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Summary of ACE2-KO mice (nbio388) 
An entire coding sequence of the Ace2 gene on X chromosome in C57BL/6NCr mice was removed by CRISPR/Cas9 system using 

TAKE method [1] with Cas9 proteins (Integrated DNA Technologies (IDT)) and two guide RNAs (gRNAs, IDT) targeting 5’- and 3’-
UTRs of the gene. Positions of guide RNAs, primers, and the removed sequence are shown in Figure 2. 
 

1. Whole-genome sequence of Ace2 gene 
The whole mouse Ace2 gene sequence can be retrieved from Ensembl database (https://www.ensembl.org). 

2. Guide RNA sequences 
 Ace2-gRNA-5UTR-#1: TGGATGGGATCTTGGCGCAC /GGG (1903 - 1922) 
 Ace2-gRNA-3UTR-#1: TTGGCTTCGGTGTGGCATCT /GGG (49195 - 49214) 

（PAM sequences are shown after slashes.） 

3. Genotyping PCR 
a. Primers 
 Ace2ko-S1811: TTTTCTTCTCTTCTCAGTGCCC 
 Ace2ko-R2049: GACAGGTCTTCAGCTTCCTGAT 
 Ace2ko-S49135: GGGTGATATGGTTGGGTAACTG 
 Ace2ko-R49423: GGTCTCTACCTGATGTCTGGCT 
b. For detecting wild alleles: 

i. For detecting the presence of unmodified 5’-UTR 
Detect 239 bp bands by PCRs with primers Ace2ko-S1811 and Ace2ko-R2049. 
ii. For detecting the presence of unmodified 3’-UTR 
Detect 289 bp bands by PCRs with primers Ace2ko-S49135 and Ace2ko-R49423. 

c. For detecting targeted alleles 
Detect ~320 bp bands by PCRs with primers Ace2ko-S1811 and Ace2ko-R49423. 

 
Figure 1: PCR examples 
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10 20 30 40 50 60
ACTCCCCTAC CCACCCACTC CCCCTTTTTG GCCCTGGCTT TCCCCTGTAC TGGGGCATAT

70 80 90 100 110 120
AAAGTTTGCA AGTCCAATGG GTCTCTCTTT GCAGTGATGG CCGACTAGGC CATCTTTTGA

130 140 150 160 170 180
TACATATGCA GCTAGAGACA AGAGCTCCGG GGTACTGCTT AGTTCATATT GTTGTTCCAC

190 200 210 220 230 240
CTATAGGGTT GCAGTTCCCT TTAGTTCCTT GGGTGCTTTC TCTAGTTCCT CCATTGGGGG

250 260 270 280 290 300
CCCTGTGGTT CATTCAATAG CTGACTGTGA GCATCCACTT CTGTGTTTAC TAGGCCCTGG

310 320 330 340 350 360
CATGGTCTCA CAAGAGACAG CTATAGAGGT TTAGCTACTT AAGCTCAGTT TCACACTCTG

370 380 390 400 410 420
TAAAATGGTG ATGTAAATAT TTGCCCACAG GTATATTGTG ATGCTTAAAT AAAATGTTAC

430 440 450 460 470 480
AACACAAAGC ACTTTGAGCA ATTACTGCTT TTTCTTATTC TACAATTGTC TGCCCAGGTT

490 500 510 520 530 540
TAGAATAAAG CGAAGTAGTG GAATTATTTT TCAGGCTTGG TTATTAGCAT TTCTTCTGAA

550 560 570 580 590 600
CCTGGAAGAC TTGTTTTTCT GGATGGAGAA AGGTTTGCTC TGTGTGAAGG TTTCATAATC

610 620 630 640 650 660
ATAATCAAGC AGGCCCATGA GCCCTGCCAT TTAAAGTGGC TCCTCTCTTA CACTCTGGGA

670 680 690 700 710 720
ATGAGGACAC GGAGCCAGCT GCTGAACTTC ACCAGGATAA CCATTAAAAT TGCTTTGGAG

730 740 750 760 770 780
TTCATATTTC CACGATCCCA TGCCTATGGA TGCCAAGGAC TTGTCATGGA TGCGCTTTGG

790 800 810 820 830 840
ATTTCATAAT GCAGAGTCAT TATTACTTCC TTGAGTTCTC AGCTGAGTTG TAAGCAGGTA

850 860 870 880 890 900
AGTGAAAGGG AAAGAGGCAC CTGATAAAGT CAGCTGTAGG ACTAGAGTTT AGCATGTCTC

910 920 930 940 950 960
CTGAGAAATA GAAAATGACT GCTTGAAACT TTACCAAAGC CACACAGGAA GCATCAAACT

970 980 990 1000 1010 1020
CCCTATGGAG TGGAGAAGAG TCTTATAATT TTTTAAATGG GCAGAGAAAT GAATTTATTT

1030 1040 1050 1060 1070 1080
TTAATTTTTA GAGACAGGGT TTCTTTGTAT AGCTCTAGCT GTCTTTGATT GGTAGACAAA

1090 1100 1110 1120 1130 1140
GCTGTCCTCA AACTCAGAGA TCTTCCTTCC TTTGTCTCCT GAGTGCTGGG ATTAAAGGCA

1150 1160 1170 1180 1190 1200
TGGACCACCA CTGCCCTGCC CCATTCTCTC CATTAATTTT AAGTGAATGC TTGCAAAAGC

1210 1220 1230 1240 1250 1260
TCACTTCTTT GGTGAACAGC TTCCTTTACA AATAAGTACC TTTGCCTTCG TTTTTATAGG

1270 1280 1290 1300 1310 1320
ATTCTTAAAA AGAAAAAAAA GATTCAGCCA GGTGGTTGTG GTGCACACCT TTAATCCCAG

1330 1340 1350 1360 1370 1380
CAGTCAGGAG GCAGAGGAAA GCAGATCTCT TGAGTTTGAG GCTAGCCTAG TCTACAGAGG

1390 1400 1410 1420 1430 1440
GAGTTCCAGG ACAGCCAAGG CTACAGAGAG GAACTGTCTA AAAACACCAA GAAAGAGAGA

1450 1460 1470 1480 1490 1500
AAGGAGAGAG GGAGAGGATG GATAGCTTAT TGATAGAATT GTCAGAAAAG GCTATAAGTT

1510 1520 1530 1540 1550 1560
CCAATATGTG TCCCATGATT TCTAAGTCTA GCCCTTTCTG TTATAGTAAA ATCATAGTAC

1570 1580 1590 1600 1610 1620
ACCCTCCTCC TCCAGTGTAT CTTTAACAGC TTTTAAGGAA CATATTAACT AAATGTCCAG

1630 1640 1650 1660 1670 1680
GTTTTGATTT GGCCATAAAA TGTTAGCAAA GCTAAGGTTT TCTAGGATTA ATGAATAACA

1690 1700 1710 1720 1730 1740
TGTCTTTATT TAGTTTACTT AAAAAAATCA TTCTAAAATA TCTGTTTACA TATCTGTCCT

1750 1760 1770 1780 1790 1800
CTCCAGGATT AACTTCATAT TGGTCCAGCA GCTTGTTTAC TGTTCTCTTC TGTTTCTTCT

1810 1820 1830 1840 1850 1860
Ace2-S1811
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1870 1880 1890 1900 1910 1920
Ace2-gRNA-5UTR-#1

AAAAACTCAT GAAGAGATTT TACTCTAGGG AAAGTTGCTC AGTGGATGGG ATCTTGGCGC
1930 1940 1950 1960 1970 1980

Ace2-gRNA-5UTR-#1
ACGGGGAAAG ATGTCCAGCT CCTCCTGGCT CCTTCTCAGC CTTGTTGCTG TTACTACTGC

1990 2000 2010 2020 2030 2040
TCAGTCCCTC ACCGAGGAAA ATGCCAAGAC ATTTTTAAAC AACTTTAATC AGGAAGCTGA

Ace2-R2049
2050 2060 2070 2080 2090 2100

AGACCTGTCT TATCAAAGTT CACTTGCTTC TTGGAATTAT AATACTAACA TTACTGAAGA
Ace2-R2049

2110 2120 2130 2140 2150 2160
AAATGCCCAA AAGATGGTAA GTTCTTGAGG CTACCCAGGG GGTTATTGAT TGCTTCTTAA

2170 2180 2190 2200 2210 2220
AGATCAGAAT TACTGCCTAT AAAACTGGAT AAGGAAATCA TAGAGATCTC TCAAGTGTGA

2230 2240 2250 2260 2270 2280
GGATGAGTGA CTGCCTCTGT AGCTCTGATC CTAGTCTCCC AGATGGCTAA ATTCAATTGA

2290 2300 2310 2320 2330 2340
CCTTAGAGTT CATCTGGAAA ATTGTTATGA ATGAATTATT TGCCCAGATT CCAAAGATGA

2350 2360 2370 2380 2390 2400
GTGAAAATGT TTAATAAAGT TGCCATCACT ATTCTCATTA TATTTGGTAT GTAAAGCATT

2410 2420 2430 2440 2450 2460
CATGGAAATG TTCTAAGTCG TTATTGAGCC AATAATTTTC TTTAGCTTAT AATGCCAACA

2470 2480 2490 2500 2510 2520
GGTCTATCCG AGAACTACAA ATGACATATT AACTGAAAAA TGCAACTGGG GTTTACTGAA

2530 2540 2550 2560 2570 2580
GGCAGCAGCT TAGTAATTAA GGTAACCATG GCTTAGGTGA AACTGGACCT GGGAATTCCT

2590 2600 2610 2620 2630 2640
TCTTTCATTG ACACAGAGCT CTGAGGAATT TCCAAAGGTC ACAGAAGAAA AGCTATAATT

2650 2660 2670 2680 2690 2700
AAACTAGTCC CAAAAAATCT CAGCCTACTC TGGGAAAGCA GCATATTTTG TTTGACAAGT

2710 2720 2730 2740 2750 2760
GCAAGGACTT AGAACTTTTT TTTTTCTCAC TGATCCTGAA GTGCCTTTTA AGTATAGTTA

2770 2780 2790 2800 2810 2820
AGTGGTGGAA AATTGAGCAA CTATTTAAGA AAAGACTCTT TTTTTTCTTC TTCCAGCAAT

2830 2840 2850 2860 2870 2880
GCTTTCCTTC AAAACGGTAG CTTCAAAACT TCCTGTCTTT TAAATGATCA GGGGGCTGTG

2890 2900 2910 2920 2930 2940
TGTTTAAATT ATTGCCATTC ATAGAACAGA GTGGGTCTGA GGATGCCTGT TTCCTTTGAA

2950 2960 2970 2980 2990 3000
ATTCTATGCC CCCTCCCAGT TTTCTAAAAT TTAAGAAACC ACAGAGACTT TGACAATGTA

3010 3020 3030 3040 3050 3060
GTTGCCAAAT GAGTTGCTTT TAACTGCTCT AATAGTTTGG TCTTACCGGT GTTGTTTTTA

3070 3080 3090 3100 3110 3120
GTGTAACTTT TTTTCCCCTC AGTTTTTATT TTATTTCTGT TGGAGATCAC CAACGTGTAC

3130 3140 3150 3160 3170 3180
TGTAGATTTT CTGAGCTGAA TGGTTCAAGG TGAGACTAAT ATTATACTTG AAAGCCTAGC

3190 3200 3210 3220 3230 3240
CTGGAGCTGA CATCCAGATC CTGGCTGTAC CACTTTTTAG CTGGGTAAAC TTGAATTCAT

3250 3260 3270 3280 3290 3300
TAAATGGACA GTCTGGGTCT TAGTTACTTT TTGTTTTAAG ATGTATTTTA ATTTTAAAAC

3310 3320 3330 3340 3350 3360
TATGTGTATG TGTGTGTGCT CCCGAATATA AGTATAGATG CCCATGAAGG TCAGAGATAT

3370 3380 3390 3400 3410 3420
TGGAACCCCC AGGAGTGGTG CAGCAGGCTA TTGTGTGCCA CCAGACCTAG ATGCTGGCAA

3430 3440 3450 3460 3470 3480
CTTGCAACCT CTGCAAGGGA AGTACATATC CTTAACCATC GAGCCACCTT TCTACCCCAG

3490 3500 3510 3520 3530 3540
TCTTAGTTGA AAAATAACAC TCACATATAC TTCATCGAGT ATACAAAGAT ACCAGAAGAA

3550 3560 3570 3580 3590 3600
TGTGTGATGC TTGTAGGGTT AGGAGAAAAT GAAGATATCA TCTTTATTAG TGTTGAAAGG

5’-UTR of Ace2 gene

Exons are marked in yellow.
Coding sequences in exons are shown 
in Red.3’-UTR of Ace2 gene
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47650 47660 47670 47680 47690 47700
ACTTAGTATT TTGTATCACT CTGACAACAT TATCTGCATG TTTTCAGTTG TTTAAACATA

47710 47720 47730 47740 47750 47760
CTCTCAGTTG AATCTTTACA CAAATTAGTT TATTTTATTT AATTTTCTTT ACTATAGAGA

47770 47780 47790 47800 47810 47820
TCTCTCGATT CTACCAAATA ACTTCATTTG AAAAAGCAAG GCTGTGGAGA TGGGTAAAAT

47830 47840 47850 47860 47870 47880
CACCTGCCCC ACAAGCATGA GGACCTGACT TTGAATCCCC AGAGCCCATA TATAAAGCAG

47890 47900 47910 47920 47930 47940
ATACAGGAGG CAAGCATCTA TAATCCCAGC ACTCCTCCAG GGAGATGGAA GGCAGAGGCA

47950 47960 47970 47980 47990 48000
GGAAAGTCCC CAGAAGTCTG TAGGCCACTC AGCCTGGTGT ACACAGCAGA GGCAACAGAC

48010 48020 48030 48040 48050 48060
CCCATCTCAA TCACAATGGG TGTTGAGAAT CAACACTGGA TATTGCTGTC TGATCCCCAC

48070 48080 48090 48100 48110 48120
GTGTGCAATG TAGCATACAC ACTTACACAC ATGCACATGT GTACGCATAC ACAGATGTGC

48130 48140 48150 48160 48170 48180
ACAAAGCACT TTCTAGGTAG TGCAGTCAAC ATGGTTACAA TGTTCAAAAA TACAAGGGGG

48190 48200 48210 48220 48230 48240
TCATAGAGTT CCGTTACCAT TCTTTGTTTC TGAGTTTCCT TTTAACCAAA GTTATCAGTT

48250 48260 48270 48280 48290 48300
TTTAGTAAAA TGAACTATGC ACTACATATT CTTATTTACC AACTAGTATG TTTTAGAGGT

48310 48320 48330 48340 48350 48360
ATTTCCAGAT TTTTCAAAAA ATTCCCAAGC AATATATTTT AGAGATTCTT TCAGATTGGC

48370 48380 48390 48400 48410 48420
TATGTAAAGC ACTTCCATTT GCCTGGTAAT GTAGTTGCCC ACTTTGTAGC AAATGGGTAC

48430 48440 48450 48460 48470 48480
TCCCATGGTT ACCAAATGTT TGTGTCTATT TAAAAAATAC AACAATTTCA AATAGGCAAT

48490 48500 48510 48520 48530 48540
TTCCTGTGCA TGCTAAAGTA GGTGCAAGAT ATGTCCCAGC AGGTAAAAGG CTAGGTTAAA

48550 48560 48570 48580 48590 48600
ATCATCATGA ATTCTAATTT TAATTAATAC TTCTGAACTG TTCTCATAGG GGCAGAATTA

48610 48620 48630 48640 48650 48660
ATGTACAAAC AGCACCAGCT TATGAAAGCT CTCCTTTTCT CCAACTCAGC ATCCTTAGCA

48670 48680 48690 48700 48710 48720
CAGGGTGCCA TCAGACTTTT TGACAGTTAT CCTTTGGGTC AGTGTAAGTA AGTGTCTTTC

48730 48740 48750 48760 48770 48780
TACCATCACT TTAATAAGGA GACTTTGTTT TATTTGACAG GAAAAATGAA ACAAAAAGAG

48790 48800 48810 48820 48830 48840
AAGAGAACCC TTATGACTCG ATGGACATTG GAAAAGGAGA AAGCAATGCA GGATTCCAAA

48850 48860 48870 48880 48890 48900
ACAGTGATGA TGCTCAGACT TCCTTTTAGC AAAGCACTTG TCATCTTCCT GTATGTAAAT

48910 48920 48930 48940 48950 48960
GCTAACTTCA TAGTACACAA AATATGAGAG TATACACATG TCATTAGCTA TCAAAACTAT

48970 48980 48990 49000 49010 49020
GATCTGTTCA GTAAACGTTG TCCAAAGAGC ATCAGACTTG AGTGGACATC TTCACTGACA

49030 49040 49050 49060 49070 49080
TTGCTTTCAG TATTTATTTC TGCCTAAGGA TTTGACATCT CTTCTGTTTA TTAATAGAGA

49090 49100 49110 49120 49130 49140
Ace2-S49135

TGTTTATCTT AGCATAAAAG AGGGAAATGT GCCTTTGGCC TCACAGTCTA TCCAGGGTGA
49150 49160 49170 49180 49190 49200
Ace2-S49135 Ace2-gR

TATGGTTGGG TAACTGGAGT TAGAAGATGA GATGATGTCT CTTGGGGGCA AGTGTTGGCT
49210 49220 49230 49240 49250 49260

Ace2-gRNA-3UTR-#1
TCGGTGTGGC ATCTGGGCTG TGAACTGGTG GGACTGTTGA GGTTGAGAAT GGTGCTCGCT

49270 49280 49290 49300 49310 49320
GGTCACTTGA ATCCAAGTGT GACGTCATGC TCTGTGGCTT CTGCCTTCAC ACTTCTCACT

49330 49340 49350 49360 49370 49380
TCAAGTACTG TAGGAATTTG TTCACAGTAA TACTTGAAAT GGACTGTCCC TTCTTTGGAGMus_musculus_Ace2_sequence.prj 2020/04/17 15:29:47
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49390 49400 49410 49420 49430 49440
GTGCAGTTCA ACGGAGAAAG AAGCCAGACA TCAGGTAGAG ACCATGACCT TTTCTCTTCC

Ace2-R49423
49450 49460 49470 49480 49490 49500

AAACTTGATC AACATCTCTC TAACAAGACA CAGCTAGCAC AGGAAACTCC ACGAACCCAG
49510 49520 49530 49540 49550 49560

AGCATGCCTG TCAGAAACTA CTTCCATTAT TCTCCCATTG TGGAGTAAGG GAAAATTCCA
49570 49580 49590 49600 49610 49620

GATGAATGCT CGATCTGTGA GATGGGTGCC CAGTCTCTGA AATTGTTTGT ATTTTCTCAC
49630 49640 49650 49660 49670 49680

AGGGTCTGAG CAATGGTGAA CACAAAGCCG ACCTCAATAA ATACTTATTA GATTTAGACA
49690 49700 49710 49720 49730 49740

CTCCTCTGAT CTTATGTGTG CTTATGTGTC TGTTATTTCT GGCTCTCATT GTATGGACAA
49750 49760 49770 49780 49790 49800

AGTTGTCATC TTGGACTGAG AAATTATAAA ATCAGTCCAA ATGATTGGTG CTCAGATTGT
49810 49820 49830 49840 49850 49860

ATACACTGAC GTTAGGAACC AGAAACCTAT CATTATCAAT TATAAATCTT ATCATTATCA
49870 49880 49890 49900 49910 49920

ATTATATATA TATATATGTA TATATATATA TATCCCAAGG ATTGATTAAA ACTATATTAA
49930 49940 49950 49960 49970 49980

ATTAACATGT TAGACATGCT ATGTTGGAGA CTCCAATATA ATAGTGTAAT GTTAGAGTGA
49990 50000 50010 50020 50030 50040

CTTTGTACTT AATAAATTTG ATATGTTCAT GGTAATGTTG GATCACAAAT CCATCAAAAT
50050 50060 50070 50080 50090 50100

CATTTGAGGC TATTTAGTAT CTTTGCATTT GTATAATACA CAGATTAGCA AACAGAGAGT
50110 50120 50130 50140 50150 50160

GCCTTTTTTC ATGAGAGCCA TATTTCTCCA ATCAAGCTTC TATATTATCA TCTGTCTTAA
50170 50180 50190 50200 50210 50220

TATCTTGCTT CTGGGGAAGC CAAGAATTGC TTTTCTCCCA AATTTACGTT TACATTTCAT
50230 50240 50250 50260 50270 50280

TGATACCCTT TTAGCTTGTG TATGTCATTT CTTCTCTAAT ACAAGATCTT CTACAAGCTA
50290 50300 50310 50320 50330 50340

CTATTTAAA                                                   

Removed

Removed

Figure 2.
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