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Figure S1. The sgRNA targeting the Bmal1 gene and the sequences of both alleles in the Bmal1 
deletion cell strain. 
 

 
Figure S2. Predicted translation products of both alleles in the Bmal1 deletion cell strain. 



 

Figure S3. The sgRNA targeting the Clock gene and the sequences of both alleles in the Clock 
deletion cell strain. 
 

 
Figure S4. Predicted translation products of both alleles in the Clock deletion cell strain. 



 

Figure S5. The sgRNA targeting the Cry1 gene and the sequences of both alleles in the Cry1 
deletion cell strains. 
 

 

Figure S6. Predicted translation products of both alleles in the Cry1 deletion cell strain (Cry1-C9). 
 



 
Figure S7. Predicted translation products of both alleles in the Cry1 deletion cell strain 
(Cry1-D4). 
 



 
Figure S8. The sgRNA targeting the Cry2 gene and the sequences of both alleles in the Cry2 
deletion cell strain. 
 

 

Figure S9. Predicted translation products of both alleles in the Cry2 deletion cell strain 
(Cry2-F12). 



 

Figure S10. Predicted translation products of both alleles in the Cry2 deletion cell strain 
(Cry2-H3). 
 
 
 



 

Figure S11. The sgRNA targeting the Per1 gene and the sequences of both alleles in the Per1 
deletion cell strain. 
 



 

Figure S12. Predicted translation products of both alleles in the Per1 deletion cell strain 
(Per1-C1). 



 
Figure S13. Predicted translation products of both alleles in the Per1 deletion cell strain 
(Per1-B7). 



 
Figure S14. The sgRNA targeting the Per2 gene and the sequences of both alleles in the Per2 
deletion cell strain. 
 

 
Figure S15. The sgRNA targeting the Per3 gene and the sequences of both alleles in the Per3 
deletion cell strain. 
 



 

Figure S16. Predicted translation products of both alleles in the Per3 deletion cell strain. 



 
Figure S17. The sgRNA targeting the Rora gene and the sequences of both alleles in the Rora 
deletion cell strain. 
 

 
Figure S18. Predicted translation products of both alleles in the Rora deletion cell strain 
(Rora-B11). 



 

Figure S19. Predicted translation products of both alleles in the Rora deletion cell strain 
(Rora-D2). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
Figure S20. The sgRNA targeting the Rorb gene and the sequences of both alleles in the Rorb 
deletion cell strain. 
 

 
Figure S21. The sgRNA targeting the Rorc gene and the sequences of both alleles in the Rorc 
deletion cell strain. 
 



 
Figure S22. Predicted translation products of both alleles in the Rorc deletion cell strain. 



 
Figure S23. The sgRNA targeting the Beta-trcp gene and the sequences of both alleles in the 
Beta-trcp deletion cell strain. 
 

 
Figure S24. Predicted translation products of both alleles in the Beta-trcp deletion cell (C9). 



 
Figure S25. Predicted translation products of both alleles in the Beta-trcp deletion cell (D11). 
 
 
 



 
Figure S26. The sgRNA targeting the Fbxl21 gene and the sequences of both alleles in the Fbxl21 
deletion cell strain. 
 

 
Figure S27. Predicted translation products of both alleles in the Fbxl21 deletion cell. 



 
Figure S28. The sgRNA targeting the Fbxl3 gene and the sequences of both alleles in the Fbxl3 
deletion cell strain. 
 

 

Figure S29. Predicted translation products of both alleles in the Fbxl3 deletion cell. 
 
 
 
 
 
 



 

Figure S30. The sgRNA targeting the Ciart gene and the sequences of both alleles in the Ciart 
deletion cell strain. 
 

 
Figure S31. Predicted translation products of both alleles in the Ciart deletion cell (C8). 
 



 
Figure S32. Predicted translation products of both alleles in the Ciart deletion cell (D4). 
 
 

 
Figure S33. The sgRNA targeting the Dec1 gene and the sequences of both alleles in the Dec1 
deletion cell strain. 
 



 
Figure S34. Predicted translation products of both alleles in the Dec1 deletion cell. 
 
 

 
Figure S35. The sgRNA targeting the Dec2 gene and the sequences of both alleles in the Dec2 
deletion cell strain. 
 



 
Figure S36. Predicted translation products of both alleles in the Dec2 deletion cell. 
 

 
Figure S37. The sgRNA targeting the Npas2 gene and the sequences of both alleles in the Npas2 
deletion cell strain. 
 



 
Figure S38. Predicted translation products of both alleles in the Npas2 deletion cell. 
 



 
Figure S39. The sgRNA targeting the Nr1d2 gene and the sequences of both alleles in the Nr1d2 
deletion cell strain. 
 

 
Figure S40. Predicted translation products of both alleles in the Nr1d2 deletion cell. 



 
Figure S41. The sgRNA targeting the Dbp gene and the sequences of both alleles in the Dbp 
deletion cell strain. 
 

 
Figure S42. The sgRNA targeting the Nfil3 gene and the sequences of both alleles in the Nfil3 
deletion cell strain. 
 

 

Figure S43. Predicted translation products of both alleles in the Nfil3 deletion cell. 
 



 
Figure S44. The sgRNA targeting the Csnk1d gene and the sequences of both alleles in the 
Csnk1d deletion cell strain (Knocking-out of CK1d was reported in Guo et al., JBR, 2019). 
 
 

 
Figure S45. The sgRNA targeting the Csnk1e gene and the sequences of both alleles in the Csnk1e 
deletion cell strain (Knocking-out of CK1e was reported in Guo et al., JBR, 2019). 
 
Note: No translation predictions on Dbp-H11, Per2-A2, and Rorb-B3 cell lines, due to the 
impairments of splicing signals in the targeted exons by mutated nucleotides.  
 

 

Figure S46. The bioluminescence of the wild-type, Bmal1-D8, Clock-F12, and Npas2-B8 cells. 
These genes belong to the core positive regulator group. 



 
Figure S47. The bioluminescence of the Cry1 and Cry2 knock-out cells.  
 

 
Figure S48. The bioluminescence of the Per1, Per2, and Per3 knock-out cells.  
 



 
Figure S49. The bioluminescence of the Rora-B11, Rora-D2, Rorb-B3, Rorc-F8, Nr1d2-F4 
cells. These genes represent regulators for the Bmal1 gene. 
 

 
Figure S50. The bioluminescence of the Beta-trcp-C9, Beta-trcp-D11, Fbxl21-C11, Fbxl3-A9 
cells. These genes represent E3 ligases. 

 



 

Figure S51. The bioluminescence of the Ciart-C8, Ciart-D4, Dec1-D8, Dec2-E8, Dbp-H11, 
Nfil3-B12 cells. These represent auxiliary regulators. 
 

 
Figure S52. The bioluminescence of the casein kinase genes, Csnk1d-D2, Csnk1e-B5 cells.  
  



Table S1. The sequence information of sgRNAs used in this study. 

Target gene sequence Loction-Exon Score 

Bmal1 ACCCGTATTTCCCCGTTCGCTGG 14/21 98 

Clock TCCATCTTTCTCGCGTTACCAGG 6/23 94 

Npas2 TGCCGATCATGGCCGAAGTCAGG 18/21 95 

Cry1 TTCGCCGGCTCTTCCAACGTGGG 1/13 95 

Cry2 ACGGTCCCCGCGCAATCGATGGG 1/12 99 

Per1 TCGCTTCTGTGCTCGGAACGGGG 11/23 93 

Per2 TCGATTCCGCACCCGCAACGGGG 11/23 99 

Per3 GCCGCACTGAGCGTGGCGTCTGG 15/21 96 

Rora ACGCGATTTCGTCTTCGGTCAGG 9/11 98 

Rorb ACCGGCGGCACATACGCCAACGG 4/10 97 

Rorc GTTGCGGCTGGTTCGGTCAATGG 3/10 97 

Nr1d1 GTTGCGATTGATGCGAACGATGG 4/8 99 

Nr1d2 AGCGTTCTTGGGATTGCCGTTGG 2/8 91 

Dbp ACGTATTCCACGTCCCCGAAAGG 2/4 95 

Nfil3 GATTTCTTGGGCATACGCCGTGG 2/2 98 

Ciart CAGCCCCGGGGTCACCGTGGTGG 5/5 79 

Dec1 CATGGACGCAGGTTCGCCGTGGG 5/5 92 

Dec2 GGTGCGGCTATGCGCGTGCTGGG 5/5 97 

Beta-trcp TGGTACCGCGTGACGTCGGACGG 6/15 98 

Fbxl21 GCCCGGGCTCGATCTATTAAAGG 4/7 97 

Fbxl3 TCGGACTTATCTCGACTGCCCGG 3/5 95 

Myc GCTGTACGGAGTCGTAGTCGAGG 2/3 98 

Timeless TACTCGAGCCCGTGAACGTTTGG 23/29 98 

Csnk1d CCTACGACTATGTGTTCGACTGG 6/9 95 

Csnk1e CCTACGACTACGTCTTCGACTGG 7/9 98 

Note：Location-Exon means the number of sgRNA’s exon /total exon 

 

  



Table S2. The sequence information of primers to amplify targeted sites 

GeneName Forward primer 
(5'to 3') 

Reverse primer 
(5'to 3') 

Product 
length 

Bmal1-C AGGTGAGACCGAATCCCACT TAGAAAAGCCAGCTGACCACC 664bp 

Clock-C CTGTCTCCCCAGGCTTACG TGACATATTTGAGCCAGGCGTG 569bp 

Npas2-C TGCCATCCCAGTTTAGCAGT GGGTAGTGTACTCAAGCCGAG 552bp 

Cry1-C 
CTCCACACTATGAGTTACCTAG
ACAC 

GAGCTCGTGTCCGTTCGTGGAG 983bp 

Cry2-C CCCACAGCACACCCCTAAAA GAGGCGATCCAGACTCCTTG 594bp 

Per1-C GATCTTCACCACCCGACACA CCAGCGTGGAGACACAGTT 585bp 

Per2-C ATCTCTATCCCACAGACCCCC GTTGGACCCACTGGGAATGC 613bp 

Per3-C GGCCTTAGCTGTCCGTGTAA TCACCTGGTGCAGCCAATAA 518bp 

Rora-C CAGCTGACAGTGGTGGCTAA CCGCTGAGCCATCTTTTCAC 614bp 

Rorb-C AGGGCAAGGGGCTAGTGATA GAGCATGGTGCCTAGAGAGAG 1050bp 

Rorc-C ATCTGGGATCCACTACGGGG CCCCCACATTCTCACCATCTC 593bp 

Nr1d1-C GGGGCGAGAAGGAGATATGG AGCTCCTATCCAGTCCAGTCC 512bp 

Nr1d2-C ATGCCAGGAGCACTGGTTTT CTGGTGTGAGCCAGGAATGT 547bp 

Beta-trcp-C TCAGGCATGTGCTGCTCTTT TGTCTCTCAGGCTTTCTGCAA 562bp 

Fbxl3-C CGACCGGATCAGAAAGCTCA TGGACACCCTTGCTTCACTC 1084bp 

Fbxl21-C GCACCAATCAATGCGTGGAA AACAGCCCAGTGAGAAACTG 726bp 

Ciart-C GGACAGGCGGACATAGGATG ACACACCTGTTGCACAAACG 555bp 

Dbp-C GGCCCCTAACCCTATCCTTC CTGCTCGCTCCCATTTTTGG 991bp 

Nfil3-C ATGGAGGTGGAATACGTGCC TTGTACCAGTACCCGCTGAC 981bp 

Dec1-C CTCGTCACTCATCTCCATCGTG GATCTGCTTCAAAGCCTGGAGC 696bp 

Dec2-C CGTACAGCCCTGGCTAGACAAG CTGTTCCAGGCTTGGGTCGAG 715bp 

Csnk1d-C 
ATCCAGAAGGAGCTGACTCTGA
GC 

TGAGCTGTACCTCTACTTAGATGC
TG 

800bp 

Csnk1e-C CTCAGAAAGGGCCACCACTT TCATCCCGCCCCTCTTAGAT 651bp 

Myc-C GTATTCCCTACAGTCGCCTCC CGACCGCAACATAGGATGGA 585bp 

Timeless-C AGGTAAAGGCATGGGCTCTG CTACAGTGCTTTGTGGGGTGA 527bp 

 
  



Table S3. The most possible off-target sites for each individual gene in this study 

Target gene sequence Chromosome Site Score 

Bmal1 ACCCTTATTTTCCCGTTCCCAAG 17 -91174644 0.6 

Clock TCCTTCCTTCTCCCGTTACCAAG 13 42768150 0.7 

Npas2 TGCTGATCATCGCCAAAGTCTAG 15 -8659777 0.4 

Cry1 TCCACCGGTCCTTCCAACGTCAG 10 -41714430 0.8 

Cry2 CCTGTCCCCGTGCAATCGACTAG 11 111524673 0.4 

Per1 TGCGTACTGTGCTCGGAACGCGG 11 51817733 0.8 

Per2 TCCCTTCCGCAGCCGCGACGGAG 6 -100094135 0.3 

Per3 GCAACACTGAGCGAGGCGTCGGG 13 12487247 0.4 

Rora AAGTGATTTCTTCTTCAGTCAAG 8 -112844682 0.3 

Rorb ACCGGCGGCCCAGACGCCAGCAG 6 -71781796 0.4 

Rorc GTGGAGGGTGGTTCGGTCACAGG 8 118850237 0.7 

Nr1d2 AGGCTTCCTGTGATTGCCGTCAG 7 -119338549 0.8 

Dbp TCTTATTCCACCTCCCCGAATAG 9 -66088878 1.4 

Nfil3 GATTCCTTGAGTATACGCCAGGG 4 86171320 0.3 

Ciart CTGTCCCGGGGTCACCATGGCAG 2 -131948868 1.3 

Dec1 CCGGGAGGCAGGGTCGCCGTGAG 10 -61461408 0.4 

Dec2 GGAGCAGACATGCGCGTGCTGGG 11 68844738 0.5 

Beta-trcp CGGGACAGCGTGACGTCGCAAGG 4 -151671218 0.4 

Fbxl21 CCCAGGGCCCTATCTATTAAAGG 2 -14610824 0.5 

Fbxl3 TGGGACTTGTCTCGACTGCATAG 6 58683716 0.9 

Csnk1d GGTTGGGGAAGCCTTGGCGACAG 7 51888871 1.7 

Csnk1e CCTACGACTATGTGTTCGACTGG 11 -120832891 0.5 

 
 
 
 
 
 
 
 
  



Table S4. Primers to amplify the most possible off-target site for individual genes 

GeneName 
Forward primer 

(5'to 3') 
Reverse primer 

(5'to 3') 
Product 
length 

Bmal1-O ACGATGAGGAGGTAGTGA TGTAAGTGGAAATGGGTA 618bp 

Clock-O AGTGCGGTTCTGCTATT TTTCTGTCAACGCTTCA 488bp 

Npas2-O CATTAGAAGGTAGGAGCAT CAAGATTGAACGGGTGT 601bp 

Cry1-O GTCATCCTCCTGCCACT GTCCCATCAACTAATCCTT 494bp 

Cry2-O GTGTTACAGGCTTCCC CTCAGCAGGTGTTTCC 199bp 

Per1-O CCCCATAAGTGTTCCGTAGA CCTCAGCCCATCCTGTAGTC 499bp 

Per2-O CTTTGCTCACTCCCTCTGG TCTGGCGATTTGTCTTCC 395bp 

Per3-O CTGCGTTCAGCGAGTG TCTAAGTTCCGCCTATTCA 545bp 

Rora-O GAGAACGGAAGGTGAG CAGCATCCTGGAGACA 548bp 

Rorb-O ACTGCCAACGGACAACG CTCGGCTACGGAAACAAA 445bp 

Rorc-O GTTCTTGGACGCTCAC GCCTCCTGGATGTTG 223bp 

Nr1d1-O GGTCAAGGGAAATAAAG GGGTCCTAACGCAGT 555bp 

Nr1d2-O AAGGGTCCTGCTCCA GATTCTTAGGCATTCACG 529bp 

Beta-trcp-O GGGCTCTAAACTTGGGACGAA GCGGTTGAGGGCTGGATT 162bp 

Fbxl3-O AAACCCGAAGTCAGTAG GATGGCAATCCAAGTAG 416bp 

Fbxl21-O TTTATCTCCTGCTTCTACT CTTCTGCCTCAACCC 936bp 

Ciart-O GCAAGGGTTCAAGGC AGGCAAATGGTGGTTAG 500bp 

Dbp-O TGGCAGCAGCACCTAA CACCACCATCTCAGACACC 776bp 

Nfil3-O AAACAAGTGGGTAAGTGC GTTGCCCGATACAGATT 503bp 

Dec1-O CACCATTGTTCCCTT CTGCTCCTCAGTGTTAG 550bp 

Dec2-O TCATCTTTCTTGGCTCTTC TCCCGTGCTGACTTCTT 255bp 

Csnk1d-O GCACTTGTAGGGACTTGG CTGCGGTGATAGGAGGT 469bp 

Csnk1e-O TTGGCTTTCACAACTCTA TTTCTGCCGTTCCTTA 269bp 

Myc-O TTGCTGAACGGACAAATAC CGGGACCAATGGAGACA 1039bp 

Timeless-O TCCCTGCTATTGCTGC ATGGGTTTGGTCTTTCC 308bp 

 
 


