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Abstract. A comparison of the genes encoding the CD1
leucocyte differentiation antigens in man and mouse
shows important differences which prompted us to
analyze the CDI genes of the rabbit. We have found that
the rabbit genome contains multiple CD/ loci. Upon clon-
ing and sequencing, one of these loci was found to encode
the known rabbit CD1-like antigen (R-Ta) and to be close-
ly related to the human CDIb gene, which is absent in
the mouse, while a second rabbit gene is closely related
to both the human R3 and the mouse CD! genes. The data
reinforce the notion of the existence of two classes of CD1
genes, one of which is conserved in all species, while the
other, albeit also evolutionarily old, has been deleted in
mice as well as in other rodents.

Introduction

The CDI gene family has thus far been studied only in
man and in mouse. Five genes in man (Calabi and Milstein
1986, Martin et al. 1986) and two genes in the mouse have
been identified (Bradbury et al. 1988). On the basis of
sequence analysis, the suggestion has been made that the
CD1 genes fall into two distinct classes (Calabi et al.
1989): the first includes the genes encoding the
serologically defined CD1a, -b, and -c antigens; the se-
cond consists of one of the remaining human genes (R3)
as well as of both mouse genes. Thus, the latter class is
present in both species, while the former is not, although
some functional homologue (i. e., mouse TL) might exist.
In this paper, we analyze the CDI genes of the rabbit,
where a CDI-like system has been recently described
(Wang et al. 1987).

The nucleotide sequence data reported in this paper have been submitted
to the GenBank nucleotide sequence database and have been assigned
the accession number M26248 and M26249.

Offprint requests to: C. Milstein.

Materials and methods

Cotton-tail and domestic rabbit genomic libraries were made from par-
tially Sau 3Al-digested DNA cloned into the Bam HI site of A EMBLA4
and probed with the insert from clone FCB1 as previously described
(Martin et al. 1986). Positive clones from the domestic rabbit librafy
were further screened by hybridization overnight at 40 °C to the syn-
thetic oligonucleotide mixture DoRb 10-15 (5'— ATYTGCATXACR-
TGRTA —3’, where Y stands for T and C, R for A and G, and X for
all four bases), followed by washing three times at room temperature
and once at 40 °C in 5 x standard sodium citrate (SSC)+1% sodium
dodecyl sulfate. The following fragments from the A clones were subject
to shotgun cloning (Bankier et al. 1987): 1) from A CtRb1 (cotton-taiyl
rabbit), the ~2 kbp Eco RI-Bam HI fragment adjacent to the left arm
and the ~ 1.5 kbp Bam HI-Eco RI fragment next to it; 2) from A DoRb3A
(domestic rabbit), a 1.7 kbp Hind III fragment hybridizing to DoRb
10-15. Shotgun libraries were made in either the Eco RV site of TG13]1
(cotton-tail rabbit) or the Sma I site of M13mp8 (domestic rabbit). In
the case of the library made from the ~ 2 kbp Eco RI-Bam HI fragment
of \ CtRb1, only the clones hybridizing to the human CDI probe were
sequenced. DNA was sequenced by the dideoxy method (Bankier et al.
1987): at least twofold redundancy was achieved on each strand. Percent
sequence similarities were determined using the TWOB program (R|
Staden, unpublished data). Northern and Southern blots were performed
essentially as described (Maniatis et al. 1982) using Hybond-N or
Biodyne transfer membranes.

Results

Genomic libraries from both cotton-tail and domestic rab+
bits were screened with a human CD/ probe. The cotton:
tail rabbit library yielded a clone (A CtRb1, Fig. 1) con:

R BHH R H H B8H H R|
CtRbCD1.1 I_|_I|JL|J [ O
a3 a2 al
1 kbp

Fig. 1. Restriction map of clone A CtRbl. R, Eco RI; B, Bam HI; H]
Hind 1I1. The approximate position of exons is indicated by boxes. |
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a.
5'UT/Leader
DoRb ggtggttttccaaagtagTGTG—AGGAAGCTGAGGAACCAAATGAAGCCATGATAGTAAGAGATTTAGAAGTTAGAGAT ———————————
CD1b ggggcttttcca-agqagGTATGAAGGAAGGTGAGGA—CAGGGAGAGCGGCTGGAAGTCAGGGGGTAAGAGAAACTCTAAAAATCAGGGC
DoRb GGAGGGGAAATaAGAGGTAGGAGGCAC —————— AGGGTGGGGGAGCACTTTTTTTTTTGTATACGTAATGTCGATGAGGAAGATACTTGC
CD1lb TTGAGGGAAAT GGTGAGGTAAGAGGCTCAGGGCTGTGGGAGGCACATTTTTCTCTGAAAAGCAGTTTGGATGAGGAAGAGATTTGG
DoRb CATTCAGAACAGAGAGuAAGTCA"TACAGAGGACTGAGAAAAAGGTTTGATAAAACCAGAGATCAAACACCAGCTCTGAGAGTAAGAAGT
CD1b CAGTTGGAAGAGAGAA AAGTCAVTACAGGGTACTGAGGAAAAGCTTTGCTGAAATTGGAGATCAAATACCAGCTCTGCCAGTAAGAAGT
M L L L P LL L LAGIRYFUPSGSGUDNED
DoRb TTTAACTCCTGGTGAAATGCTGCTTCTGCCACTTCTATTACTGGCAGGTCGCTTCCCCGGTGGTGACAATGAGGATthaagagtaacfc
CD1b TGCATCTCCCAGTGAAATGCTGCTGCTGCCATTTCAACTGTTAGCTGTTCTCT‘I‘TCCTGGTGGTAACAGTGAACATthaagagtcactc
F Q v L N S H
ol
AL QGPTSYHVMOQTISSFTNST.WTEN
DoRb ggccttcctctctttgcagCCCTCCAGGGGCCGACGTCTTACCATGTCATGCAGATCTCTTCCTTTACAAACAGCACCTGGACAGAAAAT
CD1b tgttttccactcttcacagCCTTCCAGGGGCCGACCTCCTTTCATGTTATCCAGACCTCGTCCTTTACCAATAGTACCTGGGCACAAACT
F F I T A QT
R G S$ 66 WL EDUILOQTIUHRWDSETS GTA ATIUZFTULIE KXKUPWS K G
DoRb CGAGGCTCAGGCTGCC TGGAAGATTTGCAGATTCACAGGTGGGATAGTGAARCGGGCACTGCCATCTTCC TGARGCCCTGGTCTAAGGGA
CD1b CAAGGCTCAGGCTGGTTGGATGATTTGCAGATTCATGGCTGGGATAGCGACTCAGGCACTGCCATATTCCTGAAGCCTTGGTCTAAAGGT
0 D G D S
N L s DEETITETLVELVFIRVYPFVF GL VU RETLIRUDUHWVT
DoRb AACTTAAGCGATGAGGAAATTACTGAGCTGGTGGAGCTGTTCCGGGTCTACTTCTTTGGACTCGTTCGAGAACTGCGAGACCACGTCACT
CD1b AACTTTAGTGATAAGGAGGTTGCTGAGTTAGAGGAGATATTCCGAGTCTACATCTTTGGATTCGCTCGAGAAGTACAAGACTTTGCCGGT
K vV A E I I F A vV Q F A G
E F 0 M K
DoRb GAATTCCAGATGAAGTgtgagtccagccttctcccttggqga
CD1lb GATTTCCAGATGAAATgtgagtctagtccaccgaactgggaa

D
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L QRS FPFUBGTUL Q
tcccgggaattccatcctatcttcttctttttccctccagTCTTGCAAAGAAGTTTCCCGTTTCATGGACTGCAGATCTCCTCCTTTGTC
R3

I

S 8§ F V
ggccacttgctacacgcctccaatcttcattctctcccagTCCCGCAAAGGCTTTTCCCCCTCCGCTGCCTCCAGATCTCGTCCTTCGCC
P L L R C A

CtRb

N s S 9 TRTDOCULAWTILGETLIGQTUHSWSNUDSDTTIUHTFEF
R3

w

AACAGCAGCCAGACACGCACAGACTGCTTGGCGTGGCTGGGGGAGC'I‘GCAGACGCACAGTTGGAGCAATGACTCAGACACCATCCACTTC
AATAGCAGC’I‘GGACGCGCACCGACGGCTTGGCGTGGC’I‘GGGGGAGCTGCAGACGCAO\GCTGGAGCAACGACTCGGACACCGTCEGCTCT
G

V R S

L XKP WS QGTVFNTFOQQWEOQVQNETLWUVYURIUILSVTR
R3

CTGAAGCCCTGGTCCCAGGGCACATTCAACTTCCAGCAGTGGGAGCAGGTGCAGAATGAGCT‘ITGGG’I'I‘TATAGACTCAGTGTCACCAGG
CTGAAGCCTTGGTCCCAGGGCACG’I'I‘CAGCGACCAGCAGTGGGAGACGCTGCAGCATATATTTCGGG’I‘I‘TATCGAAGCAGCTTCACCAGG
S D T L H I F R

. . N .

D I

H Db FV KLTULI KTILT
CtRb

s F

GACATTCA’I‘GATTTTGTCAAACTGCI’CAAGCTAACCI‘gtgagtagagggatcggttcctgggcagccatccaaggggaagggtggatgca
R3 GACGTGAAGGAATTCGCCAAAATGCI‘ACGCTTATCCI‘gtgagctgagggataggatcctgggccggtacccaaggggagagaatggccac
vV K E A M R S

CtRb

R3

Y P I EL QVVFAGU CEMHAPG
cctgcttccagtcttttgaactcttctctaatccttttcacagAC(I:TATTGAGCTCCAGGTGI‘I‘TGCIGGCTGTGAGATGCACCCTGGC

tctt:ttaaacccttctttgatctttctccattcctctccacagATCﬂCTTGGAGCTCCAGGTGI‘CCGCI‘GGCTGTGAGG’I‘GCACCCTGGG
L S v
N TS ESFFHVAY QGMHVLSFRUGTULWETA APGT
CtRb
R3

A

AACGCCTCAAATAACTTC’I'I‘CCATGTAGCATTTCAAGGAAAAGATATCCTGAGTTTCCAAGGAACTTCTTGGGAGCCAACCCAAGAGGCC
N N F

AATACCTCAGAAAGCTTC'I'I‘CCATG'I‘GGCCTATCAAGGAATGCATGTTTTGAGTTTCCGAGGAACTTTGTGGGAGACAGCTCCAGGGACT

K D I Q

S
CtRb

P T Q E A
P P F V KLV V KETLUNTILUDUHTGTTZ REM

R3

I Q EL L NNTC P
L W

CCGCCGTTTGTAAAGCTTGTTGTCAAAGAGCTCAACCTGGACCATGGGACAAGACAAATGATACAGGAGCTCCTGAATAACACC’I‘GTCCC
CCACTTTGGGTAAACTTGGCCATTCAAGTGCTCAACCAGGACAAGTGGACGAGGGAAACAGTGCAGTGGCTCC'I‘TAATGGCACCTGCCCC
A I Q vV

Q K W

T V

W G
CtRb

R3

Q F V5 GL I EAGRSETLTEIZKOQ
CAGI‘TTGTCAGTGGTCTCATTGAGGCGGGGAGATCAGAACTGGAGAAGCAAthcagcctgccttccttagccc

S K K
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a3

VKPEA AWILSSGUP S PGP G
ataatcctcatgqtcacctcccccattctcttgctggatatagTGAAGCCCGAGGC’I'I‘GGCTGTCCAGTGGCCCCAGCCCTGGGCCTGGC

cctgcattccacttcatcccccccattcccttgttggatacagTGAAGCCCAAGGCCTGGCTGTCCCGTGGCOCCAGTCCTGGCCCTGGC
K R

RLLLVCRVSGPFYPI KZPVQVMWM®RGTDQEGQPUHT
CGTCTACTGCTGGTATGCCGTGTCTCTGGCTTCTACCCAAAGCCTGTACAGGI‘GATGI‘GGATGCGGGGAGACCAGGAGCAGCCACACACT

CGTCTGCTGCTGGTGTGCCATGTCTCAGGATTCTACCCAAAGCCTGTATGGGTGAAGTGGATGCGGGGTGAGCAGGAGCAGCAGGGCACT
H W K E Q G

° ° ° . ° ° ° ° °

R ¢ GGDVFULPWNADGTWYULRVTULUDVAAGDU AU AGTL S8
CGACAAGGTGACTTCCTGCCCAATGCCGATGGGACGTGGTATCTCCGAGTTACCCTGGATGTGGCGGCTGGGGATGCGGCTGGCTTGTCC

CAGCCAGGGGACATCCTGOCCAATGCTGACGAGACATGGTATCTCCGAGCAACCCTGGATGTGGTGGCTGGGGAGGCAGCTGGCCTGTCC
Q P I E A v E

C RV EKHSSLGGQDTII LYW
TGTCGGGTGAAGCACAGCAGTCTAGGAGG@AGGACATCATCCTGTACTGGthgagaaaggaactgggggtccaggctggaaatgggag

TGTCGGGTGAAGCACAGCAGTCTAGAGGGCCAGGACATCGTCCTCTACTGGthgagaaaaagctgggcccaagctggaaatggcaggag
E \

Fig. 2a, b. Nucleotide and predicted amino acid sequences of rabbit CDI genes. The domestic rabbit gene is aligned to human CDIb (a) and the
cotton-tail rabbit gene to human R3 (b). Dashes have been introduced to maximize alignments. Exons are in capital, introns in small letters. DNA
identities are marked by a colon, while in the human sequences only the amino acid residues which are different from the rabbit are indicated.
Boxes highlight the conserved heptamers GAAGTCA and GGGAAAT (Calabi et al. 1989). Dots mark every tenth residue.

taining a single Eco RI fragment which hybridized to the
human probe. This fragment was subcloned and partially
sequenced. The domestic rabbit library yielded several
clones, which preliminary restriction mapping analysis
identified as belonging to independent loci. Some of these
clones also hybridized to a mouse «1 probe (data not
shown). The domestic rabbit clones were then screened
with a synthetic oligonucleotide mixture complementary
to all sequences that could possibly encode residues 10-15
(exept for the third position of the last codon) of the known
rabbit CD1 polypeptide sequence (Wang et al. 1988). On-
ly one clone (A DoRb3A) was found to be positive, and
a relevant restriction fragment was subcloned and se-
quenced.

Figure 2 shows the sequences of the CDI exons iden-
tified in both cotton-tail and domestic rabbits based on
homology to the known genes and on the location of poten-
tial splice sites. Only the 5’untranslated/leader and «l
exons have been sequenced in the domestic rabbit and only
the a1, &2, and &3 exons from the cotton-tail rabbit. The
sequence of the domestic rabbit gene agrees with the
published sequence of rabbit CD/ (R-Ta) at 17 out of 18
positions (Wang et al. 1988). The single discrepancy (at
the amino-terminal residue) might be due to either isotypic

or allelic differences. However, the N-terminal amino
acid is often unreliable, and on re-examination of the
original sequence data a minor peak corresponding to
glutamic acid was detected at position 1. Therefore, it is
most likely that the domestic rabbit gene encodes the
known rabbit CD1 antigen and that glutamic acid is its
amino terminal residue.

Sequence comparison (Fig. 2 and Table 1) clearly
shows the cotton-tail rabbit CDI gene to be most related
to the human R3 and mouse CDI genes, while the
domestic rabbit CDI gene is most similar to the human
CD1b gene. In the latter case, similarly to what has been
previously noted in the comparison among the human
CDla, -b, -c, and R2 genes (Martin et al. 1987, Calabi
et al. 1989), the homology extends to the whole of the
S’untranslated/leader exon, up to and beyond a proposed
5’ splice acceptor site; in particular, two blocks of se-
quence, which are found in all four human genes, in-
cluding the heptamers GAAGTCA and GGGAAAT and
located ~90 and ~ 180 basepairs upstream of the propos-
ed translational start, are also conserved in sequence and
position in the domestic rabbit gene (Fig. 3). From an
alignment of all available CD! sequences (Fig. 4), amino
acid residues emerge which appear to identify either the
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Table 1. Percent sequence similarities among CDI genes and polypeptides.
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Leader

b c DoRb1 R2 R3 M1 M2 CtRb1
a 63 39 70 56 67 50 44 28 50 44 44 39 43 39 - -
b 74 61 74 67 59 44 50 39 41 28 39 28 - -
c 72 67 56 50 59 44 46 33 48 33 - -
DoRb1 59 50 48 28 46 33 44 33 - -
R2 54 33 41 22 43 22 - -
R3 69 61 70 61 - -
M1 93 94 — -
M2 - -
al

b c DoRbl R2 R3 M1 M2 CtRbl
a 64 51 70 58 64 53 63 50 54 36 51 36 49 34 50 35
b 70 62 80 73 64 53 59 46 58 42 56 39 54 39
c 64 57 69 54 57 42 56 39 54 35 54 39
DoRb 63 49 58 42 58 39 54 35 54 36
R2 64 46 63 49 61 46 57 39
R3 78 64 77 64 77 70
M1 95 91 72 55
M2 70 54
a2

b [¢ DoRb1 R2 R3 Ml M2 CtRbl1
a 60 38 64 39 - - 62 41 57 34 54 34 52 32 59 32
b 65 50 - - 59 43 54 34 50 32 48 29 52 27
c — — 56 37 56 38 51 35 50 34 55 37
DoRbl1 — — — - — _ _ _ _ _
R2 59 39 53 36 51 33 59 34
R3 72 55 71 55 72 54
M1 95 91 65 53
M2 68 51
o3

b c DoRb1 R2 R3 Ml M2 CtRbl1
a 88 85 76 72 - — 87 82 86 78 78 72 78 72 77 72
b 76 70 — — 88 82 87 78 78 71 78 71 79 72
c - — 75 67 76 66 75 62 75 62 73 63
DoRbl - - - - - - - - - -
R2 89 93 81 73 80 73 80 77
R3 83 75 83 75 85 80
Mi 98 9% 79 72
M2 80 72

Percent sequence similarities amongst CDI genes and polypeptides were calculated on the block alignments shown in Figure 4 rather than on optimal
pairwise comparisons, which explains the minor differences with Calabi and co-workers (1988). Plain type refers to DNA, bold type to protein.
Boxes highlight clusters within which DNA identity is >60% and amino acid identity is >38% among any two members.

whole CDI family or one of the two classes. The latter
are found only in the a1 and o2 domains and include the
majority of potential N-glycosylation sites as well a
presumably unpaired cysteine in the o2 domain.

In order to determine the complexity of the rabbit CD1
gene family, Southern blots of domestic rabbit DNA were
probed with a human o3 CD1I probe. The results (Fig.
5) suggest the existence of up to eight genes. Only one
of these, however, was identified as a member of the R3
class, as shown by hybridization at high stringency with

an «l probe from the R3-like cotton-tail rabbit gene
described above.

Northern blotting analysis (Fig. 6) shows rabbit CDI
to be expressed in the thymus, but not in bone marrow,
spleen, liver, brain, or testis. These data are consistent
with the known tissue distribution of the rabbit CD1 an-
tigen (R-Ta; Wang et al. 1987). The size of the main
transcripts is similar to that described in both humans and
mice (Calabi and Milstein 1986, Bradbury et al. 1988).
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183 ~94 Discussion
CDla {man} AGGGAAATGAGA. .. .... AAAGAAGTCAGAATA
-188 ~90
CD1b (man) AGGGAAATARBRA....... GAAGAAGTCACTACA Genes which cross-hybridlze with human CD/ are present
T80 90 in multiple copies in the rabbit genome. One of them has
CDlc (man) GGGGAAATGAGA. ..., .. AAGGAAGTCAGAATA . . . . .
201 102 been identified as encoding the previously described R-Ta
R2 (man) AGGGAAATGARA. .. .... AGGGAAGTCAGACGA antigen, recognized by mAb SE2 (Wang et al. 1987). This
-190 ~-93 : 3 H
R-Ta (rabbit) GGGGAAATGAGA. .. .. .. GAGGAAGTCACTACA gene' has been p?ﬂlally Sequenced’ and gompar1§or} W%th
______________________________________________________ previously described CD1 genes shows highest similarity
Consensus P GGGARATGASA. ... .. eASGAAGTCASRA-A to human CDI1b. A second gene from the cotton-tail rabbit

Fig. 3. Sequence conservation in CDI 5’ regions. Numbers refer to the
position with respect to the proposed translational start. The consensus
consists of bases conserved in at least four out of the five sequences.

has also been sequenced and shown to be closely related
to human R3 (a gene for which a polypeptide product has
not yet been identified) and, to a slightly lesser extent,

Leader
CDla tLL?LL -AVLPG-DGN
CDlb MLLLPFQLLAVLFPG-GNS
Cblc MUFLQFLLLALLLP G-GDN
DORbLCD1.1 MILILLPLLLLAGRFP G- GDN
R2 L- FLL!‘EGI-P-GBN
R3 HGCLLFLL L1 Gﬁs
MCD1.1 MRYLPWLYL F 1] GQQ
MCD1.2 MRYLPELL F L QQ
al domain
10 20 30 40 50 70 80 90
CDla ADGLKEPL{SFHV[ITRIASFYWHSWKONL LSDLOTHT SSTIVFLEPWSRG WKELETLFRIRTIRSFEGIRRYAHELQFE--
CD1lb EHAFQGPT/SIFHVIIQTS SETHS TWAQTQGS GRLDDLQUING DSGTAIFLKPWSKG AELEETFRVYIFGFAREVQDFAGDFQMK- -
CDle ADASQEHVSIFHV[IQIFSEVEOSNARGO LDELOTHG [ESGTIIFLHNWSKG ILSDLELLFRFYLFGLTREIQDHASQDYSK--
DoRbCD1.1 EDALQGPT[S|YHVMQISSF TS THTENRG LEDLQIAR ETGFATELKPRSKG ITELVELFRVYFFGLVRELRDHVTEFQOMK -~
R2 TARAEEGL(S|FRM| VLGP IRFLKBWSHG ILKNY snyqnyyu FIQIVQASAGQFQLE--
) : M

R3 AEVPQRLFPLR D|SDZVRELKERSOGT F:5D|Q QWE|T] HIFRVYRS LRLS --
MCD1.1 SEAQOK@YTFR ¥SED[S A ISFTKENSOGKLENQOWEK LiOHME QO VYR MSPKED
MCD1.2 SEVQOKEYTFR BDISAYISETKRY! : WEK LOHMEQVYR MSPKED
CtRbCD1.1 LORSFPFHG OSDT IHELKEWSIQCTFN QQwﬂQ INELWVYRL] LLKLT--
o2 domain

100 30 140 150 160
CDla 21QvrcgleLH]s NSWLPYPVAGNMEKHF KVEIN-ONQHENDITH
CcD1lb 10GIAGHELH]S AsHvPSPEGIGSRNOKFHALY1-QYQGIMETVR
cDlc voVkaGHE LHS| TTAVE SPGRGS Lplos VRH LENHOYEGVTETVYNL IR STRERE
R2 IQILAéQRM-—~ QG| SWEP S PGAG[IRAQON IFKVEN-RYLD IKE 1L AGE|SEELKRK
R3 LELQVSAENEVHP[G ; LWVNLAIQVEN-ODKWTIRETV SGKSIELKKQ
MCD1 .1 EIQLSAGEEMYPG AFQGI TSWQTVPGANSWLDILP IKVLN-ADQGTSAT 2 AGKISDLEKQ
MCD1.2 HEIEI0LSTOMEMYPGHASESEFHVAFQGKYAVRERGT SWORVLGAFSWLD/UP IKVLR-ADQGTSATVRITLLDTHP QR ARG L LEHAGK|SDLEKQ
CtRbCD1.1 xpanovras‘zmn G rlsiE sEF QEMEVLSE TL“ETAPG PFVKLVVKELR- LDHGTREMINELLEANTEP QF VSGLIHAGRISELEKQ
a3 domain

. 250 e 280 270 .

CDla L RAFLEVANGE AR LS‘RVKKSSLEGQDIVLYW
Cp1lb ;
CDlc
R2
R3
MCD1.1
MCD1.2

CtRbCD1.1

vuwuxcoqz_pmao GoF L, anerwukvn.ovamma Ls.avxas’shasauiruw

Fig. 4. Ahgnment of all avallable CDI sequences. Numbermg is based on CDIa. Potential N-glycosylation sites are boxed, and cysteine residues
are highlighted. Constant residues (present in at least eight of the nine sequences) and class-specific residues (present in all and only the sequences
of a given class as well as possibly in the human R2 gene, which is regarded as lying in an intermediate position) are indicated by different shading.



376

1. EcoRI 2.Bgl ll 3. Hind Nl
a b a b a b
_ ~
23 . s b
95- e
6.6- bt -
ot -
43
“a - - —
- % - |
2.3 had -
20 =)
—
0.59-

Fig. 5. Southern blotting analysis of genomic DNA from domestic rab-
bit. The restriction endonucleases used are indicated. The blot was se-
quentially hybridized (a) to a human CD! probe, which cross-hybridizes
to0 all CDI genes [a mixture of inserts from clone FCB1 (Calabi and
Milstein 1986) and from an M13 shotgun clone spanning the o3 domain
of CDIc] and (b), after stripping the first probe, to the 0.8 kb Eco RI-
Hind I fragment from N\ CtRbl which contains R-3-class a1 exon.
Washing was performed twice in 6 X SSC at room temperature, twice
in 6 X SSC at 65 °C, and twice in 6 X SSC at room temperature. The
positions of reference size markers (in kbp) are indicated.

Bone-marrow

Heart
Testis
Brain
Liver
Spleen
Thymus

28 S

18 S

Fig. 6. Northern blotting analysis of total RNA from the indicated tissues
from domestic rabbit. All samples contained approximately equal
amounts of RNA (~20 pg) as judged by ethidium bromide staining.
The probe was the insert of an M13 shotgun clone spanning the cotton-
tail rabbit &3 exon (clone CtRbSG103). Identical results were obtained
with the 0.8 kbp Eco RI-Hind III fragment A CtRb1 which contains the
a1 exon. Washing was performed three times at 65 °C in 2 X SSC. The
position of reference rRNA markers is indicated.

F. Calabi et al.: Evolutionary conservation of Q'DI

to both mouse genes. Moreover, hybridization data with
a class-specific probe clearly show the existence in the
rabbit of both CD1 classes that we have previously iden-
tified in humans (Calabi et al. 1989). Only R3-class genes,
however, have been found in the mouse. While we have
previously suggested that the origin of the R3-class genes
predates the radiation of mammalian species (~100
million years ago), the data presented in this paper imply
the same conclusion for the CDIa, -b, and -c class, ias
the latter genes are found in both man and rabbit, albeit
not in the mouse. The similarity between the rabbit and
the respective human sequences is considerable and shows
that these genes are not evolving at a particularly fast rate.
Therefore, the absence of the CDla, -b, -c cluster in the
mouse must have been due to a deletion taking place after
the separation between the mouse and the rabbit/human
lineages.

Although it remains unknown what, if any, the func-
tion of CDI is, the conservation of amino acid sequences
does suggest a functional significance. Likewise, the dlf—
ferential role that the two CDI classes may play remains
to be established. A functional difference is, however,
suggested by the finding of class-specific potential
glycosylation sites and intermolecular disulfides. !

The R-Ta antigen has only been found expressed in
the thymus (Wang et al. 1987). Northern blotting analysis
shows no rabbit CDI transcript outside the thymus. While
this pattern of expression closely resembles that knov?n
for human CDI (Bernard et al. 1984), mouse CDI has
been shown to be transcribed in several extrathymic
tissues (Bradbury et al. 1988). |

Thus, man and rabbit CDI are closer to each other
than either is to the mouse not only in sequence, in keeping
with accepted phylogenetic relationships, but also in
overall genetic organization and in pattern of expression.
For functional studies on CD/, therefore, the rabbit pro—
vides an experimental animal model which is most rele—
vant to the human system.
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