Supplementary Fig. 1
Bone Marrow Ig M-
TdT-/-

      VH

N/P
 
DH


N/P


JH4
      ------------------------------------------------------CDR3--------------------------------------------------------------

TGT GCA AGA                                                    AT TAC TAT GCT ATG GAC TAC TGG

--- --- ---                  T GGT TAC                                     -- --- --- --- ---   Dsp2.3
--- --- --C                                                       --- --- --- --- --- --- ---

--- --- -T                  TA                                    --- --- --- --- --- --- ---

--- --                       T GT                              -- --- --- --- --- --- --- ---

--- --- ---                  T AGT A                                   -- --- --- --- --- ---   Dsp2.X

--- --- ---                  T TAC TAC GG                                 --- --- --- --- ---   DFL16.1

--- --- --- C                  TAT GAT                                --- --- --- --- --- ---   Dsp2.2

--- --- ---                    TAT GAT TAC GA                             --- --- --- --- ---   Dsp2.2

--- --- ---                  T GGT TAC TA                             --- --- --- --- --- ---   Dsp2.9

--- --- ---                    ACT GGG                             -- --- --- --- --- --- ---   DQ52

--- --- --                     GAT GGT TAC                                --- --- --- --- ---   Dsp2.9

--- --- ---       T          C AGC TCA GG                          -- --- --- --- --- --- ---   DST4

--- --- --- C                C TAT GAT TAC                        --- --- --- --- --- --- ---   Dsp2.2
--- --- --- C                  TA ACT GGG AC           G           -- --- --- --- --- --- ---   DQ52

--- --- ---                    TAC TAT GGT AAC                    --- --- --- --- --- --- ---   Dsp2.5

--- --- -T-                    AGC TCA GGC T                   -- --- --- --- --- --- --- ---   DST4

--- --                       T TAC TAC GGT AGT AGC                --- --- --- --- --- --- ---   DFL16.1
--- --- -T-                 TC TAC TAT GGT AAC                    --- --- --- --- --- --- ---   Dsp2.5

--- --- ---                  C TAC GGT AGT AGC T               -- --- --- --- --- --- --- ---   Dfl16.1
--- --- --                     TAC TAC GGT AGT AG              -- --- --- --- --- --- --- ---   Dfl16.1
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--- --- ---       T A          TAT AGT A                               -- --- --- --- --- ---   Dsp2.X
--- --- --C         TT         ACT GGG AC              G        - --- --- --- --- --- --- ---   DQ52

--- --- ---                  T TAC GAC                 G GG    -- --- --- --- --- --- --- ---   Dsp2.2
--- --- ---       T T        T TAC TAC GGT AGT AG                   - --- --- --- --- --- ---   Dfl16.1
--- --- --- C       TG      CT GGG                              - --- --- --- --- --- --- ---   DQ52
pol µ/TdT-/-

      VH

N/P
 
DH


N/P


JH4
       ------------------------------------------------------CDR3--------------------------------------------------------------

TGT GCA AGA                                                    AT TAC TAT GCT ATG GAC TAC TGG
--- --- --C                                                       --- --- --- --- --- --- ---

--- --- ---       TC           GAT TAC G                                      --- --- --- ---   Dsp2.2

--- --- ---                 AT TA                                     --- --- --- --- --- ---

--- --                       C TAC TAT GGT TA                             --- --- --- --- ---   Dsp2.3

--- ---                        GAT GG                           - --- --- --- --- --- --- ---   Dsp2.9

--- --- -                      TAC TAT GG                         --- --- --- --- --- --- ---   Dsp2.5

--- --- ---       T            TAT G                               -- --- --- --- --- --- ---   

--- --C --- AA    TTT       CT GGG AC                                     --- --- --- --- ---   DQ52 

--- --- -                   AT AGT AAC                            --- --- --- --- --- --- ---   Dsp2.x
--- --                       T GGT AAC                         -- --- --- --- --- --- --- ---   Dsp2.5

--- --- ---                  T AGT AAC                            --- --- --- --- --- --- ---   Dsp2.x
--- --- ---                 CT GGG AC                  G       -- --- --- --- --- --- --- ---   DQ52
--- --C –A- C               AT GAT TAC                            --- --- --- --- --- --- ---   Dsp2.2
--- --- --- C               AC AGC TCA GG                           - --- --- --- --- --- ---   DST4

--- --- --                   T TAC TAC GGT AGT AGC TAC                    --- --- --- --- ---   Dfl16.1

--- --- ---                  T GGT TAC TAC             G        - --- --- --- --- --- --- ---   Dsp2.9

--- --C --- C               AC TAC GGT AGT A                   -- --- --- --- --- --- --- ---   Dfl16.1

--- A-                         TAT TAC TAC GGT AGT AG           - --- --- --- --- --- --- ---   Dfl16.1
--- --T -                   TT TAT TAC TAC AGT AG                   - --- --- --- --- --- ---   Dfl16.1
--- --- ---                    TAC TAC GGT AGT AGC T              --- --- --- --- --- --- ---   Dfl16.1


--- ---                      C TAT AGT AA                ACTG      -- --- --- --- --- --- ---   Dsp2.X
--- --- ---       T T        T TAC TAC GGT AGT AGC TAC                    --- --- --- --- ---   Dfl16.1

--- --- ---       T T        T TAC TAC GGT AGT AGC                --- --- --- --- --- --- ---   Dfl16.1 (2)

--- --- ---       T TTTT     T TAC TAC GGT AGT AG                   - --- --- --- --- --- ---   Dfl16.1

--- --- ---       T TTTTTT   T TAC TAC GGT AGT AG                   - --- --- --- --- --- ---   Dfl16.1

--- --C ---         AC      GG AC                                 --- --- --- --- --- --- ---   
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FETAL LIVER

+/+

      VH

N/P
 
DH


N/P


JH4
      ------------------------------------------------------CDR3-------------------------------------------------------------

TGT GCA AGA                                                    AT TAC TAT GCT ATG GAC TAC TGG
    --- --C ---                  AC                                                 - --- --- ---

    --- --- --G                   T GGT TAC TAC                                    -- --- --- ---   Dsp2.9

    --- --C ---                   A ACT GGG AC                                --- --- --- --- ---   DQ52

    --- --C ---                   T AGT AAC TAC                               --- --- --- --- ---   DQ52

    --- --C –A- C                AT GGT A                              -- --- --- --- --- --- ---   Dsp2.5

    --- --- --- C                   TAT G                          -- --- --- --- --- --- --- ---   
    --- ---                       T GAT GGT TAC                       --- --- --- --- --- --- ---   Dsp2.9

    --- --                          TAC GGT AGT AGC                   --- --- --- --- --- --- ---   Dfl16.1
    --- ---                         TAT GAT GGT TAC                   --- --- --- --- --- --- ---   Dsp2.9

    --- --- --                    C TAC TAT GGT A                      -- --- --- --- --- --- ---   Dsp2.5

    --- --- G—- G                AC TAT GGT AAC TAC                           --- --- --- --- ---   Dsp2.5

    --- ---                       T TAC TAC GGT AGT AG                  - --- --- --- --- --- ---   Df16.1

    --- ---                       C TAT GGT AGT AGC TAC               --- --- --- --- --- --- ---   Dfl16.1

    --- --C -                     T TAC TAC GGT AGT AGC TAC                   --- --- --- --- ---   Dfl16.1
    --- --- --G                  CC TAC TAT AGT                    -- --- --- --- --- --- --- ---   Dsp2.X

    --- --- -                     T TAC TAC GGT AGT AGC               --- --- --- --- --- --- ---   Df16.1
    --- --- --- CA                  GAC AGC TCA GGC                   --- --- --- --- --- --- ---   DST4

    --- --- --- CA                  TAC TAT AGT AAC TAC               --- --- --- --- --- --- ---   Dsp2.X
    --- --- --- C                AC TAC TAT GGT A                  -- --- --- --- --- --- --- ---   Dsp2.5

    --- --- --G                   C TAC TAT AGT AAC T              -- --- --- --- --- --- --- ---   Dsp2.X
pol µ-/-

      VH

N/P
 
DH


N/P


JH4
       ------------------------------------------------------CDR3-------------------------------------------------------------

TGT GCA AGA                                                    AT TAC TAT GCT ATG GAC TAC TGG
--- ---                                                           --- --- --- --- --- --- ---

--- --                          TAC TAT AGG                           --- --- --- --- --- ---   Dsp2.11

--- --- ---                   T GGT A                              -- --- --- --- --- --- ---

--- A-- ---                  GC TCA GG                              - --- --- --- --- --- ---   DST4

--- TTG --- C                GT A                              -- --- --- --- --- --- --- --- 

--- --- --                    T GGT AAC                           --- --- --- --- --- --- ---   Dsp2.5

--- --- --- C                AT GGT AAC TAC                               --- --- --- --- ---   Dsp2.5

--- --- --                    T TAC TAC GGT AG                        --- --- --- --- --- ---   Dfl16.1

--- --- ---                   T TAC TAC GG                        --- --- --- --- --- --- ---   Dfl16.1

--- --- --- C                 T GGT AAC                           --- --- --- --- --- --- ---   Dsp2.5

--- --- -                    TC TAC TAT GGT AAC                   --- --- --- --- --- --- ---   Dsp2.5

--- --- ---                  AC TAT GAT TAC G                      -- --- --- --- --- --- ---   Dsp2.2

--- --- --                    T TAC TAC GGT AGT AGC TAC                   --- --- --- --- ---   Dfl16.1

--- --- ---                   T TAC TAC GGT AGT AG             -- --- --- --- --- --- --- ---   Dfl16.1

--- --- ---                   C TAT GAT GGT TAC                   --- --- --- --- --- --- ---   Dsp2.9

--- --- ---                     TAC TAC GGT AGT AGC               --- --- --- --- --- --- ---   Dfl16.1

--- --C –A-                   T TAC TAC GGT AGT AGC               --- --- --- --- --- --- ---   Dfl16.1

--- --- ---                   C AGC TCA GGC TAC             GT -- --- --- --- --- --- --- ---   DST4

--- --- --- CA     TG         C TAT AGG TAC GAC                   --- --- --- --- --- --- ---   Dsp2.11

--- --- --- CA                T TAT TAC TAC GGT AGT AGC TAC GT            --- --- --- --- ---   Dfl16.1

Supplementary Fig. 3 (continued)
FETAL LIVER

pol  -/-

      VH

N/P
 
DH


N/P


JH4
      ------------------------------------------------------CDR3-------------------------------------------------------------

TGT GCA AGA                                                    AT TAC TAT GCT ATG GAC TAC TGG

    --- --C --                                                                    --- --- --- ---

    --- --- --- G                                                                 --- --- --- ---

    --- ---                                                            -- --- --- --- --- --- ---

    --- --C ---                      ACT GGG AC                                     - --- --- ---   DQ52

    --- --- G—- GA                                                        --- --- --- --- --- ---

    --- --                        GG                                - --- --- --- --- --- --- ---

    --- --                         T AAC                              --- --- --- --- --- --- ---

    --- --- --G                    T GG                             - --- --- --- --- --- --- ---

    --- --G -                      T TAC GAC                    G           - --- --- --- --- ---   Dsp2.2
    --- --                           GAT GGT TA                         - --- --- --- --- --- ---   Dsp2.9

    --- --- --G                    T AAC TAC                    G           - --- --- --- --- ---   Dsp2.5

    --- --- ---                      GGT AAC TAC                              --- --- --- --- ---   DSp2.5

    --- --- ---                    T AGT AAC TAC                              --- --- --- --- ---   Dsp2.X

    --- --- ---                      GAT GGT TAC TAC                          --- --- --- --- ---   Dsp2.9

    --- --C --- C                 AT GGT A                         -- --- --- --- --- --- --- ---   Dsp2.5

    --- --- --- C                    AGC TCA GGC TAC            G           - --- --- --- --- ---   DST4

    --- --C -                      T TAC TAC GGT AGT AG                 - --- --- --- --- --- ---   Dfl16.1
    --- --C -                     AT TAC TAC GGT AGT AGC TAC                  --- --- --- --- ---   Dfl16.1
    --- --C --- A                 AT TAC TAC GGT AGT AG                 - --- --- --- --- --- ---   Dfl16.1

    --- --- ---      T             T TAT TAC TAC GGT AGT AG             - --- --- --- --- --- ---   Dfl16.1
pol µ/ -/-

      VH

N/P
 
DH


N/P


JH4
      ------------------------------------------------------CDR3-------------------------------------------------------------

TGT GCA AGA                                                    AT TAC TAT GCT ATG GAC TAC TGG

    --- --                                                                      - --- --- --- --- 

    --- --- ---                    T GGT T                                             -- --- ---   
    --- --- --                                                              - --- --- --- --- ---

    --- --- --- C                                                             --- --- --- --- ---

    --- --C –-G                    T AGT AGC                                        - --- --- ---   Df16.1

    --- --- ---                    T TAC                                      --- --- --- --- --- 

    --- --C --- C                 TA G                                     -- --- --- --- --- ---   

    --- ---                       GT AGC                              --- --- --- --- --- --- ---

    --- --- --                    GT TAC                              --- --- --- --- --- --- ---

    --- --- --                     T AGC TAC                          --- --- --- --- --- --- ---   Dfl16.1

    --- --C –A- C                 AT GGT A                             -- --- --- --- --- --- ---   Dsp2.5

    --- --- ---                    C TAT GGT AA                         - --- --- --- --- --- ---   Dsp2.5

--- --- --- C                 AC TAC GGT AGT                            - --- --- --- --- ---   Dfl16.1

--- --- --- G                 AC TAT GGT AA                         - --- --- --- --- --- ---   Dsp2.5

--- ---                        T GAT GGT TAC T                 -- --- --- --- --- --- --- ---   Dsp2.9

--- --- -                     TC TAC TAT GGT TAC G                 -- --- --- --- --- --- ---   Dsp2.3

--- --- --- C                 AT GAT TAC G                     -- --- --- --- --- --- --- ---   Dsp2.2

--- --- --- C                 AT TAC TAC GGT AGT AGC                  --- --- --- --- --- ---   Dfl16.1

--- --- ---                    T TAC TAC GGT AGT               -- --- --- --- --- --- --- ---   Dfl16.1

--- --- --- C                 AC TAC GGT AGT AGC TAC      G            -- --- --- --- --- ---   Dfl16.1

Supplementary Fig.4


SUPPLEMENTARY FIGURE LEGENDS
Fig.1. VHDJH4 junctions from B220+ IgM- bone marrow cells of TdT- and pol µ/TdT-deficient mice.

A representative set of sequences is listed. In case of sequence overlap (which occurs frequently in the absence of TdT), nucleotides are arbitrarily attributed to the VH and to the JH side. P sequences are underlined, and putative N sequences are written in bold. The sequences in brackets represent the totality of samples with non germline encoded nucleotides. The label (2) for one such sequence indicates that in was found twice in two different animals. Altogether, these cases represent 12 events among 201 sequences. No case of untemplated addition was found in the 128 sequence sample of the specific VH81X gene. Six out of twelve cases concern multiple T additions (“slippage”) in a VH-D junction involving the Dfl16.1 element, located at a distal position in the genomic D cluster.

Fig.2. Analysis of the length of D segments and of N-additions in VHDJH of pol - and pol /pol -deficient mice.

(A) Frequency of heavy chain gene rearrangements having an unidentified D sequence in pol -, pol µ/pol -deficient and control mice. The presence of 6 contiguous bp was taken as criterion for D gene identification. Asterisks mark p values below 0.05.
(B) Average of N/P nucleotide additions in VHDJH4 rearrangements of pol -, pol µ/pol -deficient and control mice plotted either for both VH to DJH and D to JH junctions (“total”) or for D to JH junctions only (“DJH”) for which the attribution to germline-encoded elements is unambiguous.

Fig.3.VHDJH4 junctions from day 17 fetal liver B220+ cells of wild type, pol -, pol -, and pol /pol -double deficient animals. 

Choice of coding segment in case of ambiguity is performed as in Supplementary Fig. 1
Fig. 4. Possible roles of DNA polymerases at the V(D)J junction.
Three different functions are schematized with a symmetrical configuration of both DNA ends represented in each case for simplicity. a) a role in the protection of DNA ends, preventing/antagonizing exonuclease degradation. b) a role in the fill-in of 3’-recessed ends. c) a role in the bridging of 3’-protruding ends(Daley et alIt has been proposed by Nick McElhinny et al. that pol is able to perform such a bridging in the absence of any base pair overlap.
_________________________________________________________________________________________

Supplementary Table 1.  Analysis of coding joint by transient V(D)J recombination assay in 

pol µ-deficient MEFs
_________________________________________________________________________________________Polymerase         Number              Average number           % of sequences       Average number of nucleotides                 % of sequences

added               of sequences             of deleted                 with N addition        added per sequence  with N addition        with  P addition

                                        nucleotides                                                                  (nucleotide range)
_______________________________________________________________________________________________________________________
none a)

     33

    6.9


0


0     (0)

   

3

TdT

     63

    5.0


70


2.1  (1-4) 


19

TdT+ pol µ
     64

    5.6


39


2.2  (1-5) 


16

TdT+ pol 
     52

    4.9


42


2.4  (1-7)


10

TdT+ pol 
     49

    6.6


80        

2.9  (1-8) 


31

TdT+EGFP
     69

    5.2


67


2.2  (1-4)            

16

________________________________________________________________________________________
a) data taken from Bertocci et al., 2003






















































































































