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Mice Lacking TdT: Mature Animals with an
Immature Lymphocyte Repertoire

Susan Gilfillan, Andrée Dierich, Marianne Lemeur,
Christophe Benoist, Diane Mathis

In adult animals, template-independent (or N) nucleotides are frequently added during the
rearrangement of variable (V), diversity (D), and joining (J) segments of lymphocyte
receptor genes, greatly enhancing junctional diversity. Receptor genes from adult mice
carrying a mutation in the terminal deoxynucleotidyl transferase (TdT) gene have few N
nucleotides, providing proof that this enzyme is essential for creating diversity. Unlike those
from normal adults, receptor genes from adult mutant mice show extensive evidence of
homology-directed recombination, suggesting that TdT blocks this process. Thus, switch-
on of the TdT gene during the first week after birth provokes an even greater expansion
of lymphocyte receptor diversity than had previously been thought.

The repertoire of B and T cell antigen
receptors expressed in adult animals is
more diverse than that in perinates (I).
One major difference is the amount of N
region diversity at the junctions of rear-
ranged immunoglobulin (Ig) and T cell
receptor (TCR) gene segments. N nucle-
otides are rare in V(D)] junctions from
fetal or newborn animals, but constitute a
major component of the diversity of Igs
and TCRs from adults (2—7). This dissim-

Laboratoire de Génétique Moléculaire des Eucaryotes
du CNRS et Unité 184 de Biologie Moléculaire de
I'INSERM, Institut de Chimie Biologique, 11 rue Hu-
mann, 67085 Strasbourg Cédex, France.

ilarity may be due to differential expres-
sion of TdT. Terminal deoxynucleotidyl
transferase catalyzes template-indepen-
dent addition of nucleotides in vitro (8),
and the amount expressed in vivo corre-
lates with the degree of N region diversity
in antigen receptors (9, 10). Another
difference between adult and perinatal
repertoires lies in the diversity of V-],
V-D, and D-]J junctional sequences. Exam-
ination of large sets of fetal and newborn
Ig and yd TCR sequences revealed over-
representation of some junctions, coinci-
dent with short stretches of homology
between abutted gene segments (3-5, 11—
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13). In the case of yd TCRs, certain
dominant junctions (termed “canonical’’)
are functionally significant because they
give rise to the quasi-monoclonal recep-
tors in specific anatomical locations such
as the skin. Overrepresented joints were
not generally observed in adult sequences,
only in some of those lacking N nucleo-
tides. Initially, the presence of dominant
junctions of yd TCRs was attributed to
cellular selection (5, 14), but a preference
for rearranging at short stretches of homol-
ogy is more probable (15, 16). Why such
homology-directed recombination is pro-
nounced in perinates but rare in adults is
an open question.

One approach to better understanding
the adult-perinate dichotomy is to artifi-
cially produce mature animals with reper-
toires having immature features. Thus, we
generated, through homologous recombi-
nation in embryonic stem cells, a strain of
mice lacking TdT (17). The mutation of
TdT we obtained was an insertion of the
neomycin gene into exon 4, as illustrated
in Fig. 1 and confirmed by extensive
Southern (DNA) blot analysis. Given the
predicted location of the TdT active site
and its presumed globular nature (18),
exons 4 to 7 are probably critical for TdT
function. No mRNA corresponding to
regions 3' of the neomycin insert was
detected in thymus RNA from homozy-
gous mutant mice after polymerase chain
reaction (PCR) amplification, for which
we used a primer pair on the 3’ side of the
insertion; nor was any revealed by in situ
hybridization of the appropriate probe to
thymic sections (19). Abrogation of pro-
tein expression was confirmed by staining
of thymocytes with a polyclonal antiserum
to TdT (19).

Homozygous mutant TdT~/~ mice breed
well and appear healthy in a conventional
animal facility, are of normal size, and do
not have increased susceptibility to infec-
tion, as is common for immunodeficient
animals in our colony. The mutants show
no marked abnormalities in the major T or
B cell compartments and are capable of
mounting T and B cell responses to com-
plex antigens like keyhole limpet hemocy-
anin and ovalbumin (20).

To evaluate the effect of a TdT defi-
ciency on the lymphocyte repertoires of
adult mice, we sequenced the V(D)] junc-
tions of more than 300 rearranged Ig and
TCR genes from adult animals (most from
6 to 8 weeks of age) (21). Representative
sets of V,3 DNA sequences from total
thymocytes (Fig. 2), V47183 DNA se-
quences from splenocytes (Fig. 3), and
Vo8 RNA sequences from CD4*-
CD8*CD3% thymocytes (Fig. 3) are
shown. The enzyme TdT was responsible
for the bulk of N region diversity because
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the abundant N nucleotides found in re-
arranged genes of wild-type mice were
absent in the mutant. Nonetheless, a few
nucleotides not encoded in the germline
do occur in these and our other data sets
from TdT~/~ mice; of the junctions that
can be unequivocally assigned (the rele-
vant V ] D Ju» VB’ D B and JB
genomlc sequences being on record),
about 3% had' inserts of one to three
nucleotides. Although PCR and sequenc-
ing errors may account for a few of these
extra nucleotides, it is unlikely that such
errors would be clustered so precisely at
the joints. Similar inserts have been noted
after rearrangement events involving oth-
er genes in nonlymphoid cell types. For
example, about 10% of the junctions aris-
ing by circularization of transfected linear
DNA have extra nucleotides (22). At
least two mechanisms can be invoked to
explain insertions in the absence of TdT:
(i) incorporation of oligonucleotides dur-
ing the joining process and (ii) nucleotide
misincorporation by DNA polymerase at
free ends during the fill-in and repair
process that presumably occurs before
joining. Some prokaryotic and eukaryotic
DNA polymerases add one or two extra
nucleotides when copying an oligonucleo-
tide substrate (23). Despite the few tem-
plate-independent nucleotides observed,
we can now say with some certainty that
TdT is the enzyme responsible for the
difference in N region diversity character-
istic of perinatal and adult antigen recep-
tor repertoires, confirming earlier predic-
tions (9, 10).

Analysis of the mutant mice also per-
mitted us to evaluate the role of TdT in
other aspects of the repertoire, in partic-
ular homology-directed recombination, as
defined above. Rearranged V. 3-],1 genes
seem best suited for studymg this aspect
because three V-] junctions are signifi-
cantly overrepresented in the fetal thy-
mus. One junction, which comprises
about 40% of the sequences, is in-frame
and results in the invariant receptor found
on essentially all intraepithelial lympho-
cytes in the skin [termed junction 1 by
Itohora et al. (15)]; the two others, each
comprising about 20% of the sequences,
are out-of-frame (designated junctions 2
and 3). The dominance of these “canon-
ical” junctions reflects a preference for
recombining at short stretches of nucleo-
tide homology (15, 16). Overrepresented
joints are not a feature of the repertoire
generated in adults. To determine wheth-
er TdT influences homology-directed re-
combination, we analyzed V_3 ] 1 se-
quences derived from pairs of TdT™
TdT* littermates. The sequences were
obtained from either total thymocyte
DNA or DNA from sorted populations of
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CD4-CD8~ and CD4*CD8* thymo-
cytes, enriched for cells committed to the
v8 or af lineage, respectively. In all of
the data sets from TdT~/~ animals (for
example, Fig. 2), canonical joints were
overused: junction 1 in 24 to 30% of the
sequences, junction 2 in 20 to 23%, and
junction 3 in 11 to 13% (Table 1). The
data from sorted thymocyte populations

indicate that this is true of cells from the
of as well as the yd lineage. In contrast,
these joints are rare in the rearranged
V. 3-J,1 genes from TdT* animals. Ac-
cotdmg to current models of the rear-
rangement process (24), their use would
result in genes lacking N region diversity
because homology alignment would be the
last step before ligation. The large major-

Fig. 1. Disruption of the RIH1 X 23 4 5 6 Rl

TdT gene. A partial re- T T At

striction map of the TdT KKK RV B B BJV B K

gene, targeting vector, e

and mutant allele are 1 {NEOY ”_'?J

shown. The positions of R'IE; '

exons 5 and 6 are ap-

proximate (within 1.5 RIH 1 X 2 3 - 5 6 Rl
i TAT T 3 Ea

kb). For construction of KKK RV B B B|] B K

the targeting vector, a | RI

1.1-kb fragment of the ~ Mutant 12kb : Al

neomycin  resistance WT L 16 kb I

. L
gene (PMC1neo-polyA, probe

Stratagene) was cloned

into the Eco RV site in exon 4 of the 11-kb Xho I-Kpn | TdT genomic fragment, and the herpes
simplex virus thymidine kinase gene was appended to the 3’ end to allow double selection. Rl, Eco
RI; RV, Eco RV; K, Kpn [; X, Xho I; B, Bgl II; and H, Hind lIl.

TCRY
TdT+ TdT

V. P N P JY'I V.YQ P N P JY1
in frame in 'frame
TGTGCCTGCTGGGAT AGCTCAGGTTTT  #1| TGTGCCTGCTGGGAT AGCTCAGGTITT 41
TGTGCCTGCTGGGAT AGCTCAGGTTTT  #1| TeTaCCTGCTGRGAT AGCTCAGGTITT  #1
TGTGCCTGCTGG T  ATAGCTCAGGTTTT TGTGCCTGCTGGGAT AGCTCAGGTITT 1
TGTGCCTGCTGE TTA AGCTCGGGTTTT TGTGCCTGCTGGGAT AGCTCAGGTTTT #1
TGTGCCTGCTGGGATC CCTC AT ATAGCTCAGGTTTT TGTGCCTGCTGGGAT AGCTCAGGTTTT #1
out of frame TGTGCCTGCTGGGAT AGCTCAGGTTTT #1
POTGOCTOTTIRRT M Amaccroacqrrr | TeTSCCTeCTOseAT AGCTCAGGTTTT 41
TGTGCCTGCTGGGATC TAGCTCAGGTTTT #2 mgﬂmm Gﬂgi‘xm
TGTGCCTGCTCG AT ATAGCTCAGGTTTT B eeamc GGTTTT
TGTGCCTGCTGGGA AT ATAGCTCAGGTTTT T OemOGGaTC TAGCTCAGGTITT 42
TGTGCCTGCTGG ATAGCTCAGGTTTT
TGTGCCTGCTGGGA CCCCATCA AT ATAGCTCAGGTTTT TGTGCCTGCTGGGATC TAGCTCAGGTTTT  #2
TGTGCCTGCTGGGATCT GGG AGCTCAGGTTTT TGTGCCTGCTGGGATC TAGCTCAGGTTTT  #2
TGTGCCTGCTGGGATC CGT AT ATAGCTCAGGTTTT TGTGCCTGCTGGGATC TAGCTCAGGTTTT  #2
TGTGCCTGCTGGGAT T TAGCTCAGGTTTT TGTGCCTGCTGGGATC TAGCTCAGGTTTT #2
TGTGCCTGCTGGG e AGCTCAGGTTTT TGTGCCTGCTGGGATC TAGCTCAGGTTTT 2
TGTGCCTGCTGGG G AT ATAGCTCAGGTTTT TGTGCCTGCTGGGAT ATAGCTCAGGTTTT 43
TGTGCCTG G AT ATAGCTCAGGTTTT TGTGCCTGCTGGGAT ATAGCTCAGGTTTT #3
TGTGCCTGC < T  ATAGCTCAGGTTTT TGTGCCTGCTGGGAT ATAGCTCAGGTTTT #3
TGrGCCTG 66 AT  ATAGCTCAGGTTTT TGTGCCTGCTGGGAT ATAGCTCAGGTTTT #3
:ggzgm}\mm‘:g‘r cgggc AT ATAGCTCA GmGG”ﬂ” TGTGCCTGCTGGGAT ATAGCTCAGGTTTT #3
TGTGCCTGCTGGE ™ ATAGCTCAGGTTTT x:g‘égmm :; ﬁ::ggg:m
TGTGCCTGCTGGGAT GAGGGG TAGCTCAGGTTTT GCTGE
TGTGCCTGCTG AAGGC AGCTCAGGTTTT TGTGCCTGCT ﬁg‘éﬁiﬁgg
TGTGCCTGCTGGGE GGAA ATAGCTCAGGTTTT xﬁggm ATMCCTCAGOTTTT
TGTGCCTGCTGGE ac ATAGCTCAGGTTTT GCTGG
TGTGCCTGCTGGGA c AT ATAGCTCAGGTTTT TGTGCCIGC AT ATAGCTCAGGTTTT
TGTGCCTGCTGGGA AAN ATAGCTCAGGTTTT Téggccrcc e ar Mmgfc:i:g
TGTGCCTGCTGGGATCT TTGG AGCTCAGGTTTT mmccrcmc'ccc ACCTCAGGIITT
TGTGCCTGCTG AAGGC AGCTCAGGTTTT
TGTGCCTGCTGGG Gr AT ATAGCTCAGGTTTT mmggm AT ”"Ggggggg
TGTGCCTGCTGGG erc T  ATAGCTCAGGTTTT TGTGC
TGTGCCTGCTGEE cr ATAGCTCAGGTTTT TGTGCCT AT  ATAGCTCAGGTTTT

TGTGCCTGCTGE T CTCAGGTTTT

Fig. 2. Representative sequences of V_3- Jy1 junctions from age-matched adult mice, either
wild-type TdT+ (o/+ or +/+ genotypes) or mutant TdT~/~ (o/o genotype). The TCRy sequences
were derived from total thymus DNA. The assignment of N nucleotides was based on the known
sequences of the germline elements. Homologies of two or more nucleotides shared between joined
segments are underlined. We did not score putative homologies of a single base because their
significance is difficult to ascertain: in the absence of homology-induced joining, the probability of
any junction containing a single-nucleotide “homology” is 38%. Homology was assigned assuming
possible P inserts of up to five bases. P inserts are template-dependent nucleotides added to the
ends of recombining gene segments; they are palindromic to the terminal few nucleotides of the
unadulterated coding joint (5). Repeated junctions are shown only if they were obtained in
independent amplifications from at least two mice. For V.3, the canonical junctions are numbered

according to (75).
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ity of sequences from TdT* animals carry
N nucleotides, and less than half of those
that lack N additions have a canonical
junction. It might also be worth mention-
ing, should the currently preferred model
of rearrangement prove incorrect, that the
sequences with N nucleotides almost nev-
er have the same cutting points as those
used to generate the canonical junctions.

Extensive use of homology-directed re-
combination has also been documented
for the Ig heavy chain genes of perinatal
mice (3, 4, 11, 12). Therefore, we ana-
lyzed V,;7183-]J44 and V]J558-J42,3 se-
quences to see whether our observations
on rearranged V_3 genes could be gener-
alized (Fig. 3). The representative data set
shows the frequent use of a few junc-
tions—particularly certain D-] joints—in
the sequences from TdT /= mice, all of
which are situated at short stretches of
nucleotide homology. Overused junctions
are rare in sequences derived from TdT™
animals.

Analysis of rearranged TCRB genes

Fig. 3. Representative se-
quences of V,,7183-D-J, 4

revealed a different situation (Fig. 3 and
Table 1). Homology-directed recombina-
tion is not a dominant feature of the V

repertoire in either TdT~/~ or TdT* mice.
In both types of mice, junctions are heter-
ogenous: almost every sequence has a dif-
ferent V-D and D-] joint. That such heter-
ogeneity is a feature common to Vj se-
quences, whether or not they show N re-
gion diversity, was confirmed by exam-
ination of published perinatal and adult
V5,6,8 and 17a genes (6, 7, 10).

Two conclusions can be drawn from the
data on homology-directed recombina-
tion. First, the presence of TdT somehow
blocks this process. This could be a direct
effect at the protein level—for example,
the binding of TdT to the ends of seg-
ments might inhibit attachment of some
protein needed to hold together short
homologous stretches of nucleotides. Our
data and those of others (4, 12) are con-
sistent with this possibility: adult se-
quences devoid of N region diversity con-
sistently have fewer dominant junctions

and V,g8-D-Jg  junctions V7183 p o
from age-matched mice, GCAAG
. . GCAAGAGA AGG
either wild-type (TdT™*) or GCAAGAGA  TC GG
mutant (TdT~/-) as in Fig. Py i
2. Immunoglobulin heavy e, Seer
chain sequences came GoMGAGA T GG
from total spleen DNA and GCAAGACA TG ATG
TCRB sequences from pasivy e
! GCAAGA(
CD4+CD8+CD3° thymo- Schnehs e s
cyte RNA. Assignment of N GCAAG geceee
. . . GCAAGACA GGGGTC
nucleotides was as in Fig. GCAAGAC arer
2, except for the several canaran o
members of the V,,7183 oeAca ¢
family for which the germ- GCANGAGA T GGG
line sequences are not
known; in this instance, we
relied on the fact that those Ve 8.1
V,,7183 family members pe’ P NI
N AGCAGTGA
whose germline se- AGCAGTGA *
quences are known end ACCAGTGA aer
with either . . . GCAAGACA Ascact c
or ...GCAAGAGA (12). MCOGTGMG A €
n AGCAGTG
Underlined bases are ho- 8.2
mologies of two or more AGCGOTaATG G
nucleotides. Homologs AGCGITGATG €
were scored as in Fig. 2. Aocooon pad
The impression that the D e o ¢
i - AGCGG GGGCA
segment is gene(ally :_short A TG s
er in TdT~/~ mice is an 8.3
illusion caused by the rou- jossoiicl &
tine placement of homolo- AocaGTa c
gous nucleotides in the V AGCAGTG cc
AGCAGTGAT ACCCT
or J segments. AGCAGTGATG
AGCAGTGATG CA G
AGCAGTGA
GCCAGCAG Geee
AGCAGT A
AGCAGTGATG C
AGCAGTGATG
AGC TCAA
AGCAG ccee
AGCAGTGA A
AGCAG GC
AGCAGTGAT
AGCAGT c
AGCAGTGATG CA

TdT+ IgH
P D PN P Jud v,7183
GA  TCTATGATGGTTACTAC G ATGCTATG | GCAAGAGA
ATGATTACGAC AGGAT  TTACTATGCTATG | GCAAGAGA
A TTTATTACTACGGTAGTAG CTATGCTATG | GCAAGACA
TACTACGGTAGTAGCT cce TATGCTATG | ccaacaca
A cc TACTATGCTATG | coancaca
TCTACTATGATTACGA G TACTATGCTATG | coananc
GGGA ATTACTATGCTATG | o
ATTACGGTAGTAGCTAC S | comanca
TCTACTATGATTACG GTCG TGCTATG
ATGGTAACTAC G  GGGG CTATGCTATG | SMAAGAC
TTACTACGGTAATAG TTCCCC TGCTATG | GCAAGACA
TGATTACGAC G AGG ACTATGCTATG | GCAAG
TGCTATG GCAAGAGA
GGTACGAC G N CTATGCTATG | GCAAGAGA
TTACT GGG TATGCTATG | GeARGA
CGGCTAC TICeC oAt | ceanca
A TTTATTACTACGGTAGT 76 ATGCTATG | Geancaca
A TTTATTACTACGGTAGTAG NCCC AT ATTACTATGCTATG | cran
TTACTACGGTAGTAGC GGG TATGCTATG | coancaga
A TCTACTATGATTAC =Y TACTATGCTATG | cancaca
GGTAACTAC GCTATG | coaca
CTATAGTAA AGGGGE TGCTATG
TCR B
P D P N P J |vp81
GACAGGGG AAACACAGAA 1.1 | GGCAGTGAT
cAGe TCIN  CAAACTCCGAC 1.2 | AGCAGT
A G CAAACTCCGAC AGCAGTGA
cAGe A CTGGAAAT 1.3 | AGCAG
cc GGGACA CGAT A TICTGGAAAT TCCANCAG
GACAGGGG A TARCTATGCT 2.1 | AGCAGTGATG
CAGGG e AGTGCAGAA 2.3 | AccaG
CTGGGE ACCAAGAC 2.5 | AGCAGTGATG
AGCAGTGA
GGGACAGGG TTCTGGAMAT 1.3 8.2
acean 1.4 | AcceeTeaTe
TGGG cc CTATGCT 2.1 | AGCGGTGA
=Y TATGCT AGCGGTG
GACTGGGG Anc CTATGCT AGCGGTGATG
GGACA A CT AGTGCAGAA 2.3 | AccoeTeAT
GGGAC canGAC 2.5 | accacTe
GGGACA A CTCCTATGAA 2.6 | AGCGGTGATG
ACA T TGAA AGCG
AGCGGTGAT
CAGGGG ACAGAA 1.1 AGCGGTGA
GGACA A AGAA AGCGGTGATG
GACAGGGGG AGA GGAAAT 1.3 AGCGGTGAIG
GGG CGAA 1.4 | AGCGGTGATG
GGGACAGGG cc CAACCAGGCT 1.5 8.3
cA T CCAGGCT AGCAGTS
TG e TICCTATAAT 1.6 | AGeGGTGATG
GGGACAGGG T 16cT 2.1 | acencte
GGACTGGGGG ARCTATGCT Ace
GGGGGE A TAACTATGCT AGCAGTGA
GGGGGE ™ CAMAAC 2.4 | pceicnd
GGGGGGEC G G AC
o o 2.5 | Aocrsmans
GACTGGGGG ACCAAGAC AGCAGTS
CAGGGG e 2.6 [ pootoe
GGACTGGGGGGC TATGAA
CC  GGGACTGGGGGC TATGAA AGCAGTGA
CAGGGGG T CTCCTATGAA Acc
CAGGGG A CTATGAA AGCAGTGA
GGGGG TeT CTCCTATGAA AGCAGTGA
AGCAGTGATG
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than do perinatal sequences lacking N
nucleotides. The blocking of homology-
directed recombination of TdT could also
be an indirect effect; the addition of nu-
cleotides to segment ends might set
stretches of homology too far apart for the
recombination machinery to join them
effectively. This possibility has been sug-
gested previously (12) and is supported by
the preponderant use of homologies resid-
ing close to the ends in both Ig and TCR
vd genes. A similar preference for homol-
ogous stretches near the extremities was
observed after circularization of trans-
fected linear plasmids in nonlymphoid
cells (25).

The second point is that in animals
whose receptor variety is severely restrict-
ed by the absence of N region diversity,
some receptor gene families (V 3-J,1 and
IgH) use a strategy to further reduce vari-
ety, whereas the TCR genes do not. The
Dg and J, segments actually seem to be
organized to avoid homology-directed re-
combination. Few stretches, even dinucle-

TdT"-
P N2 P D P N P Jud
I GG TTIACTATGCTATG
I GG TTACTATGCTATG
Ic ATGG TTACTATGCTATG
Ic GTA ACTATGCTATG
CTATAGTA ACTATGCTATG
CCTACTATAGGTACG ACTATGCTATG
TGATTACG ACTATGCTATG
I GATTACG ACTATGCTATG
TTACTAAGGTAGTAG CTATGCTATG
CTACGGTAGTAG CTATGCTATG
GG ATGGTAAC TACTATGCTATG
I GATGGTTAC TACTATGCTATG
I TACTACGG TIATG
TGGTTACTAC G c TACTATGCTATG
TG TGATTACG AT  ATTACTATGCTATG
T TACTACGGTAG TTACTATGCTATG
TGCTATG
I GGTTACTAC GCTATG
prel ATGG A TACTATGCTATG
G CCTACTATAGTAACTAC G CTATGCTATG
P N P D P N P J
AACACAGAA 1.1
ACAGG AAACACAGAA
GGGG G CAAACTCCGAC 1.2
GGACAGGG ACTCCGAC
GGGAC A TTCTGGAAAT 1.3
G TGCT 2.1
GGACAGGG CAGAA 2.3
GTCAAAAC 2.4
CAGGGGG CAAGAC 2.5
GACAGGGGG CAGAA 1.1
c AACTCCGAC 1.2
GGACA TCTGGAAAT 1.3
c GGG TAAT 1.6
AAT
GGACAGGGGGC TATGCT 2.1
GGGG CACCGGG 2.2
ACA ™ AACCAAGAC 2.5
TGG AACCAAGAC
GGACTGGG T CCAAGACACC
CA CTGGGGGG TGAA 2.6
AR
AN
GGGGC G CCAACGAA 1.4
G CGAA
GA CAACGAA
GGGACAGGGGGC AACCAGGCT 1.5
GGGACAGGG T 1.6
GGACTGGGGGGGC TGCT 2.1
g T
GACTGGGG TATGCT
GGGACTGGG ACACCGGT 2.2
GACAGGGG GCAGAA 2.3
GG GTGCAGAA
TGGGGG CAAAAC 2.4
c AGTCAARAC
GGGGGGG CAAGAC 2.5
GG AG CTCCTATGAA 2.6
1177



Table 1. Use of homology in TdT~/~ and TdT+ V(D)J junctions. Most data sets were compiled

from independent amplifications from at least two mice. Only homologies of two nucleotides or
more were counted, and as in the figures we considered the possibility of P inserts of up to five
nucleotides. The V.3 canonical junctions are numbered as in (75). DP, CD4*CD8*;

CD4-CD8~ thymocytes.

DN,

v,3

V,, 783/J558

g e
Total DP DN (D-J only)
Tar-
No. of junctions 64 54 46 . 122 39
No. of junctions with N 3 0 3 3 2
No. of homologies > 1 bp 40 (66) 35 (65) 29 (67) 22 (18) 20 (54)
(% in N~ junctions)
No. of canonical junctions
(% total junctions)
Junction 1 17 (27) 16 (30) 11 (24)
Junction 2 15 (23) 11 (20) 9 (20)
Junction 3 7(11) 7(13) 5(11)
Total 39 (61) 34 (63) 25 (54)
Tar+
No. of junctions 55 54 30 82 23
No. of junctions with N 42 38 12 50 17
No. of homologies > 1 bp 6 (46) 7 (44) 8 (44) 2 (6) 2(33)
(% in N~ junctions)
No. of canonical junctions
(% total junctions)
Junction 1 2 (4) 1 (2 0
Junction 2 2 4 1 (@ 5(17)
Junction 3 2 4 5 (9) 3 (10)
Total 6 (11) 7 (13) 8 (27)

ot

ides, are shared between the two: the D

segments are essentially G nucleotide
stretches, whereas few G nucleotides are
found in the ] segments. Consequently,
TCRB genes will be very diverse even in
perinatal animals.

Thus, the enzyme TdT catalyzes the

bulk of N nucleotide addition to V, D,
and ] segment ends and blocks homology-
directed recombination. These two pro-

ce
ge

sses greatly magnify the number of anti-
n receptor specificities expressed by

adults as compared with perinates. It re-
mains to be determined which is more
critical for the development and well-
being of the animal, the relatively restrict-
ed perinatal or the highly diverse adult
repertoire.

al.

The accompanying paper by Komori et
arrived at similar conclusions about

mice carrying a different TdT mutation

@

o &>
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