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Evolution and expression o f the 
transplantation antigen gene family 1 

J A M E S J . DEVLIN,* G E O R G WIDERA,* ANDREW L. M E L L O R , 1 K A R E N FAHRNER,* 
DAVID SHERMAN,* ELISABETH H. WEISS,* AND RICHARD A. F L A V E L L * 

*Biogen Research Corporation, Cambridge, Massachusetts 02142; ^Clinical Research Center, Harrow, Middlesex HA1 
3UJ, England; and ^Institute for Immunology of the University of Munich, D-8000 Munich 2, 
Federal Republic of Germany 

A B S T R A C T 

We have cloned 26 different class I genes that are located in the major 
histocompatibility complex o f the C57BL/10 mouse. T w o o f the three class Γ 
genes found in the H-2 complex encode the H-2K b and H - 2 D b antigens; the 
other 23 class I genes map to the adjacent T la complex. We have grouped the 
cosmids containing these genes into three clusters: one cluster links the H-2K 
and FA regions, one cluster links the H-2D and Qa-2 regions, and the final 
cluster maps to the T L region. The class I gene organizations in the Qa-2 and 
T L regions o f the C57BL/10 and BALB/c mice are generally similar, but there 
are several polymorphic segments. The Qa-2 region o f both mice seems to have 
evolved by the duplication o f gene pairs; furthermore , the H-2K region may 
have been generated by the translocation o f a gene pair f rom the Qa-2 region. 
We have evidence that several o f the genes in the Qa-2 region are expressed.— 
Devlin, J . J . ; Widera, G.; Mellor, A . L . ; Fahrner, Κ.; Sherman, D.; Weiss, 
Ε. H.; Flavell, R. A. Evolution and expression o f the transplantation antigen 
gene family. Federation Fror. 44: 2736-2740; 1985. 

I n 1937 G o r e r r e p o r t e d tha t cell 
surface ant igens m a p p i n g to what is 
now cal led the ma jo r h i s tocompat i ­
b i l i t y comp lex ( M H C ) were responsi­
ble f o r a l l ogra f t r e j ec t i on (6). I t has 
recent ly been shown tha t these class 
I M H C antigens are encoded by on ly 
a few members o f a large gene f ami l y 
(14, 16) (F ig . la). Class I antigens 
consist o f a ~ 4 5 , 0 0 0 - d a l t o n glyco­
p r o t e i n a n d the separately encoded, 
noncova lent ly associated, 12,000-dal -
t o n ^ - m i c r o g l o b u l i n ; these he t e rod i -
mers are usually expressed o n the 
cell surface, b u t some class I molecules 
may be secreted (9). W e have isolated 
26 d i f f e rent class I heavy cha in genes 
f r o m C 5 7 B L / 1 0 (B IO) mouse (/; hap-
lotype) ; we have mapped a l l o f these 
genes to the M H C , located o n chro ­
mosome 17 i n the mouse (Fig. lb). 
T w o o f the three class I genes tha t 
we have mapped to the H-2 complex , 
H-2Kb and H-2Db, encode the type o f 
h i s tocompat ib i l i t y ant igens r e p o r t e d 
by Gore r . 

These H-2 antigens have an essen­
t ia l ro le i n the detec t ion o f f o r e i gn 
ant igens o n the cell surface (3). Fo r 
example , v i ra l l y in fec ted cells are rec­
ognized a n d lysed by cy to tox i c Τ 
lymphocytes ( C T L ) on ly when v i r a l 
g lycoprote ins on the surface o f the 
in fec ted cel l are recognized i n asso­
c ia t ion w i t h class I H-2 antigens. T h e 
r e cogn i t i on o f f o re ign ant igens on a 
w ide var ie ty o f cell types is made 
possible by the expression class I 
H-2 antigens on v i r tua l l y a l l nucleated 
cells. M o r e than 50 d i f f e rent alleles 
o f H-2K a n d H-2D have been i d e n t i ­
fied; this ex t rao rd inary po l ymorph i sm 
may be necessary to a l low the p o p u ­

la t i on t o recognize many d i f f e r en t 
f o r e i gn ant igens (7). T h e less po ly ­
m o r p h i c class I ant igens encoded i n 
the T l a complex (e.g., Q a - 2 , T L ) are 
expressed on ly o n cer ta in l ymphocy t e 
popu la t i ons , a n d a l t h o u g h the ma jo r ­
i ty o f class I genes lie i n the T l a 
complex , the f u n c t i o n o f the i r gene 
produc ts is n o t k n o w n . 

T o d e t e rm ine the o rgan i za t i on o f 
this gene fami ly , we screened cosmid 
l ibrar ies by using class I c D N A clones 
(13) as probes a n d isolated over 100 
cosmids, each c on ta in ing an insert o f 
~ 4 0 kilobases (kb) o f m u r i n e D N A . 
By res t r i c t i on m a p p i n g a n d c h r o m o ­
somal w a l k i n g exper iments , we have 
a r ranged these clones i n t o j u s t t h r e e 
clusters o f o ve r l app ing cosmids. O n e 
cluster l inks the H-2K and I-A regions; 
one c luster l inks the H-2D and Qa-2 
reg ions; a n d the f ina l c luster maps t o 
the TL r e g i on . 

T H E H-2K REGION 

T h e t w o class I genes Kl and Kb 

shown i n F ig . 2 were m a p p e d to the 
H-2K r e g i o n by r e s t r i c t i on f r agmen t 
l e n g t h p o l y m o r p h i s m s (16) ; a s imi lar 
gene p a i r has been m a p p e d t o the H-
2K r e g i o n o f the B A L B / c mouse (d 
hap lo type ) (14 ) . L cells t r a n s f o r m e d 
w i t h t h e Kb gene expressed the 
a n t i g e n as d e t e r m i n e d by b o t h C T L 
a n d a n t i g e n - b i n d i n g assays (10). 
These class I genes have been l i n k e d 
t o t h e new l y i d en t i f i e d Aß3 class I I 
sequence, w h i c h we iso lated by using 
an Aßl p r o b e . Prev ious ly i den t i f i ed 

1 From the Minisymposium Molecular Biology 
and Chemistry of MHC- and Tla-Encoded Molecules 
presented at the 68th Annual Meet ing o f The 
American Association o f Immunologists, St. 
Louis, Missouri, June 4, 1984. Accepted for 
publication September 27, 1984. 
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F i g u r e 1. a) Intron-exon structure o f the H-2Kh gene. T h e black boxes represent exons and the 
striped box represents 3' untranslated sequences in the mRNA . Exon 1 encodes the leader 
sequence, which is removed f r om the mature prote in. Exons 2, 3, and 4 encode the three 
external prote in domains o f the class I antigen; exon 5 encodes the transmembrane domain; 
and exons 6, 7, and 8 encode a cytoplasmic domain. We use the intron between exons 3 and 4 
to divide class I genes into 5' and 3' regions in other figures. Other class I genes have a similar 
intron-exon structure, b) Mur ine chromosome 17. T h e centromere is at the left. Class I genes 
are found in the Κ and D regions o f the H-2 complex; the I-A and /-£ regions contain class I I 
genes; the 5 region encodes components o f the complement pathway. The T la complex contains 
the majority o f the mur ine class I genes, inc luding those that encode the Qa-2 and T L antigens. 

class I I genes, w h i c h encode cel l sur­
face g l ycopro t e ins i n v o l v e d i n the as­
sociative r e c o g n i t i o n o f ant igens by 
he lper Τ cells, have been m a p p e d t o 
the I-A a n d 1-E r eg ions o f the H-2 
comp l ex (F ig . 16). 

A l t h o u g h Αβ3 has n o t yet been 
l i n k e d t o cosmids c o n t a i n i n g o t h e r 
class I I genes i n the I-A r e g i o n , re ­
s t r i c t i on f r a g m e n t l eng th p o l y m o r ­
phisms suggest t ha t Αβ3 is i n fact 
located i n the I-A r e g i o n . T h e single-
copy loca l i zat ion p r o b e shown i n F i g . 
2 was h y b r i d i z e d t o g enomic b lots o f 
Ptn/II-digested D N A f r o m the strains 
o f mice l isted i n F ig . 3. T h e p r o b e 
de tec ted d i f f e r en t pa t t e rns o f res t r i c ­
t i o n f r agments i n the k, q, a n d s 
haplotypes . I n the case o f t h e r e c o m ­
b i n a n t s t ra in A . T L , the p r o b e hy­
b r i d i z e d to a i hap l o t ype p a t t e r n . 
T h i s s t ra in is s hap l o t ype i n the H-2K 
r e g i o n a n d k hap l o t ype i n the I-A 

r e g i o n , thereby m a p p i n g the localiza­
t i o n p robe , a n d presumably also the 
I-AßB sequence, to the I-A r e g i on i n 
th is s t ra in . Rest r i c t ion f r agment 
l e n g t h po l ymorph i sms between the q 
a n d k haplotypes mapped the localiza­
t i o n p robe to the H-2K r eg i on in the 
B 1 0 . A Q R r e comb inan t s t ra in ; thus 
the recombinat ions that generated the 
A . T L and B I O . A Q R strains appar­
en t l y o c cu r r ed on d i f f e rent sides o f 
the local izat ion p robe as shown in 
F i g . 3. T h i s w o u l d establish a map 
o r d e r of: c en t romere , Κ I, Kb, I-A 
r e g i o n . W e have also c o n f i r m e d the 
l inkage o f H-2K to Aß3 in the k hap­
l o type . 

T H E H-2D AND Qa-2 REGIONS 

W e have l i n k e d the H-2D and Qa-2 
reg ions w i t h a 320-kb cosmid cluster 

(Fig. 4a). Res t r i c t ion f r agment l eng th 
po l ymorph i sms map the Db gene to 
the H-2D r eg i on (16). L cells trans­
f o r m e d w i t h this gene express the D b 

ant igen on the i r surface as deter­
m i n e d by C T L assays (15). Us ing 
r es t r i c t i on f r agmen t l ength p o l y m o r ­
phisms, we mapped probes isolated 
f r o m immed ia t e l y 5' o f the Ql a n d 
Q9 genes to the Qa-2 r e g i on , as de­
fined by the B 6 . K 1 and B 6 . K 2 mice 
(4, 16). T h u s , 10 o f the genes i n this 
c luster, a l l o f w h i c h are in the same 
3' t o 5' o r i e n t a t i o n , map to the T l a 
complex . 

A compar ison o f the B I O Qa-2 
r eg i on res t r i c t i on map to the maps o f 
the B A L B / c cosmid clusters r epo r t ed 
by Ste inmetz et a l . (14) is shown in 
Fig . 4b. Fo r the most pa r t , the B I O 
a n d B A L B / c r es t r i c t i on maps are i n 
good agreement ; however , i n some 
areas (e.g., Q2 and Q3) the maps are 
substantial ly d i f f e rent . T h i s c ompar i ­
son also suggests tha t the 5' end o f 
the B A L B / c gene 7 was der ived f r o m 
a £)c?-like gene whereas the 3' end o f 
gene 7 was de r i v ed f r o m a (39-like 
gene. T h u s , the B A L B / c gene 7 may 
be a fusion gene f o r m e d by the dele­
t i o n shown in F ig . 4b. 

T h e B IO restr ic t ion map also shows 
that the Q6 a n d Q7 gene pa i r is very 
closely re la ted to the Q8 and Q9 gene 
pa i r . T h e Q4 a n d Q5 gene pa ir is also 
s imi lar ; however , the map o f Q4 d i ­
verges somewhat f r o m Q6 and Q8. 
T h e s imi la r i t y o f these gene pairs 
suggests that this reg ion has evo lved 
by the dup l i ca t i on o f gene pairs. I n 
fact, probes tha t hybr id i z e to the 5' 
and 3' flanking regions o f these genes 
show that genes Q4-Q10 are al l closely 
re la ted (16). These flanking probes 
do n o t hybr id i z e near the TL o r Ql, 
Q2, and Q3 genes, and on ly the 3' 
flanking p robe hybr id izes t o the H-
2Db gene. I n fact, o the r 5' flanking 
probes indicate that the Ql, Q2, a n d 
Q3 genes are closely re la ted t o the 
TL genes (16). 

F i g u r e 2 . T h e H-2K region. T h e genes are indicated by thick black bars. The arrows above them point in the direction o f transcription or to the 
3' end o f the gene. T h e L indicates the location o f the probe used to map the Aß3 gene. The enzymes used for the restriction map were Kpnl (K) 
and Sail (S). 
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F i g u r e 3 . Localization o f the Aß3 gene. T h e approximate points o f recombinat ion relative to the 
H-2K, Ϊ-Αβ3, and Ι-Αβ} genes are shown for the A . T L and B IO .AQR mice. T h e open bars 
indicate k haplotype D N A ; the striped bar indicates s haplotype D N A ; the hatched bar indicates 
q haplotype D N A . T h e arrow indicates the relative position o f the localization probe. The table 
gives the haplotypes o f the H-2K and K-Aß, genes in the strains o f mice used in these experiments. 
Data f rom re f 8. 

T h e flanking probes tha t h y b r i d i z e 
near the p a i r e d genes i n the Qa-2 
r e g i o n show s im i l a r pa t t e rns o f hy­
b r i d i z a t i o n i n the H-2K r e g i o n (F ig . 
5). Fo r example , one o f the 5' f l a n k i n g 
r e g i o n probes hybr id i z es t o a 6 4 0 
base pa i r BamHl f r a g m e n t flanking 

th e 5 -mos t gene o f the Qa-2 and H-
2K r e g i o n gene pairs w h i l e i t h y b r i d ­
izes t o a 6 8 0 base pa i r f r a gmen t 
flanking the 3 /-most gene i n each 
pa i r . These h y b r i d i z a t i o n pat te rns i n ­
d icate tha t the H-2K r e g i o n gene pair 
is m o r e closely r e l a t ed to the Qa-2 

reg ion gene pairs than to o t h e r class 
Ϊ genes, wh i ch suggests that the H-
2K r eg i on was genera ted by the 
trans locat ion o f a pair o f genes f r o m 
the Qa-2 r eg i on . I n a n o t h e r example 
o f possible i n f o r m a t i o n t rans fe r f r o m 
the Qa-2 r eg i on to the H-2K r e g i on , 
the Q10 gene has been i d en t i f i e d as 
a po tent ia l d o n o r o f a 1 3 - 5 1 base 
pa i r segment o f D N A tha t genera ted 
the H-2Kb>"' m u t a t i o n by gene conver­
sion (12). 

W e have p r e l i m i n a r y ev idence that 
several o f the genes in the Qa-2 r eg ion 
are expressed. T h e exons o f the Q10 
gene are m o r e than 9 9 % homo l o gous 
to a gene f r o m the q hap l o t ype that 
encodes a secreted class 1 an t i gen 
(11), and this gene is apparen t l y t r a n ­
scr ibed in the b hap lo type (2). W e 
have also synthesized a 19 base pa i r 
o l i gonuc leo t ide c o m p l e m e n t a r y to a 
reg i on in the t h i r d e xon o f the Q8 
gene. T h i s o l i g omer also hybr id i zes 
to the Q6 gene, wh i ch is n o t surpr i s ing 
because Q6 a n d Q8 occupy analogous 
posit ions in the Qa-2 r e g i o n gene 
pairs. T h i s p robe detects a class I -
sized m R N A in N o r t h e r n blots o f 
R N A f r o m the c loned C T L l ine 2C. 
W e have cons t ruc ted a c D N A l i b ra ry 
f r o m this same C T L l ine a n d isolated 

F i g u r e 4. a) Class I genes in the H-2D and Qa-2 regions. T h e arrows point to the 3' end of the genes, b) Comparison o f the Qa-2 regions o f the 
BIO and BALB/c mice. T h e arrows point to the 3' end o f the genes. T h e dashed lines indicate what seem to be deletions in the BALB/c 
chromosome wi th respect to the BIO chromosome. T h e enzymes used for the restriction map were Kpnl (K), Hpa\ (H), Sail (S), Clal (C), Xhol 
(Χ) , An/1 (N), and BamHl (line wi th dot on end). 
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F i g u r e 5. Comparison o f H-2K and Qa-2 region gene pairs. T h e genes are indicated by black 
boxes; the arrows point to the 3' end o f the genes. The other boxes indicate the regions that 
hybridize to three different 5' flanking probes and one 3' f lanking probe. T h e numbers indicate 
the size in nucleotides o f the BatyiHl fragment to which the middle 5' flanking probe hybridizes. 

clones c o n t a i n i n g class I sequences. 
A n o l i gonuc leo t ide complementary t o 
the 3' un t rans la t ed r eg i on o f one o f 
these c D N A clones hybr id i zed to on ly 
genes Q5, Q7, a n d Q9. W e are cur ­
r en t l y w o r k i n g on precisely ident i f y ­
i n g the class I genes i n the Qa-2 as 
wel l as the TL r e g i on tha t are ex­
pressed. 

THE TL REGION 

W e have c l oned 13 class I genes tha t 
map to the TL r e g i on . These genes 
are i n a 180-kb cosmid cluster; un l i ke 
the Qa-2 r e g i on genes, these genes 

are n o t a l l i n the same 3' t o 5' o r i e n ­
t a t i o n . Res t r i c t i on f r a g m e n t l e n g t h 
p o l y m o r p h i s m s a l l owed us t o m a p a 
p r obe iso lated f r o m j u s t 5' o f the ΤI 
gene t o the TL r e g i o n , as de f i ned by 
the B 6 . K 2 mouse (4, 16). T h e o r i ­
en t a t i on o f th is c luster w i t h respect 
to the c e n t r o m e r e is n o t k n o w n . 

C o m p a r i s o n o f r e s t r i c t i o n maps 
shows t h a t the B A L B / c (14) c lusters 
3 a n d 4 can be a l i gned w i t h t h e B I O 
TL c luster (F ig . 6 ) . A l t h o u g h the re ­
s t r i c t i on site maps d i f f e r i n the area 
between the Til t o Τ13 genes, a l l 27 
r e s t r i c t i on sites are i den t i ca l i n the 

77 t o T10 r e g i o n . T h i s is the most 
conserved class I gene r e g i o n we have 
i d e n t i f i e d i n c o m p a r i n g the B A L B / c 
a n d B I O mice . W e have n o t iso lated 
a gene tha t co r responds t o the gene 
r e p o r t e d t o express the T L an t i g en 
i n the B A L B / c mouse (5). 

T H E R O L E O F Tla C O M P L E X 
C L A S S I G E N E S 

W e are c u r r e n t l y e x a m i n i n g the t r a n ­
s c r i p t i o n o f the 23 T l a c o m p l e x class 
I genes i n d i f f e r en t tissues a n d stages 
o f d e v e l opmen t . T h i s i n f o r m a t i o n 
s h o u l d be h e l p f u l i n d e t e r m i n i n g the 
b io log i ca l f u n c t i o n o f the class I genes 
in the Qa-2 a n d TL reg ions. Howeve r , 
one f u n c t i o n f o r these genes has been 
suggested tha t does n o t r e q u i r e t h e i r 
express ion : they may serve as a res­
e r v o i r o f sequence i n f o r m a t i o n t h a t 
can be t r a n s f e r r e d t o H -2 c o m p l e x 
class I genes by gene convers i on (1). 
T h u s these genes may be an i m p o r ­
t a n t p a r t o f t h e mechan i sm f o r gen­
e r a t i n g a l le l ic p o l y m o r p h i s m i n the 
H -2 c o m p l e x . [ξ] 

F i g u r e 6, Comparison of the C57BL/10 and BALB/c T L regions. T h e genes are indicated by black bars w i th arrows po int ing to the 3' end o f 
the genes. T h e symbols 5',3' above genes indicate that the 5' to 3' or ientat ion has not been established. Those bars wi th only 5' or 3' above them 
indicate that only the 5' or 3' section o f a class I gene has been detected. T h e symbols for restriction enzymes are the same as those used in 
Fig. 4. 

Τ I T 2 T 3 T 4 T 5 T 6 T 7 T 8 T 9 Τ 1 0 T i l Τ12 Τ13 

Β10 Η Κ Η Κ Κ Η Η ΗΚΗΚ Κ H K H K H S H Η ΚΗ K C Η H C Κ C H C Κ K C H H 
I » ι ι ι ι ι Ι ιι I Υ I I I Υ I U U I L U I u ι U ir 

BALB/C K H K Κ Η Η ΗΚΗΚ Κ Η Κ ΗΚΗ 

Cluster 4 1 1 1 1 1 1 1 1 " 1 

H S H Η Κ Η K C Η H C Κ Η C K H Κ Κ 
Cluster 3 1 — ^ — ' LJ— L I L J 1 
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