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Dy, genes of mouse immunoglobulin heavy chains 1849

Only Dgy 16, Dsp2, and D5, gene families exist in mouse
immunoglobulin heavy chain diversity gene loci, of
which Dg; 6 and Dgp, originate from the same
primordial Dy gene

In mice, 12 germ-line Dy genes belonging to three different families (Dgs;, Dsp, and
Dpyi6) have been identified. The Dy genes other than Dgs; are clustered in the 60 kb-
long region located between Vy and J genes. Since there are seven Dy gene families
(Duoszs Dxps Da, Dk, Dy, Dy and Dy g) in humans, we tried to identify new Dy gene
families in the 60 kb-long region using human Dy gene probes. Mouse and human Dy
genes showing the highest similarity were mouse Dg 14 genes and human D, genes.
Southern hybridization of the mouse clones covering the 60-kb region with human Dy
probes did not detect any other Dy genes. Nucleotide sequence analysis of the 4.0-kb
fragment containing the Dg 16 1 gene confirmed this conclusion. Comparison of the 12
germ-line Dy genes and more than 150 somatic Dy sequences also indicated that there
are not more germ-line Dy genes in the mouse genome. Moreover, comparison of
nucleotide sequences of D16, and Dgpy , genes and their surrounding regions sug-
gests that both Dy gene families originate from the same primordial Dy gene. Using
the flanking sequences of both Dy genes, the divergence date between Dy (6 and Dgp;

genes was estimated at around 37 million years ago.

1 Introduction

The V region of Ig H chain is encoded by three separate genes
in the germ-line genome: Vy, Dy and Jy [1]. Both Dy-Jy and
Vy-Dy joinings are necessary to complete an active Vy gene
[1]. These DNA rearrangements are mediated by the recombi-
nase which recognizes the heptamers CACTGTG and
CACAGTG, and the nonamers GGTTTTTGT and
ACAAAAACC [2]. The spacer length separating these
oligomers is either 12 or 23 nucleotides [3]. Dy-coding
sequences are bordered by two sets of 12-nucleotide spacer
signals. In mouse, 12 germ-line Dy genes have been identified
and they can be classified into three Dy gene families (Dgs»,
Dsp, and D 44 [4]). The Dy genes belonging to the Dgp, family
are regularly spaced every 5 kb. Although human Dy genes
originally identified by Siebenlist et al. [5] are also regularly
spaced every 9 kb, we showed that each 9-kb repeating
sequence contains six different Dy gene families (Dxp, Da,
Dx, Dy, Dy and Dyg; [6]).

In this study we tried to identify new Dy gene families in the
mouse genome using human Dy gene-containing fragments as
probes. Most mouse Dy genes are clustered in the 60-kb reg-
ion located between Vy and Jy genes. Southern hybridization
of the phage DNA covering the 60-kb region indicated that
only fragments containing Dy 15 weakly cross-hybridized with
the human D, probe. We determined the nucleotide sequence
of the 4-kb DNA fragment containing Dg 16;. This fragment
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does not contain any Dy gene other than Dgp ¢ itself. Com-
parison of nucleotide sequences of the germ-line Dy genes and
more than 150 somatic Dy genes indicated that there are not
more than 12 germ-line Dy genes in the mouse genome. We
also discuss the evolution of the mouse Dy gene loci.

2 Materials and methods

Six human Dy probes Dyp, Dy, Dk, Dy, Dy and Dii were
described in a previous report [6]. Three mouse Dy gene-
containing clones, RI-2, RI-6, and RP13 were described by
Kurosawa and Tonegawa [4]. Southern hybridization was car-
ried out under non-stringent conditions [6, 7]. DNA sequenc-
ing was performed by the dideoxynucleotide chain termination
method [8].

3 Results
3.1 Identification of putative Dy genes by human Dy probes

Since in the mouse containing clusters of Dy genes regions
consist of highly conserved S5-kb repeats [4], three mouse
clones, RI-2, RI-6 and RP13 [4] were used as representatives
of mouse Dy gene-containing clones (Fig. 1). DNA was
digested with Eco RI. Six different human Dy gene-containing
fragments, described previously [6], were used as probes for
Southern hybridization. Five probes: Dxp, Dy, Dy, Dk and
D r did not give any distinct signals (data not shown). How-
ever, the 4-kb Eco RI fragment in clone RI-2 and the 6.7-kb
fragment in clones RI-6 and RP13 gave weak but distinct sig-
nals with the D, probe as shown in Fig. 2. Southern hybridiza-
tion of cellular DNA with these six human probes did not give
any signal (data not shown). We concluded that if mouse Dy
genes other than Dgp, and Dy 44 exist, they should have been
on these 4-kb and 6.7-kb fragments.
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Figure 2. Southern hybridization of mouse Dy gene-containing clones
[4] with human D, probes. (a) Of each phage DNA 0.5 ug was
digested with Eco RI, separated by agarose gel electrophoresis and
stained with ethidium bromide. (1) RI-2 contains four Eco RI frag-
ments: 5.4, 4.0, 3.8, 1.2 kb. (2) RI-6 contains three Eco RI fragments:
6.7, 5.4, 2.8 kb. (3) RP13 contains three Eco RI fragments: 6.7, 5.2,
5.0 kb. The origin of faint bands is not known. Closed triangles indi-
cate the position of A-Hind III markers. (b) Southern blots of these
separated DNA which were hybridized with the human D, probe [6].
The 4.0-kb band in clone RI-2 (1), and the 6.7-kb band in clone RI-6
(2) and clone RP13 (3) gave distinct signals.

3.2 Nucleotide sequence of the 4.0-kb fragment containing
D161

Although the 4-kb and 6.7-kb fragments contained Dy 4
genes, we determined the total nucleotide sequence of the
4-kb fragment to find the regions giving positive signals with
the D, probe. As shown in Fig. 3, there was only one Dy gene
on this fragment. Homology research between nucleotide
sequences of the 15-kb human Dy-containing region [6] and
this 4-kb fragment showed that homologous regions are very
restricted in Dgp 61 and D,y genes themselves. Fig. 4 shows
the comparison of nucleotide sequences of Dgp 67 and Day
genes. The signal and coding regions of these two genes
showed 85% homology; however, the surrounding regions did
not have any distinct homology. Although the 6.7-kb fragment
containing Dgy 46, was not sequenced, it is likely that the reg-
ion which gave a positive signal with the D, probe in the
6.7 kb fragment was the Dy 16, gene itself.

Figure 1. Organization of mouse Dy
gene loci. Twelve Dy genes belong-
ing to three families have been
identified [4, 9]. Clones RI-2, RI-6,

O DrLis and RP13 were used in this study.
® Dse2 Numbers on the second line indicate
0 Dos2 sizes of Eco RI fragments in kb. The

4-kb fragment containing Dy 16, Was
sequenced.

4 Discussion

In the mouse, 12 Dy genes have been identified, and they can
be classified into 3 Dy gene families [4]. In this study, we tried
to identify new Dy gene families in the mouse genome using
human Dy probes, since there are seven human Dy gene
families [6]. However, the only Dy genes detected by human
Dy probes were Dy ¢ genes. Most Dy genes were originally
identified by using DNA fragments containing Dy-Jy joints
[4, 5]. In the case of the mouse system, many Dy-Jy fragments
have been sequenced, and in all cases published so far, one of
the 12 Dy genes identified was involved in such joinings [4, 10,
11]. As shown in this study, the Dy genes cross-hybridizing
with the available Dy probes belong to the 12 germ-line Dy
genes. Therefore, it is unlikely that new Dy gene families
remain to be found. If so, the 12 germ-line Dy genes should
encode all somatic Dy sequences known so far.

When Kurosawa and Tonegawa [4] compared germ-line Dy
sequences with somatic Dy sequences, only 16 somatic
sequences were known. Now, more than 200 somatic Dy
sequences are known. It is thus worth comparing once more
both germ-line and somatic Dy sequences. As a source of
somatic Dy sequences, we used the data book (1987) edited by
Kabat et al. [12] although more data has since been published.
We defined the somatic Dy segment as the region which is not
encoded by either germ-line Vy or Iy genes; therefore, N
regions are included in somatic Dy segments [13]. Since all of
the germ-line Jy sequences are known [14], the boundaries
between Dy and Jj; regions can be easily assigned. We tenta-
tively assigned the 94th amino acid residue to the germ-line Vy
gene and the region after the 95th residue to the Dy region
(for details see legend of Fig. 5). In the data book [12] 158
somatic Dy sequences are available. As listed in Fig. S, one
fifth of them could not be assigned to any of the three Dy gene
families. Some of them are too short to be assigned. The
majority of them are G-rich sequences. Does this mean that
there are other germ-line Dy genes which are rich in G
residues? We think that this is not the case because there is no
regularity among these sequences. If these G-rich sequences
were encoded by germ-line sequences, there should be
sequence similarities among them. They are rich in G residues,
but seem to be random sequences, and they may be the prod-
ucts of the activity of the terminal transferase as proposed by
Alt and Baltimore {13]. The regions encoded by germ-line Dy
genes would have been removed during Vi-Dy and Dy-Jy
joining processes.

Fig. 5 summarizes the assignments of somatic Dy sequences to
germ-line Dy genes. Classification of somatic Dy sequences
was based on similarities of Dy-coding regions and coding



EcoRI . . . . . . . . . .
GAATTCAGGCGTCAACT GTGACAACCCTCCAGCATTAATTTCTATTAATAGATATTTTCTTTACTTACATTTCAAATGTTATCCCCTTCCCCAGTTTTTCCTCCCTGAAACCCCCTATCC 120

CATCACCCATCTCCCTGCTCACCAACCCACCCATTCCATAAGAACCAATCAGTACCCCACCCCCCAGAGCTCCCAGGGACTARACCAGGAACCAGAGAGTACACATGGAAGGACCCATAG 240

CTCCAGCTGCATAGGTAGCACTACTTTGAAAAGGGGGAAGATGATGARATCATTACTGTGGGGGAAATGCAAGGAAGATTCCAACACATCTAGGCATCTATGAAGATTTTAAGTCTTCAA 360

ARTCCAAMARCCACCACAAAATTTAAAAAAAARARARAAAAARARARARAAGTAGATTCTAAAAGCAGTCACCTGCACCAGGTGCCTGGGGAGTCACT CAGCAGCCCTAGACTGAGAAAGC 480

TTGGAGAAAGTAGAAATAGAGAAAGTGTACAGCCAGTATCCTCTAGCTACTCACATCCARACAGGGCCTCCTGACTGCTCTGAGCCTGTCCTAAGAACAGCAATGATGCCACAGAAATTT 600

TTAGAGTGAGCCCTGAAGGAACTTGAGGCTGGTATGAGCAAGCCAGTCCCAGAGGARARGGAAAACCCATAGAGAGAARACAGGTGAGTTAGTGCATTAAAGGGGCTGAGCAGGGAGTTCT 720

CATCGCTCCCCAGCACCAGAARATAAGAGCCTCTCCGGAGCTGCTGGGACATGGARTGCAGATGATTCGGACCATCAGCCCCACAGAGACCTTTCCCACTCTGGCTCAGAAAGAGGCACTG 840
GACCACAGTTGGAGAGGAGAATCGAAAGCTGATATCTCTGTATTCACTTAGCCTGTTACCCACCCATGCACCCAAGTCCAAGGTGGGAGAAACACTGAGGGTCTARAACACAGCCCCAGAG 960

CAACTGCCAGTATTAAATACCAGATTTCAGAAGATTGGAAATCACCTCTCTGGTCATTTTTGGGACATGTAAACTGTARCAGGAAACATAGGACCAATTTAAGATGGAGCAGTCCTATAT 1080

CCCTAACCCAGTTGTAAATAAAACATTCAAGAGTGCCATCAGACACCACAGTGGTACAGGAGAGATGAGTGTACCTAGTGCATCAAGAGT TCCCTCACTAGATAAACCAAGATGTAGCCC 1200

CAGGACCACCCAGGCACCTACCAGGACTCCCCTCCAGAGGTCTGAGCCAGTTAGCTCTAGT TCATTCTATGTTTCAGACCAARAACATCAGAAACAACAGCATCTCCACTGCAGATGAACC 1320

CCTAAGCCATACAGTGTACCCAAAGGCAGCACCACAGATGGGGAATGTGGGGGCGAAGGAGCTTGTATCACATTAAGAGTGTTGCCCAATGACTATTTGCTATCTTCACAGTAAGATGGG 1440

CACTGATCCCACCCACCAAAACATAGTAGGACAAGGACCCTTAAATAACATCTGTCAAGGGGAGCTGTCAAATAGCCACTGAGCTGAGATGGCTCATACGGGGTGATATAGAARAACAGG 1560
CCAARGAACCTCCTGTGTTGCAAGCACAAATGGGAARGCTGTGAATCTCCACTACCTTACAAGAAAACTGTACCAATCTGCAAGAACAGGGGATACACAGCTTTCCACACTGTGTAGGAAG 1680

GCATTGGACTCTCAGATCATCCAAGGACTAGGGCTAAAGTGGCCATGTGTGGGAARTACATCCACTTTATAAACCTACCTTGTATCCACATCACACATGGAGCATCTGCTCCTGGTCCCT 1800

ACCTCATGTGGGTGCTGCGGTGCTGTACATTGAGTCTGGGGGCATGAGT GTGCCCGGTAAATTCCTTATCACTCAGATGAATTTCCAGTCCACACTCATCACCT TGGAGTAGGAATTTTA 1920
AAAGTTAGTGTAGATATAAGTAAAGAGAGTCAGGAGGGGGGGCTGAAAGGCAGACCTGCAGAAATTCTCCAGAGGGTAGAGCTCAGAAGCAGCAAGCAAAACTTGGGCTAACAGAAGAGC 2040
ARACACAGAGCTCAGACAGAACTACCTGGCAATGCGACTGGGCACACTGAAAGCACTGGGCATCAGCACTGAGCCCCAAATATGCACTCAGGATCCTCTGCATAATAATGTGACATAACA 2160

GGAAGGTTAGAACAGGCCAAAAGAGGAAACAGAACAAATGCCCCCAACCAAAGAAGTATARACAAATTGGGAAGAGTAAAGAAGGATTGTAAGGATTGAGTACCACACAGAACATGCTCT 2280

TAATGGCCTCAATGCTGAAGCTAGGAAGAACTAGT TAAAAGAAACATGTTCAACGGGATTCCCTGTCACTGGACTTCACAACAAGCAAAATTCAATCTTTCTGTTAAGGAGATGAGAAGA 2400
GRATATCTGAACCTTGTGTTGACAGTGCCCCACCCCGACTGTCAGGCTGTGGGAAATGCCAGAGCARTCACTAGGAACACACAAGGATGAGGGAGACGAGGGTTAGGACACAACCATCAT 2520

GATATCCCACAAGTATGGAAGAGCAAGAACT TGTAGAGAGCAGAGAATGGCAGACAAAGCAGCATATACATAAGTAGATGGCCAGACTATACAGGAA 2617

BglIz . . . . . . . . . .
AGATCTACATAGCCTGTGAGGCTTTCTGACAGARAAGGGCAGGCATGTCTCAAAGCACAATGCCTGGCTTGGGACACTGTCTGCH * * # % % # ¥ * CCTGGATCCTCTCACTCCACATGTAAG 2728
G C-T-A ACA~-AA-G--G-~--—-AA-A TG AGCTTCTGC---A~~ - T

GAGCTCACAGCAA * AACCACACAGCCTTCCACARGAGGAGAAGAAAAGGTAGCTTGTCAGTGAGGAAGTCCCCCAGAARCAGACCAT TCCAGTAGTTCT TATCATTCCTCCCAAAGCAGC 2847
-G--—-= AG-—--TC-===*T=G=A~T~Cm=m=T-*===--G-AGG-—-~C--~A~—GTG--C GT TC T-—--=-- G-CC--—=-~ L

CACCATCCAGGCACTGAGAGACCAAAGGCTGTTGGGAGGTCAGCCTAGAGGCAGGCTCAG * ACCTTTCTTGCTCCCTAGGACCTTCCTGAAAAGATAGAAGCACAGAAGTGAATAATCT 2965

~==TG--T==—=~=-C-====G-—~G==-A=====T--A~~==v===T=T=A===C-C-=-GT~~A---AC-TA-A¥ ¥ —~ccwum- C--—--GGG-~----=-T-C-~~G-—-~A--A-TG--
GGACCTCAACTCAGGATGACAACTGAAACTCAACCGTGCTGCCT GGGCCCCCARTGCTCTCTACACCTGCAARACCAGAGACCATACTGGCCAGG 3060
==-TG-AC-~-A-—-=-~~| G-CC--~--C----TG-AC----A---CT-G--==~= CCAGG-AA~GTT-———~~ G--T-TCTT-~-T-==~T~-G~-~~
. . . DFL16.1 . . .

GCTTTTTGT GAAGGGATCTAC TACTGTG TTTATTACTACGGTAGTAGCTAC CACAGTG CTATATCCATCA GCAARAACC 3139

-A (o TCTACTATGATTACGAC A G A
. . . . . Dsp2.2 . - . . . .
CATTGTGCCCAGCAGACTCTTGAGCTCCARAAACTGAGTCTAGAAAAGCTGGCATCAC* GGGGTTTATATCCCGAGTCTTGACCACT **GACCCA* ** * TTAATACTATCCAACACAGAG 3252
-=G~A C A-==C-G-~=—~= A---GG~---T---C-TTA---~GC-====~ *T--A-=--C~-~A---GA--AT--TTAG-~-—-~- GG—~————— ==

CTCTCCGTCTGCCCACARAGAAATCCAACCACCCTARAGTCAGATCCCAA* AGCCTCTCACCCAGAGTCCAGGAAACCCAGCAAAAARGCACTCAGCAGAARACCACATGARCCAATGCC 3371

--T-AT-A--A--—---G~C-GG-GA—-G-—-A A T--T A--TT~-T-C-=-=TT-G----- A~=-—#P=w-CTCT-~-~-=~ G----G----

. . BgllI . . . . . . . .
TCCTTTCAATAGGAAGGGCCCCAGAGATCT TTTTCTCAGAAAAACTTGGGAAACACTCCAAGCTGGGCTCAGAGAGACTTCCACAGCCACTTTGARACCTTTGATTTGC 3480
-—-G A AGT--~--~

. . . . . . . . . .

CCCTCTTTACCTGATACCCACAAGACAACACTACCTCAGACACCACARAARCATGTTCTATTTGTCACTTGTGGACCACAAGGATCCTGTGGTAGGTTCTACAAAGATCAGTGGAAGACT 3600

ATGGGGAGCATGTTGCAGGAACTGAGCCTGACTGCAGCTATCTAAGAACTCCCTGTATCCTGGCAGAGGATCCAAAGAAATGAAGCACCACCTCCCAGGCTACTGCTGACCAGAGACAGG 3720

ATTTTGTTTGGCCAGTGTTGGTTTGCATATTTGGGCTCCATTCAT CGGACAATGAAGGATCTCTTAAGGGACAGGATGCCAGTTGTARCCACACTGCAGCCACAAATCTAAAGACCTCGC 3840
EcoRI

CTTACCATACTCTGGAAGATCAGAGAGAGGCCTAGGCAGAGTCCCCCTCTGACTCCTATTGGGGARAATTTTGGATATTTGAATTC 3926

Figure 3. Nucleotide sequence of the 4-kb Eco RI fragment containing the Dy, ;6 gene. Total nucleotide sequence of the 4-kb Eco RI fragment
in RI-2 was determined. For comparison, sequence of the Bgl II fragment containing the Dgp, ; gene [17] is also shown. Bars indicate the same
nucleotide as that of Dy ;. Stars indicate missing nucleotides.

DFL16.1 GGCCAGG GCTTTTTGT GAAGGGATCTAC TACTGTG TTTATTACTACGGTAGTAGCTAC CACAGTG CTATATCCATCA GCAAAAACC CATTGTG

. e eossecves ssense o2 o sessvas * sesee seee os0ce sesssse . o ees ee¢ sssccnes . .

DA4 CTCAGGG GCTTTTTGT GAAGGGTCCTCC TACTGTG TGACTAC AGTAACTAC CACAGTG ATGAACCCAGCA GCAAAAACT GACCGGA

Figure 4. Comparison of nucleotide sequences between mouse Dg ¢, and human D,,. Combinations of mouse and human Dy genes showing
the highest similarity were mouse Dy, genes and human D, genes. The sequence of D44 gene was published in a previous study [6]. Positive
signals, with human D, probes, from the Dy gene-containing clones (Fig. 2) should be due to the above homology.



(A) FL16 family (B) SP2 family

Frame I TT TAT TAC TAC GGT AGT AGC TAC Frame I TC TAC TAT GGT TAC GAC
Np TT CAT TAC TAC GGC TAC NR JH ref. TC TAC TAT GGT AAMC TAC
CC TAC TAT GGT TAC GAC
TT C TAC GGT AGT AGC T GG J4 23 CC TAC TAT GGT AARC TAC
TAC GGT GGGGCCT J4 24 CC TAG TAT GGT AAC TAC
A AC TAC GGT AGT J2 27 Ni, TC TAC TAT GAT TAC GAC Ny JH ref.
GG TAC TAC GGT AGT AG A J2 30
AGGG AC TAC GIT AGT AGG TAC GACCC J3 55,57 66T TAT GGT GGCCT 32 25
GTICTCAA TT TAT TAC TAC GGT CGT AGC GAC AAATACTTCACTT  J4 60 GATA AT GAT CAC cTCT J2 28
GC T TAT TAC TAC GGT ccr J3 €9 TAC TAT GAT TAC T J3 29
G AT TAC TAC GGT AGT J2 76 666 AT GGT AAT TAC AGGAATTIG  J2 31
c AT TAC TAC GGT AGT AGC T CC J3 83 A AC TAT GG G J3 54
TAT TAC TAC GGT AGT AGC CAT J3 84 TAC TAT GGT AAC TAC J2 86
(€6C) TAT TAC TAC GGT AGT AGC CTA J1 85 AGCG AG TAT GGT AA T J2 108
GGT AGT AGC TAC G J4 90 GAGGAA  TAC TAT GAT TAC G CTT J2 129
TACG AT TAC TAC GGT AGT AGC TAC J2 92,102 (ATT) TAT AGT AAC TAC AAGT J2 136
TAT TAC TAC GGT AGT AGC J2 95 TAC TAT BACG TAC cer J4 150
TACA AT TAC TAC GGT AGT AIC TA J4 97 TAC TAT AGG TAC ccT J4 151,152,
TAT TAC TAC GGT AGT AGC TAC J2 98 TAT BG@ TAC GAGAGGG I3 153
OG T TAT TAC TAC GGT AGT AGC ccTTe J2 109 7CGG AT GGT TAC TA J4 161
TCGGATGG T TAC TAC G ACTGGTTTG J3 110 GGGGGA TAT GG GGGAGTA J4 166
GGGCAGA TT TAT TAC TAC GGT AGT ACC T J2 112 G CC TAC TAT GG AG J3 171
TAT TAC TAC GGT AGT AGC J2 121 &G TAT BGG TAC G G J3 191
TCG GGT AGT ABC TAC C J1 123 GG TAT GCT TAC G GGG J3 192
CCCCACCCAT C TAC GGT AGT AGC TAC J4 130 66 GAT TAC GAC GGGG J3 193
GGG TAC TAC GGT AGT AGC J2 132 GATG CC TAC TAT AGT AAC TAC J1 194
TAT TAC TAC GGT AGT AGC TAC J2 133 cce TAT GGT AAC TAC J4 200,201
TATG AT TAC TAC GGT AGT AGC TAC J2 134 C CC TAC TAT AGG TAC cer J1 205
TAT TAC TAC GGT AGT AGC TAC J2 139 166 GGT AAC TAC CC J4 234
AG T TAT TAC TAC GGT AGT A CGTCCG J3 141 (ATC) TAC TAT AGG TA T J4 252
TAC TAC GGT AGT AGC TAC T J2 145 GG GGT AAC TAC CCIC J4 253
TACCTC TAT TAC TAC GGT AGT AGC TAC J2 148 TAC TAT AGG TAC cerT J4 254
TACGA T TAT TAC TAC GG GT J3 149 TAC TAT AGT AAC TAC CC J4 256
TAT TAC TAC GGT GCTG J2 154
TAT TAC TAC GGT AGT AGC T T J3 155
TAT TAC TAC GAG AGT AGC cT J3 156 Frame II  TCT ACT ATG GIT ACG AC
(cTe) TAT TAC TAC GIT AGT AGC TAC G J3 157 TCT ACT ATG GTA ACT AC
(cer) TAT TAC TAC GG GGGGG J1 158 COT ACT ATG GTT ACG AC
(cemy TAT TAC TAC GG GG J1 159 COT ACT ATG GTA ACT AC
» Gee TAC GGC T TAT J4 163 CCT AGT ATG GTA ACT AC
G AT TAC TAC GGT AGT AGC TAC J1 167 76T ACT ATG ATT ACG AC
A AT TAC TAC GGT AGT ACC T JTL 172 e ——————m— e m e ———m——mmmm——————————————
GGA TAC TAC GG AGGAG 93 173,174 ATGGGGC CT ATG GTG GTT AC ACCC J3 59
TC T TAC TCC GGT AGT AGC c J3 175,176 TCG  TCT AG cte J4 164
GATGCGG AC TAC GGT AAT AGC TAC TTIG J1 181
GGG AGT AGC TAC GGAG J3 184
GG AT TAC TAC GGT G J3 185,187,188 Frame III T CTA CTA TGG TTA CGA C
GATGCAGAGGT T TAC TAT GGT GGT AGC T CT J1 199 T CTA GTA TGG TAA CTA C
TC T TAC TAC GGT AG cc J3 203 C OTA GTA TGG TTA CGA ©
A AC GAC GGT AGT AGC TAC GG J2 204 C GTA CTA TGG TAA CTA C
TCCC AT TAC TAT GGT GGT AGC TAC G J2 217 C CTA GTA TGG TAA CTA C
TCGGIC TAC TAT GGT GGT AGI TAC J2 218 T GTA CTA TGA TTA CGA C
TCGA AT TAC TAI GGT GGT AGC TAC TC J2 219
GGGAT T TAC TAC BAT AGT AGC cc J2 221 GG GA TTA € A J3 €8,70,72
»GGA TT CAT TAC TAC GIC CAC J2 237,238,239,240 TACAGE 166 TTA GAGG 73 135
Gar TAC GG G J3 244,245 GG A TGG TTA CGA C GIG J4 143,144
GAT TAC GG G J2 246 166 GAR e J4 160
GA T TAT TAC TAC GGT AG GG J3 255
Frame II  TTT ATT ACT ACG GTA GTA GCT AC {C) Dgs2
TTC ATT ACT ACG GCT AC
CAACTGGGAC
GATGCGCTC ATT ACT ACG GTA G GGAGGGGGT J2 124
»{CCT} ACT ACG GC CTTAGAGGGG J1l 138 GAT CTGG J4 61
GGA ACT ACG GTG G GGAGA J2 146 GATC CTGGG G J3 63
CCCCCTC TT AIT ICG ITA GTA GC GG J4 241 TAT CGACTGGGAC GG J2 104
ATT ACT ACG GTA G J4 251 G ACTGGG TC J3 128
TCA AACTGGG J2 131
GG TGGGAC Jl 178,179,
Frame III T TTA TTA CTA CGG TAG TAG CTA C GCT AACTGGGA T J3 189
T TCA TTA CTA CGG CTA C
(ACC)GA ACGG T TAGGGG J1l 122
G A CGA CGG GAG T CGA J2 140 (D) not classified
GGGATT TTI CGA CGG G J4 147
7 A CTA CGG GT J4 162 GATAGGGG J3 32 GATCATGGG J3 49
A GG oTA ATGG 74 165 GATGGGGG J3 33 GATTGG J4 50
AAGGGAC TA CTA CGG T 34 202 GATCGTGGG J3 34 GATCAGGGG Jz SL
»CAA CTA CGG CT c J3 249 GATCGGGGGG J3 35 GATCAGGGG J4 52
GATCGAGGGGTG J3 36 AACGGAGGG J4 56
- . . . J4 37 GTAGCTCCGGGG J2 58
Figure 5. Assignments of somatic Dy sequences to germ-line Dy genes. The §:%‘ZQGG 33 38 GATAGG J1 65
data book (page 508 to 519) edited by Kabat et al. [12] was used as the source ~ GarGeGTT J4 39 GGG J3 89
of somatic Dy; segments. Ref. indicates the number used in this book. Classifi- ~ SAT555¢* e e aCT e
cation of somatic Dy; sequences was based on similarity of coding regions and  caracceea J3 42 - J3 126
coding frames. Boundaries between Vi and Jy; genes were tentatively fixedat ~ carcess J2 43 TATTT 73 ig;
the 94th and 95th amino acid residues. N sequences (N, at the boundaries ~ SAT°A7e¢6 7% 44 B e 32 208
between Vy and Dy, Ny at the boundaries between Dy and Jy) are also GATGGGGG J3 46 GACGGGGGA 32 247
written. Since GG, GA, GAT and CC sequences for the 95th residue might ~ GaTG6e6 2 47 (cecy -~ vz 248
J2 48 TTAGACACCTCCG J3 250

be encoded by germ-line Vy genes [22], they are shown in italics. Since there ~ **™¢
have been no reports showing CGC, CTG, CCT, or ACC at the 94th residue in germ-line Vy genes [12, 22], they are shown in parentheses.
Boundaries between Dy; and Jy; genes were assigned based on germ-line Jy sequences [14]. When nucleotides at the boundaries can be encoded
by germ-line Dy and Jy; genes, they are indicated in italics. When nucleotides possibly encoded by germ-line Dy genes are different from the
corresponding germ-line Dy genes, they are underlined. Black triangles in the D 4 family indicate that D6, was used; in the other cases,
Dpy161 Was used. Bars in (D) indicate that there is no sequence in the somatic Dy, region.
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Table 1. Nucleotide difference of flanking regions between Dgy 6 and

Dy,
Position
from to N M K K®
5'-Flanking 2618 3060 445 121 0.2719  0.3377
3'-Flanking 3140 3401 266 65 02443  0.2956
Totat 711 186  0.2616  0.3217

a) 5’ and 3'-Flanking sequences of Dy genes were compared. N is the
number of sites compared between Dg 6, and Dy, [17]. Dele-
tion of continuous two to nine nucleotides was assumed to have
occurred as a single event. M is the number of sites showing a
difference between Dy 5 and Dgp,. K and K° indicate nucleotide
difference per site and difference corrected for multiple substitu-

. 3 4
tions K°= — Zln (1 —EK) [18, 19], respectively. Using K°=

0.3217 for Dy y¢ and Dgp,, the divergence between rat and mouse
would have occurred 17 million years ago [20], and using a K°
value for rat and mouse of 0.148 [21], the divergence date between
Dris and Dgp, was estimated to be about 37 million years (17 X
0.322

=37).

0.148

frames. The following characteristics were observed (a) Dy 164
is the most frequently (73/158) used Dy gene, (b) the codon
frame I (TAC TAC GGT and TAC TAT GGT) encoding
Tyr-Tyr-Gly is predominantly used in both Dg ¢ and Dgp,
genes, 65/77 and 29/38, respectively; (c) in the cases where N
sequences were not observed at the boundaries between Dy
and Jy genes, 1 to 6 nucleotide-long redundancy frequently
existed, that is, a few nucleotides such as CTAC can derive
either from germ-line Dy or Jy. The third point may reflect the
repair mechanism taking place after digestion of the ends of
Dy and Jy genes with exonuclease. DNA polymerase and lig-
ase might be involved in the joining process of the processed
ends. Since DNA polymerase requires a primer for polymeri-
zation [15], the ends of the joined fragments should have com-
plementary nucleotides to supply template and primer. These
characteristics were already observed in Kurosawa and
Tonegawas’s study [4], although only 16 somatic sequences
were available; now, they can be generalized in mouse somatic
Dy sequences. Since virtually all of the somatic Dy sequences
can be encoded by the 12 Dy genes, we concluded that there
are only three Dy gene families in mouse genome.

Dgr16 family has two members and Dgp, family has nine mem-
bers [4]. It is quite obvious that the members belonging to each
family were created by a gene duplication mechanism.
Moreover, sequences of Dy and Dgp, are also homologous
to each other, as shown in Fig. 3. The sequence similarity has
been found not only in Dy genes themselves but also in the
surrounding regions; therefore, it is likely that both gene
families orginate from the same primordial Dy gene. Using the
flanking sequences of both genes, we calculated the diver-
gence date beteen Dy and Dgp, genes as described in
Table 1, and concluded that Dgpy6 and Dgp, genes had
diverged around 37 million years ago. Fig. 6 schematically
shows the evolutional pathway that created a set of Dy genes
in the mouse genome. A primordial Dy gene was duplicated
around 37 million years ago. Mutations were introduced into
both DNA fragments, resulting in Dy 16 and Dsp, genes. Both

Dy genes of mouse immunoglobulin heavy chains

l:] primordial D gene
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Figure 6. Phylogenetic relationship between Dy and Dgp, gene
families. Dgy and Dsp, genes diverged from a primordial Dy, gene
around 37 million years ago. Both genes were duplicated once more.
After that, only the Dgp, gene was multiplied.

genes were duplicated once more. After that, only 5-kb frag-
ments containing the Dsp; gene were multiplied several times.

The reason why Dg 461 is the most frequently used Dy gene is
not clear. As long as the usage frequency of D46 and Dgp,
was observed in Dy-Jy joinings, Dsp; and Dg 6 genes were
equally used [4, 10, 11]. Moreover, judging from the sequence
observed in Dy-Jy joints [4, 11], not only the codon frame
encoding Tyr-Tyr-Gly, but also the other codon frames were
used. Selection might have occurred at the cellular level, not at
the joining process. The reading frame of Dy regions has also
been discussed by others [16], leading to essentially the same
conclusion as ours.
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