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bfRAG1L   : 
SpRAG1L   : 
259130365 : 
259130363 : 
9630657   : 
            

                                                           
                                                           
-----------------------------------------------CCFKPASCLLGKY
TDLSVDDCLAMRVGTLCTKGMYAEKYSFLKSKGDKTFRPPGQLTKRESCYMPGNVRFGLM
TEHKV------KVFILPMKAYTAVDFCTLVQGNTLSDE------KWYTMHYLKQILSGTV
TEHKV------KVFILPMKAYTAVDFCTLVQGNTLSDE------KWYTMHYLKQILSGTV
TEHKV------KIFILPMKSYTAIDFCTLIQGNTISDN------KWYTMHYLKQIASGSI
                                                           

            
            
bfRAG1L   : 
SpRAG1L :

                                                           
                                                           
LEEIDEDIVKGLEKLGLDPT--NPSIIIHTLVK--DEADGMGEVSVHKEKADKSLPDKAL
LEELDENIREGMLKVGLNPD--GPSIIIDTTLK--DGADGMGEIAVHKMKSDTFLPDKAFSpRAG1L   : 

259130365 : 
259130363 : 
9630657   : 
            

LEELDENIREGMLKVGLNPD GPSIIIDTTLK DGADGMGEIAVHKMKSDTFLPDKAF
LYNI---ILESNLRLDFIPLLFRMQALTQADLNKFDALKTNERISWNNWQTNRSLNSGII
LYNI---ILESNLRLDFIPLLFRMQALTQADLNKFDALKTNERISWNNWQTNRSLNSGII
LFNT---LLASTTRLDFIPLLFRLKVLTQTDLNRFDALKTNERVSWNNWQTNRSLNSGLI
                                                           

            
            
bfRAG1L   : 
SpRAG1L   : 
259130365 : 
259130363 : 
9630657   : 
            

                                                           
                                                           
RERLVMKDKVMRVHITENIKRAHFLTFSNSMIDEKWDRSHGGLAGAGSRF-----LCTIC
KERLILQNSIMTIHAG-TYTRLHRFTIYNSMIDEKLARSSGGLQGSGSNF-----ICTLC
-------DEKYNYYVTFQKKRAHMYTYQVSTIEHIYRRNQEGMTSRGNRFNRMVPVCPVV
-------DEKYNYYVTFQKKRAHMYTYQVSTIEHIYRRNQEGAISRGNRFNRMVPVCPVV
-------DEKYNYYITYQKKRAHIYTYQVSTIEHILRRNNEGLQSRGPRYNKMVPVCPVV
                                                    

            
            
bfRAG1L   : 
SpRAG1L   : 
259130365 : 
259130363 : 
9630657   : 
            

                                                           
                                                           
GIDATHADINMGNFFKTLIITILGKWPR--------------------------------
LMDATHADIDLGQFFKKIIVREMAGVHKWEASENVKQYIVDAERRLNINVRELLGTAPSL
-MFFNGPDIKAG------VVNLTA--------------LMRTQELLSLNYDNI---CKSS
-VFFNGPDIKAG------VVNLTA--------------LMRTQELLSLNYDNI---CKSS
-MFFSGPTIKAG------IINLTS--------------LMRTQELLTLNYDNL---CKSS
                                                           

Fig. S1. Multiple alignment between bfRAG1L and vir
i di h l h i G dproperties according to the color scheme in Genedoc.

on the left side. Positions of amino acids of the corresp

Zhang. Supplemental Fig. S1

                                                                
                                                                
YTNIIFESLEPDSVLQD--------FD-------------KGVPDLMCPNTKGVRFSYINAVAKT
MEGGKCVYHTPEKSLEE--------FDDHSMYEPIRINVRSKLTEFALPNCIGVAWSYPEAVAKT
VKGTIVTTSTSEQIIANECFRTLCHFTDSFVEEASRLNFITEVID---------SFQYKNIPVNS
VKGTIVTTSTSEQIIANECFRTLCHFTDSFVEEASRLNFITEVID---------SFQYKNIPVNS
IKGNIVTTSTSEQIIANECFRVLCHFADSFVEEASRLSFINEVLD---------NFTYKNISVNS
                                                                

       
       
 :   56
 :  513
 : 1779
 : 1779
 : 1780
       

                                                                
                                                                
LRFSFCILKCSVMHN-GEEVTIFEEPK-----PNSV--RSNRPIVECIGDENDASTVNVCIGPVE
FRASFVVLKCEVKRDDGTRDLVFEEPK-----PNSVI--VNRPLLEAIGDENSASTSAVLMRKME

       
       
 :  168
: 626FRASFVVLKCEVKRDDGTRDLVFEEPK PNSVI VNRPLLEAIGDENSASTSAVLMRKME

IDLTISGYLRSIRIVGEDKVLRIAELTIPNFYPNTVFHAGNKLLNSRHGLKFEYMTECVL-----
IDLTISGYLRSIRIVGEDKVLRIAELTIPNFYPNTVFHAGNKLLNSRHGLKFEYMTECVL-----
IDLTISGYLRSIRVVGEDNKLKIAELTIPNFYPNTVFHAGNKLLNSRHGLKFEYMEEIVL-----
                                                                

: 626
 : 1895
 : 1895
 : 1896
       

                                                                
                                                                
CDAVRDEALQKTDSYCITRTLSNITETAAILRTNPNNLSDAALSQQAHRVKCDCETLLTTEPWER
CHATKTSAKTQLGSFKIDRTLTETQQTLTYITTNPDNLTPDELTTEAGGVKR--KPLLTSEPKQQ
VLSVRDELFRMNLNNVFSLNMTNFNMSRLYV--SPDEM---ATIKKAHMSKM-------------
VLSVRDELFRMNLSNVFSLNMTNFNMSRLYV--SPDEM---ATIKKAHMSKM-------------
VLSVRDELFRMSLENVFSLNMTNFSMSRLFV--SPDEV---ATVKKAHMSKM-------------
                                           

       
       
 :  287
 :  742
 : 1994
 : 1994
 : 1995
    

                                                                
                                                                
-----------------------------------------------------------------
LMMPGNYARALFKEKNEDVFLELIRNEERKELLRSVLQKFRALRKIYREHHPNKREVQGFKKKAV
SIIP--FCRILSCDGSEDTGELIFLSDEIMDF--TISEEIESMPIFTIKYQKKGHEKMTYKNAIS
SIIP--FCRILSCDGSEDTGELIFLSDEIMDF--TISEEIESMPIFTIKYQKKGHEKMTYKNAIS
SIVP--FCRILECNGDEQ-GELIFLSDEVMDF--TISEEIESMPLFTIRYQKRGTEIMTYKNAIM
                                                                

       
       
 :  315
 :  866
 : 2090
 : 2090
 : 2090
       

rus proteins. Amino acids are shaded using conserved
Th G B k GI b f i i di dThe GenBank GI numbers of proteins are indicated

ponding proteins are indicated in the right side.
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bfRAG1L : 
SpRAG1L :

                                                    
                                                    
--------CCFKPASCLLGKYTNIIFESLEPDSVLQDFDKG------------
PGQLTKRESCYMPGNVRFGLMEGGKCVYHTPEKSLEEFDDHSMYEPIRINVRS

A
SpRAG1L : 
          

PGQLTKRESCYMPGNVRFGLMEGGKCVYHTPEKSLEEFDDHSMYEPIRINVRS
                                                    

          
          
bfRAG1L : 
SpRAG1L : 
          

                                                    
                                                    
EADGMGEVSVHKEKADKSLPDKALRFSFCILKCSVMHN-GEEVTIFEEPKPNS
GADGMGEIAVHKMKSDTFLPDKAFRASFVVLKCEVKRDDGTRDLVFEEPKPNS
                                                    

          
          
bfRAG1L : 
SpRAG1L : 
          

                                                    
                                                    
NSMIDEKWDRSHGGLAGAGSRFLCTICDAVRDEALQKTDSYCITRTLSNITET
NSMIDEKLARSSGGLQGSGSNFICTLCHATKTSAKTQLGSFKIDRTLTETQQT
                                                    

          
          
bfRAG1L : 
SpRAG1L : 
          

                                     
                                                    
IITILG---KWPR----------------------------------------
IVREMAGVHKWEASENVKQYIVDAERRLNINVRELLGTAPSLMMPGNYARALF
                                                    

          
          
bfRAG1L : 
mRAG1   : 
          

                                                    
                                                    
-----------------------------------------------------
TLFLLALRARNEHRQADELEAIMQGRGSGLQPAVCLAIRVNTFLSCSQYHKMY
                                                    

                                               

B

          
bfRAG1L : 
mRAG1   : 
          

                                                    
----------NTKGVRFSYINAVAKTLEEIDEDIVKGLEKLGLDP--TNPSII
LASSVDEYPVDTIAKRFRYDSALVSALMDMEEDILEGMRSQDLDDYLNGPFTV
                                                    

          
          
bfRAG1L : 
mRAG1   : 
          

                                                    
                                                    
KPNSVRSNRPIVECIGDENDASTVNVCIGPVERERLVMKDKVMRVHITENIKR
KPNSELCCKPLCLMLADESDHETLTAILSPLIAEREAMKSSELTLEMG-GIPR
                                                    

          
          
bfRAG1L :

                                                    
                                                    
NITETAAILRTNPNNLSDAALSQQAHRVKCDCETLLTTEPWERGIDATHADI-bfRAG1L : 

mRAG1   : 
          

NITETAAILRTNPNNLSDAALSQQAHRVKCDCETLLTTEPWERGIDATHADI
ENLQRYEVWRSNPYHESVEELRDRVKGVSA--KPFIETVP---SIDALHCDIG
                                                    

          
          
SpRAG1L : 
mRAG1   : 
          

                                                             
                                                             
M---------------EIVE------------------------------------------
MAASLPSTLSFSSAPDEIQHPQIKFSEWKFKLFRVRSFEKAPEEAQKEKDSSEGKPYLEQSP
                                                             

          
          
SpRAG1L : 
mRAG1   : 

                                                             
                                                             
----------KKSLSSKEK----YEELILSVYGIDFKLDDEDVHPPRICVSCRLWMTRSDSR
PVHGPVDAKTQSLFRKKEKRVTSWPDLIARIFRIDVKADVDSIHPTEFCHDCWSIMHRKFSS

C

                                                                       
          
          
SpRAG1L : 
mRAG1   : 
          

                                                             
                                                             
QASCSFTAPSPPTARIYQPIKPQTRSDSRNAEGPTYHLCSVCAATTL-TKEKAVGTDDLPPP
RK----------------------RTQARVSSKEVLKKISNCSKIHLSTKLLAV---DFPAH
                                                             

          
          
SpRAG1L : 
mRAG1   : 
          

                                                             
                                                             
PTATALLTPTATASLTPTATAPLPPTATALLTPTATRYRPIVTKDRAPFTRALFSPVLTVPA
KSFLNILNSLMVKCPAQDCNEEV----------SLEKYNHHVSSHKE-------SKETLVHI
                                                             

                                                                       
          
SpRAG1L : 
mRAG1   : 
          

                                            
AKMVMELWTERKKSTDLSVDDCLAMRVGTLCTKGMYAEKYSFLKS-KGDKTFRPPGQLTKRE
DELEAIM---QGRGSGLQPAVCLAIRVNTFLSCSQYHKMYRTVKAITGRQIFQPLHALRNAE
                                                             

          
          
SpRAG1L : 
mRAG1   : 
          

                                                             
                                                             
AVAKTLEELDENIREGMLKVGLNP--DGPSIIIDTTLKDGADGMGEIAVHKMKSDTFLPDKA
ALVSALMDMEEDILEGMRSQDLDDYLNGPFTVV---VKESCDGMGDVS-EKHGSGPAVPEKA
                                                             

          
          
SpRAG1L : 
mRAG1   : 

                                                             
                                                             
LQNSIMTIHAGTYTRLHRFTIYNSMIDEKLARSSGGLQGSGSNFICTLCHATKTSAKTQLGS
MKSSELTLEMGGIPRTFKFIFRGTGYDEKLVREVEGLEASGSVYICTLCDTTRLEASQNLVF

                                                                       
          
          
SpRAG1L : 
mRAG1   : 
          

                                                             
                                                             
KKIIVREMAGVHKWE--ASENVKQYIVDAERRLNINVRELLGTAPSLMMPGNYARALFKEKN
YKIFQLEIGEVYKHPNASKEERKRW----QATLDKHLRKRMNLKPIMRMNGNFARKLMTQET
                                                             

          
          
SpRAG1L : 
mRAG1   : 
          

                                                             
                                                             
VCW---PNYLHKIFEHTQEAMLSEDGPGSIGILSSEGSEAANKLFRKLRNNFSRRGDVLDGL
RYEGKITNYFHKTLAHVPEII---ERDGSIGAWASEGNESGNKLFRRFRKMNARQSKCYE-M
                                                             

                                                        
                                                        

--VPDLMCPNTKGVRFSYINAVAKTLEEIDEDIVKGLEKLGLDPTNPSIIIHTLVKD
SKLTEFALPNCIGVAWSYPEAVAKTLEELDENIREGMLKVGLNPDGPSIIIDTTLKD

      
      
 :  88
: 545

Zhang. Supplemental Fig. S12ABC

SKLTEFALPNCIGVAWSYPEAVAKTLEELDENIREGMLKVGLNPDGPSIIIDTTLKD
                                                        

: 545
      

                                                        
                                                        

SVRSNRPIVECIGDENDASTVNVCIGPVERERLVMKDKVMRVHITENIKRAHFLTFS
SVIVNRPLLEAIGDENSASTSAVLMRKMEKERLILQNSIMTIHAGT-YTRLHRFTIY
                                                        

      
      
 : 196
 : 653
      

                                                        
                                                        

TAAILRTNPNNLSDAALSQQAHRVKCDCETLLTTEPWERGIDATHADINMGNFFKTL
TLTYITTNPDNLTPDELTTEAGGVKR--KPLLTSEPKQQLMDATHADIDLGQFFKKI
                                                        

      
      
 : 305
 : 760
      

                 
                                                        

---------------------------------------------------------
FKEKNEDVFLELIRNEERKELLRSVLQKFRALRKIYREHHPNKREVQGFKKKAVQIG
                                                        

      
 : 315
 : 869
      

                                                       
                                                       

----------CCFKPASCLLGKYTNII-----FESLEP-DSVLQDFDKGVPDLMCP
YRTVKAITGRQIFQPLHALRNAEKVLLPGYHPFEWQPPLKNVSSRTDVGIIDGLSG
                                                       

       
       
 :   40
 :  540
       

                 
                                                       

IIHTLVKDEADGMGEVSVHKEKADKSLPDKALRFSFCILKCSVMHNGEEVTIFEEP
VV---VKESCDGMGDVS-EKHGSGPAVPEKAVRFSFTVMRITIEHGSQNVKVFEEP
                                                       

       
 :  136
 :  644
       

                                                       
                                                       

RAHFLTFSNSMIDEKWDRSHGGLAGAGSRFLCTICDAVRDEALQKTDSYCITRTLS
RTFKFIFRGTGYDEKLVREVEGLEASGSVYICTLCDTTRLEASQNLVFHSITRSHA
                                                       

       
       
 :  244
 :  751
       

                                                       
                                                       

-NMGNFFKTLIITI--LGKWPR----------------------------------

       
       
: 315NMGNFFKTLIITI LGKWPR

GNAAEFYKIFQLEIGEVYKHPNASKEERKRWQATLDKHLRKRMNLKPIMRMNGNFA
                                                       

: 315
 :  854
       

                                                                
                                                                
---------------------------------------LHRKALSQTCRVCGSYVKN-------
PVVPEKPGGQNSILTQRALKLHPKFSKKFHADGKSSDKAVHQARLRHFCRICGNRFKSDGHSRRY
                                                                

      
      
 :   24
 :  126
      

                                                                
                                                                
RNAEGPTYPTSGKTLANFSAHPELEPCSICEAYQATKSTKRKAVGTDGLPPPKIPSAAVSGTDEQ
SSHSQVYFPRK----VTVEWHPHTPSCDIC--FTAHRGLKRKRHQPNVQLSKKLKTVLNHARRDR

      
      
 :  136
 :  246

                                                                      
                                                                
                                                                
PEIPSAAVSGLDEQQASCSFTAPLPPTATAPLTPTATAPLTPTATAPLTPTATAPLTPTATAPLT
HFVKSISCQICEHILADPVETSCKHLFCRICILRCLK------VMGSYCPSCRYPCFPTDLESPV
                                                                

      
      
 :  261
 :  341
      

                                                                
                                                                
ARKSPARAKGSLHYVRRDCAKNRARGALDFMTSHSAAKNEN----ETDLWFFGLHNRLRNEEDER
INKG-GRPRQHLLSLTRRAQKHRLR-ELKIQVKEFADKEEGGDVKAVCLTLFLLALRARNEHRQA
                                                                

      
      
 :  383
 :  448
      

                                                                      
                    

ESCYMPGNVRFGLMEGGKCVYHTPEKSLEEFDDHSMYEPIRINVRSKLTEFALPNCIGVAWSYPE
EKVLLPGYHPFE--------WQPPLKNVSSRTDVGIIDGLS-GLASSVDEYPV-DTIAKRFRYDS
                                                                

 :  508
 :  561
      

                                                                
                                                                
AFRASFVVLKCEVKRDDGTRDL-VFEEPKPNSVIVNRPLLEAIGDENSASTSAVLMRKMEKERLI
AVRFSFTVMRITIEH--GSQNVKVFEEPKPNSELCCKPLCLMLADESDHETLTAILSPLIAEREA
                                                                

      
      
 :  631
 :  681
      

                                                                
                                                                
SFKIDRTLTETQQTLTYITTNPDNLTPDELTTEAGGVKRKPLLTSEPKQQLMDATHADIDLGQFF
FHSITRSHAENLQRYEVWRSNPYHESVEELRDRVKGVSAKPFIETVPS---IDALHCDIGNAAEF

      
      
 :  757
: 804

                                                                      
                                                                
                                                                
NEDVFLELIRNEERKELLRSVLQKFRALRKIYREHHPNKREVQGFKKKAVQIGR--ELLE-HFEY
TVDAVCELIPSEERHEALRELMDLYLKMKPVWRSSCPAKECPESLCQYSFNSQRFAELLSTKFKY
                                                                

      
      
 :  878
 :  926
      

                                                         
                                                         
LRDILWFHWLYTSPKLVRL----RAVTRGTYTCSR-------CGAEGHNKKSCNVKAT
MEDVLKHHWLYTSKYLQKFMNAHNALKSSGFTMNSKETLGDPLGIEDSLESQDSMEF-
                                                         

       
       
 :  983
 : 1040
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Table S1. Significance of similarities between bfRAG

Virus proteins 

Gi 74136753 recombination activating protein 1-like S

Gi 259130365 RNA dependent RNA polymerase T

Table S1. Significance of similarities between bfRAG

Gi 259130363 RNA dependent RNA polymerase T

Gi 9630657 hypothetical protein BUNVsLgp1 B

bfRAG1L protein was as a query for searching a
vertebrates proteins. The columns 1-2 listed all the Ge
producing significant alignments with E-values bettep g g g
searches and their GI numbers are indicated (SI Mat
species. Column 4 indicated the E-values of the best
proteins (E-value <3e-05).

G1L and virus proteins.

Zhang. Supplemental Table S1

PSI-BLAST
E (first iteration)

Strongylocentrotus purpuratus 7e-74

Tensaw virus 1e-05

G1L and virus proteins. 

Tensaw virus 2e-05

Bunyamwera virus 3e-05

against all the GenBank proteins excluding jawed
enBank proteins excluding jawed vertebrates proteins
r than threshold in the first iteration in PSI-BLAST
terials and Methods). Column 3 listed the names of
t matches between bfRAG1L and the corresponding



Table S2. The sequence analysis of the bfRAG1L-int

Cleavage site of bfRAG
3 5
ACAGATGTAGGTGTTCCACA--------
CAACCCCGCCAGCCTAGCCG--------
CGGAAACCGAAGACCATTCA--------
GCGTATCGGTGATTCATTCT--------
GATGCGGTATTTTCTCCTTA--------GATGCGGTATTTTCTCCTTA
CAGAGGTTTTCACCGTCATC--------
CGCAGGAAAGAACATGTGAG--------
GTCTGCCTCCCCGCGTTGCG--------
CCCGGCTAGGCTGGCGGGGT--------
AGACATCTGTGAATCGCTTC--------
AGGGCGCGTCAGCGGGTGTT--------
ACGGATGGCATGACAGTAAG--------
CAATTAATAGACTGGATGGA--------CAATTAATAGACTGGATGGA--------
AGACATCTGTGAATCGCTTC--------
AGGGCGCGTCAGCGGGTGTT--------
ACGAGCGTGACACCACGATG--------
GCGGTATCATTGCAGCACTG--------
CCATATGCGGTGTGAAATAC--------
CCGCTTCCTCGCTCACTGAC--------
CGCTCATCGTCATCCTCGGC--------
CGCTGGAGCGCGACGATGATCGCTGGAGCGCGACGATGAT--------
CAGCGCTCTGGGTCATTTTC--------
CGATGATCGGCCTGTCGCTT--------
CAAGAATTCTCATGTTTGAC--------
CAGGCACCGTGTATGAAATC--------
GCTTCCATTCAGGTCGAGGT--------
ATAAATCGCCGTGACGATCA--------

9/27   have C nucleotide at 
6/27   have G nucleotide at 
5/27   have A nucleotide at 
7/27   have T nucleotide at 
5/27   have C nucleotide at 
11/27  have G nucleotide at 
6/27 have A nucleotide at6/27   have A nucleotide at 
5/27   have T nucleotide at 

Dashed line indicated the cut position with 5'-phosph
analyzed from two independent experiments.

troduced cleavage sites within the plasmid pBR322. 

Zhang. Supplemental Table S2

G1L on pBR322   
3 5

-----GGGTAGCCAGCAGCATCCTG
-----GGTCCTCAACGACAGGAGCA
-----TGTTGTTGCTCAGGTCGCAG
-----GCTAACCAGTAAGGCAACCC
-----CGCATCTGTGCGGTATTTCACGCATCTGTGCGGTATTTCA
-----ACCGAAACGCGCGAGGCAGC
-----CAAAAGGCCAGCAAAAGGCC
-----TCGCGGTGCATGGAGCCGGG
-----TGCCTTACTGGTTAGCAGAA
-----ACGACCACGCTGATGAGCTT
-----GGCGGGTGTCGGGGCGCAGC
-----AGAATTATGCAGTGCTGCCA
-----GGCGGATAAAGTTGCAGGAC-----GGCGGATAAAGTTGCAGGAC
-----ACGACCACGCTGATGAGCTT
-----GGCGGGTGTCGGGGCGCAGC
-----CCTGCAGCAATGGCAACAAC
-----GGGCCAGATGGTAAGCCCTC
-----CGCACAGATGCGTAAGGAGA
-----TCGCTGCGCTCGGTCGTTCG
-----ACCGTCACCCTGGATGCTGT

CGGCCTGTCGCTTGCGGTAT-----CGGCCTGTCGCTTGCGGTAT
-----GGCGAGGACCGCTTTCGCTG
-----GCGGTATTCGGAATCTTGCA
-----AGCTTATCATCGATAAGCTT
-----TAACAATGCGCTCATCGTCA
-----GGCCCGGCTCCATGCACCGC
-----GCGGTCCAGTGATCGAAGTT

5’:33.3%
5’:22.2%
5’:18.5%
5’:25.9%
3’:18.5%
3’:40.7%
3’:22 2%3 :22.2%
3’:18.5%

horylated and 3'-OH end as shown. Sequences were



Table S3. Sequence analysis of coding joints (A), signal joi

A. Coding joints

Ch-bfRAG1L + RAG2

left coding end   right coding end           
CCAAGCTTGGGCTGCAGGTCGAC  GGATCCCCGGGGATCAGCTTGGCGAGA

q y g j ( ), g j

CCAAGCTTGGGCTGCAGGTCGAC-----------------------------
CCAAGCTTGGGCTGCAGGTCGA------TCCCCGGGGATCAGCTTGGCGAGA
CCAAGCTTGGGCTGCAGG----------------GGGATCAGCTTGGCGAGA
CCAAGCTT------------------------CGGGGATCAGCTTGGCGAGA
CCAAGCTTGGGCTGCAGGTCG-------------GGGATCAGCTTGGCGAGA
CCAAGCTTGGGCTGCAGGTC----------CCCGGGGATCAGCTTGGCGAGA
CCAAGCTTGGGC------------------CCCGGGGATCAGCTTGGCGAGA
CCAAGCTTGGGCTGCAG-----------TCCCCGGGGATCAGCTTGGCGAGA
CCAAGCTTGGGCTGCAGG---ATCCCT------GGGGATCAGCTTGGCGAGACCAAGCTTGGGCTGCAGG ATCCCT GGGGATCAGCTTGGCGAGA
CCAAGCTTGGGCTGCAGGTCGAC---GATCCCCGGGGATCAGCTTGGCGAGA
CCAAGCTTGGGCTGCAGGTC---------CCCCGGGGATCAGCTTGGCGAGA
CCAAGCTTGGGCTG-------------ATCCCCGGGGATCAGCTTGGCGAGA
CCAAGCTTGGGCTGCAGGTC--------------------AGCTTGGCGAGA
CCAAGCTTGGGCTGCAGGTCGACGT-------CGGGGATCAGCTTGGCGAGA
CCAAGCTTGGGCTGC---------GGGATCCCCGGGGATCAGCTTGGCGAGA
CCAAGCTTGGGCTGCAGGTC-----------CCGGGGATCAGCTTGGCGAGA
CCAAGCTTGGGCTGCAGG---------ATCCCCGGGGATCAGCTTGGCGAGA
CCAAGCTTGGGCTGCAGGTCGACG TCCCCGGGGATCAGCTTGGCGAGACCAAGCTTGGGCTGCAGGTCGACG----TCCCCGGGGATCAGCTTGGCGAGA
CCAAGCTTGGGCTGCAGGTC-------------GGGGATCAGCTTGGCGAGA
CCAAGCTTGGGCTGCA-------------CCCCGGGGATCAGCTTGGCGAGA
CCAAGCTT--------AATTCCCTCCCC---------ATCAGCTTGGCGAGA
CCAAGCTT---AAT---CCACTGTGGGATCCCCGGGGATCAGCTTGGCGAGA
CCAAGCTTGGGCTGCAGGTCGACCACAG------------------------
CCAAGCTTGGGCTGCAG----------ATCCCCGGGGATCAGCTTGGCGAGA
CCAAGCTTGGGCTGCAGGT-------GATCCCCGGGGATCAGCTTGGCGAGA
CCAAGCTTGGGCTGCAGG-----------CCCCGGGGATCAGCTTGGCGAGA
CCAAGCTTGGGCTGCAG-CTACCACTGTGGGATCCCCGGGGATCAGCTTGGC
CCAAGCTTGGGCTGCAGG--GTC---GATCCCCGGGGATCAGCTTGGCGAGA
CCAAGCTTGGGCTGCAGGTCGAC---------CGGGGATCAGCTTGGCGAGA
CCAAGCTTGGGCTGCAGGTCGAC-----------------------GCGAGA
CCAAGCTTGGGCTGCAGGTCGAC---GATCCCCGGGGATCAGCTTGGCGAGA
CCAAGCTTGGGCTGCAGGT--------ATCCCCGGGGATCAGCTTGGCGAGA

27/50 have microhomologies (bold underlined) < 3nt: 5427/50 have microhomologies (bold underlined) < 3nt: 54
50/50 have deletions: 100%
20/50 have deletions > 10nt: 40.0%
5/50  have nucleotide insertion (italic): 10.0%
2/50  have P nucleotides  (bold): 4.0%

ints (B) and signal ends (C). 

Zhang. Supplemental Table S3A

                             del(bp) homol clones
ATTTTCAGGAGCTAAGGAAGCTAAAATG

( ) g ( )

---------------------AAAATG    48      0     1/50
ATTTTCAGGAGCTAAGGAAGCTAAAATG    4       2     4/50       
ATTTTCAGGAGCTAAGGAAGCTAAAATG    14      1     2/50
ATTTTCAGGAGCTAAGGAAGCTAAAATG    22      0     1/50
ATTTTCAGGAGCTAAGGAAGCTAAAATG    11      2     2/50
ATTTTCAGGAGCTAAGGAAGCTAAAATG    8       2     8/50
ATTTTCAGGAGCTAAGGAAGCTAAAATG    16      1     1/50
ATTTTCAGGAGCTAAGGAAGCTAAAATG    9       0     1/50
ATTTTCAGGAGCTAAGGAAGCTAAAATG 13 0 1/50ATTTTCAGGAGCTAAGGAAGCTAAAATG    13      0     1/50
ATTTTCAGGAGCTAAGGAAGCTAAAATG    1       0     1/50
ATTTTCAGGAGCTAAGGAAGCTAAAATG    7       0     1/50
ATTTTCAGGAGCTAAGGAAGCTAAAATG    11      1     1/50
ATTTTCAGGAGCTAAGGAAGCTAAAATG    18      2     2/50
ATTTTCAGGAGCTAAGGAAGCTAAAATG    7       0     1/50
ATTTTCAGGAGCTAAGGAAGCTAAAATG    8       0     1/50
ATTTTCAGGAGCTAAGGAAGCTAAAATG    9       1     1/50
ATTTTCAGGAGCTAAGGAAGCTAAAATG    7       2     1/50
ATTTTCAGGAGCTAAGGAAGCTAAAATG 3 0 1/50ATTTTCAGGAGCTAAGGAAGCTAAAATG    3       0     1/50
ATTTTCAGGAGCTAAGGAAGCTAAAATG    11      1     3/50
ATTTTCAGGAGCTAAGGAAGCTAAAATG    11      0     1/50
ATTTTCAGGAGCTAAGGAAGCTAAAATG    27      0     2/50
ATTTTCAGGAGCTAAGGAAGCTAAAATG    15      0     1/50
--------------GGAAGCTAAAATG    41      0     1/50
ATTTTCAGGAGCTAAGGAAGCTAAAATG    8       1     1/50
ATTTTCAGGAGCTAAGGAAGCTAAAATG    5       0     3/50
ATTTTCAGGAGCTAAGGAAGCTAAAATG    9       0     1/50
CGAGATTTTCAGGAGCTAAGGAAGCTAA    6       0     1/50
ATTTTCAGGAGCTAAGGAAGCTAAAATG    6       0     1/50
ATTTTCAGGAGCTAAGGAAGCTAAAATG    7       1     1/50
ATTTTCAGGAGCTAAGGAAGCTAAAATG    21      0     1/50
ATTTTCAGGAGCTAAGGAAGCTAAAATG    1       0     1/50
ATTTTCAGGAGCTAAGGAAGCTAAAATG    6       0     1/50

0%.0%



Table S3A continued

cRAG1 +  RAG2

left coding end   right coding end          
CCAAGCTTGGGCTGCAGGTCGAC   GGATCCCCGGGGATCAGCTTGGCGAG
CCAAGCTTGGGCTGCAGGTCGAC   GGATCCCCGGGGATCAGCTTGGCGAG
CCAAGCTTGGGCTGC-----------------CCGGGGATCAGCTTGGCGAG
CCAAGCTTGGGCTGCAGGTC-----------CCCGGGGATCAGCTTGGCGAG
CCAAGCTTGGGCTGC------------GATCCCCGGGGATCAGCTTGGCGAG
CCAAGCTTGGGCTGCAGG----------ATCCCCGGGGATCAGCTTGGCGAG
CCAAGCTTGGGCTGCAGGTCG------GATCCCCGGGGATCAGCTTGGCGAG
CCAAGCTTGGGCTGCAGGTCGA-------TCCCCGGGGATCAGCTTGGCGAG
CCAAGCTTGGGCTGCAG-----------ATCCCCGGGGATCAGCTTGGCGAG
CCAAGCTTGGGCTGCA-------------TCCCCGGGGATCAGCTTGGCGAG
CCAAGCTTGGGCTGCAGGTC------------CCGGGGATCAGCTTGGCGAG
CCAAGCTTGGGCTGC---------------CCCCGGGGATCAGCTTGGCGAG
CCAAGCTTGGGCTGCAGGTCG-----------CCGGGGATCAGCTTGGCGAG
CCAAGCTTGGGCTGCAGGT-----------------GGATCAGCTTGGCGAGCCAAGCTTGGGCTGCAGGT GGATCAGCTTGGCGAG
CCAAGCTTGGGCTGCAGGTCGAC--------CCCGGGGATCAGCTTGGCGAG
CCAAGCTTGGGCTGCAGGTC----------CCCCGGGGATCAGCTTGGCGAG
CCAAGCTTGGGCTGCAGGTCG--------------GGGATCAGCTTGGCGAG
CCAAGCTTGGGCTGCAGGTCGACGT-----CCCCGGGGATCAGCTTGGCGAG
CCAAGCTTGGGCTGCAGG--------------CCGGGGATCAGCTTGGCGAG
CCAAGCTTGGGCTGCAGGT---------ATCCCCGGGGATCAGCTTGGCGAG
CCAAGCTTGGGCTGCAG------------TCCCCGGGGATCAGCTTGGCGAG
CCAAGCTTGGGCTGCAGGTCGAC----GATCCCCGGGGATCAGCTTGGCGAG
CCAAGCTTGGGCTGCAGGTCGAC CCCCGGGGATCAGCTTGGCGAGCCAAGCTTGGGCTGCAGGTCGAC-------CCCCGGGGATCAGCTTGGCGAG

24/37 have microhomologies (bold underlined) < 3nt: 64
36/37 have deletions: 97.3%
6/37 have deletions > 10nt: 16.2%
0/37 have nucleotide insertion (italic): 0%
2/37 h P l id (b ld) 5 4%2/37 have P nucleotides (bold): 5.4%

Zhang. Supplemental Table S3A

                              del(bp) homol clones
GATTTTCAGGAGCTAAGGAAGCTAAAATG
GATTTTCAGGAGCTAAGGAAGCTAAAATG    0       0    1/37
GATTTTCAGGAGCTAAGGAAGCTAAAATG    14      1    2/37
GATTTTCAGGAGCTAAGGAAGCTAAAATG    8       2    6/37
GATTTTCAGGAGCTAAGGAAGCTAAAATG    9       0    1/37
GATTTTCAGGAGCTAAGGAAGCTAAAATG    7       2    4/37
GATTTTCAGGAGCTAAGGAAGCTAAAATG    3       1    3/37
GATTTTCAGGAGCTAAGGAAGCTAAAATG    4       2    3/37
GATTTTCAGGAGCTAAGGAAGCTAAAATG    8       1    2/37
GATTTTCAGGAGCTAAGGAAGCTAAAATG    10      1    1/37
GATTTTCAGGAGCTAAGGAAGCTAAAATG    9       1    1/37
GATTTTCAGGAGCTAAGGAAGCTAAAATG    12      0    1/37
GATTTTCAGGAGCTAAGGAAGCTAAAATG    8       0    1/37
GATTTTCAGGAGCTAAGGAAGCTAAAATG 14 0 1/37GATTTTCAGGAGCTAAGGAAGCTAAAATG    14      0    1/37
GATTTTCAGGAGCTAAGGAAGCTAAAATG    5       1    1/37
GATTTTCAGGAGCTAAGGAAGCTAAAATG    7       0    1/37
GATTTTCAGGAGCTAAGGAAGCTAAAATG    11      2    1/37
GATTTTCAGGAGCTAAGGAAGCTAAAATG    4       0    2/37
GATTTTCAGGAGCTAAGGAAGCTAAAATG    11      0    1/37
GATTTTCAGGAGCTAAGGAAGCTAAAATG    6       0    1/37
GATTTTCAGGAGCTAAGGAAGCTAAAATG    9       0    1/37
GATTTTCAGGAGCTAAGGAAGCTAAAATG    1       0    1/37
GATTTTCAGGAGCTAAGGAAGCTAAAATG 4 0 1/37GATTTTCAGGAGCTAAGGAAGCTAAAATG    4       0    1/37

4.9% 



B. Signal joints

Ch-bfRAG1L + RAG2

left signal end               right s
GGTTTTTGTTCCAGTCTGTAGCACTGTG              CACAGTGG
GGTTTTTGTTCCAGTCTGTAGCACTGTG              CACAGTGG
GGTTTTTGTTCCAGTCTGTAGCACTGTG-------------------TGGGGTTTTTGTTCCAGTCTGTAGCACTGTG TGG
GGTTTTTGTTCCAGTCTGTAGCACTGTGGTC---GCACAG--CACAGTGG
GGTTTTTGT----------ACAGCCAG----------------ACAGTGG
GGTTTTTGTTCCAGTCTGTA--------AGA-----GGATCCCACAGTGG
GGTTTTTGTTCCAGTCTGTAGCACTGTGGTCGACTCTCATCG--------
-----------------------(+60bp)--------------------
GGTTTTTGTTCCAGTCTGTAGCACTG-------CG-------CACAGTGG
GGTTTTTGTTCCAGTCTGTAGCACTGTGGTCGAC----------------
----------------------AATTCCCTCCCCAG------CACAGTGG
GGTTTTTGTTCCAGTCTGTAGCACTGTGGTCG CACAGTGGGGTTTTTGTTCCAGTCTGTAGCACTGTGGTCG----------CACAGTGG
GGTTTTTGTTCCAGTCTGTAGCACTG------------------------
GGTTTTTGTTCCAGTCTGTAG-----------------------------

37/50 have correct signal joint structures:  74.0%
1/50  have microhomologies (bold underlined) < 3nt: 2
11/50 have deletions: 22.0%
7/50  have deletions > 10nt: 14.0%
7/50   have nucleotide insertion (italic):  14.0%

cRAG1 +  RAG2

left signal end        right signal e
GGTTTTTGTTCCAGTCTGTAGCACTGTG        CACAGTGGTAGTAC
GGTTTTTGTTCCAGTCTGTAGCACTGTG        CACAGTGGTAGTAC
GGTTTTTGTTCCAGTCTGTAGCACTGTG---T----CACAGTGGTAGTAC
GG G CC G C G GC C G C C G GG G CGGTTTTTGTTCCAGTCTGTAGCACTG----------CACAGTGGTAGTAC

34/36 have correct signal joint structures: 94.4%
0/36 have microhomologies (bold underlined) < 3nt:  0
1/36 have deletions: 2.8%
0/36 have deletions > 10nt: 0%
1/36 have nucleotide insertion (italic): 2 8%1/36 have nucleotide insertion (italic):  2.8%

Zhang. Supplemental Table S3B

signal end                 del(bp) homol clones
GTAGTACTCCACTGTCTGGCTGT
GTAGTACTCCACTGTCTGGCTGT     0        0     37/50
GTAGTACTCCACTGTCTGGCTGT 5 1 1/50GTAGTACTCCACTGTCTGGCTGT     5        1      1/50
GTAGTACTCCACTGTCTGGCTGT     0        0      1/50
GTAGTACTCCACTGTCTGGCTGT     20       0      1/50
GTAGTACTCCACTGTCTGGCTGT     8        0      2/50
---------CACTGTCTGGCTGT     16       0      1/50
---GTACTCCACTGTCTGGCTGT     58       0      1/50
GTAGTACTCCACTGTCTGGCTGT     2        0      1/50
----TACTCCACTGTCTGGCTGT     11       0      1/50        
GTAGTACTCCACTGTCTGGCTGT     48       0      1/50
GTAGTACTCCACTGTCTGGCTGT 0 0 1/50GTAGTACTCCACTGTCTGGCTGT     0        0      1/50
--AGTACTCCACTGTCTGGCTGT     11       0      1/50
---------------------GT     35       0      1/50

2.0% 

end                  del(bp)   homol clones
CTCCACTGTCTGGCTGT
CTCCACTGTCTGGCTGT      0         0      34/36
CTCCACTGTCTGGCTGT      0         0       1/36
C CC C G C GGC G 2 0 1/36CTCCACTGTCTGGCTGT      2         0       1/36

0% 



C. Signal ends 

Ch-bfRAG1L + RAG2

signal end    linker
GGTTTTTGTACAGCCAGACAGTGGAGTACTACCACTGTG    CACTT
GGTTTTTGTACAGCCAGACAGTGGAGTACTACCACTGTG    CACTT
GGTTTTTGTACAGCCAGACAGTGGAG-----------------CACTT
GGTTTTTGTACAGCCAGACA-----------------------CACTT
GGTTTTTGTACAGCCAGACAGTGGAGT----------------CACTT
GGTTTTTGTACAGCCAGACAG----------------------CACTT
GGTTTTTGTACAGCCAGAC------------------------CACTT
GGTTTTTGTACAGCCAGACAGTGGA------------------CACTT
GGTTTTTGTACAGCCAG--------------------------CACTT
GGTTTTTGTACAGCCAGACAGTG--------------------CACTT
GGTTTTTG-----------------------------------CACTT
GGTTTTTGTACAGCCAGACAGTGG CACTTGGTTTTTGTACAGCCAGACAGTGG-------------------CACTT
-------------------------------------------CACTT
GGTTTTTGTACAGCCA---------------------------CACTT

5/40  have correct signal end structure: 12.5%
35/40 have deletions: 87.5%
35/40 have deletions > 10nt: 87.5%

cRAG1 + RAG2

i l d li ksignal end     link
GGTTTTTGTACAGCCAGACAGTGGAGTACTACCACTGTG     CACT
GGTTTTTGTACAGCCAGACAGTGGA-------------------CACT
GGTTTTTGTACAGCCAGACAGTGGAGTACTACCACTGT------CACT

25/28 have correct signal end structures: 89.3%
2/28 have deletions: 7.1%
1/28 have deletions > 10nt: 3.6%

The top of each of sequences was shown with prec
recombination, bolded line; Deletion, dashed line; Inse
analyzed from three independent assays with 10 to 20 cl

Zhang. Supplemental Table S3C

r                     del(bp)        clones
CAGATCTCCCGAGTCA
CAGATCTCCCGAGTCA       0              5/40
CAGATCTCCCGAGTCA       13             6/40/
CAGATCTCCCGAGTCA       19             5/40
CAGATCTCCCGAGTCA       12             5/40
CAGATCTCCCGAGTCA       18             1/40
CAGATCTCCCGAGTCA       20             4/40
CAGATCTCCCGAGTCA       14             6/40
CAGATCTCCCGAGTCA       22             2/40
CAGATCTCCCGAGTCA       16             2/40
CAGATCTCCCGAGTCA       31             1/40
CAGATCTCCCGAGTCA 15 1/40CAGATCTCCCGAGTCA       15             1/40
CAGATCTCCCGAGTCA       50             1/40
CAGATCTCCCGAGTCA       23             1/40

k d l(b ) lker                    del(bp)      clones
TCAGATCTCCCGAGTCAC     0            25/28
TCAGATCTCCCGAGTCAC     14            1/28
TCAGATCTCCCGAGTCAC     1             2/28

cise junctions. bp, base pair; Homology-mediated
ertions, italic; P nucleotides, bold. Sequences were
lones in each experiment.



Table S4. Sequence analysis of coding joints formed i

A. D1-J1.1 recombination

Ch-bfRAG1L+ RAG2

left coding end          right coding end       
GGGACAGGGGGC             CAAACACAGAAGTCTTCTTTGGT
GGGACAGG--------TT-----------CACAGAAGTCTTCTTTGGT
GGGAC------TGGGGTGCAGG-----AACACAGAAGTCTTCTTTGGT
GGGACAGGGGG----GCAGG-------AACACAGAAGTCTTCTTTGGT
GGGACAGG------CT-------------CACAGAAGTCTTCTTTGGT
GGGACAGGGG--------TCAGAG------------GTCTTCTTTGGT
GGGACAGGG----AACG---------AAACACAGAAGTCTTCTTTGGT
GGGACAGGG-----TG-----------AACACAGAAGTCTTCTTTGGT
GGGACA-------AAAAT-------CAAACACAGAAGTCTTCTTTGGT

cRAG1 + RAG2

left coding end          right coding end       
GGGACAGGGGGC             CAAACACAGAAGTCTTCTTTGGT
GGGACA---------AT----------AACACAGAAGTCTTCTTTGGT
GGGACAGGGGG----GA------------CACAGAAGTCTTCTTTGGT
GGGACAGGG-------TGGG---------CACAGAAGTCTTCTTTGGT
GGGACAGGGGG---AGGGG---TTGCAAACACAGAAGTCTTCTTTGGT
GGGACAGGG-------TG------GCAAACACAGAAGTCTTCTTTGGT
GGGACAGGGG----TAGGG----------CACAGAAGTCTTCTTTGGT
GGGACAGGG----AGGAG-----------CACAGAAGTCTTCTTTGGT
GGGACAGGGGG-----GGTGG--------CACAGAAGTCTTCTTTGGT
GGGACAGGGGGC--------------AAACACAGAAGTCTTCTTTGGT
GGGACAGGG-----TGAC-------------CAGAAGTCTTCTTTGGT
GGGACA---------ATCA----TGCAAACACAGAAGTCTTCTTTGGT
GGGACAGG-----------------CAAACACAGAAGTCTTCTTTGGT

B. D2-J2.1 recombination

Ch-bfRAG1L + RAG2

left coding end            right coding end     
GGGACTGGGGGGGC           TAACTATGCTGAGCAGTTCTTCG
GGGACTGGGGGGG-------TGA---------GCTGAGCAGTTCTTCG
GGGACTGGGGGGG-----TGAGCC-----------GAGCAGTTCTTCG
GGGACTGGGGGGG---TGAGCTGAGCG-------------GTTCTTCG

cRAG1 + RAG2

left coding end            right coding end     
GGGACTGGGGGGGC           TAACTATGCTGAGCAGTTCTTCG
GGGACTGGGGGGG-----TA----ATAACTATGCTGAGCAGTTCTTCG
GGGACTGGGGGGGCG-------------CTATGCTGAGCAGTTCTTCG
GGGACTGGGGGGGCGC---TG----------TGCTGAGCAGTTCTTCG
GGGACTGGGGGGG----GTAATAG----CTATGCTGAGCAGTTCTTCG
GGGACTGGGGG------AAC------AACTATGCTGAGCAGTTCTTCG
GGGACTGGGGGGG--------------ACTATGCTGAGCAGTTCTTCG
GGGACTGGGG----------------AACTATGCTGAGCAGTTCTTCG
GGGACTGGGGGGGC---------------TATGCTGAGCAGTTCTTCG
GGGACTGGGGG-------AGA---------ATGCTGAGCAGTTCTTCG

The top of each of sequences was shown with prec
Insertions, italic. Sequences were analyzed from two
experiment.

in D-Jb. 

Zhang. Supplemental Table S4

               del(bp)   homol   clones
TAAA
TAAA               8         0       17
TAAA               9         0       19
TAAA               3         0       1
TAAA               8         0       1
TAAA               13        0       1
TAAA               4         0       1
TAAA               5         0       1
TAAA               6         0       1

               del(bp)   homol   clones
TAAA
TAAA               8         0       3
TAAA               5         0       2
TAAA               7         0       2
TAAA               1         3       2
TAAA               3         1       3
TAAA               6         0       1
TAAA               7         0       1
TAAA               7         0       1
TAAA               1         0       1
TAAA               9         0       1
TAAA               6         2       2
TAAA               4         0       1

               del(bp)   homol   clones
GGAC
GGAC               8        0      34
GGAC               11       0       1
GGAC               16       0       1

               del(bp)   homol   clones
GGAC
GGAC               1        0       9
GGAC               3        1       2
GGAC               6        1       1
GGAC               4        2       1
GGAC               4        0       5
GGAC               3        0       2
GGAC               5        0       1
GGAC               5        0       1
GGAC               8        0       1

cise junctions. bp, base pair; Deletion, dashed line;
o independent assays with 10 to 20 clones in each



Table S5. Sequence analysis of coding joints formed i

A. V18-DJ1 recombination

cRAG1 + RAG2

left coding end                 right coding end
TTTCTGTAGTTCTAGAGA              GGGACAGGGGGC
TTTCTGTAGTTCTAGAGA----TCTTT------GGGACAGGG--AT
TTTCTGTAGTTCTAGAGA----TCGGTGGGAT--------GGGGC   
TTTCTGTAGTTCTAGAG---------------GGGACAG-----CT

B. V18-DJ2 recombination

Ch bfRAG1L + RAG2Ch-bfRAG1L + RAG2

left coding end                right coding end 
TTTCTGTAGTTCTAGAGA             GGGACTGGGGGGGC
TTTCTGTAGTTCTAGAG--------------------GGGGG--- TT
TTTCTGTAGTTCTAGAG--------------------GGGG----ATT
TTTCTGTAGTTCTAGAG--------------------GGGGG---TTG

The top of each of sequences was shown with pre
Insertions, italic. Sequences were analyzed from two i

in V18-DJb. 

Zhang. Supplemental Table S5

d                del(bp)   homol   clones

3         0       1
                  7         0       4

6         0       6  

               del(bp)   homol   clones

TG 10       0       9
TG 11       0       1
GTATA              10       0       1

ecise junctions. bp, base pair; Deletion, dashed line;
independent assays with 5 clones in each experiment.



Table S6. PCR primers and linker primers.

P1 5'-TCACACAGGAAACAGCTAT

P2 5'-GGGATATATCAACGGTGGT

P3 5'-TCGGCAGGTCTCCAGTAAT

P4 5'-CGGTGACTCGGGAGATCT

P5 5'-ACCTATGGGAGGGTCCTTT

P6 5'-TCCATCCCACACCCAAAGA

P7 5'-GATGTAACATTGTGGGGAC

P8 5'-CTCTGAATATCTTCCTCCC

P9 5'-ATGCAAGGCCTGGAGACA

P10 5'-ATTGGATCCTGCTGCTTTA

P11 5'-ATTTGCGGCCGCGCACCT

FM11 5'-CACTTCAGATC-3'

FM25 5'-GCGGTGACTCGGGAGATC

Zhang. Supplemental Table S6

TGACCATG-3'

TATATCCAGTG-3'

TGA-3'        

TGA-3'

TTTTGTATAAAG-3'

ACCC-3'

CTGGG-3'

CATGGTACC-3‘

AGCAGTATC   

AAGCCAGCAAGCTGT-3‘

GGGCCACTTCCCTAATATA-3‘

CTGAAGTG-3'



SI Materials and Methods 

Mouse. RAG1-/- mice were purchased from the Jackson Laboratory and subsequently 

maintained in the SPF facility. All animal experiments were approved by the 

institutional animal use committee of the Shanghai Institutes for Biological Sciences 

(Chinese Academy of Sciences). 

Cell Lines and Transfection. HEK-293T cells maintained in DMEM (Gibco-BRL) 

supplemented with 10% FBS (fetal bovineserum) at 37°C under 5% CO2. 

Transfections were performed using calcium phosphate precipitation. Raji cells were 

grown in RPMI 1640 (Gibco-BRL) with 10% FBS, non-essential amino acids, and 

penicillin-streptomycin. Ragi cells were electroporated with the Gene Pulser Xcell 

eukaryotic system (BIO-RAD) at 260 v/965 F. 

Antibodies. Anti-bfRAG1L serum was generated by immunizing mice with purified 

recombinant GST-bfRAG1L fusion protein that had been expressed in E. coli BL21 

(DE3). Antibodies to GST and RAG2 were from Santa Cruz. Antibody to Flag was 

from Sigma.  

Sequence Analysis. The PSI-BLAST (5) was used for analysis of the similarity 

between bfRAG1L and all the GenBank proteins, excluding jawed vertebrates 

proteins, with E-value cut-off of 5. Multiple alignments of bfRAG1L and virus 

proteins were produced by COBALT (6). Shading and refinement of the sequence 

alignment were performed in Genedoc (7). Phylogenetic trees were constructed by 

using MEGA2 (4). 

Recombinant Protein Purification. The bfRAG1L gene was generated by PCR with 

primer sets P10 and P11 (SI Appendix, Table S6) from genomic DNA of the 

amphioxus Branchiostoma floridae (GenBank Trace Archive identification numbers 

543943730, 538583629). The genes encoding ntRAG1, bfRAG1L mutants, 

Ch-bfRAG1L and bfRAG1L-like truncations of RAG1 from other species were 

cloned into vector pET28A and were expressed in E. coli BL21 (DE3). The bacterial 

culture was sonicated in Ni-lysis buffer containing 20 mM imidazole. After 

centrifugation, the supernatant was passed through pre-equilibrated Ni-Sepharose 

resin (GE Healthcare) and stored at -20°C. The proteins were eluted after thorough 



washing, and the purity was determined by SDS/PAGE and Coomassie staining. In 

hairpin formation experiment, cRAG1, cRAG2 and Ch-bfRAG1L were cloned into 

pEBG vector and transiently expressed in HEK-293T cell line. Purification protocol 

was performed as described before (8). 

Immunodepletion. The polyclonal antibodies to bfRAG1L and normal mouse IgG 

were cross-linked to Protein A/G beads (Santa Cruz). The Ni-Sepharose resin-purified 

protein bfRAG1L was mixed with antibody-treated Protein A/G beads in IP buffer at 

4°C. Supernatant after centrifugation was incubated once again with treated-Protein 

A/G beads. This process was repeated three times. The supernatant was concentrated 

and substituted with elution buffer using a 10 kDa ultracentrifugal filter (Millipore). 

Nuclease Activity Assay. DNase activity was detected using supercoiled plasmid 

pBR322 (Promega) or genomic DNA (gDNA) from HEK-293T cells as substrates. 

The substrate (0.25 g) was incubated with 0.1 g or 0.2 g of purified protein as 

indicated at 37°C for 8 hr in buffer containing 20 mM Tris-HCl, pH 8.5, 10 mM 

MgCl2, 1 mM dithiothreitol and 100 mM KCl. For RNase activity, the same amount 

of purified protein was incubated with RNA from HEK-293T at 37°C for 3 hr in 1  

RT buffer (Invitrogen) supplemented with 5 mM MgCl2. The digested products were 

resolved using 1% agarose gels. For metal ion-dependent activity, the same nuclease 

assays were executed in the presence of different concentrations of Mg2+ or EDTA. 

The religation reaction was carried out as follows: the linear plasmid pBR322 

(digested by BamH I) was mixed with purified bfRAG1L or DNase I at 37°C. The 

nucleic acids were extracted using phenol/chloroform, precipitated with ethanol and 

dissolved in ddH2O. Thereafter, all preparations were religated overnight at 16°C and 

analyzed using 1% agarose gel. Sequence analysis of the cleavage sites within 

substrate plasmid pBR322 was performed as follows: after resolution using 1% 

agarose gel, the digested products were ligated to the blunt ends of pCDNA3.1 and 

transformed into E.coli DH5 for subsequent sequence analysis. 

Immunoprecipitation and Immunoblotting. The lysates of HEK-293T cells 

transfected with pEBG-cRAG2 and different types of RAG1 were incubated with 

anti-Flag agarose at 4°C. Ethidium bromide (10 mg/ml) was included in the binding 



reaction to exclude nonspecific DNA-mediated interactions. After washing with IP 

buffer, the precipitates were eluted and analyzed by immunoblotting. 

Confocal Laser-Scanning Immunofluorescence Microscopy. HEK-293T cells were 

transfected with plasmids as indicated to determine the subcellular localization of the 

transfection products. Cells were grown on coverslips and fixed with 4% (w/v) PFA 

for 15 min. After washing, DAPI (4', 6-diamidino-2-phenylindole•2HCl) (Sigma) was 

used for 5 min to stain the nuclei. After washing the cells, images were acquired with 

a TCS SP2 confocal microscope. 

Bacterial Colony Assay. The plasmid substrates pJH200, pJH289 or pJH290 (0.7 g) 

and bfRAG1L (1.5 g) and RAG2 (1.5 g) expression vectors were cotransfected into 

HEK-293T cells. After 48 hours, plasmid DNA were recovered from the cells by 

alkaline lysis, treated with Dpn I and were transformed into E. coli DH5 and spread 

on an LB agar plate containing 100 g/ml Amp and 11 g/ml Cam. The colonies were 

used for sequence analysis. 

Luciferase Assay. HEK-293T cells were cultured and transfected with 0.5 ng of 

Renilla luciferase, 250 ng of reporter substrate, 1.5 g of each type of RAG1 

expression vector and 1.5 g of cRAG2-VP16 or Flag-SpRAG2L-VP16 or 3 g of 

pEBG-GST as a control. After 48 hours, the luciferase activities were detected using 

the Promega dual-luciferase assay system. The activity of each sample was caculated 

relative to the RAG-free control. All experiments were performed in triplicate. 

Nucleotide Sequence Analysis of Recombiantion products. Cell-based PCR assays 

were carried out as described previously (9). The recombination substrates pJH290 or 

pJH289 (0.7 g) and different types of RAG1 (1.5 g) and RAG2 (1.5 g) were 

cotransfected into HEK-293T cells. After 48 hours, the recombinant products were 

isolated using alkaline lysis and were analyzed by PCR with primer sets P1 and P2 (SI 

Appendix, Table S6) for coding and signal joint detection, respectively. For the 

LMPCR assay, the recovered DNA was ligated with linker by annealing FM11 to 

FM25 (SI Appendix, Table S6) overnight at 16°C and analyzed with primers P3 and 

P4 (SI Appendix, Table S6). PCR products were isolated using 2% agarose gel or 12% 

polyacrylamide, subjected to TA cloning (TaKaRa), and transformed into E. coli 



DH5 for sequence analysis. 

Detection of Coding and Signal Joint Formation by Fluorescent Reporter 

Substrates. To detect V(D)J recombination, HEK-293T cells were transfected with 

plasmids pCJGFP or pSJGFP (0.7 g) and different types of RAG1(1.5 g) and 

RAG2 (1.5 g), or an equal amount of an empty vector as indicated using a 

previously described protocol (2). 

Detection of Hairpin Formation by Oligonucleotide Cleavage Assay. Prenicked 

12-RSS substrate was made by annealing the digoxigenin-labeled oligonucleotide 

DAR42 to DAR40 and DG10 as described previously (10). Cleavage conditions were 

based on previously described (8). Specially, purified 2 g each of RAG complex 

were incubated with prenicked 12-RSS and unlabeled 23-RSS (DG61/62) substrates 

at 37°C for 1 hr. Products were resovled on a 20% denaturing polyacrylamide gel 

containing 7 M urea and electroblotted onto the nylon membrane. After 

UV-crosslinking, the membrane was immunodetected with anti-digoxigenin AP 

conjugate and visualized with chemiluminescence substrate. 

Measurement of V(D)J Recombination by Chromosomally Integrated Retroviral 

Substrate. The pMX-INV retroviral recombination substrate was integrated into Raji 

cell genomic DNA, as previously described (3). Cells were electroporated with each 

type of RAG1 and RAG2 expression vectors as indicated and grown for 48 hours after 

transfection. GFP-positive cells were measured as described above. 

Murine Retroviral Bone Marrow Transplantation. Retrovirus-mediated gene 

transfer was performed as described previously (11). In brief, bone marrow cells from 

RAG1-/- mice were isolated following injection of 5-fluorouracil. After cultured in 

prestimulation medium containing 50 ng/ml rmSCF, 6 ng/ml rmIL-3 and 10 ng/ml 

rmIL-6 (PeproTech) for 24 h, bone marrow cells were resuspended with 

pMCs-GFP-based retroviral supernatant in the presence of 8 g/ml polybrene (Sigma) 

and the same cytokines as mentioned above, and they were then centrifuged at 1500 

g for 1.5 h at 32°C. The same process was repeated the following day. The recovered 

bone marrow cells were injected into the tail vein of 200 cGy-irradiated recipient 

RAG1-/- mice. Total thymocytes and bone marrow cells from these recipient RAG1-/- 



mice were used for cell staining and detection of endogenous gene rearrangement 

after 4 weeks as described previously (9, 12). 

Statistical Analysis. All data are expressed as the mean ± SD. The results were 

analyzed using Student t test. P values < 0.05 were considered statistically significant. 
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