciI

AciIAatII

AbaSI
AbaSI

AbaSI
AbaSI

AbaSI
AbaSI

AbaSI

AbaSI AbaSI
AbaSI

PuroREF-... A
source

10,390 10,400 10,410 10,420 10,430 10,440 10,450 10,460 10,470 10,480



10/29/2024 5:13:53 PMK4-PB-TO_APEX-V5-NES (14104 bp) (from 10487-10914 bp)

https://benchling.com/welmoedvz/f/lib_D3qqxZMc-apex-controls/seq_P8nqJiYa-k4-pb-to_apex-v5-nes/edit 27/34

ccgcgttcgccgactaccccgccacgcgccacaccgtcgatccggaccgccacatcgagcgggtcaccgagctgcaagaactcttcctcacgcgcgtcgggctcgac

ggcgcaagcggctgatggggcggtgcgcggtgtggcagctaggcctggcggtgtagctcgcccagtggctcgacgttcttgagaaggagtgcgcgcagcccgagctg

AciI AciI
AciI

AciIAbaSI
AbaSI

AbaSI
AbaSI

AbaSI
AbaSI

AbaSI

AbaSI AbaSI
AbaSI

AccIII

PuroR
B40-160210

source

10,490 10,500 10,510 10,520 10,530 10,540 10,550 10,560 10,570 10,580 10,590

atcggcaaggtgtgggtcgcggacgacggcgccgccgtggcggtctggaccacgccggagagcgtcgaagcgggggcggtgttcgccgagatcggcccgcgcatggc

tagccgttccacacccagcgcctgctgccgcggcggcaccgccagacctggtgcggcctctcgcagcttcgcccccgccacaagcggctctagccgggcgcgtaccg

AciI
AciI AciI

AciI AciI
AciI

AbaSI
AbaSI

AbaSI AbaSI AbaSI

AbaSI

AbaSI
AbaSI

AbaSI
AbaSI
AbaSI

AbaSI

AbaSI

PuroR
source

10,600 10,610 10,620 10,630 10,640 10,650 10,660 10,670 10,680 10,690 10,700

cgagttgagcggttcccggctggccgcgcagcaacagatggaaggcctcctggcgccgcaccggcccaaggagcccgcgtggttcctggccaccgtcggagtctcgc

gctcaactcgccaagggccgaccggcgcgtcgttgtctaccttccggaggaccgcggcgtggccgggttcctcgggcgcaccaaggaccggtggcagcctcagagcg

AciI
AciI

AciI AciIAbaSI
AbaSI AbaSI

AbaSI

AbaSI

AbaSI
AbaSI

AbaSI
AbaSI
AbaSI

AbaSI
AbaSI

AbaSI

AbaSI
AbaSI

AbaSI

PuroR
B41-160210

source

10,710 10,720 10,730 10,740 10,750 10,760 10,770 10,780 10,790 10,800

ccgaccaccagggcaagggtctgggcagcgccgtcgtgctccccggagtggaggcggccgagcgcgccggggtgcccgccttcctggagacctccgcgccccgcaac

ggctggtggtcccgttcccagacccgtcgcggcagcacgaggggcctcacctccgccggctcgcgcggccccacgggcggaaggacctctggaggcgcggggcgttg

AciI

AciI AciI AciIAbaSI
AbaSI
AbaSI

AbaSI

AbaSI AbaSI
AbaSI

AbaSI

AbaSI
AbaSI

AbaSI

AbaSI
AbaSI

AbaSI
AbaSI

PuroR

source

10,810 10,820 10,830 10,840 10,850 10,860 10,870 10,880 10,890 10,900 10,910



10/29/2024 5:13:53 PMK4-PB-TO_APEX-V5-NES (14104 bp) (from 10915-11342 bp)

https://benchling.com/welmoedvz/f/lib_D3qqxZMc-apex-controls/seq_P8nqJiYa-k4-pb-to_apex-v5-nes/edit 28/34

ctccccttctacgagcggctcggcttcaccgtcaccgccgacgtcgaggtgcccgaaggaccgcgcacctggtgcatgacccgcaagcccggtgccggatcgggaga

gaggggaagatgctcgccgagccgaagtggcagtggcggctgcagctccacgggcttcctggcgcgtggaccacgtactgggcgttcgggccacggcctagccctct

AciI
AciI AciI

AciI
AdeI

AatII

AbaSI
AbaSI

AbaSI

AbaSI AbaSI
AbaSI AbaSI

AbaSI AbaSI
AbaSI AbaSI AbaSI

AbaSI AbaSI
AbaSI

AbaSI
AbaSI
AbaSI

PuroR

B18-160210
B42-160210

B31B...210

source

10,920 10,930 10,940 10,950 10,960 10,970 10,980 10,990 11,000 11,010 11,020

gggcagaggaagtctgctaacatgcggtgacgtcgaggagaatcctggcccaccggtccctgccgctaaacgggtcaaactcgacggcggttctggaggtcctgctg

cccgtctccttcagacgattgtacgccactgcagctcctcttaggaccgggtggccagggacggcgatttgcccagtttgagctgccgccaagacctccaggacgac

AciI
AciI

AciIAatII
AbaSI

AbaSI

AbaSI AbaSI AbaSI

AbaSI

AbaSI AbaSI

P
1

A
2

A
3

K
4

R
5

V
6

K
7

L
8

D
9

11080-11106

P
1

A
2

11...

T2A

mycNLSE10
B63-...rev

source

11,030 11,040 11,050 11,060 11,070 11,080 11,090 11,100 11,110 11,120

caaagcgcgttaagttggatggagggtcagggggagccaccgccaccatggtgtctaagggcgaagagctgattaaggagaacatgcacatgaagctgtacatggag

gtttcgcgcaattcaacctacctcccagtccccctcggtggcggtggtaccacagattcccgcttctcgactaattcctcttgtacgtgtacttcgacatgtacctc

AciIAbaSI AbaSI
AbaSI

AbaSI AbaSI
AbaSI

A
3

K
4

R
5

V
6

K
7

L
8

D
9

11122-11148

mTagBFP2mycNLS
source

11,130 11,140 11,150 11,160 11,170 11,180 11,190 11,200 11,210 11,220 11,230

ggcaccgtggacaaccatcacttcaagtgcacatccgagggcgaaggcaagccctacgagggcacccagaccatgagaatcaaggtggtcgagggcggccctctccc

ccgtggcacctgttggtagtgaagttcacgtgtaggctcccgcttccgttcgggatgctcccgtgggtctggtactcttagttccaccagctcccgccgggagaggg

AciIAbaSI AbaSI AbaSI
AbaSI

AbaSI AbaSI
AbaSI

AbaSI
AbaSI
AbaSI

AbaSI

mTagBFP2
source

11,240 11,250 11,260 11,270 11,280 11,290 11,300 11,310 11,320 11,330 11,340



10/29/2024 5:13:53 PMK4-PB-TO_APEX-V5-NES (14104 bp) (from 11343-11877 bp)

https://benchling.com/welmoedvz/f/lib_D3qqxZMc-apex-controls/seq_P8nqJiYa-k4-pb-to_apex-v5-nes/edit 29/34

cttcgccttcgacatcctggctactagcttcctctacggcagcaagaccttcatcaaccacacccagggcatccccgacttcttcaagcagtccttccctgagggct

gaagcggaagctgtaggaccgatgatcgaaggagatgccgtcgttctggaagtagttggtgtgggtcccgtaggggctgaagaagttcgtcaggaagggactcccga

AbaSI
AbaSI

AbaSI AbaSI
AbaSI

AbaSI AbaSI AbaSI AbaSI
AbaSI

mTagBFP2
source

11,350 11,360 11,370 11,380 11,390 11,400 11,410 11,420 11,430 11,440

tcacatgggagagagtcaccacatacgaagacgggggcgtgctgaccgctacccaggacaccagcctccaggacggctgcctcatctacaacgtcaagatcagaggg

agtgtaccctctctcagtggtgtatgcttctgcccccgcacgactggcgatgggtcctgtggtcggaggtcctgccgacggagtagatgttgcagttctagtctccc

AciIAbaSI
AbaSI

AbaSI AbaSI AbaSI AbaSI
AbaSI

mTagBFP2
source

11,460 11,470 11,480 11,490 11,500 11,510 11,520 11,530 11,540 11,550

gtgaacttcacatccaacggccctgtgatgcagaagaaaacactcggctgggaggccttcaccgagacgctgtaccccgctgacggcggcctggaaggcagaaacga

cacttgaagtgtaggttgccgggacactacgtcttcttttgtgagccgaccctccggaagtggctctgcgacatggggcgactgccgccggaccttccgtctttgct

AciI AciIAbaSI
AbaSI

AbaSI AbaSI AbaSI
AbaSI

AbaSI
AbaSI AbaSI

AbaSI
AbaSI

AbaSI
AbaSI

mTagBFP2
A75-151217-F
B05-151217-F

source

11,560 11,570 11,580 11,590 11,600 11,610 11,620 11,630 11,640 11,650 11,660

catggccctgaagctcgtgggcgggagccatctgatcgcaaacgccaagaccacatatagatccaagaaacccgctaagaacctcaagatgcctggcgtctactatg

gtaccgggacttcgagcacccgccctcggtagactagcgtttgcggttctggtgtatatctaggttctttgggcgattcttggagttctacggaccgcagatgatac

AccI
AciI

AciIAbaSI
AbaSI

AbaSI AbaSI AbaSI AbaSI AbaSI

mTagBFP2
source

11,670 11,680 11,690 11,700 11,710 11,720 11,730 11,740 11,750 11,760 11,770

tggactacagactggaaagaatcaaggaggccaacaacgagacctacgtcgagcagcacgaggtggcagtggccagatactgcgacctccctagcaaactggggcac

acctgatgtctgacctttcttagttcctccggttgttgctctggatgcagctcgtcgtgctccaccgtcaccggtctatgacgctggagggatcgtttgaccccgtg

AdeIAbaSI AbaSI
AbaSI

AbaSI
AbaSI

AbaSI
AbaSI

AbaSI AbaSI
AbaSI

AbaSI

mTagBFP2
source

11,780 11,790 11,800 11,810 11,820 11,830 11,840 11,850 11,860 11,870



10/29/2024 5:13:53 PMK4-PB-TO_APEX-V5-NES (14104 bp) (from 11878-12305 bp)

https://benchling.com/welmoedvz/f/lib_D3qqxZMc-apex-controls/seq_P8nqJiYa-k4-pb-to_apex-v5-nes/edit 30/34

aagcttaattaggcggccgctaagaattctgtgccttctagttgccagccatctgttgtttgcccctcccccgtgccttccttgaccctggaaggtgccactcccac

ttcgaattaatccgccggcgattcttaagacacggaagatcaacggtcggtagacaacaaacggggagggggcacggaaggaactgggaccttccacggtgagggtg

AciI
AciI

AbaSI
AbaSI

AbaSI AbaSI AbaSI
AbaSI
AbaSI

AbaSI
AbaSI

bGH poly(A) signal
E55

PCR2

source

11,880 11,890 11,900 11,910 11,920 11,930 11,940 11,950 11,960 11,970 11,980

tgtcctttcctaataaaatgaggaaattgcatcgcattgtctgagtaggtgtcattctattctggggggtggggtggggcaggacagcaagggggaggattgggaag

acaggaaaggattattttactcctttaacgtagcgtaacagactcatccacagtaagataagaccccccaccccaccccgtcctgtcgttccccctcctaacccttc

AbaSI AbaSI
AbaSI

AbaSI

bGH poly(A) signal
C06-160304-R

source

11,990 12,000 12,010 12,020 12,030 12,040 12,050 12,060 12,070 12,080 12,090

acaatagcaggcatgctggggatgcggtgggctctatggataacttcgtatagcatacattatacgaagttatttggtatggctttttccccgtatccccccaggtg

tgttatcgtccgtacgacccctacgccacccgagatacctattgaagcatatcgtatgtaatatgcttcaataaaccataccgaaaaaggggcataggggggtccac

AciI
AbaSI AbaSI AbaSI AbaSI

bGH poly(A) signal color: #ffffff
loxP

core insul(1)

source

12,100 12,110 12,120 12,130 12,140 12,150 12,160 12,170 12,180 12,190

tctgcaggctcaaagagcagcgagaagcgttcagaggaaagcgatcccgtgccaccttccccgtgcccgggctgtccccgcacgctgccggctcggggatgcggggg

agacgtccgagtttctcgtcgctcttcgcaagtctcctttcgctagggcacggtggaaggggcacgggcccgacaggggcgtgcgacggccgagcccctacgccccc

AciI
AciIAbaSI AbaSI AbaSI

AbaSI
AbaSI

AbaSI
AbaSI AbaSI

AbaSI
AbaSI

AbaSI
AbaSI
AbaSI

core insul(1)
source

12,200 12,210 12,220 12,230 12,240 12,250 12,260 12,270 12,280 12,290 12,300



10/29/2024 5:13:53 PMK4-PB-TO_APEX-V5-NES (14104 bp) (from 12306-12840 bp)

https://benchling.com/welmoedvz/f/lib_D3qqxZMc-apex-controls/seq_P8nqJiYa-k4-pb-to_apex-v5-nes/edit 31/34

gagcgccggaccggagcggagccccgggcggctcgctgctgccccctagcgggggagggacgtaattacatccctgggggctttgggggggggctgtccctgattct

ctcgcggcctggcctcgcctcggggcccgccgagcgacgacgggggatcgccccctccctgcattaatgtagggacccccgaaacccccccccgacagggactaaga

AciI AciI

AciI

AbaSI
AbaSI
AbaSI

AbaSI
AbaSI

AbaSI
AbaSI

AbaSI
AbaSI

AbaSI AbaSI

core insul(1)
source

12,310 12,320 12,330 12,340 12,350 12,360 12,370 12,380 12,390 12,400 12,410

ataacaagaaaatatatatataataagttatcacgtaagtagaacatgaaataacaatataattatcgtatgagttaaatcttaaaagtcacgtaaaagataatcat

tattgttcttttatatatatattattcaatagtgcattcatcttgtactttattgttatattaatagcatactcaatttagaattttcagtgcattttctattagta

AbaSI

source

12,420 12,430 12,440 12,450 12,460 12,470 12,480 12,490 12,500 12,510

gcgtcattttgactcacgcggtcgttatagttcaaaatcagtgacacttaccgcattgacaagcacgcctcacgggagctccaagcggcgactgagatgtcctaaat

cgcagtaaaactgagtgcgccagcaatatcaagttttagtcactgtgaatggcgtaactgttcgtgcggagtgccctcgaggttcgccgctgactctacaggattta

AciI AciI
AciI

AbaSI AbaSI
AbaSI

AbaSI

AbaSI AbaSI

source

ctaaat

12,530 12,540 12,550 12,560 12,570 12,580 12,590 12,600 12,610 12,620

gcacagcgacggattcgcgctatttagaaagagagagcaatatttcaagaatgcatgcgtcaattttacgcagactatctttctagggttaatctagctgcatcagg

cgtgtcgctgcctaagcgcgataaatctttctctctcgttataaagttcttacgtacgcagttaaaatgcgtctgatagaaagatcccaattagatcgacgtagtcc

AbaSI
AbaSI

AbaSI AbaSI

3'ITR
source

gcacagcgacggat

12,630 12,640 12,650 12,660 12,670 12,680 12,690 12,700 12,710 12,720 12,730

atcatatcgtcgggtcttttttccggctcagtcatcgcccaagctggcgctatctgggcatcggggaggaagaagcccgtgccttttcccgcgaggttgaagcggca

tagtatagcagcccagaaaaaaggccgagtcagtagcgggttcgaccgcgatagacccgtagcccctccttcttcgggcacggaaaagggcgctccaacttcgccgt

AciI

AciI

AbaSI AbaSI AbaSI AbaSI
AbaSI

AbaSI
AbaSI

AbaSI

AbaSI
AbaSI

source

12,740 12,750 12,760 12,770 12,780 12,790 12,800 12,810 12,820 12,830 12,840



10/29/2024 5:13:53 PMK4-PB-TO_APEX-V5-NES (14104 bp) (from 12841-13375 bp)

https://benchling.com/welmoedvz/f/lib_D3qqxZMc-apex-controls/seq_P8nqJiYa-k4-pb-to_apex-v5-nes/edit 32/34

tggaaagagtttgccgaggatgactgctgctgcattgacgttgagcgaaaacgcacgtttaccatgatgattcgggaaggtgtggccatgcacgcctttaacggtga

acctttctcaaacggctcctactgacgacgacgtaactgcaactcgcttttgcgtgcaaatggtactactaagcccttccacaccggtacgtgcggaaattgccact

AbaSI AbaSI AbaSI AbaSI

source

12,850 12,860 12,870 12,880 12,890 12,900 12,910 12,920 12,930 12,940

actgttcgttcaggccacctgggataccagttcgtcgcggcttttccggacacagttccggatggtcagcccgaagcgcatcagcaacccgaacaataccggcgaca

tgacaagcaagtccggtggaccctatggtcaagcagcgccgaaaaggcctgtgtcaaggcctaccagtcgggcttcgcgtagtcgttgggcttgttatggccgctgt

AciIAbaSI AbaSI
AbaSI
AbaSI

AbaSI
AbaSI

AbaSI AbaSIAccIII AccIII

source

12,950 12,960 12,970 12,980 12,990 13,000 13,010 13,020 13,030 13,040 13,050

gccggaactgccgtgccggtgtgcagattaatgacagcggtgcggcgctgggatattacgtcagcgaggacgggtatcctggctggatgccgcagaaatggacatgg

cggccttgacggcacggccacacgtctaattactgtcgccacgccgcgaccctataatgcagtcgctcctgcccataggaccgacctacggcgtctttacctgtacc

AciI
AciI AciIAbaSI AbaSI AbaSI

AbaSI
AbaSI AbaSI

AbaSI
AbaSI

AbaSI AbaSI

source

13,060 13,070 13,080 13,090 13,100 13,110 13,120 13,130 13,140 13,150 13,160

ataccccgtgagttacccggcgggcgcgcttggcgtaatcatggtcatagctgtttcctgtgtgaaattgttatccgctcacaattccacacaacatacgagccgga

tatggggcactcaatgggccgcccgcgcgaaccgcattagtaccagtatcgacaaaggacacactttaacaataggcgagtgttaaggtgtgttgtatgctcggcct

AciI

AciIAbaSI
AbaSI

AbaSI AbaSI
AbaSI

A18-MM-SV40PA_1
B19-160210

pLac(F)
source

13,170 13,180 13,190 13,200 13,210 13,220 13,230 13,240 13,250 13,260

agcataaagtgtaaagcctggggtgcctaatgagtgagctaactcacattaattgcgttgcgctcactgcccgctttccagtcgggaaacctgtcgtgccagctgca

tcgtatttcacatttcggaccccacggattactcactcgattgagtgtaattaacgcaacgcgagtgacgggcgaaaggtcagccctttggacagcacggtcgacgt

AciIAbaSI AbaSI
AbaSI
AbaSI

AbaSI

source

13,270 13,280 13,290 13,300 13,310 13,320 13,330 13,340 13,350 13,360 13,370



10/29/2024 5:13:53 PMK4-PB-TO_APEX-V5-NES (14104 bp) (from 13376-13910 bp)

https://benchling.com/welmoedvz/f/lib_D3qqxZMc-apex-controls/seq_P8nqJiYa-k4-pb-to_apex-v5-nes/edit 33/34

ttaatgaatcggccaacgcgcggggagaggcggtttgcgtattgggcgctcttccgcttcctcgctcactgactcgctgcgctcggtcgttcggctgcggcgagcgg

aattacttagccggttgcgcgcccctctccgccaaacgcataacccgcgagaaggcgaaggagcgagtgactgagcgacgcgagccagcaagccgacgccgctcgcc

AciI AciI AciI AciI

AciI

AbaSI AbaSI
AbaSI

AbaSI AbaSI
AbaSI

source

13,380 13,390 13,400 13,410 13,420 13,430 13,440 13,450 13,460 13,470 13,480

tatcagctcactcaaaggcggtaatacggttatccacagaatcaggggataacgcaggaaagaacatgtgagcaaaaggccagcaaaaggccaggaaccgtaaaaag

atagtcgagtgagtttccgccattatgccaataggtgtcttagtcccctattgcgtcctttcttgtacactcgttttccggtcgttttccggtccttggcatttttc

AciI
AbaSI

AbaSI AbaSI AbaSI AbaSIAflIII

source

13,490 13,500 13,510 13,520 13,530 13,540 13,550 13,560 13,570 13,580

gccgcgttgctggcgtttttccataggctccgcccccctgacgagcatcacaaaaatcgacgctcaagtcagaggtggcgaaacccgacaggactataaagatacca

cggcgcaacgaccgcaaaaaggtatccgaggcggggggactgctcgtagtgtttttagctgcgagttcagtctccaccgctttgggctgtcctgatatttctatggt

AciI AciI
AbaSI
AbaSI

AbaSI
AbaSI

AbaSI AbaSI AbaSI

E61
source

13,600 13,610 13,620 13,630 13,640 13,650 13,660 13,670 13,680 13,690

ggcgtttccccctggaagctccctcgtgcgctctcctgttccgaccctgccgcttaccggatacctgtccgcctttctcccttcgggaagcgtggcgctttctcata

ccgcaaagggggaccttcgagggagcacgcgagaggacaaggctgggacggcgaatggcctatggacaggcggaaagagggaagcccttcgcaccgcgaaagagtat

AciI AciIAbaSI AbaSI AbaSI AbaSI
AbaSI

AbaSI
AbaSI

AbaSI

AbaSI

source

13,700 13,710 13,720 13,730 13,740 13,750 13,760 13,770 13,780 13,790 13,800

gctcacgctgtaggtatctcagttcggtgtaggtcgttcgctccaagctgggctgtgtgcacgaaccccccgttcagcccgaccgctgcgccttatccggtaactat

cgagtgcgacatccatagagtcaagccacatccagcaagcgaggttcgacccgacacacgtgcttggggggcaagtcgggctggcgacgcggaataggccattgata

AciI

AbaSI AbaSI
AbaSI

AbaSI AbaSI
AbaSI

AbaSI
AbaSI

source

13,810 13,820 13,830 13,840 13,850 13,860 13,870 13,880 13,890 13,900 13,910



10/29/2024 5:13:53 PMK4-PB-TO_APEX-V5-NES (14104 bp) (from 13911-14104 bp)

https://benchling.com/welmoedvz/f/lib_D3qqxZMc-apex-controls/seq_P8nqJiYa-k4-pb-to_apex-v5-nes/edit 34/34

cgtcttgagtccaacccggtaagacacgacttatcgccactggcagcagccactggtaacaggattagcagagcgaggtatgtaggcggtgctacagagttcttgaa

gcagaactcaggttgggccattctgtgctgaatagcggtgaccgtcgtcggtgaccattgtcctaatcgtctcgctccatacatccgccacgatgtctcaagaactt

AciIAbaSI AbaSI AbaSI AbaSI AbaSI
AbaSI

AbaSI
AbaSI

source

13,920 13,930 13,940 13,950 13,960 13,970 13,980 13,990 14,000 14,010

gtggtggcctaactacggctacactagaaggacagtatttggtatctgcgctctgctgaagccagttaccttcggaaaaagagttgg

caccaccggattgatgccgatgtgatcttcctgtcataaaccatagacgcgagacgacttcggtcaatggaagcctttttctcaacc

AbaSI AbaSI AbaSI AbaSI

source

14,020 14,030 14,040 14,050 14,060 14,070 14,080 14,090 14,100


